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Abstract 

Coffee is a major crop in over 70 countries, with Ethiopia being one of the top coffee-producing countries in Africa. However, 

coffee is susceptible to various diseases and insect pests that can significantly reduce yields and affect coffee quality. The 

objective of this review is to provide an overview of the current state of knowledge on the biochemical contents of coffee and 

their mechanisms of resistance to diseases and insect pests, with a focus on the Ethiopian context. The biochemical contents of 

coffee, including phenolic acids, flavonoids, alkaloids, and terpenes, play a crucial role in its resistance to diseases and insect 

pests. These compounds can act as antimicrobial agents, inhibiting the growth of fungal pathogens and bacteria, and also 

exhibit insecticidal properties, repelling ants and other insects that can damage coffee plants.. The review highlights the 

importance of harnessing the power of coffee's biochemical contents to develop sustainable coffee production practices that 

can mitigate the impacts of disease and pest outbreaks, improve coffee quality, and promote the livelihoods of smallholder 

farmers. By understanding the biochemical factors that contribute to coffee's defense against diseases and pests, researchers 

and policymakers can work towards enhancing the resilience and productivity of the Ethiopian coffee industry, which plays a 

crucial role in the global coffee market. 
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1. Introduction 

Coffee is one of the most widely consumed beverages in 

the world, with over 2.25 billion cups consumed every day [1, 

19, 20]. As a crop, coffee is grown in over 70 countries, with 

Ethiopia being one of the top coffee-producing countries in 

Africa [2, 21, 22]. Coffee is a major source of income for 

millions of people around the world, particularly in develop-

ing countries, and generates significant revenue for countries 

like Ethiopia [3, 23, 24]. 

However, coffee is susceptible to various diseases and in-

sect pests that can significantly reduce yields and affect cof-

fee quality [4, 25, 26]. In Ethiopia, coffee diseases and pests 

are major constraints to coffee production, with coffee berry 

disease and coffee leaf rust being two of the most significant 

threats [5, 27, 28]. Disease and pest outbreaks can have dev-

astating economic and social impacts on coffee farmers and 

their communities, leading to reduced incomes, food insecu-
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rity, and even migration [6, 29, 30]. 

In recent years, the coffee industry has faced significant 

challenges, including climate change, which is altering the 

distribution and prevalence of coffee diseases and pests [7, 

31, 32]. Rising temperatures and changing precipitation pat-

terns are expected to further exacerbate the problem, making 

it essential to develop sustainable coffee production practices 

that can mitigate the impacts of disease and pest outbreaks [8, 

33, 34]. 

Coffee's biochemical contents, including phenolic acids, 

flavonoids, alkaloids, and terpenes, play a crucial role in its 

resistance to diseases and insect pests [9, 35]. These com-

pounds can act as antimicrobial agents, inhibiting the growth 

of fungal pathogens and bacteria, and also exhibit insecti-

cidal properties, repelling ants and other insects that can 

damage coffee plants [10, 36, 37]. Understanding the mech-

anisms by which coffee's biochemical contents confer re-

sistance to diseases and insect pests can inform sustainable 

coffee production practices in Ethiopia and around the globe 

[8]. 

In Ethiopia, where coffee is a major crop and a significant 

source of income for millions of smallholder farmers, disease 

and pest resistance is critical for maintaining yields and en-

suring coffee quality [2, 21, 22]. Coffee's biochemical con-

tents have been found to play a key role in resistance to dis-

eases such as coffee berry disease and coffee leaf rust, which 

are major constraints to coffee production in Ethiopia [4]. 

Studies have shown that the biochemical contents of cof-

fee plants in Ethiopia vary depending on factors such as alti-

tude, soil type, and climate [12]. For example, a study found 

that coffee plants grown at high altitudes in Ethiopia had 

higher levels of chlorogenic acid and caffeic acid than plants 

grown at lower altitudes [13]. 

Coffee production is affected by various diseases, includ-

ing coffee berry disease, coffee leaf rust, and root rot [15, 38]. 

Studies have shown that the biochemical contents of coffee 

plants vary depending on factors such as climate, soil type, 

and altitude [8, 39-41]. For example, a study found that cof-

fee plants grown in Brazil had higher levels of terpenes than 

plants grown in Colombia [17, 42]. 

Furthermore, sustainable coffee production practices that 

prioritize the use of coffee's biochemical contents to confer 

resistance to diseases and insect pests can help reduce the 

environmental impact of coffee production, improve coffee 

quality, and promote the livelihoods of smallholder farmers 

[6]. By understanding the mechanisms by which coffee's 

biochemical contents confer resistance to diseases and insect 

pests, coffee producers and policymakers can develop target-

ed interventions to promote sustainable coffee production 

practices and improve the resilience of coffee farming sys-

tems [5]. 

This review aims to provide an overview of the current 

state of knowledge on the biochemical contents of coffee and 

their mechanisms of resistance to diseases and insect pests, 

with a focus on the Ethiopian context. 

2. Biochemical Contents of Coffee 

Coffee is a complex beverage that contains a wide range 

of biochemical compounds, including phenolic compounds, 

alkaloids, terpenes, and other compounds. These compounds 

play a crucial role in coffee's resistance to diseases and insect 

pests, and understanding their composition and mechanisms 

of action is essential for developing sustainable coffee pro-

duction practices. 

Phenolic Compounds 

Phenolic compounds are a major class of biochemical 

compounds found in coffee, accounting for approximately 

10-15% of the dry weight of coffee beans [9, 43, 44]. The 

main phenolic compounds found in coffee include chloro-

genic acid, caffeic acid, and ferulic acid. These compounds 

have been found to exhibit antimicrobial and antioxidant 

properties, which can help protect coffee plants against dis-

eases and pests [10, 36, 37]. 

Alkaloids 

Alkaloids are another important class of biochemical 

compounds found in coffee, accounting for approximately 1-

2% of the dry weight of coffee beans [4, 45, 46]. The main 

alkaloids found in coffee include caffeine, trigonelline, and 

theobromine. These compounds have been found to exhibit 

insecticidal and antimicrobial properties, which can help 

protect coffee plants against insects and diseases [8]. 

Terpenes 

Terpenes are a class of biochemical compounds found in 

coffee, accounting for approximately 1-5% of the dry weight 

of coffee beans [5]. The main terpenes found in coffee in-

clude limonene, beta-caryophyllene, and alpha-humulene. 

These compounds have been found to exhibit antimicrobial 

and insecticidal properties, which can help protect coffee 

plants against diseases and pests [11]. 

Other Compounds 

In addition to phenolic compounds, alkaloids, and terpenes, 

coffee also contains other biochemical compounds, including 

sugars, amino acids, and lipids. These compounds can also 

play a role in coffee's resistance to diseases and insect pests, 

although their mechanisms of action are less well understood 

[6]. 

Overall, the biochemical contents of coffee are complex 

and diverse, and understanding their composition and mech-

anisms of action is essential for developing sustainable cof-

fee production practices that can help protect coffee plants 

against diseases and insect pests. 

3. Mechanisms of Coffee Resistance to 

Diseases 

Coffee's biochemical contents play a crucial role in its re-

sistance to diseases, which is a critical aspect of coffee pro-

duction. The mechanisms of coffee resistance to diseases are 

multifaceted and involve various biochemical compounds. 
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This section reviews the current understanding of how cof-

fee's biochemical contents contribute to its resistance to dis-

eases. 

A. Antimicrobial Properties of Phenolic Compounds 

Phenolic compounds, such as chlorogenic acid, caffeic ac-

id, and ferulic acid, have been shown to exhibit antimicrobial 

properties, which contribute to coffee's resistance to diseases 

[9]. These compounds have been found to inhibit the growth 

of various microorganisms, including bacteria, fungi, and 

viruses [10]. For example, chlorogenic acid has been shown 

to inhibit the growth of Colletotrichum spp., a fungus that 

causes coffee berry disease [4]. Similarly, caffeic acid has 

been found to inhibit the growth of Fusarium oxysporum, a 

fungus that causes root rot in coffee plants [8]. 

B. Inhibition of Fungal Growth by Alkaloids 

Alkaloids, such as caffeine and trigonelline, have been 

shown to inhibit the growth of fungi, which is an important 

mechanism of coffee resistance to diseases [5]. Caffeine has 

been found to inhibit the growth of various fungi, including 

Fusarium oxysporum and Colletotrichum spp. [11]. Trigonel-

line has also been shown to inhibit the growth of fungi, in-

cluding Aspergillus flavus and Penicillium citrinum [6]. 

C. Induction of Systemic Acquired Resistance by Terpenes 

Terpenes, such as limonene, beta-caryophyllene, and al-

pha-humulene, have been shown to induce systemic acquired 

resistance (SAR) in coffee plants, which is an important 

mechanism of disease resistance [12]. SAR is a plant defense 

mechanism that involves the production of defense-related 

genes and proteins in response to pathogen attack [13]. Ter-

penes have been found to stimulate the production of SAR-

related genes and proteins in coffee plants, which enhances 

their resistance to diseases [14]. 

D. Other Mechanisms of Coffee Resistance to Diseases 

In addition to the mechanisms described above, coffee's 

biochemical contents have been found to exhibit other mech-

anisms of disease resistance, including antioxidant activity 

and cell wall reinforcement. Antioxidant compounds, such as 

polyphenols and flavonoids, have been shown to protect cof-

fee plants from oxidative stress caused by pathogen attack 

[15]. Cell wall reinforcement compounds, such as lignin and 

cellulose, have been found to strengthen the cell walls of 

coffee plants, making them more resistant to pathogen pene-

tration [16]. 

4. Mechanisms of Coffee Resistance to 

Insect Pests 

Coffee's biochemical contents play a crucial role in its re-

sistance to insect pests, which is a critical aspect of coffee 

production. Insect pests can cause significant damage to cof-

fee plants, resulting in reduced yields and lower quality cof-

fee. This section reviews the current understanding of how 

coffee's biochemical contents contribute to its resistance to 

insect pests. 

A. Toxicity of Alkaloids to Insects 

Alkaloids, such as caffeine and trigonelline, have been 

shown to be toxic to insects, which is an important mecha-

nism of coffee resistance to insect pests [9]. Caffeine has 

been found to be toxic to various insects, including the cof-

fee berry borer (Hypothenemus hampei) and the coffee leaf 

miner (Leucoptera coffeella) [5]. Trigonelline has also been 

shown to be toxic to insects, including the coffee white stem 

borer (Xylotrechus quadripes) [3]. 

B. Repellency of Terpenes to Insects 

Terpenes, such as limonene, beta-caryophyllene, and al-

pha-humulene, have been shown to repel insects, which is 

another important mechanism of coffee resistance to insect 

pests [12]. Terpenes have been found to repel various insects, 

including the coffee berry borer and the coffee leaf miner 

[13]. For example, limonene has been shown to repel the 

coffee berry borer, reducing infestation rates and damage to 

coffee plants [14]. 

C. Anti feedant Properties of Phenolic Compounds 

Phenolic compounds, such as chlorogenic acid, caffeic ac-

id, and ferulic acid, have been shown to have antifeedant 

properties, which is an important mechanism of coffee re-

sistance to insect pests [10]. Phenolic compounds have been 

found to deter insects from feeding on coffee plants, reduc-

ing damage and infestation rates [11]. For example, chloro-

genic acid has been shown to deter the coffee leaf miner 

from feeding on coffee plants, reducing damage and infesta-

tion rates [17]. 

D. Other Mechanisms of Coffee Resistance to Insect Pests 

In addition to the mechanisms described above, coffee's 

biochemical contents have been found to exhibit other mech-

anisms of resistance to insect pests, including phagodeter-

rence and oviposition deterrence [8]. Phagodeterrence refers 

to the ability of coffee's biochemical compounds to deter 

insects from feeding on coffee plants, while oviposition de-

terrence refers to the ability of coffee's biochemical com-

pounds to deter insects from laying eggs on coffee plants 

[18]. 

5. Conclusion 

In conclusion, this review has highlighted the importance 

of coffee's biochemical contents in its resistance to diseases 

and insect pests. The major biochemical compounds found in 

coffee, including phenolic compounds, alkaloids, terpenes, 

and other compounds, play a crucial role in conferring re-

sistance to various diseases and insect pests. The mecha-

nisms of coffee resistance involve a range of biochemical 

and physiological responses, including antimicrobial proper-

ties, inhibition of fungal growth, induction of systemic ac-

quired resistance, toxicity, repellency, and antifeedant prop-

erties. 

To harness the power of coffee's biochemical contents, the 

coffee industry can adopt the following strategies: 

Develop breeding programs that prioritize the selection 
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and breeding of coffee varieties with high levels of biochem-

ical compounds that confer disease and insect pest resistance. 

Use coffee's biochemical contents as natural pest control 

agents, either as standalone products or as components of 

integrated pest management systems. 

Develop coffee-based products that exploit the biochemi-

cal contents of coffee to improve disease and insect pest re-

sistance. 

Promote sustainable coffee production practices that min-

imize the use of chemical inputs and maximize the use of 

coffee's natural defense mechanisms. 

6. Future Research Directions 

While this review has provided a comprehensive overview 

of the biochemical contents and mechanisms of coffee re-

sistance to diseases and insect pests, there are still several 

areas that require further research and development. These 

include: 

Elucidation of molecular mechanisms: Further research is 

needed to elucidate the molecular mechanisms underlying 

coffee's disease and insect pest resistance. This could involve 

the use of genomics, transcriptomics, and proteomics to iden-

tify the key genes and pathways involved in coffee's defense 

responses. 

Novel breeding strategies: The development of novel 

breeding strategies that exploit coffee's biochemical contents 

could lead to the development of more resilient and sustaina-

ble coffee varieties. This could involve the use of marker-

assisted selection, genetic engineering, or other breeding 

techniques to introduce desirable traits into coffee varieties. 

Pest management practices: Further research is needed to 

develop pest management practices that effectively exploit 

coffee's biochemical contents. This could involve the devel-

opment of integrated pest management systems that combine 

coffee's natural defense mechanisms with other control 

methods. 

Potential applications in other crops and industries: The 

biochemical contents of coffee may have potential applica-

tions in other crops and industries. For example, the anti-

microbial properties of coffee's phenolic compounds could 

be used to develop natural preservatives for food products. 

Further research is needed to explore these potential appli-

cations. 

In Ethiopia and around the globe, there are opportunities 

for researchers, policymakers, and industry stakeholders to 

work together to develop and implement sustainable coffee 

production practices that harness the power of coffee's bio-

chemical contents. This review can inform strategies to 

promote the long-term sustainability of coffee production, 

improve the livelihoods of coffee farmers, and ensure a 

stable supply of high-quality coffee for generations to 

come. 
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