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Abstract: Among the many by-products of coffee production, coffee husk is produced in large quantities in coffee-producing 

countries like Ethiopia. Apart from that, the husk highly pollutes environment since the majority of coffee-processing industries 

dispose it into open air where the compounds contained in coffee husks represent threat to environment. Analysis of the detrimental 

effects of coffee husks on the environment. In the present work, five concentrations of husk extracts (5%, 10%, 15%, 20%, and 

25%) mgl-1 were experimentally analysed for extractable phenolic, chlorogenic acid (CGA), caffeine, tannin, and trigonelline, 

respectively, for coffee husk collected from Buno Bedele and Illubabor zones of the Oromia Region Government, Ethiopia. The 

coffee husk contained 56% of chlorogenic, 58% of caffeine, and 60% of total extractable tannins. The findings showed 

incrementally increasing acidic elements that have an environmental impact. 
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INTRODUCTION 

Being its original birthplace and the world's fifth-largest 

producer of coffee [1], Ethiopia is one of the main Arabica 

coffee-growing countries. In Ethiopia, coffee processing 

enterprises generate a significant amount of coffee, which is 

mainly an agricultural waste accounting for around 30-50% of 

the coffee produced by weight every year[2] [3]. This husk is 

burned in an open field or disposed of in a nearby watercourse. 

As the local and the global demand for coffee is increasing, its 

processing intensity and the consequent environmental 

influence are also increasing. Tables 1 and 2 show the amount 

of coffee production and increasing production trend from the 

year 2016 to 2021 in the Buno-Bedelle and Illubabor zones of 

the Oromia region, in Ethiopia, which are selected to study the 

environmental impact of coffee husks. In both zones, the coffee 

production is increased, though with no uniform rate. 

Correspondingly, the waste of the coffee husk is also 

increasing. 

 

 

Table 1. Buno Bedele zone coffee production.  

Year Production (t)  Increase (t)  Increase (%) 

2016 31,963 - - 

2017 46,142 14,179 30.73 

2018 51,923 5,781 11.13 

2019 53,668 1,745 3.25 

2020 56,789 3,121 5.50 

2021 59,559 2,770 4.65 
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Table 2. Illubabor zone coffee production 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Buno Bedele zone Agricultural Bureau. 

 

Figure 1 shows the disposal mechanism of coffee husk in 

Ethiopia, indicating how this waste is managed after being 

processed and causing environmental pollution. The husk 

becomes very stinky during rainy seasons and washed down to 

water bodies like rivers and lakes [4] [5]. The coffee Improper 

garbage disposal results in a number of serious health problems 

for human beings and other mammals such as respiratory issues, 

dizziness, eye irritation, stomach discomfort, nausea, and even 

it can affect plants and soil. 

 

 

Figure 1. Coffee husk disposal system. 

 

Many studies discovered useful the antimicrobial [6], 

antioxidants [7], anti-inflammatory [7], and anti-obesity 

benefits of low-calorie drinks. Furthermore, the environmental 

consequences of substances like caffeine, chromogenic acid, 

and tannins that are discharged into the atmosphere through 

minimal garbage (husk) are very harmful [8]. 

Caffeine is poisonous to aquatic organisms, mammals and 

certain plants [9], flora [10], and microorganism growth [11]. A 

soluble phenol called chromogenic acid is created when quince 

acid and coffee acid are esterified [12]. 

With a focus on the stages which lead towards the first 

development of solid residues, Figure 2 shows a schematic 

review of the coffee fruit post-harvest processing procedures. 

Since the coffee washing process consumes a large amount of 

water containing a lot of carbon, thus the polluted water has a 

significant environmental effect. 

 

 

 

Figure 2. The procedures involved in the manufacture of coffee husk.

Year Production (t)  Increase (t)  Increase (%) 

2016 34,963 - - 

2017 56,142 21,219 37.79 

2018 61,943 5,801 9.37 

2019 63,868 1,925 3.01 

2020 66,898 3,030 4.74 

2021 69,679 2,686 4.23 
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Coffee husks are composed of 58-85% of super molecule, 8-

11% of proteins, 0.5-3% of lipids, 3-7% of minerals, and small 

quantity of bioactive compounds, like caffeine (~1%), 

chlorogenic acid (~2.5%) and other tannins (~5%)[12] [13] 

[14]. Several studies have been carried out for coffee husks re-

utilization, for instance as a substrate for biogas [15] [16], and 

alcohol production [17], biosorbents for cyanide 

[18],   Elimination of heavy metals into liquid solutions using 

adsorbent materials [19], Removing colours from aqueous 

solutions using biosorbents [17] [19],  bio sorbents for 

defluorination of water [18],  bio sorbents for lead (II) [20], for 

extraction to retrieve reactive compounds or to  transform into 

fuel pellets [17]. 

Although it isn't properly used, Ethiopia produces a significant 

amount of such processing-related trash each year. 

Additionally, coffee husks may also ideal to a greater directly 

use as a substrate for the cultivation of edible mushrooms [21] 

or composites [22], Husk and [23], the fabrication of briquettes 

[24], the generation of bio-ethanol [25], and the manufacturing 

of vinegar [26]. manufacturing of particleboard and biogas. 

Lastly coffee husk waste can be converted into value adding 

products and create job opportunities for farmers, industries and 

small-scale enterprises. 

To undertake an experimental examination of coffee is the goal 

of this research husks with a focus on the negative impacts on 

the environment. The study is conducted using five solutions 

(5%, 10%, 15%, 20%, and 25%) for extractable phenolics, 

chlorogenic acid, caffeine, tannin, and trigonelline, 

respectively. 

2. MATERIALS AND METHODS 

The southwest of Ethiopia, namely Buno Bedele and Ilubabor, 

was where coffee specimens (Coffee Arabica) was gathered. 

Coffee husks have been cleaned with diluted water, dried or 

otherwise displayed in an oven set at 105 OC for 24 hours, and 

then handled with 10% NaOH to remove undesired components 

from the fibers. Finally, the pH of the fibers was adjusted by 

treating the fibers once more with 3% H2SO4 after the 10% 

NaOH treatment. Using a research lab electric mill 

(DIETZ7311) with sieve diameters of 0.150 mm and 0.125 mm, 

coffee husks were collected, cleaned, dried, and milled before 

having their chemical makeup examined.  

 

2.1. Preparation of Dilutions  

For the experimental work, five solutions were prepared: i.e., 5, 

10, 15, 20, and 25%. According on that procedure of, they were 

created by adding methanol [27]. 

 

2.2. UV/Vis Photometer Laboratory Test 

Victimization caused absorbance. photometer for UV/Vis for 

observations, a twin beam UV/Vis photometer from Maalab 

Scientific instruments with a 1 cm quartz cuvette shell was 

utilized. Equipment from the lab, including a water tube, an 

autoclave, and a stirrer, was utilized in conjunction with the 

photometer and its PC. 

In order to carry out the spectrophotometric check process, a 

liquid caffeine stock solution was prepared by dissolving 2.91 

mg of caffeine in 100 ml of liquid. In order to get an accurate 

reading of the caffeine's working solutions, the sock solution 

was carefully diluted with deionized water. In a similar manner, 

the stock solution of caffeine was read by dissolving 1.45 mg 

of caffeine in 50 ml of chloride and then diluting it to a series 

of 25 ml normal meter flasks. This process was repeated three 

times. Each sample of coffee was tested three times, and the 

results were used to determine the average value, the variation, 

and the relative variance. 

 

2. 3. Total Phenolic Compounds Extraction 

The coffee husk was pulverized using either a professional 

blender or a milling cutter equipment. The powder was passed 

through a test sieve with a mesh 80 and mesh 100, which 

correspond to a particle size of 0.125 mm and 0.150 mm, 

respectively. In a beaker, 25 millilitres of deionized water were 

used to dissolve 100 milligrams of coffee husk powder. This 

mixture was then diluted to a volume of 50 millilitres using 

more deionized water. After that, the solutions were stirred 

constantly while they were heated in a water bath at a 

temperature of 100 degrees Celsius for two hours. When 

making the standard solution, an amount of pure chlorogenic 

acid (CGA) (Aldrich-Sigma, Germany) weighing exactly 100 

mg was purchased commercially, carefully weighed using an 

electronic balance, and then mixed in 500 ml of deionized water 

to make the stock standard solution. A magnetic hot plate stirrer 

was used in a very dark room to facilitate the uniform 

dissolution of the solution. This was done to reduce the amount 

of light that interacted with the substance being dissolved. A 

series of ordinary solutions were read from the stock solution 

(5, 10, 15, 20, and 25%) mgL-1 for CGA in deionized water, and 

each measurement was immediately done; therefore, the 

absorbance of each series was measured. The concentration of 

CGA in the stock solution was expressed as mgL-1.  

Beer-law Lambert's guided series solutions. 20 mg of sieved 

coffee husk powder was dissolved in 50 ml of de-ionized water. 

The solutions were swirled for one hour using a hot plate 

magnetic stirrer and heated slightly to enhance CGA solubility, 

and then filtered to remove particulates. Liquid-liquid CGA 

extraction followed filtering. Chlorogenic acid and tannins are 

extracted using similar processes as coffee husk caffeine. This 

approach included liquid-liquid extraction and absorption 

monitoring. 

To prevent caffeine, tannin, and CGA spectral overlaps in the 

300 - 700 nm wavelength region, dichloromethane liquid–

liquid extraction was created. A 100 ml solutions of specimen 

were created by combining the produced specimen solutions 

(50 mL solution) with 50 mL dichloromethane. After 30 

minutes of stirring, a layer with caffeine as the top layer and 

CGA as the bottom layer developed. A double beam UV/Vis 

spectrophotometer (Maalab, India) was used to determine the 

absorption of the CGA from the residue that was gathered and 

quantified. The concentrations of the CGA was estimated 

utilizing the brew Lambert's Law at the maximum wavelength. 

The CGA quantities in low husk were determined by using the 

following equations after the CGA caffeine and phenol 

concentrations were derived from the absorbance of the 

observed specimen solutions accordance with brewage 

Lambert's Law at most wavelength. 

A = Ɛ×c×l                   (1)                                                                         

A is the solution's absorption, in this case, c is molar 

concertation of solute (mole/m3), ԑ is mola Decade absorbance 

ratio (m2 mole-1) and l is optical path length (m). For a certain 

chemical at a specific wave length, the molar presented here 

provides absorption coefficient coefficient is constant and is 
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more often stated as epsilonmax, when absorption is at its 

highest, the molar absorptivity.  

 

2.4 Statistical Analysis 

In order to forecast the likelihood of ethanolic extract 

concentrations increasing. Concentrations of ethanolic extract 

were the predictor variable. (5, 10, 15, 20, and 25%). Triple 

examinations of a technological nature was performed. The 

information was analysed utilizing the ANOVA and Turkey (p 

> 0.05) methods utilizing IBM SPSS software. To make certain 

the information was normal, the Shapiro-Wilk check were 

using. According to this analysis a correlation is significant at 

0.01 level (2-tailed). 

3. RESULTS 

Coffee waste (husk) will have severe ecotoxicological effects 

[8] on the environment [27]. Information for contents of 

extractible phenolic compound within the coffee husk (CH) are 

shown in Table 3. The samples indicate that coffee husk has a 

high level of the above mentioned phenolics, what is expected 

because the role of those metabolites in protection against 

external threats [25]. The bleached samples are lower in amount 

than the unbleached. Bleaching is a pre-treatment used in the 

deactivation of polyphenol oxidize enzymes, which are 

accountable for oxidation potential. On the other hand, it 

promoted the breakdown of CH compounds, which is an 

indication that these phenolic compounds were sensitive to the 

temperature that was applied when bleaching [25]. The amounts 

of chlorogenic acid, caffeine, and tannin increased by 56%, 

58%, and 60%, respectively. As shown in Table 3, the water 

was used in the process of extracting the various chemicals for 

the investigation, ethanol and Dichloromethane solvent 

mixture. The results show that the extracted caffeine amount is 

higher than the other compounds in the coffee husk. 

Chlorogenic acid and caffeine acid were the phenolic 

compounds found in both preparations in greater concentrations 

[28]. The chlorogenic acids and associated metabolites, that 

make up the majority of the phenolic compounds in coffee husk, 

are those that have received the most attention in the literature 

[29]. Chlorogenic, gallic, and caffeic acids, which are 

compatible with the substances found in this research, have 

been discovered and measured in a number of investigations 

employing coffee husks [28] [30]. 

 

 

Table 3. Extractable phenolics, chlorogenic acid, caffeine, tannin and trigonelline in 100 g of coffee husks. 

 

 

 

 

 

 

3.1. The Study of Absorption Spectra 

In the beginning, a research was carried out to evaluate the 

efficacy of procedures for creating a processed binary chemical 

extract from a randomized husk specimen. All spectra indicated 

a maximal at the anticipated alkaloid absorbance peak, 

according to the initial spectrometric observations performed 

on the binary compound extract without accounting for alkali. 

The wavelengths were studied at  

 

 

 

 

 

 

 

intervals of 300 − 700 nm for determining the presence of 

alkaloid spectrophotometrically. The wavelength of a single 

strong absorption measured under UV lighting fluctuates at λmax 

= 301 nm, and the wavelengths were tested at intervals of 300 

− 700 nm for the determination of CGA. As demonstrated in 

Figure 3, the UV light has a wavelength of one strong 

absorbance at λmax = 298 nm. 

 

 

Figure 3. UV/Vis spectrum of caffeine in dichloromethane. 

Sample CGA  

(mg/100 g) 

Tanni  

(mg/100 g) 

Caffeine  

(mg/100 g) 

Trigonelline  

(mg/100 g) 

Coffee husk 43.09±0.16 96.06±0.14 101.10±0.12 120.22 ± 0.16 
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3.1.1. Determination of Caffeine in Dichloromethane 

Extracts 

Since the chlorogenic acid is fixed by the solutions of 0.1M 

sodium hydroxide, the trigonelline acid and phenol that are 

occasionally found in coffee husk in association with alkaloids 

are totally removed by these extraction techniques. 

Trigonelline, caffeic acid, chlorogenic acid, and phenol acid are 

insoluble in methylene chloride. As shown in Figure 4, the 

UV/Vis spectra of alkaloid in methylene chloride extracts were 

found to be specific. This was determined through an 

examination of the ultra-violet absorption spectra of methylene 

chloride extracts, which revealed that all of the  

 

spectra contain a maximum absorption of 298 nm peak that 

square measure an equivalent as alkaloid. As a result of the fact 

that the spectrophotometric analysis of the alkaloid in 

methylene chloride extracts did not reveal any meddlesome 

peaks, Caffeine is an emerging pollutant that is harming the 

environment and human health. When the concentration of 

alkaloid was changed from 2.5 x10-5 to 1.25 x 10-4 weight unit 

dm-3, a linear operating rise in absorbance was detected. 

Similarly, absorbance measurements were assigned to 1.0 10-4 

typical alkaloid clarity obtained by diluting a stock resolve with 

weight unit dm-3 alkaloid sensitivity 25 ml methylene chloride. 

As seen in Figure 4, the maximum absorption occurred at λmax= 

301 nm. 

 

 

Figure 4. UV/Vis spectrum of CGA in Dichloromethane. 

 

For the purpose of determining the concentration range in 

which chlorogenic acid exhibits linearity between absorption 

power and concentration, standard solutions of chlorogenic acid 

were prepared at a variety of concentrations. The activity 

modifier that was employed was an aqueous solution of 0.1M 

sodium hydroxide to eliminate interfering bands. The 

overlapping bands begin to resolve after 0.1M NaOH was added 

in a dropwise fashion. When additional drops were added to the 

solution containing the aqueous extract of coffee husk, there 

was a change in the spectra bands. The results obtained are as 

follows: 0.321 mol dm-3, 0.306 mol dm-3, and 0.33 mol dm-3. 

 

3.1.2. Determination of tannin in aqueous extracts 

For possible usage as an alternative resource for composite  

materials, tannin extract from coffee husk waste biomass has 

been proven to be very promising. Water, ethanol, and 

dichloromethane are used as solvents to obtain them. The most 

prevalent phenolic element in all of these extracts was tannic 

acid, which is mostly composed of phenols. According to a 

technique suggested by, the amount of condensed tannins was 

determined [31]. 

As caffeine concentrations ranged from 2.5 x10-5 to 1.25 x 10-4 

mol dm-3, absorbance increased linearly. Similarly, absorbance 

was measured with 1.0 10-2 mol dm-3 A typical caffeine solution 

is made by diluting a stock caffeine solution with 25 millilitres 

of dichloromethane. Figure 5 presents the findings, which 

indicate that the highest absorption occurred at λmax = 300 nm. 
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Figure 5. Spectrums of aqueous tannin preparations in coffee husk's absorption fibre 

 

3.2. Calibration Curves 

The standardizing of sample concentrations is achieved by 

graphing absorption points curve for alkaloid in methylene 

chloride was created. Each value in the standardization graphs 

was the average of three replicates. The molar decadic 

absorption factor constant was determined using the slope of 

the standardizing curves, Ɛ. The caffeine extracted from coffee 

husk had an impact on the environment. Using the phenolic 

extract's absorption measurements as a basis caffein acid,  

 

comparison was done with the standard solution, with r = 

0.9975. The analysis of phenolic compounds is presented in 

Figure 6. Assessing absorbance versus the concentration of 

phenolic compounds, chlorogenic, and tannin acid has been 

assessed. The increased total phenolic content recovered in this 

research was most likely caused by the higher concentration of 

chlorogenic acid found in the chemical makeup of coffee husks, 

which is a water-soluble phenolic compound with antioxidant 

properties [32] [33]. 

 

 

 

Figure 6. Caffeine content against absorption in dichloromethane, plotted. 
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The negative impact through particular analyses including 

liquid-liquid solution and Soxhlet, the characteristics of the 

phenolic content in coffee husk were identified. Graphics were 

created to show the relationship among this and coffee husk as 

a result. absorbance ad concentration, which was used to assess 

the negative impacts of coffee husk. Figure 7 shows that the 

graph presented correlations between absorbance and 

concentration of chlorogenic with r = 0.9942. As depicted this 

a linear correlation is observed with identical slope as the case  

 

of the absorbance of caffeine. 

In Figure 8, the analysis phenolic content and antioxidant 

activity were linearly linked, with r = 0.997. The results of the 

research show that the parameters utilized to get the extracts 

only slightly impacted the antioxidant activities assessment, 

which showed a substantial positive association with the 

quantity of phenolic components due to the greater amount of 

phenolic components. 

 

 

Figure 7. Plot of concentration versus absorbance of chlorogenic in Dichloromethane. 

 

 

Figure 8. Plot of concentration versus absorbance of tannin in Dichlomethane. 

 

Beer's rule held true for alkaloid solutions prepared in deionized 

water and methylene chloride at concentrations ranging from 

2.5 10-5 to 1.25  10-4 weight unit dm-3. The coefficient 

relationship revealed a reasonable alkaloid concentration and 

absorbance are correlated linearly. A 2.5  10-5 weight unit dm-

3 normal alkaloid resolution was employed in each solvent to 

determine the exactitude and detection limit. For three replicate 

measurements of alkaloid in water and methylene chloride, the 

relative variance was 4.21% and 3.23%, respectively. For water 

and methylene chloride, the limit of detection was 2.10 mg/l 

and 1.63 mg/l, respectively, calculated as three times the blanks 

variation split by the slopes of the equation. The established 

Spectrophotometric approach was evaluated on actual materials 

for phenolic, chlorogenics, and determining alkaloids in husk. 

A drop-wise solution of 0.1 M NaOH was applied to the binary 

compound extracts. Comparisons between the results of the 
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defined technique and the literature extraction approach were 

made. Deionized water is used to dissolve the band square 

measurement that can be observed clearly inside the spectral 

bands of coffee husk samples. 

4. CONCLUSIONS 

This article reports the study conducted on experimental 

analysis of coffee husk using five solutions, i.e., 5%, 10%, 15%, 

20%, and 25% for extractable phenolics, chlorogenic acid, 

caffeine, tannin, and trigonelline, respectively. The work is 

motivated by the fact that Due to the availability of bioactive 

chemicals with antioxidant effect, using coffee husk as a raw 

material for extraction is a helpful strategy. Additionally, using 

coffee husks gives this particular waste additional value while 

helping to reduce agro-industrial waste. A research like this one 

shown that will be possible to develop coffee husk management 

system and specify environmental damage caused by coffee 

husk, such as human health, soil acidity, air pollution, plants, 

and water pollution. The coffee husk was analysed by in this 

procedure, approaches for measuring absorption of liquid-

liquid were applied. Based on the study reported above, the 

following conclusions can be drawn:  

• The reuse of coffee processing by-products reduces the 

negative environmental impact. 

• Blanching coffee husks improved the procedure of 

examining the acids in the coffee husk. 

• The samples showed that coffee husk has higher acidic 

contents, and the results verified     the   unfavourable 

effects of coffee husk, improving by 56%, 58%, and 60%, 

respectively. 

• According to the results of the experiment work, coffee 

husk has high amount of caffeine, chlorogenic, and 

tannin acid which can bring impacts to the environment. 

• Phenolic compounds extraction from coffee husk can be 

obtained by liquid-liquid solution. 
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