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A B S T R A C T   

Berbere, the hot pepper spice, is a central ingredient in Ethiopian cuisine. This study aimed to deepen under-
standing of the agricultural and postharvest handling practices and incidence of aflatoxins and ochratoxins at 
different stages of the domestic berbere (Capsicum frutescens) value chain in the Amhara region of Northern 
Ethiopia. The main actors in the berbere value chain in Ethiopia are farmers, assemblers, wholesalers, retailers, 
industrial processors, and domestic consumers. A series of semi-structured questionnaires were developed and 
used to interview 90 stakeholders from across these different value chain stages to learn about their berbere- 
related activities and challenges. Additionally, a random sampling method was used to collect 100 berbere 
samples (80 samples of whole dry berbere pods and 20 samples of berbere powder) from across the different focal 
value chain stages (harvesting, storage, processing, and retail) for analysis to determine whether aflatoxin and 
ochratoxin were present above the maximum recommended thresholds. In the Amhara region, most farmers 
typically cultivate berbere on areas of 0.5–1 ha of farmland. The berbere harvest is done manually, and the chilli 
pods are then spread directly on the ground to sun dry. Such drying practices increase the risk of contamination 
of the produce by dust, debris, and soil-borne fungi. Assemblers purchase berbere from the farmers, the pods are 
then sorted by variety and packed in woven polypropylene bags which are then heaped in store rooms. All the 
berbere samples, from each stage of the value chain analysed were found to test positive for mycotoxins, 
exhibiting levels of >20 ppb and >2 ppb of total aflatoxin and ochratoxin, respectively. The promotion of a range 
of integrated pest and postharvest management actions with the different value chain actors are recommended to 
improve the quality and safety of berbere within these important domestic value chains.   

1. Introduction 

Chilli pepper (Capsicum frutescens) is a widely cultivated crop 
belonging to the Solanaceae family and is believed to have originated 
from South America (Chakrabarty et al., 2017; Boseland and Votava, 
2000). It was introduced to Asia and Africa in 1493, and globally it has 
become an important crop with around 4,255,050 tonnes of dried chilli 
produced in 2019 (FAOSTAT, 2021). India is the leading producer of dry 
hot red pepper, while Ethiopia is ranked as the fourth-highest-producing 
country in the world, with an annual production of 313,115 tons in 2019 
(FAOSTAT, 2021). However, despite Ethiopia being a leading producer 
of chilli pepper, the country ranks low with regards to chilli pepper 
exports due to issues related to product quality and food safety 

(Boseland and Votava, 2000). In general, most (96%) of the spices 
produced in Ethiopia are currently consumed domestically, and chilli 
pepper accounts for over 80% of Ethiopia’s total spice production 
(Sendrowicz and Dubelaar, 2020). Over 1.1 million farming households 
in Ethiopia are estimated to be engaged in the farming of spices (Sen-
drowicz and Dubelaar, 2020). 

In Ethiopia, hot pepper is known as berbere (here after the term 
berbere is used when referring to Ethiopian dry red hot chilli pepper). 
Within Ethiopia, berbere is commonly cultivated in locations with alti-
tudes ranging from 1400 to 1900 m above the sea level, and a mean 
annual rainfall and temperature range of 600–1200 mm, 25–28 ◦C, 
respectively. The production of berbere by smallholder farmers is 
concentrated in Amhara, Oromia, and Southern Nations, Nationalities 
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and Peoples’ (SNNP) Region states of Ethiopia (Abebayehu et al., 2014). 
The berbere crop is typically rotated with maize, which is grown as a 
primary staple food crop for home consumption. Berbere is usually 
planted in April/May when the rainy season starts and harvested from 
October to February (dry season) (Boseland and Votava, 2000; Gobie, 
2019). In Ethiopia, berbere cultivation is practised at small-scale levels 
using traditional practices. The harvest and postharvest operations 
include traditional harvesting, drying, sorting, storage, and milling 
practices. 

In many Ethiopian dishes, highly pungent dried berbere powder is an 
important ingredient. The fine-powdered pungent product known as 
“berbere powder/mitmita (extra hot version of the powder)”, imparts 
both flavour and colour to the traditional Ethiopian sauce “Stew or Wot”. 
The average daily consumption of berbere by Ethiopian adults is esti-
mated at 15 g, which is higher than tomatoes and most other vegetables 
(Gobie, 2019). 

The different berbere varieties have a range of pod colours from pale 
to deep red. Usually, berbere pods are transformed into berbere powder 
and oleoresins. Both are used to impart colour and flavour to different 
foods. Capsaicin, the pungent alkaloid is the major bioactive compound 
in berbere (Lu et al., 2020). The capsaicin concentration in berbere 
reportedly ranges from 0.1 to 3.2g/100g dry weight (Arimboor et al., 
2015). The capsaicin in red berbere is reported to have health benefits 
such as cardio-protective influence, anti-lithogenic effect, 
anti-inflammatory and analgesia, thermogenic influence, and beneficial 
effects on the gastrointestinal system (Srinivasan, 2016). Chopan & 
Littenberg, (2017) reported that consumption of hot berbere was asso-
ciated with reduced mortality and concluded that, berbere is beneficial 
for the human diet. Other work suggests that berbere can be used to 
alleviate human dietary micronutrient deficiencies (Olatunji and Afo-
layan, 2018). 

The presence of fungal toxins in berbere is viewed as one of the major 
quality and safety challenges as they are known to be responsible for a 
wide range of health problems. Fungal or mycotoxins are naturally 
occurring toxic low molecular weight metabolites produced by certain 
fungal species and can be found in food. Warm and humid environments 
are known to encourage the growth of mycotoxin-producing fungi and 
certain food crops such as cereals, nuts, spices, dried fruits, and coffee 
beans are particularly affected by the growth of these fungi in humid 
environments (Fufa & Urga,1996; Patriarca and Pinto, 2017). Con-
sumption of mycotoxin-containing products can cause various 
health-related impacts ranging from acute poisoning to longer-term 
chronic effects on immunity, growth and different cancers (Fufa & 
Urga,1996; Liew and Mohd-Redzwan, 2018). Links between gall bladder 
cancer and the consumption of aflatoxin-contaminated berbere were 
reported by Tsuchiya et al. (2011). 

To our knowledge, despite the importance of berbere in Ethiopian 
domestic food systems, limited documented information on the post-
harvest handling and incidence of aflatoxins and ochratoxins exists for 
berbere in Northern Ethiopia. This study aims to address this knowledge 
gap in order to help inform the development and testing of practical 
strategies for reducing quantity and quality losses of berbere at and after 
harvest and to support and strengthen the livelihoods of the different 
actors involved in the berbere value chain. 

2. Materials and methods 

2.1. Study area 

The study location was Bure district (woreda) of Amhara National 
Regional State of Ethiopia. Bure is located 400 km Northwest of Addis 
Ababa and 148 km southwest of Bahir Dar city. Bure woreda receives a 
relatively high rainfall amount with a balanced distribution pattern. The 
mean annual rainfall is reported to range from 1386 to 1757 mm. The 
altitude ranges from 713 to 2604 m above sea level. Long-term annual 
mean temperature ranges from 14 ◦C to 24 ◦C. Maize, wheat, teff, finger 

millet and barley are the main cereals produced in the region. Berbere is 
mainly produced under rain-fed conditions in the low and mid-altitude 
areas of Bure woreda (ILRI 2007). Farmers in the lowland area grow 
berbere on an average of 0.5–1 ha of land annually. Given this large area 
of land planted to berbere, farmers use a direct sowing method (Shimelis, 
2021). 

2.1.1. Selection of study location 
Bure district, West Gojjam zone, Amhara region was purposively 

selected as the study location due to it being within the main berbere 
production areas. In Bure district, red pepper is a major cash crop that is 
mainly produced by smallholder farmers. 

2.2. Selection of survey participants 

2.2.1. Berbere farmers 
Three kebeles, Alefa, Dedun, and Wadero, within Bure district were 

purposively selected as the majority of farmers engaged in berbere 
cultivation live within them. These three kebeles cumulatively contain 
12 sub- kebeles (a sub-unit of a kebeles, these are locally recognized 
units although not official units). Five sub- kebeles (5th, 8th, 9th, 10th, 
and 11th) were randomly selected. From each selected sub- kebeles, 
every sixth house was selected for interview. In sub- kebeles 5, 8, and 9, 
interview data was collected from six berbere farming households as the 
population is similar (i.e., each have 38 to 40 households which culti-
vate berbere). In sub- kebele 10, interview data was collected from 7 
households as it contains a total of 46 households which cultivate ber-
bere. In sub- kebele 11, data was collected from 5 households as the 
population there is smaller, with a total of 34 households which culti-
vate berbere. 

2.2.2. Berbere assemblers 
The snowball sampling method was used to select assemblers. As-

semblers were initially identified in the market area. Contact informa-
tion of other assemblers was then collected from the identified 
assemblers. Interview data was collected from a total of 10 assemblers 
randomly selected from the collected contacts. 

2.2.3. Berbere wholesalers 
Around 32 wholesalers are based in the Bahir Dar City market area 

(kebele 4). A systematic sampling approach was used to select the 
wholesaler sample. Every third wholesaler on the list of wholesalers was 
selected and a total of 10 were interviewed. 

2.2.4. Industrial berbere processors 
The snowball sampling method was used to select industrial pro-

cessors. Initially, one industrial processor was identified through con-
tacts, and that person then connected the team to other processors and 
so on. Data was collected from 10 industrial processors located in Bahir 
Dar City. 

2.2.5. Domestic berbere processors 
Random purposive sampling was used to identify 10 domestic pro-

cessors within Bahir Dar City, where households prepare berbere pow-
der, a total of 10 domestic processors were interviewed. 

Information was collected on socio-demographical aspects; berbere 
farming practices, harvesting, post-harvest handling and preservation 
and processing. The survey was done between 29th May to 1st July 2020. 

2.3. Dried berbere pod/powder sample collection 

During the survey, a total of 100 samples were collected from across 
the different stages of the value chain. Of the 70 samples of red berbere 
pods, 30 came from the farmers, 10 from the assemblers, 10 from the 
wholesalers, 10 from the retailers and 10 from the industrial processors. 
Of the 30 samples of red berbere powders, 10 came from industrial 
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processors, 10 from domestic processors and 10 from the market. Berbere 
pods from the farmers were collected from the different places within 
their storage facilities to form a representative sample per farmer (each 
composite sample was a combination of three samples). In the case of 
berbere stored in bags, pods were collected from different bags to form 
the sample. In the case of berbere powder, sub-samples were selected 
from different areas of the bag/container and different bags if more than 
one bag existed. Immediately following collection, all the samples were 
placed into three layers of polythene bags and sealed to prevent air entry 
and then stored in the refrigerator at 4 ◦C until further analysis was done 
(within two months). The samples were stored under refrigerated con-
ditions to avoid further growth of any fungi which were present. 

2.4. Determination of aflatoxin and ochratoxin presence 

The ELISA kit method was used to determine the presence of afla-
toxin and ochratoxin in each sample, and whether they exceeded the 
maximum tolerable levels. Each berbere pod sample was ground for 10 
min into a coarse powder using the laboratory mortar and pestle (Por-
celain Mortar & Pestle, India). After each sample was ground, the mortar 
and pestle were cleaned with ethanol twice before processing the next 
sample. The berbere powder samples collected from stakeholders were 
used directly without any further grinding. The powders were used for 
the determination of both toxins following the extraction process 
described in 2.4.2 and 2.4.5 which is as per the instructions given by the 
ELISA kit manufacturer without any modifications. 

2.4.1. Aflatoxin determination 
VICAM-AflaCheck® (VICAM, USA) (Manufacture catalogue numbers 

100000173, 175, 812, 813 and 827) was used for the qualitative 
determination of the aflatoxins in berbere samples. AflaCheck® Test 
Strips are provided for fast accurate determination of the aflatoxins at 
10 ppb and 20 ppb levels only. The two steps described in 2.4.2 and 
2.4.3 were followed to determine aflatoxin presence in the samples 
using the kit. 

2.4.2. Extraction of the sample for aflatoxin determination 
The extraction procedure was carried out following the instructions 

provided by the ELISA kit supplier. Five grams of the ground sample was 
added to the extraction tube provided by the manufacturer, and a new 
tube was used for each sample. Exactly 10 ml of 70% Methanol was 
added into the extraction tube. The tubes with the contents were mixed 
well for 1 min using a vortex at high speed. The samples were then 
allowed to settle for 3 min as per the ELISA kit instructions. The su-
pernatant was used for the determination of aflatoxin. 

2.4.3. Sample test for aflatoxin 
Exactly 250 μL of the supernatant solution (sample extract) was 

taken into the fresh dilution tube (Eppendorf Tube) using a test pipette 
(provided by the manufacturer) and 250 μL of distilled water was added 
using a fresh test pipette. After closing the cap of the tube, the solution 
was mixed using manual shaking. The test strip (ELISA strip) was then 
inserted into the Eppendorf tube and left to stand for 5 min after which 
the results were read. Depending on the development of the coloured 
lines on the strip the test was determined as positive or negative. For 
each sample, the strip was also checked for the development of the 
control line. If the control line does not develop the test is considered 
invalid and another new strip would then be used to check the same 
sample. The sample extraction and determination are presented in the 
Supplementary Information Fig. 1. 

2.4.4. Ochratoxin determination 
For determination of the Ochratoxin, the Ochra-V Aqua® cassette 

from VICAM, USA was used. For this test the detection limit is 2 ppb. The 
catalogue numbers are 176004087 and 10000345. 

2.4.5. Extraction of the sample for ochratoxin determination 
As per the ELISA kit instructions, 5 ± 0.1g of the ground sample was 

placed in the extraction tube provided by the manufacturer, a new tube 
was used for each sample. Then 25 ml of Aqua premix solution which 
was supplied as part of the kit was added and gently mixed by vortex at 
minimum speed for 2 min. The sample was filtered into a clean extrac-
tion tube supplied in the kit using a fresh piece of fine filter paper for 
each sample. 

2.4.6. Sample test for ochratoxin 
Clear filtrate of 100 μL sample extract was added to the Ochra-V strip 

cassette by dropping 1 drop/second vertically into the sample well. The 
test cassette was allowed to develop for 5 min on a flat surface. If no 
development of the control line occurred, the test was considered 
invalid, and another new cassette was used for the determination of 
ochratoxin in the same sample. The sample extraction and determina-
tion procedures are depicted in Supplementary Fig. 2. 

2.5. Determination of water activity (aW) in the samples 

A Lab Master-water activity instrument (Novasina AG, CH-8853 
Lachen) was used to determine the water activity of the berbere sam-
ples. The ground samples were placed in a plastic sample cup, 
completely covering the bottom of the cup. The sample cup was then 
placed in the sample chamber and the door of the chamber was closed 
carefully. Water activity was reported directly from the display panel. 

2.6. Data analysis 

The survey data was analysed using the statistics package for social 
science (SPSS) IBM Ver. 18. The main analyses performed were 
descriptive statistics such as the frequency, percentages, and ranges. 

3. Results 

The structure of the berbere value chain in the Amhara region of 
Ethiopia is shown in Fig. 1. The surveyed farmers and assemblers in the 
berbere value chain were in Bure district. While the other major value 
chain actors, the wholesalers, retailers, industrial processors, and home 
processors were based in Bahir Dar city. 

3.1. Berbere agricultural and handling practices at the farmer’s level 

3.1.1. Socio-demographic characteristics of farmer respondents 
The 30 farmer respondents belonged to three kebeles (wards or vil-

lages), namely Aleafa, Debun and Wadero within the Western Gojam 
zone. The respondents were distributed across five woredas (districts) 5, 
8, 9, 10, and 11. Aleafa has previously been reported to be one of the 
highest berbere-producing kebeles in Bure (Tesheshigo et al., 2019) 
(Table 1). 

The mean age of respondents was 40 years, and the range was from 
19 to 70 years. Of the 30 farmer respondents, 40% were female. Re-
spondents’ education status varied from basic education (73% of re-
spondents) to 11th grade (3% of respondents) (Table 1). 

3.1.2. Berbere cultivation practices 
Among the respondents, the mean area of berbere cultivated was 

0.65 ha and ranged from a minimum of 0.25 ha to a maximum of 2 ha. Of 
the respondents, two-thirds were cultivating berbere on ≥ 0.5 to ≤ 1 ha 
of land. In the current study, 80% of respondents practised rain-fed 
berbere production only, with the remaining respondents practising 
both rain-fed and irrigated production. Almost all the respondents 
cultivated berbere both for sale and for domestic consumption purposes. 

The majority (80%) of the respondents were cultivating the Danbure 
variety of berbere, the rest were cultivating the Mareko Fana variety, and 
only one respondent reported cultivating both varieties. Most of the 
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respondents (93.3%) plant their berbere in June, and the others in July. 
Harvesting of berbere occurred 5–6 months later in November and 
December (Tables 2 and 6). 

Just over half of the farmer respondents (53%) reported facing 
problems of pests and diseases during berbere cultivation (Table 2). 
These farmers perceived these problems to all be fungal diseases, but 
none of them knew of or had any control measures to counteract these 
problems. Weeds in their berbere fields were another problem reported 
by 50% of the farmer respondents. The weed species mentioned trans-
late to grasses mainly, as well as Guizotia scabra and Rumex nervosus. 
Around 70% of the respondents practice crop rotation. Prior to culti-
vating berbere, the farmers reported having grown cereals on the land. 
However, the remaining 30% of respondents grow berbere continuously 
on the same piece of land. 

The majority (90%) of respondents reported rainfall occurring dur-
ing the time of berbere flowering (Table 3). Around 90% of respondents 
reported that rainfall also occurred when berbere pods were ready for 
harvest and during harvesting. Around 70% of respondents reported 
rainfall occurring during the drying process. All respondents reported 
rainfall in at least one of the following three important stages of berbere 
growing and handling (flowering, ready for harvesting, drying). 

3.1.3. Drying of the berbere pods 
Regarding the drying of the matured pods after harvesting, around 

13% of the farmers practice drying in the field, while 60% dry the pods 
at their homesteads, and 27% of the respondents use both the field and 
home for drying (Table 4). Virtually all the farmers surveyed (97%) sun- 

Fig. 1. The value chain for berbere red-hot pepper in Bure district and Bahir Dar city, Ethiopia.  

Table 1 
Socio-demographic characteristics of respondents in Bure district, Amhara re-
gion, Ethiopia.  

Parameter Number of respondents Percentage (%) 

Respondent’s Kebele 
Alefa 10 33.33 
Debun 10 33.33 
Wadero 10 33.33 

Woreda number 6 20 
Woreda-5 6 20 
Woreda-8 6 20 
Woreda-9 7 23.3 
Woreda-10 5 16.6 
Woreda-11   

Age   
<20 Years 1 3.33 
20–30 Years 8 26.66 
31–40 Years 8 26.66 
41–50 Years 5 16.66 
51–60 Years 5 16.66 
>61 Years 3 10.0 

Level of education   
No education 0  
Basic education 22 73.33 
5–10 grade 7 23.33 
>10 grade 1 3.33  
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dry their berbere by spreading it directly on the ground (Fig. 2A). Only 
one farmer used a concrete floor for the drying, and none of the farmers 
use plastic sheets for drying their berbere on. The farmers typically sun- 
dry the berbere for a duration of between one week and 30 days, with the 
majority (70%) stating they dry for four weeks with the duration being 
dependent on the environmental conditions and the initial moisture 
content of the pods. 

To determine whether the berbere is sufficiently dry, manual 
touching is used by 93% of the respondents, while the other farmers use 
visual observations (Table 4). Of the farmers, 53% reported that they 
observe fungal infection/disease on the pods before harvesting. Only 
33% of the farmers were aware of the importance of proper drying for 
maintaining the quality of the berbere and avoiding fungal growth dur-
ing storage (Table 4). 

The majority of farmers reported using pod dryness as an indicator of 
maturity and harvesting readiness (Table 4). While 23% of respondents 
reported that they considered and followed a calendar-based calculation 
of the number of days since planting to determine maturity and 
harvesting. 

Table 2 
Agricultural characteristics of berbere farmers in Bure district, Amhara region, 
Ethiopia.  

Parameter Number of respondents Percentage (%) 

Land size under berbere cultivation 
0.25–0.5 3 10 
0.6–1.00 20 66.6 
1.00–1.5 8 26.6 
1.6–2.0 1 3.33 
>2.00 1 3.33 

Berbere variety cultivated 
Danbure 24 80 
Mareko 6 20 

In which month is berbere planting done? 
June 28 93.3 
July 2 6.66 

In which month is berbere harvesting done? 
November 15 50 
December 15 50 

Is your berbere cultivation rain-fed or irrigated? 
Rain-fed 24 80.0 
Irrigated 0  
Both 5 20.0 

Does your berbere crop suffer any insect/pest/disease damage in the field during 
production? 
Yes 16 53.3 
No 13 43.33 
Not sure 1 3.33 

Do you use any pest control measures? 
Yes 0  
No 28 93.3 
Not sure 2 6.66 

Do you typically have weeds growing in the field during berbere production? 
Yes 15 50.0 
No 14 46.6 
Not sure 1 3.33 

If yes, name the type of weed 
Rumexnervosus 8 26.66 
Guizotiascabra 11 36.6 
Grass 8 26.66 

Do you use any weed control measures? 
Yes 1 3.33 
No 29 96.6 
Not sure 0  

Do you use any chemicals to control weed? 
Yes 0  
No 30 100 

What type of crop was cultivated in the same field before you planted this red 
berbere crop 
Same crop 9 30 
Cereals 21 70 
Others 0   

Table 3 
Farmers’ perceptions of rainfall occurrence during the in-field and postharvest 
berbere stages in Bure district, Amhara region, Ethiopia.  

Parameter Number of respondents Percentage (%) 

Was there rainfall during the flowering time of this berbere crop? 
Yes 27 90 
No 2 6.66 
Do not remember 1 3.33 

Did any rainfall occur when this berbere crop was ready for harvesting? 
Yes 27 90 
No 2 6.66 
Do not remember 1 3.33 

Did any rainfall occur when you were harvesting this berbere crop? 
Yes 26 86.6 
No 4 13.33 
Do not remember   

Did any rainfall occur when you were drying this berbere crop? 
Yes 22 73.33 
No 8 26.6 
Do not remember 0   

Table 4 
Farmers’ berbere harvest and drying practices in Bure district, Amhara region, 
Ethiopia.  

Parameter Number of 
respondents 

Percentage 
(%) 

How do you usually tell when your berbere is ready for harvesting? 
Calendar (month) calculation 7 23.33 
When pods dry up 24 80.0 
Other specify (colour) 1 3.33 

Do you dry the freshly harvested berbere in the field, at home, or somewhere 
else? 
Field 4 13.3 
Home 18 60.0 
Both 8 26.6 
Others   

Where do you dry the hot pepper/berbere? 
Berbere pods are spread directly on the 
ground 

29 96.6 

Berbere pods are spread on a plastic sheet 
or covered on the ground 

0  

Berbere pods are spread on a concrete 
drying area 

1  

Others (specify): 0  
How do you dry the hot pepper/berbere? 

Sun drying 30 100 
Solar drying (Developed Driers) 0  
Artificial dryers/hot-air Mechanical dryers 0  
Others 0  

How long did the berbere take to dry to be ready for storage? 
One Week 3 10 
Two Weeks 6 20 
Three Weeks 1 3.33 
Four weeks 20 66.66 

How do you tell that the berbere pods are dry enough? 
Just by looking at them 2 6.66 
By touching them 28 93.33 
Using Moisture testers 0  
By indigenous knowledge/(specify what) 0  
Any other methods used 0  

Do you see any fungal infection on the hot pepper pods in the field, before 
harvest? 
Yes 16 53.5 
No 14 46.6 

Are you aware that proper drying could control mould/fungal development and 
maintain the quality of your berbere? 
Yes 10 33.33 
No 20 66.66 

Do you do any sorting/cleaning BEFORE drying the berbere? 
Yes 11 36.66 
No 19 63.33 

Do you do any sorting and grading AFTER drying the berbere? 
Yes 21 70 
No 9 30  
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3.1.4. Sorting and grading of berbere pods 
Sorting of the berbere before drying was practised by just 37% of the 

farmers (Table 4 and Fig. 2B). The farmers who sort their pods before 
drying, separate the spoiled, broken, fungus-attacked pods and plant 
debris from the good quality pods. However, following the drying pro-
cess, 70% of the farmers sort their pods. During this post-drying sorting 
process, the spoiled, broken, pale or white-coloured berbere pods are 
sorted out, and plant waste and dust are removed. The farmers sort the 
pods to achieve uniform quality of their berbere during storage. Two 
farmers explained that the poor quality berbere they have sorted out 
would be used for their domestic/home consumption while the good 
quality berbere would be for sale. 

3.1.5. Farmer-level storage of berbere 
Around 63% of the farmers store their dried berbere in a gotera, a 

traditional storage structure constructed from locally available wooden 
sticks (Table 5 and Fig. 2C). About 13% of the farmers store their berbere 
on the ground in a heap, 13% store it in polypropylene bags and 10% of 
the farmers use jute bags. The polypropylene bags have a capacity of 
20–30 kg; while the jute bags are typical of 50 kg capacity, the goteras 
range in size with capacities from 150 to 2000 kg. Those farmers who 
heap the berbere on the floor reported doing so for 300–1000 kg of the 
dried crop. On average the farmers reported storing 270 kg of dried 
berbere annually, however, this ranged widely among respondents from 
a minimum of 100 kg–1000 kg. 

Around 57% of the farmers store their berbere at their homes, while 
27% use co-operatives or society warehouses for storage. Some re-
spondents (17%) store their berbere in the field. The mean storage 
duration of dried berbere by farmers was 3.9 months (Table 5). But 
storage durations ranged between farmers, with 10% of the farmers 

storing their berbere for six months, 33% for five months, 20% for four 
months, 17% for three months, 17% for two months and 3% for one 
month. The majority (67%) of the respondents reported that they had 
not found any signs of fungal growth on their stored berbere, while 27% 
had, and 7% were not sure. In the current study, none of the responding 
farmers knew about or was aware of mycotoxins. None of the farmers 
reported pest or disease issues which caused losses after harvest or 
during storage of their berbere (Table 5). None of them use any storage 
protectants or other practices on their stored berbere to maintain its 
quality. 

3.1.6. Postharvest information pathways for berbere 
When farmers were asked who had taught them to dry and store their 

berbere, elders were the most commonly cited source (67% of re-
spondents), followed by friends (53%), agricultural officers (7%), and 
own observations (3%) with many having learnt from both their elders 
and friends. 

3.1.7. Farmers’ further knowledge demands for berbere 
The main topics the farmer respondents wanted to know more about 

regarding their berbere activities were the causes of the deterioration, 
methods for extending the shelf life/storage duration while retaining the 
quality and weed management. 

3.2. Berbere handling practices at the assembler level 

The ten assemblers interviewed were residents of Bure city which has 
good road access to the other parts of the country. Farmers from a range 
of different villages bring their berbere to the assemblers located in Bure 
(Fig. 2D&E). In the study area, all the assemblers are males, and those 

Fig. 2. Berbere handling practices at the farmer and assembler stages in Bure district, Ethiopia (A) Berbere pods spread on the field for sun drying. (B) Sorted-out 
colour-less berbere at a farmer’s homestead. (C) Berbere is stored in the traditional storage structure in a farmer’s home. (D) Farmers take the berbere to an as-
sembler’s aggregation point by horse cart. (E) Berbere weighing at the assembler’s level. (F) Storage of berbere in woven polypropylene sacks at the assembler’s level. 
(G) Bulk storage of berbere pods heaped in a room at the assembler’s level. (H) Sorted berbere pods on plastic sheeting at the assembler’s level. 
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interviewed ranged in age from 27 to 60 years. The maximum education 
qualification obtained by any of the assemblers interviewed was 12th 
grade (equivalent to high school) (10% of respondents). While 40% of 
the assemblers had studied to standard 10 (10 years of basic education), 
and 20% had achieved a basic school education. The kebeles which the 
assemblers based in Bure city purchase and collect berbere from include 
Zalema, Debun, Wadera, Alefa, Beso, Arebajero, Medro, Gelebed, Gulum, 
Wadero, Dejen, Bure, Tengea and Tataya. 

All the assemblers in the study area collect the berbere pods after they 
have been sun-dried by the farmers. If berbere were purchased fresh from 
farmers, then the assemblers would undertake sun-drying of the berbere 
after spreading it directly on the ground for 7–20 days. Just two as-
semblers said they might place the berbere on a plastic sheet to dry. 

The purchased berbere may be stored by the assemblers for periods 
ranging from 15 days to 2 years. However, only very small quantities of 
the berbere are stored for longer durations as the majority (60%) of as-
semblers sell their berbere immediately to the next-level purchasers. 
About 60% of the assemblers pack their berbere in jute bags, while 20% 
pack the product in woven polypropylene bags (Fig. 2F). The other 20% 
of assemblers store their berbere in heaps on the floor of a store room 
(Fig. 2G). All the storage structures are simple rooms constructed with 
locally available materials (i.e., wood and mud walls, metal sheets, 
plastic sheets) without any controls for temperature or relative humid-
ity. One assembler reported using both jute and hermetic bags to store 
berbere in. Different varieties of berbere are stored in separate containers 
from each other. 

All the assemblers sort the berbere before purchasing it from the 
farmers. The majority remove dirty, discoloured or white coloured, 
spoiled, broken pods and any plant debris (Fig. 2H). Around 30% of the 
assemblers clean and grade the berbere pods into first, second and third 
quality classes. The properties the assemblers check for when grading 
the berbere are colour, larger-sized pods, dryness (moisture content), 
pungency, and absence of contaminants and impurities. It was observed 
during the survey that sorting by assemblers typically takes place 
manually with the berbere spread on the ground. 

About 70% of the assemblers reported observing fungal infection on 
their berbere during storage. The majority of the assemblers confirmed 
that after two or three months of storage if there is high humidity in the 
environment, they observe fungal growth. Two respondents explained 
that when berbere was stored for one year or more, it suffered from 
spoilage. None of the assemblers used fungicides to extend the shelf life 
of berbere. None of the assemblers possessed any cold storage, nor any 
devices for determining the colour, moisture content and other quality 
properties. 

None of the assemblers had any knowledge or awareness about 
mycotoxins. Around 70% of the assemblers did not use any formal 
quality control determination procedures at the time of purchasing the 
berbere from the farmers. While 30% relied on their own experience to 
judge quality-related factors such as moisture content, absence of im-
purities, pod size and good pod colour. Around 90% of the assemblers 
practice re-drying of the berbere pods in the sun for one to seven days in 
the middle of the storage period. Only 20% of the respondents used 
plastic sheets for drying the berbere, while the others spread the berbere 
directly on the ground. 

3.3. Berbere handling at the wholesale level 

The wholesalers purchase berbere directly from the farmers as well as 
from the assemblers in the different berbere production locations around 
Bahir Dar city, such as Bure, Chagni, Zegem, and Wade locations. The 
wholesalers are located in the Bahir Dar city vegetable market and sell 
their berbere to retailers, local industry people and households for do-
mestic processing (Fig. 3A). Of the ten wholesalers who were inter-
viewed, eight were male. Most (60%) of these wholesalers did not have 
any formal education; although two of the ten wholesalers interviewed 
were diploma holders. The wholesalers interviewed reported deter-
mining the quality of the berbere at the assembler’s or farmer’s stage by 
both visual and manual handling inspection of the berbere pods before 
purchasing them. These wholesalers typically purchase between 300 
and 4,000 kg of berbere at a time. 

While two of the wholesalers interviewed reported selling on the 
berbere they purchase almost immediately. The majority reported typi-
cally storing it for three to eight days before starting to sell it, this was 
usually due to them trying to clear their old stock before they started 
selling the newly acquired produce. No device or formally agreed 
methods are used by the wholesalers for determining the moisture 
content or the quality of the berbere. The berbere is typically stored by the 
wholesalers in sheds without any temperature or relative humidity 
control (Fig. 3B and C). At the wholesale stage in the value chain, the 

Table 5 
Farmers’ berbere storage practices and mycotoxin awareness in Bure district, 
Amhara region, Ethiopia.  

Parameter Number of 
respondents 

Percentage 
(%) 

What type of packaging/storage systems do you use to store dry berbere? 
Polypropylene bags 4 13.33 
On-ground/heap 4 13.33 
Jute bags 3 10.00 
Gotera 19 63.33 
Hermetic bags 0  

What quantity of berbere can each storage structure/unit hold? (kg) 
<100 7 23.3 
100-500 15 50.0 
500-100 2 6.66 
>1000 6 20 

How much berbere do you store normally (on an annual basis, per year)? (kg) 
<100 0  
100-500 25 83.3 
500-100 5 6.66 
>1000 0  

Where is your berbere storage facility located? 
On the field 5 16.66 
Within the home 17 56.66 
Both (on the field and within the 
home) 

0  

Depends on others to store it 6 20 
For how many months (s) do you store your berbere? 

One month 1 3.33 
Two months 5 16.66 
Three months 4 13.33 
Four months 7 23.33 
Five months 10 33.33 
Six months 3 10.00 

Do you find any signs of fungal growth in the stored berbere? 
Yes 8 26.6 
No 20 66.6 
I don’t know 2 6.66 

Do you know anything about mycotoxins? 
Yes 0  
No 30 100 

Do you face other problems such as insect/pest damage which cause damage or 
losses after harvest or during storage of your dry berbere? 
Yes 0  
No 30 100 

Do you add any chemicals/preservative to your stored berbere to reduce 
postharvest losses? 
Yes 0  
No 30 100 

Do you do any other practices to help maintain the quality of your stored 
berbere? 
Yes 0  
No 30 100 

Purpose of hot red chilli production 
Home Consumption 0  
Sales 1 3.33 
Both 29 96.99 

What do you want to know more about regarding your berbere? 
Factors of deterioration, 30 100 
Extending the shelf life/storage 30 100 
Quality and weed management 30 100  
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berbere is typically packed in woven polypropylene bags, with each of 
the bags having a hole in it which has been made by and is used for 
taking samples from it to check the quality of the berbere (Fig. 3D). These 
holes are not closed again after sampling. 

No practice of adding moisture to the berbere to increase its weight 
was reported during the current survey. The wholesalers reported 
observing fungal growth on the berbere pods they had procured, and that 
in the rainy seasons there is an increase in the moisture content of the 
berbere and the pod colour may change with white or black spots being 
observed due to the growth of fungus on it. The wholesalers reported 
that when high levels of spoilage occur they then discard the berbere, but 
if the spoilage is limited, they sort out the spoiled pods and sun-dry the 
rest in the open (Fig. 3E and F). All of the wholesalers interviewed, re-
ported manually sorting the berbere before selling it on. They do this to 
sort out pods with white on them, broken and small pods and plant 
debris. The majority of the wholesalers (70%) said they sun-dry their 
berbere stocks for one to three days if they observe fungal spoilage. Just 
over half of them report using plastic sheets to sun-dry the pods on, 
while the rest dry the berbere directly on the ground. 

3.4. Berbere handling at the retailer level 

Within Bahir Dar city, there are several small retail markets located 
in different locations (Fig. 3 G). About 70% of the retailer respondents 
were female. With the youngest respondent being 29 years and the 
oldest 60 years old. Two of the ten retailers interviewed had no formal 
education, the rest had attended school between 5th and 12th grade, and 

one had a Bachelor’s degree. All of the retailers purchased their berbere 
from wholesalers, with two of them also occasionally purchasing 
directly from farmers. Retailers tend to purchase 50–200 kg of berbere at 
a time. 

About 30% of the retailers reported that they start selling the berbere 
immediately after they have procured it. While a few typically store 
their berbere for between 1 day and a week before starting to sell it. The 
retailers interviewed do not have any devices or methods for objectively 
determining the moisture content. In the case of berbere quality deter-
mination at the retailer level, 100% of the retailers said they check the 
sample by touch, and use visual observation and direct interaction with 
the wholesalers regarding the quality, origin and other issues. Around 
30% of the retailer respondents had not observed the presence of fungal 
growth on the berbere. While 70% of retailers said they sort out the 
spoiled berbere and discard the spoiled pods. About 40% of the retailers 
reported that they do sun-dry the berbere, typically for 1–2 days if the 
moisture content was perceived to be high. This sun-drying is typically 
done on plastic sheets (Fig. 3H). 

The majority of the retailers sell their products to domestic proc-
essers or local retail shops, with a few selling to industrial processors. All 
the retailers explained that the customers inspect the quality of the 
berbere before they purchase, and concentrate on the colour, whether it 
is free of contaminants, the pod size, the absence of white discoloured 
berbere, and whether it has a good pungency. Only a few consumers 
enquire about the variety and origin of the berbere. Most of the retailers 
sell their berbere divided into three quality categories: high, medium, 
and low. While 40% just sell a single quality of the berbere. 

Fig. 3. Berbere handling at wholesalers and retailer levels in Bahir Dar city, Ethiopia. 
(A) Berbere pods on display at the wholesale market level. (B, C) Storage of the berbere pods in stacks of woven polypropylene bags. (D) Example of holes in damaged 
bags of stored berbere following sampling to check the quality of the stored produce. (E) Sorted berbere at the wholesale level. (F) Berbere is sun-dried on plastic 
sheeting at the wholesale level. (G) Retail marketing of berbere alongside other spices and vegetables. (H) Drying of the berbere at retailer levels. 
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3.5. Berbere handling during domestic household processing into powder 

The age of the domestic household processors interviewed ranged 
from 26 to 54 years. All of them were female and educated, with the 
minimum education level being 12th standard and the maximum being 
a Master’s Degree, 50% of the respondents were Bachelor’s degree 
holders. All the respondents purchase berbere pods from Bahir Dar local 
market to prepare the berbere powder. Most of the respondents (60%) 
purchase berbere pods in dried form, while the others (40%) purchase 
them in fresh form. All the respondents consider the quality of the pods 
before purchasing. In the case of dried berbere, visual observation and 
manual touching were used to inspect the quality, and the respondents 
looked for a whole undamaged pod with thick skin and no discoloura-
tion (white patches), no plant debris, and with good pungency. Fresh 
pods were also inspected visually and manually for colour, weight and 
absence of spoilage. No instrumentation for checking moisture content 
was used. 

The respondents purchase between 10 kg and 30 kg to prepare ber-
bere powder depending on their family size and consumption patterns. 
Most of the respondents (90%), store the berbere powder they have 
prepared for up to one year. All the respondents prepare the berbere just 
once per year, typically between November and January, and then they 
use it for the rest of the year. Around 70% of these respondents had 
observed fungal growth on and inside the berbere pods, describing it as 
discolouration, or the presence of a black powder/dust inside the pod. 
Where fungal growth was observed, the respondents sort the sample and 
remove the infected portion and still use the remaining part. If the 
incidence of fungal growth is high, 40% of respondents said they discard 
the berbere. While one respondent reported that if spoilage is high they 
may return the berbere to the seller. All the respondents sort the pur-
chased berbere and remove any white and black discoloured pods, plant 
debris or dirt. Of the respondents, 80% said they had no knowledge 
about mycotoxins. The 20% of respondents who were aware of myco-
toxins, explained that mycotoxins are responsible for cancers and other 
negative health impacts. The respondents who knew about mycotoxins 

and their effects were those with Masters’ level education. 
All the respondents mix other local spices with the berbere and use 

small-scale commercial milling establishments to prepare berbere pow-
der. The type and proportions of the spices depend on their experience 
and traditional practices. The other spices used are garlic, ginger, rue 
(Ruta chalepensis), cinnamon (Cinnamomum zelani), kurunfid (Aframo-
mum corrorima), clove, and black pepper. The wet spices such as ginger 
and garlic are crushed separately and dried in the sun and added to 
berbere pods before grinding (Fig. 4A and B). Salt is also added by all the 
respondents. All the respondents reported that the spices are added for 
taste purposes. Additionally, around 30% of respondents said the other 
spices are also added as preservatives, 20% of respondents said the other 
spices have certain health benefits, and 20% of respondents said they 
help reduce the hotness/burning effect of the berbere powder. 

About 70% of the domestic berbere processing respondents reported 
some spoilage of the processed berbere powder occurs as the storage 
duration increases, with spoiled berbere powder forming lumps and the 
taste and colour of it changing. To avoid spoilage, the respondents said 
they pack the berbere powder in airtight containers, to reduce its expo-
sure to air and moisture. A few respondents explained that if spoilage 
occurs, the spoiled portion will be removed and the remaining portion 
will be used. While other respondents said they would discard all the 
berbere powder if any spoilage occurred. Around 70% of the respondents 
reported that they do not practice any re-drying of the berbere powder 
during the storage period. While a few respondents said that if they find 
any changes, the berbere powder will be sun-dried for one day (10% of 
respondents), or that they re-dry the berbere powder for 2–3 days in the 
sunlight after it has been stored for about 6 months (20% of re-
spondents), and this is particularly the case in the rainy season. 

3.6. Berbere handling at the industrial processing level 

All the industrial processors surveyed were small-scale/cottage in-
dustries. Fifty per cent of the industrial processors interviewed were 
male. Most (70%) of the industrial berbere powder processors procure 

Fig. 4. Berbere postharvest handling at the domestic 
processors’ level. 
(A) Berbere pods spread on plastic sheets at a domestic 
processor. (B) Sun-drying of berbere and different 
spices on plastic sheets at the domestic processor 
level. (C) The mill used for berbere powder prepara-
tion (used by both industrial and domestic pro-
cessors). (D) A packet of berbere powder on sale in the 
market. (E) Lose berbere powder on sale at the market.   
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their raw material (berbere pods) from wholesalers in the Bahir Dar city 
local market. The remaining 30% of respondents collect berbere pods 
directly from assemblers and farmers in different production locations 
depending on their contacts. 

Regarding the type of berbere procured, 60% of the respondents 
purchased dry berbere pods while the remaining 40% purchase fresh 
pods. Those who purchase fresh berbere pods do so in amounts of around 
150–200 kg each time. This may be because fresh berbere requires quite a 
large space for drying so, they cannot procure higher amounts. The in-
dustrial processors who purchase the dry berbere, procure batches of 
300–3000 kg. These amounts depend on the processor’s storage, pro-
cessing and human resource capacities. 

The processors store the berbere for between 2 and 15 days. Prior to 
starting to process the berbere pods, the industrial processors sort them 
to remove the white-coloured pods, tips/broken pieces, dust, and plant 
debris. Despite these practices, the majority (70%) said they did not use 
any quality control or quality management systems. The remaining 30% 
use a quality control process involving visual checking of dryness and 
cleanliness at each step but no use of any analytical instruments. After 
purchasing the berbere pods, all the processors sun-dry them. The 
duration of the sun-drying ranges from two days to one week depending 
on the moisture content of the berbere pods and weather conditions. 

During the processing of the berbere powder around 90% of re-
spondents add different spices and salt in different concentrations. After 
milling, the colour, smell, taste, smoothness/fineness and visual 
appearance of the berbere powder will be checked. Following milling, 
the berbere powder is packed in 250 g, 500 g or 1 kg packets for sale in 
the local markets (Fig. 4D). The quantities of berbere produced varied 
between these industrial processors from 100 kg/week to 300 kg/day. 
Following the packing of the berbere powder product, it is released to the 
market within one to three weeks depending on the demand. 

3.7. Water activity and mycotoxins occurrence 

The seasonal calendar for the production and processing of berbere in 
Bure district, Amhara region, Ethiopia is presented in Table 6. The 
incidence of aflatoxin and ochratoxin and water activity (aw) in the 

berbere pod and powder samples collected during the survey are pre-
sented in Table 7. All the samples tested positive for both aflatoxins and 
ochratoxins, meaning they contained levels higher than the maximum 
tolerable levels (>20 ppb and >2 ppb, respectively) set for both afla-
toxin and ochratoxin in berbere by different regulatory bodies (Supple-
mentary Information Table 2). The aw of the berbere samples collected 
from farmers ranged from 0.59 to 0.75 corresponding to moisture con-
tents of 10–18% (Supplementary Information Table 1). 

In the case of assembler samples, all samples tested positive for the 
presence of aflatoxins and ochratoxins. Water activity of the samples at 
assembler-level ranged from aw 0.58–0.71. Typically, aw value for 
dehydrated vegetables should be aw < 0.60 (mould growth starts when 
aw is above 0.60). This shows that several of the tested samples had a 
higher aw than recommended to control mould growth. 

All the samples tested at wholesaler level also showed the presence of 
the studied mycotoxins. The water activity of 0.55–0.72 was reported for 
the berbere pod samples collected from the wholesale level. No control 

Table 6 
Seasonal calendar for production and processing of berbere in Bure district, Amhara region, Ethiopia. 

Table 7 
Presence of aflatoxins, ochratoxins and water activity in berbere samples 
collected from different stages of the value chain in Bure district, Amhara region, 
Ethiopia.  

Sample location No. of 
samples 

% of samples testing 
positive for 

Range of water 
activity (Aw) 

Aflatoxin Ochratoxin 

Farmers 30 100 100 0.59–0.75 
Assemblers 10 100 100 0.58–0.71 
Wholesalers 10 100 100 0.55–0.72 
Retailers 10 100 100 0.51–0.75 
Industrial processors 20 100 100 0.41–0.73(Pods) 

0.42–0.53 
(Powder) 

Berbere powder in 
market 

10 100 100 0.49–0.61 

Berbere powder from 
homes/domestic 

10 100 100 0.42–0.59 

Total samples 100 100 100   
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over the temperatures and relative humidity occurs in the wholesaler’s 
storage warehouses and units. Nor are there any pest control, fungal 
control, or rodent control activities which occur for berbere after harvest. 
Poor hygiene during handling and storage was observed. Re-drying of 
berbere at the market places was reported, these crowded places are 
dusty and may contain fungal spores which may cause contamination 
during the re-drying of the berbere. 

All of the samples collected from the retailers also tested positive for 
both mycotoxins. The water activity was similar to that in the whole-
saler’s samples at 0.51–0.75. The retailers reported noticing fungal 
infection in berbere pods. 

Similarly, all the dry pods and processed berbere powder at the in-
dustrial processor level tested positive for both toxins. The pods had a 
water activity of 0.41–0.73 and the prepared berbere powder 0.42–0.53. 
The reduced water activity in the powder is attributed to the application 
of the sun-drying method. The water activity in the berbere pods is 
similar to that in the berbere samples from the farmers, assemblers, 
wholesalers and retailer levels. 

A relatively low water activity of 0.49–0.61 was observed in the 
berbere powder collected from the market compared to the berbere pods 
(aw 0.41–0.73). However, all the market samples were positive for both 
toxins. The berbere powder collected from the market is packed in in-
dividual low-density polyethylene packets with limited samples avail-
able loose or packed in large plastic bags and exposed to the open 
environment/dust (Fig. 4E). 

When samples of berbere powder were taken from homes, the water 
activity in them was 0.42–0.59, and all the samples tested positive for 
the presence of both toxins. The usage of the spices, poor hygiene, usage 
of community mills (Fig. 4C) and the berbere pods already positive for 
both toxins at all stages from farmer to retailer levels contribute to the 
presence of mycotoxins in berbere powder at the processor stage. 

4. Discussion 

4.1. Farm-level berbere production 

This study revealed several important aspects of berbere cultivation 
among the responding farmers. The mean area of berbere cultivated per 
household was 0.65 ha, and ranged from 0.25 ha to 2 ha. These findings 
align with a previous study by Abebe and Abera (2019) which reported 
that berbere cultivation in Bure is typically carried out on land areas of 
less than 1 ha. The majority of respondents rely on natural rainfall and 
practice rain-fed berbere production, while a smaller proportion prac-
ticed both rain-fed and irrigated production. 

The preferred variety of berbere grown by the respondents was the 
Danbure variety, with only a few cultivating the Mareko Fana variety. 
This finding contrasts with an earlier report by Tesheshigo et al. (2019), 
which indicated that Mareko Fana was the main berbere variety culti-
vated in Bure. The study by Tesheshigo et al. (2019) also provided 
valuable insights into the harvesting timeline (150 days after planting), 
marketable yield (6.3 t/ha) and average plant height (69.33 cm) of the 
Mareko Fana variety. Work by Gobie (2019) also found harvesting took 
place 5–6 months after planting but was directly dependent on the 
climate, agriculture practices performed, and the variety grown. 

Pests and diseases were reported as a significant challenge by more 
than half of the farmers. Bacterial spot (Xanthomonas campestris), pow-
dery mildew (Leveillula Taurica), and wilt/root rot (Fusarium oxysporum) 
have been identified as the predominant disease problems in berbere 
cultivation in the Bure district (Abebe and Abera, 2019). 

Weed infestation was also reported by 50% of the respondents, 
which is consistent with the understanding that weeds can negatively 
impact berbere plant growth and yield (Adenubi and Sanni, 2020). Many 
weed management methods exist, including manual removal and 
chemical spraying, however, availability of such chemicals in 
low-income countries such as Ethiopia is often limited. Tesfa et al., 
(2017) reported that in some locations farmers believe that weeding 

immediately following a rain shower or on cloudy days will favour a 
powdery mildew outbreak. However, limited availability of herbicides 
and sprayers in low-income countries such as Ethiopia add labour 
challenges for farmers needing to control weeds. 

Crop rotation was practiced by around 70% of the respondents, 
indicating their awareness of the benefits of alternating crops on the 
same piece of land. However, the remaining 30% reported continuous 
cultivation of berbere on the same land. It has been suggested this 
continuous cultivation may be influenced by the increased market price 
of the commodity (Shumeta, 2012). 

Rainfall played a crucial role in the various stages of berbere culti-
vation. The majority of respondents reported rainfall during flowering, 
pod maturation, and harvesting. This aligns with the findings of Djomo 
et al. (2020) and Dahiru and Tanko (2018), who highlighted the impact 
of climate variations and rainy seasons on crops, including berbere. 
Rainfall during the drying process was reported by 70% of the re-
spondents, this can lead to prolonged drying periods and quality dete-
rioration of berbere pods (Hempattarasuwan et al., 2020). 

4.2. Farmers’ drying, sorting and storage of berbere 

Sun-drying was the predominant drying method employed by 
virtually all the farmers. A moisture content of less than 10% is rec-
ommended for optimal shelf-life of berbere pods (Prakash and Eipeson, 
2003). Sun-drying berbere pods under uncontrolled conditions can due 
to prolonged sunlight exposure, lead to challenges such as bleaching and 
dull colour formation. Additionally, sun-drying directly on the ground 
may result in contamination with foreign matter or infestation by insects 
and fungi, which thrive in moist conditions, thereby reducing the quality 
and safety of the berbere (Prakash and Eipeson, 2003; Fudholi et al., 
2013). 

In recent years, various types of solar and artificial dryers have been 
developed across the world (Paul and Singh, 2013). Artificial dryers 
were shown by Gupta et al., (2018) to be better at maintaining berbere 
pod quality than traditional sun-drying methods. However, such 
advanced drying equipment is not readily available or affordable to 
farmers in the study area. 

It is worth noting that 53% of the farmers reported observing fungal 
infections or diseases on the pods while still in the field before har-
vesting, supporting research by Abebe and Abera (2019) that high-
lighted the prevalence of fungal diseases in berbere in the West Gojjam 
zone of Ethiopia. Regarding sorting, the majority of the farmers (70%) 
practiced post-drying sorting. During this stage, spoiled, broken, and 
pale or white-coloured berbere pods were sorted out, while plant waste 
and dust were removed. This practice of post-drying sorting is similar to 
practices observed among chilli farmers in India (Pruthi, 2003). 

Most of the farmers used goteras for berbere storage, as is commonly 
done for preserving spices in Ethiopia (Tesfa et al., 2017). While in many 
places’ plastic bags (polyethylene) are commonly used for packing dried 
berbere (Yanti et al., 2018), in India, jute bags or gunny bags are used for 
chilli pepper storage (Peter et al., 2003). The environmental conditions, 
specifically temperature and humidity, within the storage containers 
play a crucial role in maintaining berbere quality. However, insect pests 
can cause damage during storage, and fumigation has been suggested as 
a control measure (Yogeesbh and Gowda, 2003). The mean storage 
duration reported by the farmers in this study was 3.9 months, but in-
dividual farmers stored berbere for varying durations. Fungal growth 
during storage is a common issue when the moisture content of the 
berbere pods increases (Yogeesbh and Gowda, 2003), and previous 
studies have identified fungal species such as Aspergillus sp., Rhizopus 
sp., and Penicillium sp. as potential contaminants (Mandeel, 2005). 
However, none of the farmers in the current study reported awareness of 
mycotoxins, highlighting the need for knowledge and awareness among 
berbere handlers throughout the value chain to prevent their develop-
ment (Udomkun et al., 2018). 

Interestingly, none of the farmers reported pest or disease issues 

N. Satheesh et al.                                                                                                                                                                                                                               



Journal of Stored Products Research 103 (2023) 102157

12

causing losses after harvest or during storage of berbere. Farmers attri-
bute this to the natural insect deterrent qualities of the red chilli peppers 
(Swamy and Wesley, 2017). It is noteworthy that none of the farmers 
used any storage protectants or other practices to protect and maintain 
the quality of their stored berbere. 

Postharvest knowledge for berbere is currently predominantly flow-
ing through traditional information pathways, for example, learning 
from elders or friends, with only 7% of farmer respondents mentioning 
having learnt about berbere postharvest aspects from agricultural offi-
cers. Demands for more information about the causes of and methods for 
reducing postharvest quality deterioration of berbere were expressed. 

4.3. Berbere handling by assemblers, wholesalers and retailers 

The assemblers play an important role in the berbere value chain 
serving as intermediaries collecting and purchasing berbere from farmers 
from different villages for resale to wholesalers and retailers. Work by 
Shumeta (2012) reported from Southwest Ethiopia that individual as-
semblers collect approximately 50–120 quintals (1 quintal = 100 kg) of 
berbere pre year and resell it to wholesalers across various regions in 
Ethiopia. 

Although most assemblers aim to sell their berbere on immediately to 
the next-level purchasers, some do store it for periods ranging from 15 
days to 2 years. They may re-dry it during this period using open air sun- 
drying with the same contamination risks as occur during open-air on 
ground sun-drying at farmers’-level. If the moisture content is high, even 
temporary storage of berbere can result in quality deterioration and 
fungal growth and can lead to the production of mycotoxins (Peter et al., 
2003). In different regions of Ethiopia, handlers have been observed 
using floor storage or heap storage for berbere pods before packing them 
into various types of bags (Kuchi et al., 2014). The majority of assem-
blers remove dirty, discoloured, spoiled, broken pods, and any plant 
debris, by winnowing outside and manually sorting. 

Wholesalers play a crucial role in the berbere value chain, purchasing 
berbere from farmers and assemblers and supplying it to retailers, local 
industries, and households (Gobie, 2019; Shumeta, 2012b). The quan-
tities of berbere purchased by each wholesaler interviewed in the current 
study range from 300 to 4,000 kg per trader per year, which aligns with 
earlier findings by Shumeta (2012a) where procurement quantities were 
influenced by population, seasonal variation, and market demand. The 
wholesalers did not report using any chemical preservatives or other 
materials to reduce fungal growth problems in their stored berbere, and 
none of them were aware of mycotoxins. They sort and re-dry their 
produce, discarding any spoiled berbere pods, and were aware that 
during the rainy season increased fungal growth occurs on the berbere 
pods. A lack of formal quality assessment practices exists and the storage 
facilities are unable to control the temperature and humidity conditions 
which can potentially impact the quality and safety of berbere during this 
stage of the value chain. 

Retailers also play a crucial role in the value chain by selling berbere 
directly to customers, local retail shops and industrial processors. They 
rarely store berbere for more than a week. Some retailers explained they 
had observed fungal growth on berbere pods, particularly during the 
rainy seasons, manifesting as black and white spots on the outside or 
black dust inside the pods. In cases of high spoilage, one retailer 
mentioned selling the product at a lower price to consumers, while two 
other retailers stated that they would return the product to the whole-
saler. Retailers reported re-sun-drying the berbere, typically on plastic 
sheets, if the moisture content was too high. Customers are reported to 
inspect the berbere, particularly the pod colour and check for any visible 
contamination before buying it. 

4.4. Domestic and industrial processing 

Regarding domestic household processors, the respondents 
explained that they purchase the berbere just after harvest during the 

peak of its abundance in the markets, when prices are most reasonable 
(Gobie, 2019). This practice ensures that the berbere used for processing 
is of high quality and freshness, which is crucial for the overall flavour 
and aroma of the final berbere powder. 

The shelf life of berbere powder depends on various factors, including 
the methods employed in pre-processing, processing, storage conditions, 
and the antioxidant composition of the berbere (Pruthi, 2003). Microbial 
contamination of the berbere and susceptibility to spoilage once ground 
are issues of concern to domestic processors. Ground berbere is more 
prone to spoilage (Buckenhuskes, 2003). This highlights the need for 
appropriate handling and storage practices throughout the value chain 
to maximize the shelf-life and quality and minimize the risk of microbial 
contamination and subsequent spoilage during the processing and 
storage of berbere powder by processors, food service providers or 
consumers. 

The results indicate that small-scale or cottage industries involved in 
berbere production rely on traditional methods and subjective assess-
ments for quality control, with limited use of technical instruments or 
formal quality management systems. The lack of temperature, moisture 
or rodent control in storage facilities raises concerns about product 
integrity and potential spoilage. Implementing appropriate handling 
practices and storage conditions could help mitigate the risk of microbial 
growth and maintain the overall quality of the berbere. Increasing 
awareness and implementing mycotoxin control measures would be 
beneficial to ensure the safety of the berbere products. 

4.5. Water activity and mycotoxins occurrence 

Water activity (aw) is a critical factor affecting fungal growth and 
mycotoxin production. The most favourable growth conditions for 
Aspergillus flavus, a fungus associated with aflatoxin production, are 
within a temperature range of 25–30 ◦C and aw higher than 0.970 
(Chuaysrinule et al., 2020). Respondents in the current study noted that 
when berbere were not properly dry (high moisture content) it encour-
ages fungal growth. The relationship between water activity and mois-
ture content in preserving berbere is described by Shirkole and Sutar 
(2018) and Pruthi (2003). Shirkole and Sutar (2018) report that a water 
activity of 0.4199 corresponds to a moisture content of 6.93%, while 
Pruthi (2003) suggests a moisture content of around 10% (aw 0.59) is 
optimal for berbere pod preservation. 

The sun-drying method commonly used by berbere farmers, whereby 
pods are spread directly on the ground, can lead to fungal contamina-
tion. The correlation between sun-drying duration and aflatoxin for-
mation in red-chillies has been reported previously by Sahar et al., 
(2017). The rainy season poses additional challenges, as heavy rains and 
moisture re-absorption can increase the risk of fungal contamination. 
Moreover, poor weed management is reported to contribute to termites, 
pest development, pod damage, and Aspergillus infection (ICRISAT, 
2016; Tadesse, 2009). 

The current study found a lack of knowledge and awareness among 
farmers and processors regarding mycotoxins. Training and education 
are deemed crucial for effective management of aflatoxin problems 
(Udomkun et al., 2018), and the adoption of improved agricultural 
practices, including effective weed and pest management is crucial to 
mitigate mycotoxin contamination in berbere (Kimanya and Mlalila, 
2020). 

Storage and postharvest handling practices also contribute to 
mycotoxin contamination. The poor storage structures and methods 
used at the different levels in the berbere value chain, illustrate the lack 
of mechanisms for controlling environmental conditions. The absence of 
moisture content analysis and the inadequate implementation of insect 
pest and fungal management strategies were also important factors. 
Previous studies on red chilli peppers have highlighted how technolo-
gies such as cold storage, radiation, vacuum packing, and hermetic bags 
can control fungal growth and maintain quality (Ravi Kiran et al., 2005; 
Onyenekwe and GH, 1995; Chetti et al., 2014; Abrar et al., 2023). 
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However, none of these technologies are used in the study location 
currently and the affordability of several of them may be challenging for 
most of the value chain actors. 

Contamination during milling may also occur due to inadequate 
hygiene practices. The addition of other spices, such as dried ginger and 
garlic, could also potentially introduce fungal toxins into the berbere 
powder (Hacibekiroǧlu & Kolak, 2013; Hammami et al., 2014; Mac-
donald and Castle, 1996). An overview of previous research findings on 
aflatoxin and ochratoxin presence in red-chilli pepper is summarised in 
Table 8. 

4.6. Conclusions and recommendations 

In conclusion, this study revealed that all the berbere samples tested 
positive for aflatoxin and ochratoxin, indicating the widespread pres-
ence of these mycotoxins. The findings also highlighted the continued 
use of traditional agricultural practices in berbere cultivation and 
handling within the Amhara region of Ethiopia. Factors such as rain-fed 
cultivation, exposure to rain during growth stages, poor weed man-
agement, absence of pesticide applications, sun-drying directly on the 
ground, inadequate storage structures, low-quality packing materials, 
and the absence of formal quality control methods were identified as 
contributors to reduced quality and mycotoxin contamination 
throughout the berbere value chain. The packing materials are also poor 
quality and damaged. No formal method nor analytical devices are used 
to determine the moisture and any other quality parameter at any stage 
of the domestic berbere value chain. In Ethiopia, the berbere pods are 
converted into a powder and different spices are added. At the industrial 
berbere processor scale, there are no formal quality control systems being 
implemented. We conclude that poor handling practices in the value 
chain contribute to the presence of aflatoxins and ochratoxins in all the 
berbere samples tested in this study. At all stages, the training of actors is 
poor, but they are eager to have their capacity strengthened. 

Potential recommendations to improve the quality of and reduce the 
mycotoxin contamination of berbere, include:  

• Working with the value chain actors to co-develop, promote and test 
the use of an integrated pest management system for the berbere crop, 
including:  

• Practising irrigated cultivation for suitable berbere varieties  

• Regular weed management using a range of appropriate methods 
and training  

• Improved drying of berbere on plastic sheets, and for some actors 
artificial dryers to support faster and more uniform drying in hy-
gienic conditions to maintain quality 

• Training of the different value chain actors on the use of good hy-
giene practices  

• Training of the different value chain actors on sorting, handling and 
storage, quality management practices, and implementation of 
quality control systems in berbere industries  

• Use of simple moisture determination facilities at all stages of the 
value chain  

• Use of good packing bags and materials  
• Use of appropriate storage facilities at each value chain step.  
• Supporting greater awareness and knowledge about the spoilage 

factors and the importance of managing mycotoxins in berbere 
industries  

• Drafting and supporting regulations to enable government agencies 
to monitor and support the implementation and achievement of 
standards in berbere powder handling and processing in domestic 
value chains. 
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Table 8 
Overview of research findings on aflatoxin and ochratoxin presence in berbere/dry red-hot chilli and related products across different countries.  

Country No. of samples % of samples testing positive for Reference 

Aflatoxin Ochratoxin 

Spain 21 90 (AFT B1) 67 (Hierro et al., (2008) 
India 55 85.5 72.2 Jeswal & Kumar, (2015) 
India 25 52.7 40 Jeswal & Kumar, (2016) 
India 40 85.45 72.7 Jeswal & Kumar, (2014) 
Sri Lanka 86 75 40 Yogendrarajah et al., (2014) 
Belgium 35 35 45 Yogendrarajah et al., (2014) 
USA 169 64% – Singh & Cotty, (2017) 
Nigeria 55 93% – Singh & Cotty, (2017) 
Pakistan 331 48.33 – Khan et al., (2014) 
Pakistan 176 66 – Shamsuddin et al., (1995) 
Pakistan 312 – 40.4% Iqbal et al., (2017) 
Pakistan 13 100 – Paterson (2007) 
Turkey 25 72 – Yilmaz (2017) 
Turkey 120 62.5% – Set & Erkmen, (2014) 
Turkey 125 65.7 – Ankara, (2012) 
Nigeria 70 69 – Ezekiel et al., (2019) 
Ethiopia 60 8.33% – Fufa & Urga,1996 
Ethiopia 135 47 – Tsehaynesh et al., (2021) 
Malaysia 80 65 81.25 Jalili & Jinap, (2012) 
Italy 30 – 40.0 Prelle et al., (2013)l 
Italy 130 – 78.9% Prelle et al., (2014)  
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