
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 

 

7 Improved technologies for reducing 
post-harvest losses 

Christopher Mutungi, Adebayo Abass, Gundula Fischer, and Bekele Kotu 

Introduction 

Post-harvest food loss refers to a measurable 
reduction in the quantity or quality of  the food 
produced after harvesting. This can amount to a 
significant proportion, with close to one third of 
global food production being lost or wasted every 
year. For many households, these losses threaten 
food, nutrition, and income security. Losses of 
quantity reduce food supply, cause high food 
prices, and reduce farmers’ incomes when the 
produce is required for household consumption 
rather than being available for sale. Quality losses 
result in food being less nutritious or even posing 
risk to health, lower market prices and reduced 
incomes for farmers, and less available food (if 
the quality loss means food must be destroyed). 

Africa RISING investigations showed that 
the overall post-harvest crop losses in Tanzania’s 
maize-based systems are equivalent to 25–40%, 
with up to 47% losses for maize specifically. This 
is a significant proportion and equates to 
560 kg/ha among households that produce only 
1.2  t/ha on average. For many grains, most 
post-harvest losses occur during drying, process-
ing, and storage operations; for example, losses 
during maize drying, shelling, and winnowing 
were found to amount to 135 kg/ton. Poor stor-
age alone accounted for between 15 and 25% of 
the harvest (equivalent to 150–200  kg/ton). 
These losses mean that to produce the originally 

intended amount of  food, farmers must use 
more inputs and increase the area of  land under 
maize cultivation. 

Allowing post-harvest food losses to con-
tinue uncontrolled is wasteful and makes agri-
cultural production unsustainable because 
more land, water, labor, energy, fertilizer, and 
other inputs must be used to produce more food. 
Post-harvest losses lower farm productivity and 
push farmers into a cycle of  needing to expand 
into new ecosystems, with subsequent damage 
to biodiversity and the ecological balance. Some 
estimates suggest that food produced and har-
vested, but ultimately lost, consumes about 24% 
of  total freshwater resources used in food crop 
production, 30% of  total cropland area (about 
1.4 billion ha), and 23% of  total global fertilizer 
use annually, representing about 3.3 gigatons of 
CO

2 equivalent emissions (Kummu et al., 2012; 
FAO, 2013). It is therefore important for sustain-
able development that farmers reduce post-harvest 
losses, and more research, information, and 
demonstration are needed to ensure that farm-
ers have proven and sustainable technologies at 
their disposal. 

This chapter outlines several post-harvest 
loss reduction technologies validated by the 
Africa RISING program that will improve the 
efficacy of  drying, threshing, and storage oper-
ations, and gives evidence of  their potential 
impact. The chapter also provides evidence on 
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the cumulative benefits of  combining all three 
technologies. Figure 7.1 summarizes the poten-
tial post-harvest losses in a maize-based system 
in Tanzania. It indicates that maize grain losses 
of up to 32% can occur due to biological agents 
and physiological activities before harvest. These 
also need to be managed but are not covered in 
this chapter. 

Collapsible envelopes for 
sun-drying grain 

Description of the technology 

Drying grain properly before and after thresh-
ing is the most important factor in ensuring 
grain can be stored without spoiling. Many 
smallholder farmers rely on direct sun-drying 
on the ground. This method is risky due to slow 
drying rates, weather disruptions, and contam-
ination. Quantity losses occur due to spillage 
and attack by birds, rodents, termites, and 
other insect pests. Quality losses also occur due 
to contamination with soil, fungi, and pesticide 
residues. In Zambia and Zimbabwe, physical 
losses during drying of  maize were reported to 
be 35–45 kg/ton. Maize needs to be dried to a 
moisture content of  13.5%. If  the moisture 
level exceeds this amount, the grain will sup-
port the growth of  fungi that produce toxins, 
such as aflatoxin. 

The GrainPro Collapsible Dryer Case™ 
(CDC) comprises an envelope of  plastic sheeting. 
It is designed to help farmers practice efficient 
and safe sun-drying of  maize cobs, legume pods, 
or threshed grains (Figure 7.2). The heavy duty, 
ultraviolet-resistant, black reinforced polyvinyl 
chloride sheet allows faster drying because it 
maximizes absorption of  solar energy. In the 
event of rain, the CDC can be left in place and the 
produce protected by folding back the cover. Dry-
ing can then continue after the rain by simply 
opening it up again. 

Farmers who cannot access a moisture 
meter to determine grain moisture can use the 
salt method to approximate the level of  dryness 
(Figure 7.3). Fill one third of  a clear dry glass 
bottle with grain (250–300 g, depending upon 
receptacle size). Add two or three tablespoons 
(20–30 g) of  dry salt, close the bottle and shake 

vigorously for one minute. If  after about 15 minutes 
the salt sticks to the sides of  the bottle, the grain 
moisture content is higher than the permissible 
level (14–15%). 

Benefts of the technology 

The CDC improves the drying process by achiev-
ing fast drying at a high temperature, thereby 
improving grain quality and reducing losses. 
The results are superior to the process of  drying 
on the ground (Figure 7.4). Discolored grain is 
almost completely eliminated and impurities are 
reduced by 30%, moldy grains by 42%, and in-
sect damage by 44% (Mutungi et al., 2019). 
Overall, the amount of damaged grain is dimin-
ished by 41%, and the amount of  non-consumable 
damaged grain is reduced from 67.3 to 24.7 kg/ 
ton (38% reduction). Thus, considering drying 
losses reported elsewhere in Eastern and South-
ern Africa (ESA), households would be able to 
save about 32 kg/ton of  grain produced, equiva-
lent to US$ 7. This would reduce the need to oc-
cupy land for maize cultivation by 0.03  ha for 
every ton of grain needed by a household for 
food, income, and other use. 

Opportunities for adoption 

Use of  the CDC allows farmers to significantly 
reduce losses and improve the quality of their 
produce for the market. Although they will need 
to spend cash on buying the CDC, this cost will 
be offset by the higher prices obtained for prop-
erly dried grain. This improved quality can also 
support farmers’ access to new markets across 
the region. Many formal markets currently refuse 
to buy grain that is moist or damaged. For in-
stance, grain lots with total damaged or defect-
ive grain higher than 8.5 kg/100 kg do not meet 
quality requirements for trade within the East 
African region as per the East African Standards 
(EAS, 2013). The level of  grain damage also af-
fects the classification and the price the farmer 
will receive. Grain lots with damage levels of 
0–3.2 kg/100 kg, 3.3–7.0 kg/100 kg, and 7.0– 
8.5 kg/100 kg are classified as Grade 1, Grade 2, 
and Grade 3, respectively, which have significant 
price differentials. 
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Figure 7.1. Post-harvest crop loss characteristics in a maize-based farming system in the semi-arid areas of central and northern Tanzania. Source: Abass 
et al. (2014; CC BY-NC-ND 3.0). 
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Figure 7.2. Farmer using a collapsible drier case for sun-drying of shelled maize grain in Mvomero 
district, Tanzania. (Photo courtesy of Audifas Gaspar, 2019.) 

Figure 7.3. Using the salt method to check if the 
grain is adequately dry. (Photo courtesy of Audifas 
Gaspar, 2019.) 

How to get started 

Farmers, entrepreneurs, and farmers’ associ-
ations wishing to apply the technology should 
purchase genuine GrainProTM CDCs from ap-
pointed local distributors or agro-dealers. User 
guidelines (GrainPro, 2021) are provided with 
each CDC. Some farmers have tried to adapt the 
technology by using black polyvinyl chloride 
sheets available from local hardware shops to 
hasten drying and protect the produce, with 
others using drying mats made of canvas or 
stitched woven polypropylene sheets to protect 
the produce from direct contact with the soil. 
These alternatives have limited tensile strength 
and a short lifespan. 

Low-cost mechanized shelling 
of grain 

Description of the technology 

Threshing operations for maize remove the 
grain from the cobs, with efficient and careful 
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Figure 7.4. Quality of maize dried on bare ground and on CDC during validation trials in Babati district, 
Tanzania. 

threshing producing good-quality grain. In 
ESA, this activity is undertaken mainly by 
women using manual methods, which include 
removing each kernel, rubbing cobs together, 
beating them with wooden sticks, or trampling 
by animal-drawn implements or light trucks, 
all of  which are tedious and inefficient, as well 
as damaging to the kernels. Manual threshing 
is labor intensive and time consuming, primar-
ily because it is accompanied by manual separ-
ation and winnowing. It also results in signifi-
cant post-harvest losses through mechanical 
damage and spillage. Manual shelling and win-
nowing losses averaged 6.8% (Mutungi et al., 
2019) of  the maize grain in a sample area in 
Tanzania. 

Several types of  low-cost mechanized shel-
lers are available in ESA, including those 
powered by petrol or diesel engines, tractors, and 
electricity. Following a review of  shelling effi-
ciency, grain output, and smallholder farmer 
capacity, the four-horsepower (hp) diesel engine 
sheller was identified as the preferred option and 
this was validated under farmer and community 
arrangements in Tanzania. 

The sheller has three main parts: a diesel 
engine, a hopper where the maize is placed, and 
a concave chamber where the shelling takes 
place (Figure 7.5). The shelling chamber houses 
a horizontal drum on which a narrow ridge 
beater is mounted, together with a coarse screen 

and a collecting pan fitted at an angle to allow 
the grain to flow out. 

In operation, the diesel engine powers a 
drive belt connected to a shaft that rotates the 
drum. De-husked maize cobs (with the outer 
leaves removed) are placed in the hopper; the 
cobs slide on to the rotating drum, and then 
shelling is accomplished by gentle rubbing action 
on the cobs as the drum rotates. The sheller does 
not damage the kernels as they are removed. The 
rotating drum also pushes the cobs out of  the 
shelling chamber. As this happens, the grains fall 
past a screen on to the collecting surface and are 
conveyed out. A fan installed to the side provides 
winnowing action by blowing off  loose chaff  and 
dust from the kernels. Thus, the technology com-
pletes shelling, separating, and cleaning work all 
at once. The thresher can be operated by one per-
son and can be moved from one place to another, 
so can be shared by a group of  farmers or rented 
out to farmers by an entrepreneur. 

Benefts of the technology 

The technology saves time and labor. The results 
of  participatory trials in Babati, Kiteto, and 
Kongwa districts in Tanzania showed that a 
four-hp diesel engine (capital cost US$ 630) ac-
complishes a throughput capacity of  690  kg/ 
hour, using 0.3 l of  diesel (US$ 0.30). This compares 
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Figure 7.5. Parts of a diesel-powered mechanical maize-shelling machine. (Photos courtesy of Christo-
pher Mutungi, 2019.) 

favorably with one person doing manual shell-
ing, who can accomplish only 68.5  kg/hour. 
Work rate is thus improved by a factor of  10, 
freeing up time for other income-generating ac-
tivities. This is especially important for women, 
who are the main actors in grain threshing and 
cleaning, and provide 72% of  labor in the trial 
districts. 

The labor benefits of  mechanized maize 
shelling were captured in more detail by an ac-
tivity profile (Table 7.1). This shows that shelling 
by hand is mostly accomplished by women and 
children, while shelling by machine is taken over 
by men. Where farmers use the machine instead 
of  manual labor, labor responsibilities are shifted 
from women to men. 

To further assess the labor benefits, farmers 
scored the level of  drudgery they perceive when 
shelling by hand, stick, or machine. Ten beans 

were allocated for each shelling method, with 
one bean representing the least tiresome and ten 
beans the most tiresome. Results for women were 
separated for men-headed households (MHHs) 
and women-headed households (WHH) (Table 7.2). 
Putting the results from the activity profile and 
the drudgery score together reinforces the value 
of mechanized shelling for women. However, 
this benefit is largely subject to their husbands’ 
decisions on whether to mechanize or not, 
underlining the importance of strengthening 
women’s inputs to household decision-making 
(see Chapter 1 of  this handbook) as well as confi-
dence and skills in using labor-saving imple-
ments (see Box 7.1). 

Figure 7.6 shows that mechanical shelling 
achieves a superior grain quality, with the 
amount of  broken grain reduced by 81% and 
impurities by 38%. With a shelling efficiency of 
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Table 7.1. Activity profile for maize post-harvest processes in central and northern Tanzania 

Post-harvest processes Who in the household is responsible? 

De-husking maize Women/children 
Transporting unshelled maize Men/young men 
Drying maize in homestead Women/children 
Shelling maize by hand Women/children 
Shelling maize by stick Men/women 
Shelling maize by machine Men/young men 
Drying maize after shelling Men/women 
Transporting shelled maize to storage Men/young men 
Grain management Men/young men 
Grain marketing Men 

Table 7.2. Drudgery scores for various maize-shelling methods used in central and northern Tanzania 

Shelling method 
Men in MHHs 

n = 196 
Women in MHHs 

n = 115 
WHHs 
n = 80 F-value1 

Hand 8.94 8.63 8.39 4.0562 

Stick 7.94 7.38 7.30 5.2363 

Machine 2.44 1.67 1.73 13.7563 

1A measure of the statistical significance of the differences between drudgery scores reported by men in MHHs, women 
in MHHs and WHHs. 
2Statistically significant at 5% level. 
3Statistically significant at 1% level. 
Source: Fischer et al. (2021). Reproduced with permission from the authors. 
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Figure 7.6. Comparison of the quality of maize grain shelled using the manual method and a motorized 
sheller in Babati, Tanzania. 

98%, the amount of  food lost because of  the  
inefficiencies in manual shelling, cleaning, and 
winnowing is reduced from 68  kg to less than 
20  kg/ton. Households thus have 48  kg more 
grain per ton produced, equivalent to US$
10.50, or the amount of  food needed for 1.5 

months if  all the salvaged grain is used for 
household food. With this saving, households 
could reduce purchased food and labor inputs, 
and land occupation of  maize by 6% or 0.04 ha 
for every ton of  grain needed (see the section on 
combining the technologies). 
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Farmers’ responses 

Farmer group discussions, held as part of  the 
participatory trials (Figure 7.7), revealed that 
farmers are very attracted to this technology. 
Households were willing to pay for mechanical 
shelling services, particularly farm families 
who were experiencing labor shortages or high 
labor costs. 

A willingness-to-pay study undertaken in 
Babati and Kongwa districts revealed that 80% of 
farmers would potentially adopt the technology if 
it was available as a rental service (Figure 7.8). 
About 62% of  farmers were willing to take up the 
technology either by renting or group purchase 
of  the mechanical sheller; while 30% were willing 
to purchase the machines individually. The de-
cline in willingness to pay under group and 
private purchase models when compared with 
the rental services model was linked to the invest-
ment cost involved. The rental services model had 
the highest percentage of  potential adopters 
(about 75%) as it required the least capital ex-
penditure. There was no gender difference in 
willingness to pay under rental service or group 
purchase models. However, the percentage of  
women interested in private ownership of  the  
machines was significantly lower than that of  
men. This may be due to women’s lack of  financial  
capacity and the high cost of  buying individually. 

Box 7.1. Building women’s confidence and 
skills in using labor-saving implements 

A Tanzanian woman agricultural engineer involved 
in extension activities explained in an interview: 
“We went to the villages to hold training on how to 
use labor-saving implements. There were groups 
of women and men. All of them were taught to-
gether. When the time came to touch the imple-
ment, women started to disappear. But when I 
had worked with them for three days, they were 
capable of using the implement. We do not only 
need to build women’s mechanical skills but also 
their confidence. Where there is fear, women will 
not benefit from labor-saving implements and will 
not experience relief.” 

Extensionists and development partners 
should pay attention to socio-cultural barriers fa-
cing women such as the belief that technical im-
plements need to be handled by men. Taking a 
transformative approach (see Chapter 1) and 
mobilizing the support of gender-aware men 
and community leaders, extensionists should 
encourage women to make use of and benefit 
from such technologies. 

See Fischer et al. (2021) for more information. 

Opportunities for adoption 

Market integration has expanded the maize 
grain trade to regional markets, where quality 

Figure 7.7. A focus group discussion with farmers in Seloto village, Babati, Tanzania, to evaluate user 
perceptions of various post-harvest technologies. (Photo courtesy of Charles Kanju, 2019.) 

Downloaded from https://cabidigitallibrary.org by 154.113.73.30, on 11/14/22.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



  

 

 
 
 
 
 
 

 
 

 
 

 
 
 
 

 

 

 

 

 
 

  

 

 

 

  
 

99 Improved technologies for reducing post-harvest losses 

100 

50 

0 

P
er

ce
nt

ag
e 

of
 fa

rm
er

s

Men (N = 200) Women (N = 200) Total (N = 400) 
Willingness to pay

  Rental shelling service model

 Group purchase model

 Private purchase model* 

Figure 7.8.  Proportion of farmers who are willing to pay for mechanical maize shelling. Reproduced with 
permission from Kotu et al. (2019a; CC BY 4.0). *Willingness to purchase privately is higher among men 
than women. 

standards apply. These specify the tolerable 
limits for key parameters of  quality. This re-
quirement could drive farmers to adopt the 
technology, since it helps them to handle large 
quantities of  grain within a short time, and 
produces a more reliable quality of  grain. The 
technology also provides employment and 
income opportunities for rural farmers, and 
youth in particular, presenting a potential busi-
ness opportunity for individual farmers or 
producer groups to provide shelling services 
to other farmers. There are additional oppor-
tunities in supplying spare parts and offering 
repair services as well as larger-scale entrepre-
neurship, including rural dealerships, financing, 
and machine rental. Within farmer groups, 
having one main machine operator would 
reduce labor time further and provide local 
employment, also helping to overcome adop-
tion reluctance caused by a lack of  confidence 
in operating machinery. 

How to get started 

• De-husk and dry the maize on a tarpaulin 
(or CDC) to ensure the grains are loosened 

on the cobs for ease of  shelling with min-
imum energy input. 

• Sort and separate any damaged and moldy 
cobs. 

• Clean the machine and check for obstacles 
in the hopper and shelling chamber. 

• Fill the fuel tank with diesel. 

• Add water to the coolant tank and check 
the level of  engine lubricating oil. 

• Move the machine to an area of  fat ground, 
where a clean tarpaulin has been spread out. 

• Fasten a trap bag to the chaff  exit end to 
trap chaff  and dust (see Figure 7.9). 

• Start the engine, adjust the speed, and then 
feed the cobs through the hopper into the 
shelling compartment. 

• Collect the shelled grain and the cobs at the 
separate exit points. 

• Turn off  the machine when all cobs have been 
shelled. Clean the machine and keep it in a safe 
storage area away from any source of  fre. 

Hermetic storage containers 

Efficient storage of  harvested maize is vital for 
both subsistence and market-oriented farmers. 
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Figure 7.9.  Women in Kongwa using a low-cost diesel engine maize sheller. (Photo courtesy of Christo-
pher Mutungi, 2019.) 

Subsistence farming families rely on stored grain 
for food security between harvests, while stored 
grain provides higher prices for market-oriented 
farmers. However, losses during storage are high 
in ESA due to inadequate storage facilities and 
the proliferation of pests. Insect pests in particu-
lar cause significant grain damage and food loss. 
In Tanzania, grain losses average 150–250 kg/ 

ton during storage (Abass et al., 2014). Home 
storage usually involves keeping untreated 
maize on the floor in hessian or polypropylene 
bags, or in traditional woven or mud-plastered 
cribs, sometimes built on stilts. These cannot be 
sealed properly, hence the grain cannot be stored 
for more than six months without high losses 
(up to 25%, see Figure 7.1). 
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Description of the technology 

Maize grain should be stored in well-sealed con-
tainers that exclude air and moisture. Hermetic 
storage creates a bio-generated, modified envir-
onment around the grains, which are packed in-
side an airtight container to eliminate insect 
pests. Once the containers are closed, there is no 
new source of  oxygen, and the carbon dioxide 
level increases from respiration of  the grains and 
other life forms (fungi, insects, etc.) within the 
container. The insects and fungi soon use up the 
existing oxygen and when it runs out, the pests 
will die. Different kinds of  airtight storage sys-
tems are available, including metal and plastic 
silos of varying sizes, and hermetic bags of dif-
ferent brands and capacities. The best hermetic 
bags use a single or double layer of special air-
tight plastic liners placed inside an outer sack 
(Figures 7.10 and 7.11). 

Africa RISING tested and validated differ-
ent kinds of  airtight storage containers in Tan-
zania, including triple-layer hermetic bags, dou-
ble-layer hermetic bags, metal silos, and plastic 
silos (Abass et al., 2018). Most farmers preferred 
hermetic bags of  100 kg capacity over hermetic 
silos because they require less capital invest-
ment (Kotu et al., 2019b). The plastic and metal 
silos are more appropriate for larger-scale farm-
ers with expanded maize production. A her-
metic bag prevents the entry and exit of air, 
water, gas, and living organisms. It consists of 
an outer bag of  woven polypropylene (woven 

plastic) to protect the inner liner and ensure 
ease of  handling. Inside is a polyethylene liner, 
another type of  smooth plastic bag that can seal 
completely and become airtight, i.e., hermetic-
ally sealed. 

Before the grain is stored in the hermetic 
bags, farmers should ensure it is cleaned, sorted, 
and dried properly, verifying the moisture level. 
This will ensure the quality, safety, and long 
shelf-life of  the produce. Rodent control is very 
important with hermetic bags because rats and 
mice can puncture the bags and make them 
ineffective. Rodent baits and traps, a cat for bio-
logical control, good storage hygiene, and instal-
lation of rat guards on granaries are some of the 
measures that could be used. 

Benefts of the technology 

The hermetic storage bags effectively prevent in-
sect damage to the grain (Figure 7.12), with al-
most no damage seen in the grain stored in her-
metic bags, and grain losses reduced by more 
than 85%. On average, this saves about 148 kg 
of  grain per household, equivalent to US$ 37 or 
the grain needed to feed a family of  five people 
for four or five months, based on a per capita 
consumption of  73  kg per annum (Minot, 
2010). The income of  farm households increased 
by US$ 30–84 per year when these technologies 
were applied. 

Outer Two layers ofSingle layer of 
polypropylene air-tight linersair-tight liner 

sack 

Figure 7.10. An illustration of hermetic storage bags with single (left) and double (right) layers of airtight 
polyethylene liners placed inside an outer polypropylene sack. 
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Figure 7.11. Hermetic storage bags in use by a lead farmer in Mbozi district, Tanzania. (Photo courtesy of 
Christopher Mutungi, 2019.) 
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Figure 7.12. Population of live maize weevils and grain damage in polypropylene bags and hermetic bags 
over 7.5 months in farmers’ stores in Babati, Tanzania. Trials were conducted in 2015/16 with 50 tons of 
maize stored in 60 farmers’ stores. 

Importantly, hermetic bags do not require 
addition of  chemical protectants and this bene-
fits farmers, consumers, and the environment by 
avoiding the use of  actellic dust, about 1.1 kg of 
which is traditionally applied to treat 1  ton of 
grain for six to eight months. In addition, her-
metic bags reduce aflatoxin accumulation by a 
factor of  five to eight (Ng’ang’a et al., 2016); this 
is especially important for food safety in ESA. 

Using airtight storage bags is a profitable 
strategy for most maize farmers (Table 7.3), 

although it may not be appropriate for those 
producing less than 0.5 ton per season. These 
farmers are likely to deplete their harvest 
within a few months and longer-term storage is 
not important. Farmers who adopt business 
models involving storing grain and selling later 
during the lean season could earn returns 
equivalent to 34% of  the value of  their invest-
ment. The sale of  produce that is free from in-
sect damage can also earn farmers and traders 
a premium price. 
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Farmers’ responses 

The results of  an adoption survey in Babati, Kite-
to and Kongwa districts of Tanzania in 2017 re-
vealed that 59% of  farmers (59% men, 41% 
women) were aware of  airtight bags for grain 
storage. Of  these farmers, 21% (55% men, 45% 
women) had used the bags for at least one sea-
son. More than 40% (57% men, 43% women) of 
the users purchased the technology from rural 
retail outlets using their own savings at an aver-
age price of  US$ 1.86. 

The average number of  bags purchased 
per farmer was 12 (range: 1–70). Women pur-
chased more bags (average 15) than men 
(average 9 bags) and, generally, the ownership 
by women-headed households was higher 
(52%) than by men-headed households (48%) 
even though more men than women were 

aware of  the technology. This higher level of 
adoption is thought to be influenced by the role 
played by women in providing food for the 
household. Men accessed the bags at a slightly 
lower price (US$ 1.82) than women (US$ 
1.86), possibly because of  their greater negoti-
ating power and increased ability to travel 
longer distances to find a better price. Other 
reasons could be that women are more willing 
to accept trader offers than men, doing less 
bargaining because they need the bags or are 
not aware of  market prices. 

Farmers were willing to pay US$ 1.70 
per bag if they could use it for two seasons 
and would pay only about half  that if  the 
bags lasted for one season (Figure 7.13). Even 
at US$ 0.85, this is higher than the price of 
ordinary woven polypropylene bags (US$ 
0.40). Their willingness to pay suggests they 

Table 7.3. Financial returns for hermetic bag storage of maize in Babati, Tanzania 

Farmers 
Average quantity 

produced (kg) Net returns (US$) Benefit-cost ratio 
Internal rate of 

return (%) 

Low producers 335 –0.72 0.5 –10 
Lower-middle producers 741 5.25 2.8 114 
Medium producers 1,168 18.07 5.1 228 
Upper-middle producers 2,024 31.22 5.1 228 
Top producers 4,782 77.74 5.7 254 
Average 1,826 29.16 5.4 243 
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Figure 7.13. Amount of money (US$) that farmers are willing to pay for a single 100 kg hermetic bag 
compared with an ordinary woven polypropylene bag. 
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appreciate the additional benefits of the tech-
nology (such as being chemical-free) in add-
ition to the main benefit of  preventing grain 
damage. 

Opportunities for adoption 

The research shows that hermetic storage bags 
are profitable for maize farmers who produce at 
least 0.5 ton per year, and these farmers should 
be targeted to ensure successful adoption. The 
technology can be used for a wide range of 
grains in addition to maize, and benefits con-
sumers and industry actors who favor aflatox-
in-free and chemical-free products, e.g., the or-
ganic food sector. There is an opportunity to 
expand the use of  airtight containers to store 
and present high-quality produce, particularly 
high-value crops such as nuts, beans, and peas, 
to a wider market across borders. The technol-
ogy is particularly attractive because it is flex-
ible and scalable; farmers can choose how 
many bags to purchase depending on their fi-
nancial assets, amount of  produce to be stored, 
available storage space, and handling needs, 
e.g., loading and unloading or transport to the 
market. Furthermore, the plastic liners are re-
usable and can be recycled. Other opportunities 
for the private sector exist in expanded manu-
facture of  the bags to ensure more competitive 
pricing, and the establishment of  rural distri-
bution networks. 

How to get started 

• Buy the airtight container of  choice from 
the manufacturer’s appointed agro-dealer. 
Different types of  hermetic storage devices 
come with user guidelines.

• It is very important to dry the grain to 
the moisture content recommended for 
safe storage (maize 13.5%; rice 12%; sor-
ghum 12%; common beans 14%; cow-
peas 13%; pigeonpeas 13%; green grams 
12%; soybeans 11%; groundnut pods 

7%; groundnut kernels 5%). Adhering to 
these critical moisture levels will ensure 
that the stored product retains its quality 
and does not become contaminated with 
aflatoxin. Use a moisture meter or other 
recommended method to ensure the 
grain is dried to the specified critical 
moisture level. 

• Sieve the grain through a coffee screen to 
remove chaff  and dirt, and sort to remove 
other debris. 

• Test the airtight container for air leak-
age before filling with grain. Do not use 
if  air leaks out or there are any tears or 
holes. 

• Fill the inner bag with grain, according to 
manufacturer’s instructions, excluding as 
much air as possible. Do not overfll and 
ensure the bag can be closed properly. Close 
as recommended (e.g., by tying the open 
end tightly with a rope or rubber band) to 
ensure an airtight seal. 

• Store on raised platforms, e.g., pallets or 
wooden planks, in a clean storage space 
and away from direct sunlight. Ensure con-
trol of  rodents. 

Combining the technologies 
for cumulative benefts 

Integrating the three technologies can make 
a substantial contribution to sustainable 
agricultural intensification (possibly exclud-
ing low-production subsistence farmers with 
limited access to finance). Reducing the propor-
tion of  grain lost in post-harvest processing 
and storage contributes to economic, nutri-
tional, and environmental gains (Table 7.4), 
and introducing technologies reduces labor 
time and drudgery. There is potential for spin-
off  benefits for entrepreneurs in the service 
industry, e.g., rural youth setting up machine 
rental or servicing businesses. Social benefits 
may also accrue from acquisition of the tech-
nologies at community level. Use of  hermetic 
storage containers may open up new markets 
such as the organic food sector. 
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Table 7.4. Benefits of using the improved post-harvest technology package, with CDCs, mechanized 
grain shellers, and hermetic storage bags 

Productivity Environment Economics Human condition 

Technology 

Reduction 
in post-harvest 

losses1 

% change 

Agricultural 
land saved 
% change 

Value of food 
saved 

% change 

Amount of 
additional food 

available for 
households 
% change 

CDC 15–22 5–6 2–5 2–5 
Mechanized 
shelling (MS) 

19–24 6–8 3–7 3–7 

Hermetic storage (HS) 55–65 8–17 50–67 16–29 
CDC + MS 28–32 8–11 12–36 5–12 
HS + MS 69–76 19–28 54–80 19–40 
CDC + MS + HS 79–84 21–32 58–88 22–45 

1The overall magnitude of losses along the entire chain without any intervention is 250–400 kg/ton, as shown in Figure 7.1. 

References 

Abass, A.B., Ndunguru, G., Mamiro, P., Alenkhe, B., Mlingi, N. and Bekunda, M. (2014) Post-harvest food 
losses in a maize-based farming system of semi-arid savannah area of Tanzania. Journal of Stored 
Products Research, 57, 49–57. 

Abass, A.B., Fischler, M., Schneider, K, Daudi, S., Gaspar, A. et al. (2018) On-farm comparison of different 
postharvest storage technologies in a maize farming system of Tanzania Central Corridor. Journal of 
Stored Products Research, 77, 55–65. 

EAS (2013) East African Standard: Maize grains — Specification, Third edition, East African Community. 
Available at: https://members.wto.org/crnattachments/2017/TBT/BDI/17_5584_00_e.pdf (accessed 
14 June 2021). 

FAO (2013) Food Wastage Footprint: Impacts on Natural Resources. Food and Agriculture Organization 
of the United Nations, Rome, Italy. 

Fischer, G., Kotu, B. and Mutungi, C. (2021) Sustainable and equitable agricultural mechanization? A gen-
dered perspective on maize shelling. Renewable Agriculture and Food Systems, 1–9. doi: 10.1017/ 
s1742170521000016. 

GrainPro (2021) User Guidelines. Available at: https://www.grainpro.com/grainpro-collapsible-dryer-case 
(accessed 14 June 2021). 

Kotu, B.H., Fischer, G., Abass, A., Hoeschle-Zeledon, I., Bekunda, M. and Gaspar, A. (2019a) Calling for 
mechanization: farmers’ willingness to pay for small-scale maize shelling machines in Tanzania. 
Conference on research in tropical and subtropical agriculture, natural resource management and rural 
development (TROPENTAG), Universities of Kassel and Goettingen, Germany, September 18–20. 

Kotu, B.H., Abass, A.B., Hoeschle-Zeledon, I., Mbwambo, H. and Bekunda, M. (2019b) Exploring the prof-
itability of improved storage technologies and their potential impacts on food security and income of 
smallholder farm households in Tanzania. Journal of Stored Products Research, 82, 98–109. 

Kummu, M., de Moel, H., Porkka, M., Siebert, S., Varis, O. and Ward, P.J. (2012) Lost food, wasted re-
sources: global food supply chain losses and their impacts on freshwater, cropland, and fertiliser use. 
Science of the Total Environment, 438, 477–489. 

Minot, N. (2010) Staple food prices in Tanzania. Paper contributed to COMESA Policy Seminar, Maputo, 
Mozambique, 25–26 January. 

Mutungi, C., Muthoni, F., Bekunda, M., Gaspar, A., Kabula, E. and Abass, A. (2019) Physical quality of 
maize grain harvested and stored by smallholder farmers in the Northern highlands of Tanzania: 
effects of harvesting and pre-storage handling practices in two marginally contrasting agro-locations. 
Journal of Stored Products Research, 84, 1–12. 

Ng’ang’a, J. Mutungi, C. Imathiu, S. and Affognon, H. (2016) Effect of triple-layer hermetic bagging on 
mould infection and aflatoxin contamination of maize during multi-month on-farm storage in Kenya. 
Journal of Stored Products Research, 69, 119–128. 

Downloaded from https://cabidigitallibrary.org by 154.113.73.30, on 11/14/22.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions

https://members.wto.org/crnattachments/2017/TBT/BDI/17_5584_00_e.pdf
https://www.grainpro.com/grainpro-collapsible-dryer-case



