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ARTICLE INFO ABSTRACT

Keywords: Teff [Eragrostistef (Zucc.)] is one of the most important cereal crops in Ethiopia which is part of
Teff grain the traditional dish of the people in the form of Injera. Interest in Teff has increased noticeably
Postharvest loss assessment due to its very attractive nutritional profile and the gluten-free nature of the grain. It is a gluten-

Postharvest loss reduction
Postharvest loss causes
Conventional harvesting method

free cereal, among the major cereal crops, Teff accounts for the largest average annual acreage in
the country. It also accounts for the second-largest average annual production, next to maize. The
study endeavored to review the harvest and postharvest losses, the causes of these losses, and
possible solutions to reduce the postharvest losses of the Teff crop in Ethiopia. There are inad-
equate postharvest research works conducted in Ethiopia, and most of the limited studies are
focused on cereals other than Teff. Teff farming in Ethiopia is dominated by traditional methods
of harvesting and postharvest handling. The application of modernharvest and postharvest
technologies during Teff production and handling is critically low. As a result, a considerable loss
of Teffgrain (16-30 %) in the harvest and postharvest stages has been recorded. The largest share
of this loss is observed during the harvesting stage due to shattering, scattering, animal feeding,
and contamination with unwanted parts. Lack of awareness of postharvest losses, limited access
and availability of postharvest technologies, and low attention given to postharvest research,
extension, and infrastructure have also contributed their share to these losses. Transforming the
traditional practice into mechanized farming, modern postharvest technologies, and supporting
the system by further research works and pieces of training on loss prevention methods could
potentially minimize the harvest and postharvest losses of Teff in the country.

1. Introduction

Ethiopia has diverse agroecologies well-suited for cultivating various crops. Cereals reign supreme among these, dominating both
in terms of land coverage and production volume. Notably, Teff holds the largest share of cereal cultivation in the country [1]. Ethiopia
stands out not just as the biggest producer of Teff but also as the only nation to embrace Teff as a staple crop in its diet [2]. Teff
[Eragrostistef (Zucc.)] is an indigenous crop to the country and part of the traditional and staple food of the people. It plays a sig-
nificant role in the agriculture sector of the country to ensure food security [2]. According to data from the Central Statistical Agency of
Ethiopia (CSA), in the 2020/21 production year, Teff covered approximately 22.56 % of the total agricultural land, encompassing
around 2,928,206.26 ha. Furthermore, it contributed significantly to grain production, accounting for approximately 16.12 % of the
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total yield, totaling 55,099,615.14 quintals, with an average yield of 18.82 quintals per hectare. Table 1 provides a comparative
overview of Teff’s average area coverage, production, and yield alongside other cereal crops from 2017/18 to 2020/21.

Due to the normal and adequate rainfall in the season [6,7], population growth, and urbanization [8-10], the cropped land area
and amount of production fluctuated across different cropping seasons. The demand for Teff in the country has also continuously
increased over the years [8]. Table 2 shows the amount of cropped land area, production, and yield of Teff across various cropping
seasons.

Even though there has been an increase in production for several consecutive years [6,7], Teff farming in Ethiopia remains below its
potential. The study by Solomon Chanyalew et al. [6] computed the growth of production, yield, and cultivation area by using the
statistical reports of the Ethiopian Central Statistical Agency for the years 2000/01-2017/18 (Fig. 1). According to this study, the
production of Teff increased from 1.74 to 5.28 million metric tons in the specified period due to enhancement in productivity and
expansion in the cultivation area. This is equivalent to the average production growth of 7.97 % per annum. Moreover, Teff’s yield has
been increased by 5.06 % per annum during the same period to reach the yield level of 1.73 metric tons/ha in 2017/18. On the other
hand, the rate of its area expansion was estimated at 2.91 % per annum [6].

In another study conducted by Roselle Barretto et al. [11], the production, yield, and cultivation area of Teff were compared with
other known cereals cultivated in the area for Meher Season 2018/19 in Ethiopia. The study presented that Teff had the lowest yield
(17.56 Qt/ha) among the known cereal grains (barley, wheat, maize, sorghum, finger millet, oats, and rice), despite covering the
largest cultivation area. The reduced productivity of Teff can be attributed to various factors including inadequate agronomic prac-
tices, poor seedling establishment, limitations in nutrient and water availability, and lodging. The utilization of appropriate spacing,
maintenance of optimal plant population, and the application of nutrients are critical for obtaining better yields.

Teff has broad agroecological adaptation under varied climatic and socio-economic conditions [12]. It grows under different
moisture, temperature, altitude, and soil regimes. Its fitness for various cropping systems and crop rotation schemes is the other feature
of the Teff crop [6]. Teff has little vulnerability to epidemics of pests and diseases and has excellent storage properties, as a result, it
plays an important role in the food security of Ethiopia in combating global climate change [6,13]. Teff provides promising alternatives
for new food uses as it has notably superior nutritional value compared to most other cereal grains [11]. In recent years, it has also
become popular in the health-food markets of developed countries due to its gluten-free nature [13-15]. The absence of gluten allows
flexibility in food utilization since it can be directly substituted for gluten-containing products [11].

Though Teff farming is mainly attributed to the socio-economic, cultural, and agronomic benefits [10,13,14,16], it has a series of
highly labor-intensive operations such as land preparation, seeding, weeding, harvesting, and threshing. These drudgery operations
with limited availability of suitable mechanized technology result in no large-scale Teff farms in the country [1,5,17].

In Ethiopia, Teff is primarily consumed in the form of Injera which constitutes the major component of the favorite staple national
dish of most Ethiopians. Urban households, as well as those led by older, educated individuals, tend to consume a greater quantity of
Teff compared to other demographics. The recent findings that Teff is gluten-free have sparked research interest in the world by
nutritionists and food scientists [18]. As a result, research on the nutritional value of Teff and its processing characteristics has
increased, and the creation of new Teff-based products has accelerated through time.

Teff is superior to other grains in terms of nutritional values and composition [19]. It has comparable to or better fiber and nutrient
content than that of the major world cereals (Table 3) [6,18,20]. High levels of dietary fiber, calcium, iron, magnesium, and phos-
phorus are present in Teff [21]. The mineral content of Teff varies according to the variety: red Teff contains more iron and calcium
than mixed or white Teff, while white Teff contains more copper than any of the other varieties [14]. Moreover, Teff has a balanced
amino acid composition and is a good source of unsaturated fatty acids [19,20]. Because of these properties, teff serves as a functional
grain for creating healthy and appropriate food products [19]. It accounts for approximately 15 % of all calories consumed and
provides 66 % of daily protein intake in Ethiopia [21]. Its widespread usage is attributed to its resilience against disease epidemics and
its ability to be stored for extended periods without being susceptible to weevil infestations [22].

Teff is gluten-free cereal and can readily be tolerated by patients with celiac disease. Its high iron content is important in preventing
pregnancy-related anemia in people consuming Teff as a staple food [11,19,20,23]. Additionally, recent research has shown that Teff
has the potential to be used as a raw material in the production of gluten-free foods and malting for beverage manufacturing, alongside
its traditional use in injera [24]. These applications encompass a wide range of food items such as pasta, bread, sourdough, cookies,
extrudate, fat replacer, weaning food, malt, and lactic acid beverages. Particularly, these Teff-based food products often exhibit
desirable nutritional qualities, including being gluten-free, enhanced dietary fiber contents, and having a lower glycemic index [19].

While the global use of Teff for human consumption has been limited, partly due to insufficient knowledge about its nutritional
benefits and the challenges faced in processing Teff-based food items, the revelation that Teff does not contain gluten has raised global

Table 1
The average Area, Production, and Yield of Teff as compared with other cereal crops from 2017/18 to 2020/21 cropping season (Compiled from CSA
reports) [3-5].

Crop Number of Holders Area Covered (Ha) Distribution (%) Production (Qt) Distribution (%) Yield (Qt/Ha)
Teff 6,963,454 3,032,315.54 23.67 54,831,379.77 16.90 18.09
Barley 3,710,597 910,156.04 7.11 21,344,087.48 6.56 23.40
Wheat 4,546,225 1,782,905.91 13.91 51,441,101.82 15.82 28.80
Maize 11,024,717 2,324,316.15 18.13 95,203,715.43 29.29 40.92
Sorghum 5,205,097 1,808,377.81 14.12 49,941,377.22 15.44 27.61
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Table 2

Cultivated Area, Production and Yield of Teff crops for 2017/18 to 2021/22 cropping season (CSA reports, (2018-2022)) [3-5].
Production year Area Covered Production Yield [Qt/Ha]

[Hectares] Distribution [%] [Quintal] Distribution [%]

2017/18 3,023,283.50 23.85 52,834,011.56 17.26 17.48
2018/19 3,076,595.02 24.17 54,034,790.51 17.12 17.56
2019/20 3,101,177.38 24.11 57,357,101.87 17.11 18.50
2020/21 2,928,206.26 22.56 55,099,615.14 16.12 18.82
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Fig. 1. Trend of Teff cultivation and production in Ethiopia [6]; Computed from statistical reports of the Central Statistical Agency (CSA) of
Ethiopia for the years 2000/01-2017/18.

Table 3

Average nutritional composition of Teff compared to major world cereals [6,14,20].
Cereals Teff Barley Maize Wheat Sorghum
Energy (cal.) 362.1 355.9 368.2 351.9 359.6
Moisture (%) 10.0 11.3 12.4 11.8 12.1
Protein (%) 11.0 9.3 8.3 11.2 7.1
Fat (%) 2.7 1.9 4.6 1.9 2.8
Carbohydrate (%) 71.0 72.4 71.2 70.6 74.1
Fiber (%) 3.0 3.1 2.2 3.0 2.3
Ash (%) 2.3 2.0 1.3 1.5 1.6
Ca (mg/100g) 165.2 47.0 6.0 49.0 30.0
P (mg/100g) 366.0 325.0 276.0 276.0 282.0
Fe (mg/100g) 18.9 10.2 4.2 7.5 7.8

interest [19]. Teff serves as an excellent alternative for individuals with celiac disease or those opting for gluten-free diets. The
increasing awareness of celiac disease and gluten intolerance has led to a growing demand for gluten-free products in many parts of the
developed nations. Celiac disease is an autoimmune disorder triggered by the consumption of gluten, a protein found in wheat and
related grains like barley and rye. Consequently, teff has gained traction as a nutritious and versatile gluten-free option, finding its way
into various recipes and food products [12].

Though it is an important crop to the economy and food security of the country, knowledge of efficient farming, harvesting, and
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processing practices of teff still lags behind other cereal crops in Ethiopia [8]. The research and innovation system to afford the
increasing demand of Teff in the country is affected by limited infrastructure, interactions and partnerships among actors, the capacity
of actors, technology and market development, resource mobilization, and entrepreneurial participation [25]. Even the limited
research on Teff crops has focused more on breeding and Genetic diversity in Teff [26-30], the influence of environmental factors on
teff production [31-33], the nutritional composition of Teff [12,13,20,34-36], potential benefits of Teff [10,19,37-39], Productivity
of Teff [8,40-42], food items from Teff grain [24,43-48].

Furthermore, the application of modern harvesting and postharvest technologies in Teff production and handling is critically low.
Therefore, reviewing this article on the subject is warranted to raise awareness among researchers and relevant stakeholders about the
seriousness of postharvest losses in Teff grain.

The main aim of this study is to review the available knowledge concerning postharvest losses of Teff, assess the extent of post-
harvest loss in Teff, and analyze methodologies for loss assessment. Additionally, the study aims to provide recommendations for
reducing postharvest losses and to outline future research directions for improving postharvest management practices of Teff.

A comprehensive review was conducted on published and unpublished empirical literature concerning theories and application of
the findings to Teff production, supply chain, demand, food items, postharvest studies of Teff, and its loss reduction methods in the
post-production system. The technologies and production status of the Teff farming system, harvest and postharvest operations of Teff
crop in the supply chain, the level of postharvest losses of Teff at different stages, the causes, and the potential solutions of these losses
have been discussed.

The literature searches mainly emphasized the postharvest management and utilization of Teff production issues focused on
Ethiopia. Google was used to access information from various published documents, including journal articles, books, reports, peri-
odicals, and proceedings. Main search keywords and basic terms such as “Teff,” “Teff production in Ethiopia,” “Teff supply chain in
Ethiopia,” “nutritional value of Teff,” “postharvest management of Teff,” “postharvest loss of Teff,” etc. were employed. About 65
academic journals, books, proceedings, and thesis works, along with international agencies and national statistical reports related to
the topic, were reviewed. The quantitative data from the literature was taken to assess the level of postharvest losses of Teff grain
within the country.

2

2. Postharvest handling and supply chain of teff
2.1. Flow of teff products in the supply chain

The simplified flow chart indicating the supply chain of Teff, information, and finance in this supply chain can be represented by
the chart in Fig. 2. The chart shows how Teff distributes from producers to consumers and how the inputs reach from the supplier to the

producers. The supply chain also indicates the role of the players at each stage. The flow of materials, finance, and information
throughout the supply chain is pointed out.
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Fig. 2. Simplified flow chart of Teff in the supply chains [6].
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2.2. Postharvest operations of teff crop

The main stages within the agricultural supply chain during which losses occur in Teff crops include harvesting, threshing, win-
nowing, transport (farm to market), storage (at farm and market level), and processing. Some basic activities in the Teff supply chain
are discussed here.

2.2.1. Harvesting

In Ethiopia, Teff production is dominated by smallholder farmers who use traditional technologies to produce the crop. Harvesting
is the act of cutting off matured Teff at the bottom part of its straw and collecting it. In Ethiopia, it is carried out traditionally by
grasping the Teff plants in one hand and mowing them with sickles near the base after the crops are matured and dried in the field
(Fig. 3) [49,50]. Both genders of the family are responsible for harvesting. The average growing period of Teff is about 17 weeks. In
Ethiopia, the harvesting season usually extends from early October to the end of January, varying according to factors such as regional
distinctions, rainfall patterns, altitude, and other local features [50]. The time of harvesting is determined by the degree of maturity of
the Teff crop when the grain reaches physiological maturity. The maturity of straw and seeds affects the output from the successive
operations, particularly threshing, winnowing, storage, and processing.

Harvesting too early or too late has its own consequences. Late harvesting results in extended pre-harvest field drying, which may
ensure good preservation, but increases the risk of loss due to shattering before harvest, incomplete harvesting of straws, unseasonal
rain, and attack by animals (birds). On the other hand, harvesting before the maturity stage has the risk of low-quality Teff grain and
loss through mold development leading to the decay of the product.

Farmers determine the right time of harvesting based on their practical experience that is based on the crop calendar, color change
of leaves (straws), texture of the seed, etc. Teff is harvested when its vegetative parts turn yellowish color [49].

2.2.2. Stacking/piling

After harvesting, the Teff crop is left on the farm field for three to five days for drying purposes. Then, it is transported to near the
threshing area where a large stack or pile, called Kimir, is formed for further drying by protecting it from animals and unconditional
rain (Fig. 4). The crop remains in the stack until it is completely dry and the farmer is ready to thresh. The grain and the straw may
further dry in the staking period [49]. Teff typically undergoes a drying period lasting approximately 40 days between the time of
harvesting and threshing [50].

2.2.3. Threshing

In Ethiopia, Teff threshing is done either traditionally in the case of small-scale farmers or by using mechanized threshing machines
when the farm size is large (mechanized threshing is very rare). The traditional Teff threshing process is tedious, laborious, time-
consuming, produces high losses, and frequently prevents children from attending school while threshing. Animal trampling is the
most typical traditional threshing practice [49,50]. The threshing ground called ‘Awdemma’ is prepared first by carefully leveling,
smoothing, and smearing the ground with fresh cattle dung to minimize soil contamination of Teff grains (Fig. 5 a). In preparation for
animal trampling threshing (Fig. 5 b), dried Teff crops are placed across the Awdemma. To retain Teff grains on the threshing
floor/Awdemma, the farmers constantly push Teff straws towards the center of the threshing ground. In the traditional threshing
practice, Teff grain is mixed with dirt, stones, and animal feces, making it unclean and unhealthy, and much grain is left on the stalk
[52].

Whenever there is animal excrement during threshing, there is always an effort to collect it by hand using the straw before falling to
the crop and dumping it outside the threshing floor. Traditional threshing results in significant physical quality losses of seeds,
scattering of grains from the threshing floor, and contamination with animal excrement. There are some new technologies in this area
that some farmers have started using, including multi-crop threshers and seed cleaners [50].

2.2.4. Cleaning/winnowing
Cleaning/winnowing is the separation of the Teff seed grain from dirt and chaff/straw by throwing/tossing the chaff-seed mixture

Fig. 3. Harvesting operation of Teff farm [51].
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a

Fig. 5. Threshing activity: a) preparation of threshing ground (Awdemma); b) Animal trampling [53].

in the air with a wooden fork (Fig. 6). Another method is to raise a container filled with grain and chaff above the farmer’s head and let
it fall smoothly, allowing the wind to blow through and separate the seeds from the chaff. The wind blows the straw and lighter weed
seeds to one side while the whole sound grain falls directly to the winnowing floor. Further cleaning process may continue by fanning
and sieving to remove any leftover chaff and debris. After cleaning, farmers prepare their finished products for transportation and
storage by packing the grain in different bags, or polypropylene bags. The Cleaning/winnowing activities of Teff are presented in
Fig. 6.

2.2.5. Storage

Once the teff has been threshed, farmers either sell the teff grains or consume them themselves. They also use the straw for animal
feed or construction purposes [50]. Threshed and cleaned Teff grain is transported and stored in the house or outside of the house [54].
Teff grain is stored for a certain time to reserve seed for the next cropping season, consumption, and market. Teff can be stored or
conserved for many years (three to five years after threshing without large losses), practically using any kind of storage system without
any appreciable change or damage, if vermin and water are away from the storage system.

Teff is stored on several levels, including by farmers, traders, and retailers. Farmers commonly employ storage facilities of various
sizes and configurations within their homes. The amount of production, the type of crop, the local climate, and the farmers’ capacity
and readiness to pay influence the exact type of storage choice at any stage. Teff grains can be stored in different traditional storage
structures. Synthetic sacks (polyethylene bags) (Fig. 7 (b)), traditional Gotera/Gota (Fig. 7 (a)), and Gumbi/Togogo (Fig. 7 (c)) are the

Fig. 6. Cleaning/winnowing activities [49].
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Fig. 7. Teff storages: a) Gotara, b) plastic sacks, ¢) Gumbi/Togogo [55].

common Teff grain storage facilities of most farmers inside their residences [54,55].

Survey findings indicated that Teff stored in these traditional facilities is vulnerable to damage from rats, floods, moisture, and fire.
Instead of employing conventional storage, small-scale metallic silos may be able to mitigate these losses. Yet, most Ethiopian farmers’
incomes are so low that they can hardly afford them [55].

2.2.6. Transport

Transport operations may occur between the farm fields to the threshing floor before threshing and from the threshing ground to
farmer storage and subsequently to the market. There are different ways to transport harvested Teff seed from the field to its desti-
nation. Most farmers predominantly utilize donkeys for transporting their produce to the market (Fig. 8 (a)). Additionally, mule
carriages (Fig. 8 (b)) and tracks (Fig. 8 (c)) are employed for transportation in certain areas where infrastructure is available. The seed
is transported to the storage or market locations in a variety of packaging materials, including sacks, plastic bags, or locally made
containers (skin bags) [54].

2.2.7. Marketing and processing

There are noticeable losses that can occur during marketing, both at wholesale and retail levels. This is the final and decisive
element in the postharvest system, and loss can occur during packaging, transporting, marketing, and market-level storage (Fig. 9).
Processing losses can be the result of a manual mechanical process such as milling.

2.3. Postharvest losses of teff through the chain

Teff is a very tiny cereal grain that is produced in a very drudgery system, but low in yield. Due to its small seed size, loss is a serious
problem of the Teff farming system, and knowing the exact loss amount is still difficult. Therefore, there is a clear call for the
stakeholders and research institutes to continue their efforts to increase the yield on the one hand and reduce postharvest losses on the
other hand to assure the food security of the people [6]. Postharvest activities such as harvesting, stacking, threshing, transportation,

a

Fig. 8. Transportation to the market; a) by Donkey, b) by Mule carriage, c¢) by Tracks [49].
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Fig. 9. Teff handling at the market [Photo taken by the author in Bahir Dar Market, Ethiopia].

and storage all pose risks of both quantitative and qualitative losses. Research indicated that farmers are likely to lose their product if
they do not harvest Teff at the right maturity stage. Moreover, a huge amount of Teff is lost during threshing, both in quantitative and
qualitative terms [54].

2.3.1. Methods of measuring/estimating losses

Till now, there is no universally agreed method for loss assessments that is fit to measure losses for all types of food commodities in
all situations [55]. The measurement and estimation of postharvest losses pose significant practical, methodological, and conceptual
difficulties for farmers [56]. However, two major approaches to measure/estimate losses can be mentioned [57].

a) actual measurement of quantity (weight or volume) or quality (negatively altered conditions of the products) losses in the supply
chains and
b) use of a questionnaire to indicate subjective estimated losses by the actors in the supply chains.

The methods used to measure or estimate postharvest losses vary depending on the postharvest systems, operational costs, ease of
application, and social context in which they are effective [58].

The complex interactions between the factors causing losses may be difficult to understand, and the actors in the supply chain may
mistakenly attribute a loss caused by one factor to another. Although farmers and other actors in the chain may easily feel the overall
loss, it may be challenging to determine when and where this loss originates. In some cases, it may also be challenging to break down
losses according to the various factors that contributed to the loss.

Questionnaires were used in several research studies in Ethiopia [54,55], to estimate the level of postharvest losses of Teff from the
supply chain participants. It was assessed by asking the actors at each level of the supply chain how much was lost during each
operation. On the other hand, other researchers used the counting and weighing of grains technique to conduct their studies at storage
[57].

2.3.2. Level of postharvest losses of teff

Postharvest product losses might be either quantitative or qualitative. Quantitative losses are the total products left in the field and
lost during any post-harvest activities whereas, qualitative losses are the overall quality deterioration of harvested products
throughout any postharvest activities.

Teff losses were estimated by Annette R. Crymes to be between 25 and 30 % during and after harvest, and the lodging effect of the

Table 4
Estimated postharvest loss of Teff in Bacho and Dawo Districts of central Ethiopia [55].
Stages of the value chain Operation Loss at each operation (%) Loss at stages of the chain (%)
Farm level losses Harvesting 1.87 8.18
Threshing 291
Storage 0.50
Transportation from farm 2.62
Transportation to market 0.28
Wholesale level losses Storage 0.89 1.67
Transportation 0.46
Cleaning and handling 0.32
Retailer level losses Storage 0.19 2.85
Transportation 0.91
Cleaning and handling 1.75
Consumers level losses Cleaning 1.27 3.58
Transport 0.94
Milling 1.08
Processing 0.29
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Teff stem may be responsible for up to 30 % of the yield loss. This high level of production-stage losses could reduce the market supply
by up to 50 % [21]. Another research work by Tadesse K. Amentae also assessed Teff supply chain management and losses in the Bacho
and Dawo Districts of central Ethiopia. The study estimated the amount of Teff losses at each stage of the supply chain and presented in
Table 4 [55].

During the harvesting stage, the main causes of losses are the shattering of Teff grain and harsh weather conditions like unseasonal
rain. On the other hand, the threshing loss is mainly caused by the field on which Teff threshing activity was performed (sticking with
the threshing ground, mixing with the soil and animal droppings that deteriorate quality) and during cleaning/winnowing [55].

FAO reviewed the causes and solutions of postharvest losses throughout the Teff value chain in Ethiopia [54]. The levels of losses
across different activities in the Teff supply chain were presented and threshing showed the highest loss by proportion in the supply
chain, as presented in Table 5.

Similarly, various experts have identified the critical loss points in the Teff supply chain. Table 6 presents the critical loss points
(CLP) and low loss points (LLP) among the production activities of the supply chain. Most studies showed that the most important
critical loss points of Teff are harvesting and threshing [54].

FAO conducted a field study on Teff in Workima kebele in Machakel woreda, Amhara Region [54]. Their main data sources were
the randomly chosen smallholder farmers from the research area, cooperative associations (unions), and traders. Moreover, data from
numerous reports and documents was incorporated. The results of the study indicated that threshing, then wholesaling, experienced
the largest average Teff losses. Without considering the quality losses, the projected average cumulative postharvest loss of Teff was
roughly estimated as 24.9 %.

In the other study, Hengsdijk and de Boer performed a survey throughout all rural areas of Ethiopia and found that farmers’
estimated average losses for all grains (maize, sorghum, wheat, barley, Teff) were around 24 %. The reported average postharvest loss
of Teff was about 21 %, which was relatively low as compared to other cereal grains [59].

As to the information obtained from the peasants, pre-and post-harvest losses go for more than 40 % of yield loss in Teff [52]. Many
farmers reported that the main challenge faced is due to the small size of Teff seeds, leading to mechanical mixing and contamination
throughout various stages of operations and consecutive operations as well as storage. The seeds are easily dropped and missed due to
their minute size [50,55]. That is why Oromo’s people in Ethiopia are saying “Hamma ani badu otoo beekanii na facaasanii” jette
taafiinii. Meaning “Had they known how much of me is lost, they would not have seen me again” said Teff [52,55].

There is considerable variability between the reported postharvest data of Teff from different sources, this could be due to the
method of data collection, the inherent biological variability, the difference in pre-harvest factors (growing and harvesting conditions,
maturity stage, variety ...), and the difference in postharvest management practice. This shows that to get relatively accurate post-
harvest loss data of Teff, there is a need for a well-designed postharvest assessment procedure that considers the biological variability
and the important factors from the pre-harvest and postharvest stages.

2.4. Causes of postharvest losses of teff

Postharvest losses of Teff occur during and after the harvesting stages of the crop; including harvesting, stacking/piling, threshing,
storing, transporting, marketing, and processing activities. Since most postharvest procedures in Ethiopia are still carried out tradi-
tionally by hand, they are time-consuming and labor-intensive. Moreover, these traditional practices often lead to the unintentional
mixing of grain with straw and soil components, resulting in decreased quality and quantity of the final product. Significant Teff losses
also occur due to shattering, both during and after harvesting operations [54,55,58]. However, there is limited information available
on losses at different stages of the postharvest systems in the country. According to a study report by Kumar, approximately one-third
of the food produced globally is lost every year during postharvest operations [60].

Understanding the sources of postharvest losses could help the actors in the supply chain to develop and implement measures to
reduce losses at each stage. Therefore, evaluating the factors contributing to postharvest losses and proposing potential preventive
measures in each supply chain activity is essential.

2.4.1. Causes of postharvest losses of teff at production level
The physical loss of Teff grain during production level (before threshing) occurs at the following points.

a) During cutting of the straws due to grain shattering and incomplete harvesting
b) During open sun drying of Teff straws on the farm field

Table 5
Preliminary screening of losses in the Teff supply chain in Ethiopia [54].
The Supply Chain Stages Activities in the supply chain stage Quantitative loss at each activity (%) Quantitative loss at each stage (%)
Production (Farm level) Harvesting 5.6 25
Piling/Field storage 6.3
Threshing 7.7
Storage at the farmer’s level 3.2
Farmers’ transportation 2.2
Market Wholesalers 8.5 15.9
Retailers 7.4
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Table 6
Preliminary screening of food losses in the selected Teff supply chains [54].
Production Activities in the Supply Chain Expected loss Remark
points
Harvesting CLP Shattering, weather conditions
Piling/Stacking CLP Damage by termites and animals, Rain (moisture)
Threshing CLP Scattering, Contamination with soil and animal wastes, consumption by trampling
animals
Transport LLP Leakage, Loading, and unloading
Store LLP Rodents
Cleaning and handling by retailers and LLP Spillage
processors

c) During transportation of the straws to a suitable stacking or piling point
d) During storage of the harvested crops or staking of it until threshing.

Teff can withstand extreme environmental conditions, but it is susceptible to lodging, which can significantly lower production and
grain quality and increase harvesting loss by complicating the harvesting activity [14,61]. Wind, rain, geographical location, land-
scaping, soil type, crop history, agricultural system, and disease are factors that have an impact on the complicated phenomenon of
lodging [14,61].

Losses during harvesting are typically caused by the shattering of the seeds when the grain is extremely dry. Late harvesting and
poor handling lead to shattering loss in Teff production. On the other hand, harvesting grass weeds with Teff straw may result in a
lower-quality product [49].

The harvested crop is stacked around the threshing field and remains until the farmer is ready to thresh. At this stage, animal, insect
(termites), rodent, and bird attacks are common causes of losses. Unseasonal rain could cause a considerable amount of loss while the
harvested Teff crop was left on the farm field for open sun drying for some days. Weather conditions (moisture) will also cause sig-
nificant losses to Teff which has been piled for a long time.

Most farmers use animal trampling to thresh their Teff crops, which causes larger quantity losses since the animals eat the Teff
sheaves, chaff, and grain while they work. Qualitative losses due to grain contamination with soil, animal droppings, and urine are
equally as important as quantitative losses.

Losses also occur due to incomplete threshing (grain remains on the straw) and spillage out and scattering of seeds from the
threshing floor during the process. Beyond this, grain loss usually happens when it is spread outside of the threshing ground and loss
also happens due to the blowing of grains away with chaff by wind during the winnowing process as the individual grain kernels are
light.

2.4.2. Causes of losses during transportation and storage level

Depending on the availability and quantity of grain, farmers use animals or hire trucks to transport it to the storage or market.
Losses in transportation occur mainly during loading and unloading operations. Losses could also happen from grain leakage if the
sacks are damaged.

Storage of Teff grain is done at several levels, i.e., by farmers, traders, retailers, processors, or end users [58]. Although Teff isn’t
specifically mentioned, the primary challenge for most cereals is the significant loss during storage, due to both living organisms (biotic
factors) like borers, weevils, birds, and mice, as well as non-living factors (abiotic factors) such as temperature and humidity [62].

Traditionally, farmers have constructed storage facilities using materials found locally to preserve their grains for future use.
However, these traditional storage methods often fail to adequately shield the grain from pests and prolong its shelf life [62]. Teff
stored in traditional storage facilities is subjected to damages caused by rats, floods, moisture, and fire. There is low adoption of
improved storage technologies by Ethiopian Teff farmers. According to Hengsdijk and de Boer, adoption of better storage methods was
low, and most cereals were kept in bags within homes, followed by traditional storage (Gotera) [59].

Fig. 10. Further cleaning of Teff [Photograph: Jake Lyell/Alamy Stock Photo].
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2.4.3. Causes of losses during marketing and processing stage

Grain losses happen when it is handled in the market by traders, retailers, wholesalers, cooperatives, and unions, during loading
and unloading, transporting, and storage of the grain. Teff losses may be experienced when bags are broken during loading, unloading,
and storage, which can result in pest infestation and spoilage from excessive moisture. Rodents pose a serious risk to the market due to
storage losses.

Process losses occur during cleaning (when removing impurities from Teff grain) and preparing it for milling (Fig. 10). Due to
improper grain handling, Teff seed is lost at the point of milling during the weighing and pouring of the grain into the milling machine.

T. k. Amentae and his friends connected Teff’s losses to other parameters, such as family size, gender of the family head, and the
amount of Teff and the marketing system. According to the study, female-headed households were more vulnerable to losses due to
labor-intensive activities. However, this was not the case for families with larger sizes that can reduce the loss with more labor
availability. Farmers with higher production levels faced challenges to handle it properly and suffered greater losses. With an increase
in distance between the market and the household, more loss was expected from spillage and poor handling [55].

Limitations of mechanization and inadequate tools and equipment could be considered as the main cause of the significant losses of
Teff. Poor infrastructure facilities such as unfavorable road conditions and traditional means of transportation could also contribute to
their share of the postharvest loss of Teff grain [55,63].

2.5. Postharvest losses reduction methods

Research centers and institutions are commonly focused on increasing the production and productivity of agricultural goods to
afford the increasing demands [10,64], but they forget the post-harvest loss characteristics and reduction mechanisms. Therefore,
raising awareness about the benefits of postharvest improvements at all levels is crucial, as boosting production without proper
post-harvest management wastes resources. Some scholars [17,55,56], advocate for fostering trust among value chain participants,
implementing robust extension interventions to enhance the value of Teff, and providing farmers with training to enhance the value of
their products in the supply chain through various systems.

2.5.1. Loss reduction in the production stage

Timing of the harvest plays a crucial role in controlling losses, as delayed harvesting can lead to grain shattering, significantly
impacting Teff production. On-time harvesting is the most common loss-preventing method during the harvesting phase. To maintain
the product quality, farmers typically try to avoid harvesting grass and weeds combined with Teff.

According to Alemayehu. Refera, minimizing Teff threshing losses involves several practices: preparing a well-prepared threshing
ground/Awdemma that is smooth, wide, and adequately smeared; using muzzles for trampling animals to prevent them from
consuming the crop; collecting animal droppings before they fall onto the threshing ground and contaminate the seeds; ensuring
thorough separation of grains from straw; and conducting threshing promptly [49].

Some innovative farmers used canvas or plastic sheeting on their threshing and winnowing floors to minimize the risks of seed
contamination with dirt and the spreading of Teff grains beyond the threshing area (Fig. 11). Mechanized threshing methods can also
overcome a large number of Teff threshing losses. Threshers equipped with Teff cleaners significantly reduce these losses.

In Bako Agricultural Engineering Research Center, Merga Workesa Dula developed a complete teff threshing machine to overcome
teff threshing and cleaning challenges, thereby decreasing tremendous teff grain post-harvest loss because of the traditional method of
threshing and cleaning of the crop. The experimental results of the machine showed that the total Teff grain loss in threshing and
cleaning operations is minimal as compared with that of traditional practices [52].

Unlike many other cereals, Teff has not yet experienced widespread adoption of mechanized farming methods [52,64]. Conse-
quently, the absence of mechanization exacerbates losses due to shattering, scattering, animal feeding, and grain contamination with
dirt—challenges less common for cereals cultivated using mechanized farming practices. This highlights the urgent need to introduce
and implement mechanized approaches tailored specifically to Teff cultivation, addressing its unique vulnerabilities and enhancing
overall productivity and food security.

Considering the challenges associated with Teff harvesting and threshing for smallholder farmers, relying on traditional methods
cannot be sustainable. It is imperative for motivated smallholder farmers to explore and develop modern harvesting and threshing
practices using appropriate implements for Teff cultivation in Ethiopia [64]. This proactive approach can help improve efficiency,
reduce post-harvest losses, and enhance the overall productivity and sustainability of Teff farming operations.

Yared Deribe and Bisrat Getnet conducted a study on the factors and gaps in delivering mechanization inputs by conducting
qualitative surveys of supply chain actors. Their findings indicated that maintaining healthy business competition between imports
and the manufacturing sector was a notable policy gap. Additionally, they observed significant variability in mechanization hiring
costs, service transactions, and coordination across different crop production areas with potential. These findings highlight key areas
for intervention in both the supply and demand systems of mechanization [65].

2.5.2. Loss reduction during transportation and storage

To minimize losses during transportation, using clean sacks with securely tied or sewn openings is recommended to prevent grain
leakage. Proper handling of Teff grain during loading and unloading operations is also crucial in reducing losses during transportation.
Additionally, employing improved and appropriate storage technologies such as metal silos (Fig. 12 (a)), hermetic bags or super bags
(Fig. 12, (b)) can significantly decrease losses during storage, mitigating both biotic and abiotic factors [55,62]. Traditionally con-
structed storage facilities made from locally available materials by farmers often fail to adequately protect grains from infestation and
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Fig. 12. Proper storage materials of Teff grain: a) Metallic silo, b) hermetic/super bags [49].

extend the shelf life of the grain [62].

Research by Suleyman MiftaAwol et al. emphasizes the significance of using appropriate packaging materials to maintain the
quality of stored Teff flour. Their findings have practical implications for value chain actors and consumers involved in processing and
storing Teff flour. Hermetic packaging materials play a crucial role in reducing nutrient loss and preserving the physicochemical and
functional properties of the flour during storage, thereby ensuring its quality [66]. Wholesalers and union cooperatives should adopt
improved storage structures equipped with concrete floors and appropriate ventilation systems to minimize storage losses in the
market.

In general, previous studies on Teff production in Ethiopia have indicated that the low adoption of advanced production tech-
nologies can be attributed to several factors. These include the unavailability and high costs associated with improved technologies
and required inputs, limited access to credit coupled with high-interest rates, and policies that discourage the adoption of modern
techniques [64].

However, compared to scaling up crop production to address food needs, reducing post-harvest losses requires relatively lower
investment and can yield significant returns [60]. A comprehensive strategy for minimizing post-harvest cereal losses entails training
in short and long-term postharvest management practices, promoting the adoption of postharvest technologies, strengthening insti-
tutional support systems such as agricultural extension and rural credit services, providing support for post-harvest handling tech-
nologies, reinforcing farmer cooperative marketing efforts, and improving local marketplaces and rural road networks. This endeavor
should involve collaboration between the government and non-governmental organizations [54]. Nowadays the government is
initiating the grouping of smallholder farmers to assist them in getting mechanized farm equipment and technologies through credit by
collaborating with suppliers and non-governmental organizations.

This review highlights a notable gap in concrete knowledge regarding accurate postharvest loss data and alternative technologies
aimed at reducing both qualitative and quantitative postharvest losses of Teff. This underscores the necessity for cutting-edge research
to generate knowledge that can effectively mitigate postharvest losses of this nutritious and economically valuable crop.
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3. Conclusion

This study aimed to assess postharvest losses, identify their causes, and propose potential solutions to mitigate losses in Teff
production. It revealed a deficiency in postharvest management research conducted in Ethiopia, with the majority of studies focusing
on cereals other than Teff on postharvest issues. Consequently, there is limited adoption of improved postharvest technologies among
Ethiopian Teff farmers. Reported causes of postharvest losses include limited awareness, access to and availability of postharvest
technologies, and insufficient attention given to postharvest research, extension, and infrastructure for the Teff crop.

Effective measures to minimize Teff losses during harvest and postharvest stages include timely harvesting, utilization of mech-
anized thresher machines, deployment of well-designed storage equipment, proper handling of grains throughout the supply chain,
and other potential solutions.

The reported range of postharvest losses for Teff crops varies widely among different studies, ranging from 16 % to 30 %. Such
variations in loss estimations stem from inherent biological variability, disparities in pre-harvest factors (e.g., growing and harvesting
conditions, maturity stage, variety), lack of standardized loss assessment methodologies (data collection methods), and differences in
postharvest management practices. Therefore, a well-designed postharvest management and assessment procedure, considering sig-
nificant factors from both pre-and post-harvest stages, is necessary to obtain relatively accurate data on Teff postharvest losses.
Moreover, practicing mechanized teff farming methods, particularly in harvesting and thrashing activities, like other cereals, can
potentially mitigate the postharvest losses of Teff due to shattering, scattering, animal feeding, and contamination of the grain with
dirt. This approach also improves efficiency and enhances the quality of the harvested Teff grain, ultimately benefiting both farmers
and consumers alike.

Finally, it can be recommended that transforming the traditional practice into mechanized farming, modern postharvest tech-
nologies, and supporting the system by further research works and training on postharvest management of such valuable crops could
potentially minimize the harvest and postharvest losses of Teff in the country.
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