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Abstract

Background: Cowpea (Vigna unguiculata) serves as a major food and income generation crop for millions of people
in sub-Saharan Africa and Central America. However, post-harvest losses associated with this crop still remain a critical
issue of concern in most developing countries. This study was therefore carried out to investigate the effect of her-
metic and non-hermetic storage on cowpea in plastic containers in the tropics. The cowpeas were stored in hermetic
and non-hermetic containers over a period of 12 weeks. The parameters evaluated were the moisture content, insect
infestation, usable proportion, and 1000 grain mass in both hermetic and non-hermetic systems.

Results: The moisture content in the hermetic containers increased slightly from 11.7 to 11.9% compared to a sharp
increase from 11.7 to 17.2% in the non-hermetic plastic containers. From the fourth week to the twelfth week, the
number of live insects drastically reduced to zero in the hermetic system. In the case of the non-hermetic containers,
the population of live insects/100 g of grains increased from 5 on week 0-71 on the twelfth week. Also, the mass of
1000 grains reduced from 156.50 g on week 0-145.21 g in the non-hermetically stored grains, while the hermetically
stored grains recorded a decrease to 148.95 g. Finally, the usable proportion of grains in the hermetic system declined
from 98.55 to 94.80% after 12 weeks of storage as compared to the drop to 85.69% seen in the non-hermetic system.

Conclusions: Based on our findings, it was further concluded that hermetic storage could offer a better way of stor-

ing cowpea as compared to the non-hermetic system.
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Background

Among the different leguminous grain crops present in
Africa, cowpea still stands out as the most important
crop which has high nutritional content and provides
income for millions of poor farmers on the continent
[1]. According to [2], cowpea provides food for over 200
million residents in Africa. It has been estimated that
around 80% of the cowpea trade in the world is in West
and Central Africa [1]. In effect, cowpea production has
gone a long way to cut down the problem of hunger in
most parts of Africa. However, post-harvest losses usu-
ally caused by cowpea bruchids remain a key problem for

*Correspondence: banadda@caes.mak.ac.ug

! Department of Agricultural and Bio-Systems Engineering, Makerere
University, PO. Box 7062, Kampala, Uganda

Full list of author information is available at the end of the article

@ Springer Open

many farmers [1, 3, 4]. The attack caused by cowpea wee-
vil (Callosobruchus maculatus) has destroyed between
20 and 50% cowpeas on the continent each year, and in
certain areas this loss could be up to 100% [5]. Losses in
stored food products are highly prevalent in developing
countries, especially among smallholder farmers. Among
sub-Saharan African countries and other developing
countries, these losses come as a result of inadequate
use of highly improved post-harvest technologies during
storage. Faced with such devastating losses, many farm-
ers do not want to risk their cowpeas. Instead, they sell
them at harvest time when prices are the lowest. Map-
ping up strategies to reduce these losses will ensure food
security, lead to rapid economic growth, and improve
nutrition on the continent [6, 7].
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With the emergence of simple post-harvest technolo-
gies, storage losses in cowpea can now be controlled
without the use of pesticides. Many storage facilities
have emerged, but sometimes are too expensive for many
smallholder farmers in the tropics and sub-tropics to
afford. Also, most of these farmers are not able to pur-
chase pesticides to control pests and diseases during
storage. Although the use of chemicals still remains a
principal approach to solving post-harvest losses among
many smallholder farmers, misuse of insecticides is com-
mon and causes health and environmental problems [1,
7]. The use of metal silos for storing grains, for instance,
is only limited to the temperate regions. When used in
hot, humid climates and semi-tropical regions, they pro-
duced negative results by causing humidity damage to
the stored commodities [8]. It was further explained that
during storage, grains experiencing too high tempera-
ture, adequate oxygen, and high relative humidity lead to
the formation of molds which deteriorate grain quality.
For most smallholder farmers in Africa, hermetic storage
could be a practical approach because it is chemical-free
and offers a cost-effective way of controlling insects dur-
ing storage, thereby maintaining the quality of the grain
[9-11]. Hermetic storage principally occurs in a con-
trolled environment which continuously depletes oxygen
and simultaneously increases carbon dioxide as a result
of the respiratory activities of insects in the ecological
system of a sealed storage [12]. According to [10], grain
losses may vary depending on the geographical location,
the year, the atmospheric condition, the available post-
harvest technologies, and finally the amount of grain har-
vested. Due to the many factors influencing the rate of
grain deterioration, it is exceedingly difficult to quantify
the losses in stored grain [13]. This work therefore took
a major step to evaluate the effect of hermetic and non-
hermetic storage on moisture content, insect infestation,
grain mass, and usable proportion of grains obtained
from a local farmer in Ghana.

Materials

A local variety of cowpea (locally called Soronko) was
obtained from a local farmer in Kumasi, regional capital
of the Ashanti region of Ghana. The region has a mean
annual temperature of 32 °C and a mean monthly tem-
perature ranging between 26 °C in November and 27 °C
in February. The average relative humidity for Novem-
ber, December, January, and February are 84, 82, 78, and
75%, respectively. In general, the experimental period fell
within the months of November, December, January, and
February. The storage and laboratory experiments took
place at Animal Science Department of Kwame Nkrumah
University of Science and Technology. Close to 50 kg of
cowpea was poured onto a clean plane surface, mixed
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thoroughly, and foreign materials such as stones and
broken grains were removed before the experiment was
carried out. Seventy-eight transparent plastic containers
with appropriate lids for storing the grains, an electronic
oven for moisture content determination, an electronic
balance, rectangular trays, muslin bags, polyethene rub-
bers, and mesh sieve of aperture size 4.80 mm were used
to undertake this experiment.

Experimental design

The experiment was carried out under Completely Ran-
domized Design (CRD) with two treatments and three
replicates each. In all, 39 containers were used for her-
metic storage and 39 used for the non-hermetic storage.
The experiment was carried out for a period of 12 weeks.
The hermetic containers were each filled with 500 g of
grains, and six weevils were manually counted and placed
into each. For each of the hermetic containers, polye-
thene rubbers were placed on them after which they were
securely sealed with Teflon tape (also known as plumbing
tape) prior to placing their lids to ensure airtight condi-
tions as performed by [9]. The non-hermetic containers
were also filled with 500 g of grains after which six wee-
vils were manually counted and placed into each. Muslin
cloth was placed on each of the non-hermetic containers
to prevent the entry of other insects and also help air to
circulate around the grains [12].

Methods

Determination of moisture content of cowpea

The oven method was used determine the moisture con-
tent of the cowpea. Each of the labeled trays was placed
on the balance. In general, 100 g of grains was poured on
a metallic tray and weighed using an electronic balance.
The tray containing the grains was placed in an oven
which was set at 103 °C for 24 h, as performed in other
studies [9, 14]. After 24 h, the trays were removed from
the oven, and then the mass of the dried grains was deter-
mined. The moisture content readings were undertaken
in triplicate for the hermetic and non-hermetic systems.
The percentage moisture content by mass was computed
using Eq. 1 which was also adopted by [4].

(M; — My)
(Mi — M)
where M, = mass of empty tray (g), M; = mass of empty

tray (g) + mass of grain before drying (g), and M; = mass
of empty tray (g) + mass of grain after drying (g).

Moisture content (% wet basis) = x 100, (1)

Determination usable proportion

As recommended by [15], the usable proportion of grains
refers to the removal of grains with physical damage such
as cracks, holes, and discoloration. From each container,
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100 g of grains was poured on a tray and sorting was
done by removing all damaged grains (perforated, cracks,
and discolored) together with chaffs and grain hulls. The
usable proportion (or wholesome grains) left after sort-
ing was re-weighed. The usable proportion of grains after
storage was then computed using Eq. 2 which has also
been used by [4] in a similar study.

M
Usable proportion (% weight) = ﬁu x 100, )
t
where M, = mass of usable grains (g) and M, = total
mass of grains (g).

Determination of 1000 grain mass after storage

From each container, 1000 grains were randomly counted
and weighed. As recommended by [16], a small portion
between 100 and 1000 grains should be removed from
each cleaned sample when assessing weight loss. For each
storage system, triplicate experiments were performed.

Determination insect infestation

As recommended by [16], between 100 and 1000 grains
of cowpea are needed when estimating insect attack. In
this study, insect infestation was investigated by weighing
100 g samples from each container. Afterwards, a mesh
sieve of diameter 4.80 mm was used to remove all insects
from the stored grains. The number of live cowpea wee-
vils (Callosobruchus maculatus) which fell through the
sieve apertures was manually counted. For every system
of storage, triplicate experiments were performed.

Data analysis

Data obtained were analyzed using students’ edition
of Statistix 9.0 statistical software. Analysis of variance
(ANOVA) was performed on the various means to know
if differences existed. If significant differences existed,
Tukey—Kramer’s HSD (Honest Significant Difference)
pairwise comparison test was used to determine multiple
comparisons. The significance was set at p value less than
0.05.

Results

Determination of moisture content of cowpea

Figure 1 shows the moisture content of the cowpea in the
hermetic and non-hermetic systems over the 12 weeks
of storage. It was observed that the moisture content in
the hermetic containers increased steadily from 11.7%
in week 0-11.9% by week 12. However, for the non-her-
metically stored grains, the moisture content increased
from 11.7% in week 0—16.5% in the eighth, and from then
it experienced a steady rise till it reached 17.2% by the
twelfth week. Comparing the two storage systems, the
non-hermetic system resulted in a significant increase in
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Fig. 1 Moisture content of grains in hermetic and non-hermetic
containers at different storage periods. Error bars indicate standard
deviation from the mean of triplicate experiments for hermetically
and non-hermetically stored grains

moisture content over the 12 weeks of storage compared
to the hermetically stored grains (p < 0.05).

Determination of insect infestation

As illustrated in Fig. 2, the insect population in the sealed
containers increased from 5 in week 0-10 per 100 g of
grains in the first week; however, it dropped to approxi-
mately 0 from the second week through to the twelfth
week. Also, it was evident that the number of live insects
increased from 5 in week 0-15 (live insects/100 g of
grains) in after 1 week of storage. The grains in the non-
hermetically stored container observed a continuous
increase in the number of live insects till it reached 71
(live insects/100 g of grains) on the twelfth week. Com-
paring the two storage systems, the non-hermetic system
resulted in a significant increase in the number of weevils
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Fig. 2 Mean live insects/100 g grains in hermetic and non-hermeti-
cal at different storage periods. Error bars indicate standard deviation
from the mean of triplicate experiments for hermetically and non-
hermetically stored grains
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over the twelfth weeks of storage compared to the her-
metically stored grains (p < 0.05).

Determination of 1000 grain mass after storage

From Fig. 3, it can be seen that the mass of grains declined
for both hermetic and non-hermetic storage systems,
although the decline in mass was highly prevalent in the
non-hermetically stored grains. It was observed that the
mass of grains reduced from 156.50 g in week 0-145.21 g
in the non-hermetically stored grains. However, the her-
metically stored grains observed a decline from 156.50 g
in week 0-148.95 g. The analysis of variance (ANOVA)
performed on the mass of grains showed no significant
differences between the two storage systems over the
12 weeks of storage (p > 0.05).

Determination of usable proportion

The initial usable proportion of the cowpea stored was
98.55% for both hermetic and non-hermetic systems
(Fig. 4). There was a decline in the usable proportion of
cowpea in both systems over the whole period of stor-
age. The usable proportion of cowpeas in the hermetic
containers recorded a gradual decline from 98.55% in
week 0-94.80% by the twelfth week. In the case of non-
hermetically stored grains, although the percentage of
the usable (or wholesome) grains in the non-hermetic
system only declined from 98.55 to 98.35% after 1 week
of storage as compared to the drop to 98.21% seen in the
hermetic system, the usable proportion of grains in the
non-hermetic system dropped sharply from 98.35% till it
reached 85.69% after 12 weeks of storage. Comparing the
two storage systems, the non-hermetic system resulted in
a significant decrease in the usable proportion of grains
over the 12 weeks of storage compared to the hermeti-
cally stored grains (p < 0.05).
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Fig. 3 Mean mass of 1000 grains from hermetic and non-hermetic
containers at different storage periods. Error bars indicate standard
deviation from the mean of triplicate experiments for hermetically
and non-hermetically stored grains
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Fig. 4 Mean usable proportion of grains from hermetic and non-
hermetic containers at different storage periods. Error bars indicate
standard deviation from the mean of triplicate experiments for
hermetically and non-hermetically stored grains

Discussion

Determination of moisture content of cowpea

From the results presented, the high moisture content
observed in the non-hermetic grains compared to the
hermetically stored grains was due to the exchange of
moisture between the grains and its surrounding since
they were left unclosed. The steep rise in moisture con-
tent in the non-hermetic containers began from the fifth
week up to the eighth week. From the eighth week, a gen-
tle rise in the moisture content of grains was observed.
The steady rise in moisture content in the non-hermeti-
cally stored grains from the eighth week up to the twelfth
week as observed in Fig. 1 was principally due to the dry
season (also known as harmattan season) in the coun-
try which occurs in January every year, where the rela-
tive humidity in the atmosphere decreased from 82% in
December to 78% in January; therefore, moisture absorp-
tion by the grains was minimal. Although the hermetic
containers were very efficient in controlling moisture
content, there was some slight increase in the moisture
(0.22%) which could mainly be due to the respiratory
activities of insects within the containers or moisture
ingress because the caps were not completely airtight.
After 12 weeks of storage, the hermetically stored grains
recorded final moisture content of 11.90% which is good
enough to prevent formation of molds. This conclusion
was made with reference to studies by other researchers
which reported that if grains are dried to 14% moisture
or less, minimal or no fungi formation is observed [9, 10,
17].

Determination of insect infestation

As presented in the results, the increase in the number
of insects observed in the hermetically stored grains after
1 week of storage was principally due to the presence
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of some amount of oxygen which aided in the survival
of the insects. However, from this period, the hermeti-
cally stored grains resulted in the rapid mortality of the
insects. [9, 10, 17] observed a similar trend where after
4 weeks of storage, the population of cowpea weevils
(Callosobruchus maculatus) reduced drastically to zero,
and it was concluded that oxygen in the system was con-
sumed and carbon dioxide production increased, which
eventually killed the insects. In sharp contrast to the
observations made in the hermetically stored grains,
there was a continuous rise in the population of live
insects in the non-hermetic container. As explained ear-
lier, this was mainly due to the fact that the non-hermetic
containers continuously provided the necessary condi-
tions for their rapid growth and development which was
also consistent with the study by [10].

Determination of 1000 grain mass after storage

From the results, although the weight loss in both her-
metic and non-hermetic systems was not significantly
different at 5% p value, the hermetic containers were
able to slightly stabilize and slow down weight loss. The
slight loss in weight observed in the hermetically stored
containers could primarily be due to the slight infesta-
tion by insects (see Fig. 2). For the non-hermetic system,
the rapid loss in weight was mainly due to the fact that
the system provided favorable conditions for the insects
to live and subsequently bored into the grains. Since the
analysis of variance (ANOVA) performed showed no
significant difference between the weight loss in the two
systems, it could be explained that the simultaneous
ingestion by insects and moisture ingress in non-hermetic
system might have contributed to the little difference in
weight compared to the hermetic system which was not
the case of the hermetic system which experienced little
moisture ingress and minimal insect infestation. In a simi-
lar study, [12] also recorded similar results where the her-
metic containers were able to stabilize the weight of grains
in the hermetic system and a rapid decline in the weight
of grains in the non-hermetic container.

Determination of usable proportion

In general, the usable proportion of grains in the her-
metic containers remained fairly constant as compared
to the non-hermetic containers. These changes were
mainly due to the fact that the hermetic system oper-
ated under the principle of gradual depletion of oxygen
and the generation of carbon dioxide through the respira-
tory activities of insects and the grains [9, 10, 12, 17]. The
population of insects dropped steadily which, in effect,
controlled the destruction of whole grains. The sharp
increase in the percentage of unwholesome grains in the
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non-hermetic system was mainly because no preventive
measures were made available to terminate the activi-
ties of insects. The environmental conditions surround-
ing the grains ensured that sufficient oxygen was always
available for the insects to comfortably respire and ingest
the grains [17].

Conclusions

The study compared the effect of hermetic and non-
hermetic storage systems of storing cowpeas on grain
moisture content, infestation by cowpea weevil (Cal-
losobruchus maculatus), weight of cowpeas, and finally
usable (or wholesome) proportion of grains after storing
grains for 12 weeks. Observations made from the investi-
gations proved that the hermetic storage technology was
able to stabilize the moisture content of cowpea stored
compared to the non-hermetic system of storage. In addi-
tion, the hermetic storage system drastically reduced the
number of live insects to a mortality rate of 100% over the
storage period. Although there was no significant differ-
ence in weight loss, the hermetic storage system slightly
minimized weight loss compared to the non-hermetic
system and maintained a high proportion of wholesome
grains (usable proportion) compared to the non-hermetic
system. The measured parameters in the hermetic and
non-hermetic storage techniques clearly depicted that
hermetic storage is a preferred option for storing cow-
pea and could be used replace the use of fumigants and
other expensive storage systems. This study recommends
that cowpea farmers, middle men, and other retailers will
adopt hermetic storage system in order to minimize post-
harvest losses observed in handling cowpeas. In terms of
further studies, it is recommended that efforts should be
made to quantify mold infestation and the germination
potential of grains stored hermetically.
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