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Abstract
Grains are the most commonly consumed food in developing countries. Grains have a great role in minimizing the food security problem for the countries whose 
staple food is rely on the grains. However, Grains can be affected by several factors during storage. Grains loss can be minimized by using improved storage 
techniques such as Grainpro, PICS bag and metal silo. Grainpro bag is low-cost ultra-hermetic bag lining solution developed primarily for smallholder farmers. 
It can safely preserve a dried agricultural crop such as, maize, wheat, rice paddy and soybean. It is made from multilayer recyclable polyethylene plastic with a 
proper barrier layer with a low permeability to prevent the air and moisture entrance to the grain. Purdue Improved Crop Storage bags (PICS) is a bag which is 
effective alternative to chemical pesticides for stored grain. It is made from two liners of HDPE and woven polypropylene. Metal Silo is an improved storage, which 
is constructed from a galvanized iron sheet and hermetically sealed. The metal silo has proven to be effective in protecting the harvested grain from insects and 
rodents. Therefore, the aim of this review is to give important information about improved storage techniques such as metal silo, PICS bags, and grainpro bags 
which are the best storage techniques to store the grain with a little loss of grain.
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Introduction
Background

Grains are an essential component of daily food mostly for 
Africans. Cereals such as sorghum, maize, teff, barley, wheat and 
millet are grains which are widely consumed in very large quantity 
throughout African countries. Grains are field crops and mostly 
staple diet for developing country like Ethiopian. The principal 
grains in Ethiopia are teff, wheat, barley, corn, sorghum, and millet. 
Amongst them teff, wheat, and barley are primarily cool weather 
crops cultivated at the attitudes generally above 1500 m. They are used 
for preparation of injera, tella (local beer), bread and the like [1].

Common cereals produced in Africa include sorghum, maize, rice; 
wheat and millet, while common pulses produced in Africa include 
cowpeas, dry beans, groundnut, chickpea and Bambara groundnut 
[2]. Maize for example is a staple diet for many of African courtiers. In 
Kenya, and Tanzania maize contribute about 34% to 36% of the daily 
caloric intake [3]. The factor which causes grain loss at storage area is 

classified into two main categories. Biotic factors (insect, pest, rodent, 
and fungi) and abiotic factors (temperature, humidity, and rain) [4].

More than 70% of African grains are stored in farm for home 
consumption. Many of the farmers in developing county store their 
grains in simple structure, such as straw, reeds, bamboo, and mud or 
bricks [5].

All this storage is not improved and enough to prevent the 
entrance of insects, rodents, and the like. Not only are that grains 
living things so they continue their breathing after harvested at storage 
are too. While breathing they use oxygen and release heat and carbon 
dioxide within the storage. As a result of these fungi and insect can 
cause the loss of the grain. Storing the grains is an important aspect 
to minimizing the food security problem amongst the community. 
Storage of cereals is a very important preservation method.

It is particularly important in Africa because agricultural 
production is mostly seasonal while the demand for agricultural 
commodities is more evenly spread throughout the year. In this 
circumstance, there is the need to meet average demand by storing 
excess supply during the harvesting period for release into the market 
during the off- season period [6].

Although the grains have a great importance in minimizing 
the food security problem for developing country, there are many 
challenges that should be taken in account to minimize post-harvest 
loss of grains. The grains post-harvest loss at storage can be both in 
quality and quantity loss. These post-harvest losses can be minimized 
using appropriate storage techniques. Thus, the aim of this paper is to 
review on different improved grain storage techniques such as metal 
silo, grainpro bags, and PICS bags.

Improved Grain Storage Techniques 
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(Grainpro, PICS Bag, and Metal Silo)
Grainpro bags

Grainpro is a flood protected hermetic gas-tight storage container 
used for storing the organic use and long-term storage agricultural 
commodity. It is made from flexible ultra violet that is resistant to 
rodents and has low permeability to oxygen, carbon dioxide, and 
moisture. It also includes transparent plug to monitor the relative 
humidity. It can also maintain the gas resulting from the respiration 
of insects and commodity itself.

Grainpro bag is low-cost ultra-hermetic bag lining solution 
developed primarily for smallholder farmers. It can safely preserve 
the dried agricultural crops such as, maize, wheat, rice paddy and 
soybean. It is made from multilayer recyclable polyethylene plastic 
with a proper barrier layer with a low permeability to prevent the air 
and moisture entrance to the grain.

Grainpro bag is effective against aflatoxin growth, and large grain 
borer, and cowpea weevils found in the commodity without the use 
of chemicals [7].

Baoua et al. [8] reported that storing cowpea grain in grainpro 
bags could store the grain without post-harvest loss. In the grainpro 
the oxygen level dropped quickly on the first of 24 hr after closure, at 
the end reaching the level of 1% to 3% by volume (v/v).

In grainpro bag the composition of carbon dioxide and oxygen 
level is decreased as the time of storage increases. The initial oxygen 
level which was 20.87% is declined to 17.88%, 15.36%, 10.22% after 
two, four, and six months of storage respectively. In contrast to 
oxygen level in grainpro bags the level of carbon dioxide is increased 
gradually [9].

Purdue Improved Crop Storage (PICS) bag
Purdue improved crop storage bag is a bag which is effective 

alternative to chemical pesticides for stored grain. It is made from two 
liners of HDPE and woven polypropylene. These two components 
create the environment that reduces the insect development [10]. 
About 98% of all insect pests can be prevented within one month of 
storage reducing and weight loss caused by feeding.

PICS bags are successfully demonstrated to protect cowpea against 
pest bruchid Callosobruchus maculatus. The success of PICS bags with 
cowpea encourages the industries to store others type of grain, like 
corn in the PICS bags. Baua et al. [11] observation confirmed that the 
PICS are effective storage for storing maize as well.

PICS bags are now widely used in west and central Africa for 
cowpea storage [12]. Most of the PICS bags sold to date have 100 kg 
capacity, but sometimes 50 kg bags are also available. The two sizes of 
bags perform well for grain storage [11]. Farmers and others often ask 
for smaller sizes of bags to store seed or grain for human consumption.

In PICS bags oxygen level dropped from 20.87% (baseline) to 
11.80%, after two months of storage. In PICS bags there were increases 
of carbon dioxide from 0.01% (baseline) to 2.99%, 2.74%, and 5.02%, 
after two, four and six months of storage, respectively [9].

The need for different sizes PICS is could be because of the 
following reasons

•	 There could be a limited quantity of grain, egg seed to store

•	 There is limited capacity for lifting and stacking a larger bag

•	 There is need to distribute smaller amounts of grain for seed 
or for humanitarian purposes.

Metal silo
Metal silos are the containers used for storing maize, beans, and 

other grain. They have cylindrical shape and are galvanized sheets. It 
has two lids one from the bottom and the other top. The upper lid is 
used for entering the grain to the silo and for entrance of one person 
who clean the silo during maintenance. The bottom lid of the silo 
serves as an outlet for grain [13].

Storing a grain by a traditional storage practice leads to loss about 
20% to 30% of grain losses, particularly due to insect infestation and 
pathogens. Because of the problem, there could be quantitative loss, 
contamination with aflatoxin, and the like, can cause post-harvest 
loss [14]. To overcome the problem, metal silo is a valid option 
and proven effective in protecting the grains from insect attack and 
contamination. Gitonga et al. [15] reported that the use of metal silo 
prevented damage by larger grain borer and maize weevil for 98% and 
94% of adopters respectively. The most important factor household 
deemed is that the effectiveness of metal silo against storage pest and 
security of stored grain.

Metal Silo is an improved storage, which is constructed from 
a galvanized iron sheet and hermetically sealed. The metal silo has 
proven to be effective in protecting the harvested grain from insects 
and rodents [14]. It is airtight improved storage, which can eliminate 
oxygen inside, killing any insect pest that may be inside. It also locks 
out any pests or pathogen that may invade the grains inside.

Metal silo is a key in the area of post-harvest technology to fight 
against hunger and ensuring food security. It is a simple structure 
that can elongate the shelf life of grains by keeping the grains from 
infestation [16]. In most part of the country where the metal silo has 
been introduced, the silo has created a positive impact on within the 
stakeholders on grain storage and production [14]. Cereal grains 
are the crops widely produced in Africa. Despite of this the major 
constraints to improve the food and nutritional security in Africa, is 
poor post-harvest management that leads to 20% to 30% loss of the 
grains [17].

To minimize the loss due to poor post-harvest management one 
of the key technologies is using improved metal silo for the purpose 
of storage. Metal silo is easy to hold and also can be made in different 
size, from 100 kg to 3000 kg grain holding capacity, based on the 
interest of the farmer (Tefera et al. [14]) reported that using metal silo 
in Latin America has been indicated the following merits:

•	 Maintain the quality of stored product

•	 Having the air tightness gives it effectiveness on non-residual 
fumigation

•	 Minimize post-harvest loss of the grain

•	 Help farmers to keep their product to a season in which the 
product gets high cost

•	 It can be made from locally available materials

How to use metal silo: The silo should be placed under a roof, 
either in the house corridor or inside the house itself (though not 
touching the walls). The silo should not in touch with ground from 
the bottom. Exposing the silo to sun light and rain is not good. Do not 
put the bags containing fertilizers nearest to the silo, because it can 
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cause oxidation [14].

Store capacity and some relevant commodities for 
improved grain storage techniques

All the store types for which data have been submitted are 
intended for use by smallholders or farmer groups for storing cereals, 
pulses or oilseeds provided that they have been sufficiently dried. 
Even if, some of the more recently developed stores have been tested 
on only a narrow range of crops, technically there are few reasons why 
they would not be appropriate for a wider range [18].

One constraint is the different pests associated with different 
commodities and in particular the Larger Grain Borer (Prostephanus 
truncatus) that infests maize. There have been concerns about the 
ability of this pest to both bore out from, and into, storage bags and 
drums constructed with plastic [19]. This can damage the hermetic 
seal on which these stores rely for the quality preservation of maize. 
This still remains a concern and a good body of independently verified 
further field data is required before definitive advice can be given [20]. 
In some cases, beverage crops such as coffee and cocoa are included 
although these crops are not normally stored by smallholders for long 
enough to justify investment in anything other than basic storage 
arrangements such as open weave bags (Table 1 and 2) [21].

Summary
Grains are the most commonly consumed food in developing 

countries. Grains have a great role in minimizing the food security 
problem for the courtiers whose staple food is rely on the grains. 
Grains can be affected by several factors after harvested from its 
mother tree. Grain loss at storage is the critical challenge in most part 
of African courtiers. The factors which affect the grains are biotic and 
abiotic factors. Biotic factors include any living things such as, borer, 
weevils, birds, mice, whereas abiotic factors include temperature and 
relative humidity. To overcome the loss grains because of both factors, 
it is crucial to select the appropriate storage techniques. Traditionally, 
farmers can made storage from locally available materials, and store 
their grains for further use. However, the traditionally made grain 
storage is not adequately protecting the grain from infestation and 
extends the shelf life of grain. Therefore, improved storage techniques 

such as metal silo, PICS bags, and grainpro bags are the best storage 
techniques to store the grain with a little loss of grain.
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