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Abstract. Lilia D, Damiri N, Zulkarnain M, Mulawarman. 2021. Short Communication: Drying methods and diversity of contaminant 
fungi on coffee beans in South Ogan Komering Ulu District, South Sumatra, Indonesia. Biodiversitas 22: 1037-1042. South Ogan 
Komering Ulu District is a Robusta coffee-producing area in South Sumatra. The purpose of this research was to determine the 
effectiveness of two drying methods on reducing the moisture content of coffee beans by comparing beans dried on tarpaulin and on 

asphalt roads. The study also assessed the diversity and percentage of fungal contaminants found in coffee beans from each drying 
method (including OTA-producing fungi). Data was obtained from May until July 2020 from surveys, interviews and samples collected 
from 30 farmers drying on tarpaulin and 30 farmers drying on the asphalt. The results showed that the moisture content was higher after 
drying on tarpaulin (13.97% ± 0.55) than on the asphalt road (11.68% ± 0.40). Furthermore, 13 different types of fungi were found for 
the coffee beans drying on the tarpaulin and 10 types of fungi for those drying on asphalt. In the two methods of drying, it was found 
that two types of fungi namely Aspergillus niger and Aspergillus ochraceus were potential of producing ochratoxin A (OTA). At the 
drying on tarpaulin was found mix of more than 93.3% A.niger and A. ochraceus, meanwhile at the drying on asphalt were found mix of 
more than 90% A.niger and A.ochraceus respectively. 
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INTRODUCTION 

Indonesia is the fourth largest coffee producer in 

the world. Indonesia's coffee production reached 565.08 

tons in 2018, which was 5.53% of the world's total coffee 

production (International Coffee Organization 2019). The 

quality of coffee is greatly affected by post-harvest 

processing, including traditional drying methods. It 

requires bright sunlight and large area for drying. This is 

greatly influenced by daily weather conditions, if the 

weather is undesirable, the coffee beans take longer to dry. 

Machines can be used to speed the drying process, but this 

can cause wrinkling to the skin of the coffee beans, which 
negatively affects their quality. Because of this, farmers in 

tropical and subtropical regions use traditional methods of 

drying. Furthermore, the presence of dust and dirt 

contamination also affects coffee quality and production, as 

well as farmers' income (Ghosh and Venkatachalapathy 

2014; Djossou et al. 2015). 

 Post-harvest handling, operations can cause 

damage to coffee beans. The incomplete drying may lead to 

the xerophilic and toxigenic fungal contamination. Varga et 

al. (2011) and Bui-klimke and Wu (2015) reported that in 

tropical areas, Ochratoxin A (OTA) was produced by 

Aspergillus carbonarius, A. Niger, and A. ochraceus. Black 
Aspergilli is the dominant group of Aspergillus 

contaminating Robusta coffee in Thailand (Noonim et al. 

2008). In sub-tropical areas, OTA was produced by 
Penicillium verrucosum. Fungi and the subsequent OTA in 

coffee is problematic, and can cause liver cancer and 

degeneration, fever, brain swelling, kidney failure, and 

neurological disorders (Duris et al. 2010; Reichert et al. 

2017; Leitao 2019). 

South Ogan Komering Ulu (OKU Selatan) District is 

one of the Robusta coffee producing areas in the province 

of South Sumatra, with an area of 70,799 hectares spread 

over 11 sub-districts. In this region, there are two methods 

of drying coffee beans, namely drying on tarpaulin and 

drying on asphalt roads that are commonly used by 
farmers. Drying on asphalt is no longer allowed because of 

regulations put in place by the local government. In some 

places, however, this method is still used by farmers 

because it accelerates the drying process, therefore, the 

coffee beans can be sent to market sooner. Considering that 

the drying process in the District is still traditional, 

especially in the sub-district of BPR Ranau Tengah (using 

tarpaulin) and Buay Sandang Aji (using asphalt roads), 

research has been carried out to determine the effect of 

drying methods on the diversity of contaminant fungi found 

in coffee beans. Considering that there has been no 

previous research on post-harvest processing, especially the 
drying process, this research can be one of the benchmarks 

for improving coffee postharvest. 
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MATERIALS AND METHODS 

Study area  

South Ogan Komering Ulu (OKU Selatan) District is 

one of the Robusta coffee producing areas in the Province 

of South Sumatra, Indonesia with an area of 70,799 

hectares spread over 11 sub-districts (Figure 1). 

Procedures 

This research was conducted in the Microbiology 

Laboratory at the Faculty of Mathematics and Natural 

Sciences, Sriwijaya University, Inderalaya, Indonesia and 
community coffee plantations in Buay Pematang Ribu 

Ranau Tengah (BPR Ranau Tengah) and Buay Sandang Aji 

Sub-district of in South Ogan Komering Ulu District, South 

Sumatra Province, Indonesia from May until July 2020. 

Sampling was carried out by a purposive method from 30 

coffee farmers at 11 villages of BPR Ranau Tengah 

Subdistrict (drying on tarpaulin) and 30 coffee farmers 

from 12 villages in Buay Sandang Aji Subdistrict (drying 

on the asphalt road). A sampling of coffee beans from each 

farmer was taken then observed and examined in the 

laboratory to check moisture content, identify fungi, and 
determine the percentage of fungal attack. 

Each sample consisted of 1000 grams of coffee beans 

randomly collected from each coffee farmer. Samples were 

packed in airtight bags to avoid changes in coffee during 

transport between the sampling locations and the laboratory 

in Inderalaya, Indonesia. Then each sample was divided 

homogeneously using the Sample Divider and examined.  

Moisture analysis (SNI 01-2907:2008)  

A clean porcelain dish was dried in a drying oven at 

1050C for 1 hour with the lid removed. Then the dish was 

removed and cooled in a desiccator with the lid removed 
for another 1 hour. After cooling, the porcelain dishes were 

weighed in a closed environment. Next, two grams of 

coffee were placed on the porcelain dish and dried in an 

oven at 80oC for 8 hours, or until the weight remains 

constant. The porcelain cup was then closed by using pliers 

and cooled in a desiccator for 30 minutes with the cap 

removed. After cooling, the porcelain dish was closed 

again and weighed. The moisture content was determined 

by calculating the difference between the weight of the 

coffee sample before and after drying in the oven. The 

moisture content analysis test was carried out twice. 
 

Calculation: Moisture Content = 
W1-W2 

X 100% 
W1-W0 

 

Where; 

W0 : The weight of the dish and lid(gram) 

W1: Initial sample weight(gram) 

W2 : Final sample weight after drying(gram) 

Analysis of fungi types in coffee beans 

The analysis was performed by using direct plating 

methods as described by Samson et al. (2004). Coffee 
beans from each sample were disinfected with 1% sodium 

hypochlorite for one minute and rinsed with sterile distilled 

water for 1 minute, with 2 replications. They were then 

dried in a Petri dish covered with 2 sheets of sterile filter 

paper. Then, a total of 10 beans were placed in a Petri dish 

(9 cm in diameter) containing a PDA medium with 0.01% 

chloramphenicol. The beans were inoculated when the 

medium was frozen and then incubated at 280C temperature 

until there was fungal growth on the medium (4-5 days). 

The beans were observed macroscopically by paying 

attention to the characteristics of each fungus. Furthermore, 
the fungal isolates were grown on MEA (Malt Extract 

Agar) medium and observed microscopically. Identification 

was carried out by using key fungal identification tables or 

matching the descriptions by Houbraken et al. (2012), 

Gautam and Bhadaurai (2012) and Samson et al. (2014). 

 

 

 

 

  
 

Figure 1. Location of the research in South Ogan Komering Ulu District, South Sumatra Province, Indonesia, i.e., 1. Buay Sandang Aji 
(4º32’24.3”S,103º52’46.6”E), 2. BPR Ranau Tengah (4º46’02.8” S,104º04’36.8”W) 

2 

1 
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Fungi percentage 

The percentage of fungi was calculated by (Mehrotra 

1980):  
 

Percentage of fungi = 

Number of fungus infested 
coffee beans x 100% 

Number of coffee beans 

Data analysis 

Moisture content was analyzed using the one-way non-

parametric Wilcoxon test, followed by the Mann-Whitney 

test. The percentage of fungi was analyzed using the 
Independent T-test if the data were normal and 

homogeneous. If the test data were not normal, a Kruskal 

Wallis test was used. 

RESULTS AND DISCUSSION 

Moisture content on coffee beans  

 The results of moisture content analysis of coffee beans 

before and after drying on tarpaulin are presented in Table 

1. It was observed that drying of the coffee beans using a 

tarpaulin, has significant difference in moisture content (p-

value 0.000). Likewise, the results of moisture content 

analysis of coffee beans before and after drying on asphalt 

are presented in Table 2, which also showed a significant 
difference before and after drying on asphalt (p-value 

0.000). 

The moisture content in fresh coffee beans before 

drying is quite high, at 62.26% ± 0.76%. After drying on 

the asphalt road, moisture was 11.68% ± 0.40% (Table 2) 

while drying on a tarpaulin, it was 13.97% ± 0.55% (Table 

1). This indicates that the water content in the coffee beans 

after drying is higher on tarpaulin than on asphalt roads. 

When drying, the average temperature on the tarpaulin was 

31°C with an average relative humidity of 45%, while the 

average temperature of drying on the asphalt road was 

34.3°C with an average relative humidity of 56%. 

The drying process, influences the susceptibility of 

fungi to penetrate the seeds, becoming a risk for physical 

quality accompanied by defects in the flavor (Ribeiro et al. 

2011). Furthermore, all stages from the pre-harvest, post-
harvest, preparation, transportation and storage have a risk 

to be contaminated with microorganisms that can also 

damage the coffee beans (Rezende et al. 2013). The 

comparison of the moisture content of coffee beans dried 

directly on the asphalt with those dried on a tarpaulin is 

presented in Table 3. 

A Mann-Whitney test showed that there is a significant 

difference between drying on asphalt and on tarpaulin (p-

value 0.000). The moisture content of drying on the asphalt 

was 11.68 ± 0.40% as compared to those drying on the 

tarpaulin that was 13.97 ± 0.55%. Consequently, relatively 
high moisture content causes the growth of fungi on the 

tarpaulin. According to Neto et al. (2017) and Bradford et 

al. (2018), the growth of molds or fungi requires a moisture 

content of at least 13% to allow the enzyme activation 

process. Meanwhile, the 11% moisture content of the 

coffee beans dried on asphalt is less likely for the growth of 

fungi. However, coffee beans should only be dried to 11-

12%. If the moisture content of coffee beans is more than 

13%, it can be susceptible to be attacked by 

microorganisms, the formation of mycotoxins, and 

discoloration. Meanwhile, if it is less than the SNI 
(Indonesian National Standard) 12.50%, it will cause the 

coffee beans to break easily, i.e. decreasing quality. 

 
 
 
Table 1. Moisture content of coffee beans before and after drying on Tarpaulin 
 

Variable moisture content of coffee beans 
Moisture content (%) p-value 

Before drying After drying 

Mean ± SD 

Median (Min-Max) 
62.26 ± 0.76 

63.13 (62.30-64.34) 
13.97±0.55  

11.76 (10.56-12.10) 
 

0.000 

 
 
 

Table 2. Moisture content of coffee beans before and after drying on Asphalt 
 

 Variable moisture content of coffee beans 
Moisture content p-value 

Before drying After drying 

Mean ± SD 

Median (Mi-Max) 
62.26 ± 0.76 

63.13 (62.30-64.34) 
11.68 ± 0.40 

11.73 (10.56-12.10) 
 

0.000 

 
 
 
Table 3. Comparison of the Moisture Content of Coffee Beans by Drying Method 
 

Variable moisture content of coffee beans 
Drying methods p-value 

Asphalt road Tarpaulin 

Mean ± SD 

Median (Min-Max) 
11.68 ± 0.40 

11.73 (10.56-12.10) 
13.97 ± 0.55 

14.11 (11.97-14.30) 
 

0.000 
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Figure 1. A. Coffee beans dried on asphalt road and tested on PDA. B. Coffee beans dried on tarpaulin and tested on PDA   

 
 

 

Diversity of fungi contaminating coffee beans  

From the results, it was found that 13 types of fungi 
were contaminating coffee beans dried on the tarpaulin. 

Meanwhile, 10 fungi types were found on coffee dried on 

the asphalt road (Figure 1 and Table 4). 

Table 4 shows that it was found in greater quantities of 

fungi after tarpaulin drying than asphalt drying, namely A. 

niger, A, ochraceus, A. flavus, A. fumigatus and 

Penicillium notatum. Meanwhile, A wentii, Mucor 

javanicus and Rhizopus arrhizus were more commonly 

found after drying on asphalt than on the tarpaulin. 

Fusarium oxysporum (46.6%), F. semitectum (33.3%), F. 

acuminatum (26.6%), and Lasiodiplodia theobromae 
(86.6%) were only found on tarpaulin dried beans while 

Eurotium chevaleri (30%) were only found on asphalt dried 

beans. The percentage of R. oryzae (20%) was found equal 

in both methods of drying. 

 The genus Aspergillus is one of the dominating genus 

of fungi found infecting coffee beans in both drying 

methods. Aspergillus is one of the few microbes that are 

widespread and abundant in nature. This type of fungus is 

also a common contaminant on various substrates in the 

tropics and subtropics. The Aspergillus niger was found 

dominant in both methods of drying, which showed its 

cosmopolitan properties, and moist coffee beans being a 

suitable substrate for growth. This species can easily spread 
as its fungal spores are transported by the wind (Samson et 

al. 2014; Nganou et al. 2014; Alvindia and Guzman 2016). 
 
 

Table 4. Variety and percentage of fungi found in coffee beans 
dried on asphalt and tarpaulin 
 

Fungi species 
Number (%) of coffee samples infected 

 Asphalt  Tarpaulin 

A. niger 27 (90%)  28 (93.3%) 

A. ochraceus  5 (16.6%)  7 (23.3%) 
A. flavus 16 (53.3%)  25 (83.3%) 
A. wentii 11 (36.7%)  5 (16.6%) 
A. fumigatus 17 (56.7%)  25 (83.3%) 
Mucor javanicus 14 (46.6%)  12 (40%) 
Rhizopus arrhizus 10 (33.3%)  8 (26.6%) 
R. oryzae  6 (20%)  6 (20%) 
Penicillium notatum  8 (26.6%)  10 (33.3%) 

Endomycetes fibuliger  9 (30%) - 
F. oxysporum -  14 (46.6%) 
F. semitectum 
F. acuminatum 
L. theobromae 

- 
- 
- 

 10 (33.3%) 
 8 (26.6%) 
 26 (86.6%) 
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Table 5. The analysis results on the percentage of fungi types on 
asphalt and tarpaulin drying 

 

Fungi species 
Mean ± SD 

p value 
Asphalt  Tarpaulin 

A. niger 21.36±8.41  43.36±23.00 0.000 
A. ochraceus 0.50±1.71  1.16±2.66 0.446 
A. flavus 3.53±3.75  3.16±3.51 0.717 

A. wentii 0.50±0.82  0.63±2.51 0.028 
A. fumigatus 5.30±7.05  4.33±11.32 0.487 
F. oxysporum 0.00±0.00  0.20±0.40 0.010 
F. semitectum 0.00±0.00  0.20±0.40 0.010 
F. acuminatum 0.00±0.00  0.16±0.46 0.040 
L. theobromae 0.00±0.00  3.46±3.73 0.441 
Mucor javanicus 0.46±0.50  0.43±0.81 0.280 
Rhizopus arrhizus 0.36±0.49  0,20±0.55 0.065 

R. oryzae 0.40±0.81  0.20±0.55 0.411 
Penicillium notatum 0.50±0.90  1.43±4.96 0.719 
Eurotium chevalieri 0.39±0.46  0.00±0.00 0.001 

Note: Mann Whitney Test ρ = 0.05 
 
 
 

Most of the fungi types found in coffee beans are 

introduced postharvest. Penicillium is one of the 

postharvest fungi found in both drying methods. 

Furthermore, Lasiodiplodia theobromae and Fusarium spp. 

were also isolated. These usually attack coffee beans before 

the harvest while they are still in the field but are still found 

in coffee beans after drying. This is due to the high 

moisture content of the coffee beans. Pre-harvest fungi that 

have hydrophilic properties can still grow even after post-

harvest stages. Meanwhile, xerophilic fungi, such as 

Eurotium chevalieri found only in beans dried on asphalt 

due to the low moisture content (Table 2). The analysis 

results of the percentage of fungi diversity in each drying 

method are presented in Table 5. 

Table 5 shows that there is an average difference 

between A. niger (p-value 0.000) and A. wentii (p-value 

0.028) between asphalt and tarpaulin drying. While for 

other fungi, there is no average difference between asphalt 

and tarpaulin drying, but fungi diversity is greater in 
tarpaulin drying. This is because there are contaminants 

obtained from the tarpaulin itself. Most coffee farmers use 

tarpaulin that has never been washed. The tarpaulin 

exposed to water when it is raining and slowing the process 

of the coffee beans drying. Fungal contamination in the 

natural or dry process according to research (Noonim et al. 

2008) is strongly influenced by the processing method. The 

drying duration, cleanliness, and environmental conditions 

are closely related to the number of fungi and the 

production of mycotoxins 

From the results of fungi identification, the two drying 
methods produced two types of fungi that have the 

potential to produce OTA, namely A. niger and A. 

ochraceus. Leitao (2019) and Taniwaki et al. (2019) stated 

that the occurrence of OTA contamination in coffee beans 

can be influenced by several factors, including climate, 

storage time and transportation conditions, as well as the 

system used (wet, mechanical or dry processes), where the 

conventional drying process is the most vulnerable. 

 
 
 

Macroscopy Microscopy 

Medium PDA Medium MEA Description  Description 

     

  

 

 Growth: fast/4 days 

 Colony color: white 
with a black center  

 Diameter: + 4.7 cm 

 
Aspergillus niger 
 

 

1. Hyphae 
2. Conidia 
3. Vesicles  
CB  
 
 

  

 

 Growth: slow/7 days  

 Colony color: yellow  

 Diameter: + 2 cm 

 
Aspergillus ochraceus 

 
1. Hyphae  
2. Conidia 
3. Vesicles 

CB  

 
Figure 2. Macroscopic and microscopic characteristics of fungi with the potential to produce ochratoxin A in coffee beans 
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In research conducted by Djossou et al. (2015) using 

PDA media it was found that 97% of coffee beans were 

contaminated with fungi, of which 52% contaminated with 

the Aspergillus spp. Meanwhile, in the research by 

(Noonim et al. (2008) on coffee bean samples from 

Thailand it was found that 77.5% of beans had 

contamination of Aspergillus circumdatti, and 75% of A. 

niger. Whereas, sample of coffee beans in Cameroon, 

contained A. niger as much as 35-40%, A. carbonarius 15-
30%, and A. ochraceus 2-7% (Nganoe et al. 2014). In 

research on coffee bean samples in the Philippines, it was 

found that 90-100% attacked by the colonizing fungi 

Aspergillus 59% and Penicillium 19% of samples, 

respectively (Alvindia and Guzman 2016). Coffee bean 

samples studied by (Barcelo and Barcelo (2017) were 

found A. niger and A. ochraceus in 70% of samples when 

drying, A. ochraceus and A. niger in 31.3% of samples at a 

storage facility in the Philippines. Likewise, in the research 

results from Yani (2008) and Dharmaputra et al. (2019), it 

was found A. niger and A. ochraceus contamination on 
coffee beans in Indonesia (Bengkulu and South Sulawesi 

Provinces).  

Generally, the coffee bean samples obtained from 

farmers were infected by fungi. The percentage of coffee 

beans infected by the types of fungi that have the potential 

to produce OTA, namely A. niger and A. ochraceus on 

tarpaulin drying and asphalt roads. Fungal diversity was 

found greater after drying coffee beans on tarpaulin, with 

13 types of fungi, while on the asphalt road there were 10 

types of fungi. These numbers were affected by high 

moisture content before storage that exceeds the SNI 
standards (National Standardization Agency of Indonesia 

2017). To reduce the risk of contamination and increase 

quality, post-harvest handling methods used by farmers 

need to be improved, starting from the picking process 

through to drying methods. 
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