
Bioresource Technology 341 (2021) 125925

Available online 13 September 2021
0960-8524/© 2021 Elsevier Ltd. All rights reserved.

Conversion of spent coffee grounds into vermicompost 
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H I G H L I G H T S  

• The addition of straw to spent coffee grounds supported earthworm development. 
• The contents of fungi and enzymes decreased with the age of vermicompost. 
• Earthworms were able to substantially reduce the caffeine stimulant content. 
• Vermicompost contained more P, K and Mg than the variant without earthworms. 
• Biowaste with earthworms was stabilized faster than without earthworms.  
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A B S T R A C T   

The present study was focused on vermicomposting of spent coffee grounds (SCG) and its mixtures with straw 
pellets. The process was evaluated in terms of biological and physico-chemical properties. The greatest number 
and biomass of earthworms was found in the treatment with 25% vol. SCG + 75% vol. straw pellets. In this 
treatment, the upper youngest layer exhibited 1.6-fold and 4.5-fold greater earthworm number and biomass, 
respectively, than the bottom oldest layer. Earthworm weight decreased in direct proportion to the layer age. The 
oldest treatment layer was characterized by lesser contents of fungi and six hydrolytic enzymes, compared to the 
younger layers. Further, the oldest treatment layer had suitable agrochemical properties. Earthworms were able 
to substantially reduce the caffeine stimulant content, which is considered the most representative pharma-
ceutically active compound.   

1. Introduction 

Worldwide, the coffee processing industry produces almost 33 
million tons of solid coffee waste (coffee pulps, mucilages, and hulls) per 
year. The coffee processing industry utilizes almost 15 L of water per 
kilogram of freshly harvested green coffee during the various stages. The 
process discharges effluent which can pollute a receiving water system 
and soil (Alemayehu et al., 2020). In 2019, annual coffee bean pro-
duction exceeded 10 million tons (International Coffee Organization, 
2020). The residue after preparing the coffee drink are spent coffee 
grounds (SCG). Since coffee brewing involves the extraction of selected 
compounds from coffee beans, a large amount of unused waste is 
generated (about 90 % by weight) (McNutt and He, 2019; Blinová et al., 
2017). Especially, in cafes, SCG can account for a substantial proportion 

of food waste. SCG can be defined as an organic residue with high hu-
midity and small particle size (Esquivel and Jiménez, 2012). SCG 
contain large amounts of organic matter, including polysaccharides, 
especially cellulose (with glucose as a main component), and hemicel-
lulose (with mannose, galactose, and arabinose as main components), 
which together make up half of the SCG dry mass. Lignin (25% wt. on a 
dry mass basis), protein (almost 20% wt. on a dry mass basis), and oil 
(with over 15% wt. on a dry mass basis) are also significant in SCG 
(Ballesteros et al., 2014; Mussatto et al., 2011; Yordanov et al., 2016; 
Kovalcik et al., 2018). Most SCG end up in landfills or in the sewage 
system, which is a serious environmental problem related to biode-
gradable organic matter decomposition and the release of potentially 
toxic compounds, for example, polyphenols, tannins, and caffeine (Low 
et al., 2015; Murthy and Madhava Naidu, 2012). SCG are characterized 
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by a great caffeine content, but the specific value depends on the coffee 
sort and processing (Peshev et al., 2018). Caffeine is considered as 
pharmaceutically active compound (PhAC) pollutant. Due to its large 
amount in the environment, it is suitable as an indicator of anthropo-
genic inputs of PhACs in unregulated water bodies. Caffeine residues are 
very stable in the water environment (Li et al., 2020). 

In practice, only a small part of SCG production is used. According 
McNutt and He (2019), possible applications for SCG include: 

- biodiesel, bioethanol, biochar, and biogas production (Obruca 
et al., 2014; Tongcumpou et al., 2019) 

- direct fuel source 
- extraction of phenolic compounds, antioxidants, and phytosterols 

(Nzekoue et al., 2020) 
- use as subgrade filler material, effective adsorbent for a wide range 

of contaminants, composites, and bricks incorporating SCG 
- direct application into soil – there is frequent anecdotal recom-

mendation for the use of locally produced SCG as fertilizer into the soil. 
However, this is against the conclusions of scientific experiments. For 
example, in an experiment with five horticultural plants in different soil 
types with various SCG amendment rates, detrimental plant growth ef-
fects were found, regardless of soil type and fertiliser addition. Growth 
suppression was not explained by a change in any of the major param-
eters, such as pH or soil nitrogen availability. The more likely reason was 
the phytotoxic effects of SCG caused by high levels of caffeine, tannins 
and polyphenols (Hardgrove and Livesley, 2016) 

- composting is a viable way of valorising this residue (Santos et al., 
2017) 

Composting using earthworms (vermicomposting) is considered the 
most advanced composting method (Lim et al., 2016). Vermicomposting 
is a biooxidative and stabilizing process of organic materials conversion, 
which, unlike classical composting, uses interactions between earth-
worms and microorganisms, and does not involve the decomposition 
thermophilic phase (Domínguez and Edwards, 2011). It is evident that 
earthworms and endosymbiotic microbes during vermicomposting tend 
to eliminate pathogens by enhancing enzymatic activities in both gut- 
and cast-associated processes. Pathogen reduction during vermi-
composting can be plausibly attributed to direct actions like microbial 
inhibition due to intestinal enzymatic action, and secretion of coelomic 
fluids with antibacterial properties, as well as indirect actions like 
stimulation of endemic microbes leading to competition and antago-
nism. Further, the pathogen reduction during vermicomposting is 
largely selective, and earthworms exert a differential effect according to 
the earthworm species and whether the pathogen considered is Gram- 
positive or -negative, owing to its cell wall composition (Swati and 
Hait, 2018). Digging, fragmentation, and aeration are provided to a 
greater extent by earthworms, making vermicomposting one of the low- 
cost waste treatment systems (Baghel et al., 2018). The technology is 
fully environmentally friendly (Abbasi et al., 2015). 

Vermicomposts are characterized by very good maturity and stabil-
ity, containing high-quality humic substances, enzymes, and plant 
growth hormones (Hanc et al., 2019a; Hřebečková et al., 2019a; Rav-
indran et al., 2016). 

There are many reports on different valorization of SCG. Some of 
them are on classical composting. Only a few studies have been pub-
lished on vermicomposting of this specific waste. Adi and Noor (2009) 
used Lumbricus rubellus for 49-day vermicomposting that was conducted 
after 21 days of pre-composting. Three different combination of treat-
ments were prepared combined cow dung, kitchen waste and coffee 
grounds. The presence of coffee grounds showed higher percentage of 
nutrients in vermicompost produced. The data reveal that coffee 
grounds can be decomposed through vermicomposting and help to 
enhance the quality of vermicompost produced rather than sole use of 
kitchen waste in vermicomposting. Sanchez-Hernandez and Domínguez 
(2017) concluded that vermicomposting reduced substantially the res-
idue mass of SCG in the very short term, yielding a nutrient-rich and 
enzymatically active vermicompost. González-Moreno et al. (2020) 

conducted 60-day laboratory vermicomposting experiment with 9 
treatments differed with proportions of horse manure, spent coffee 
grounds (SCG) and coffee silver skin (CS). Best options were treatments 
with a medium–low amount of residue (25% for SCG and 25% or 50% 
for CS) due to the specific characteristics of these wastes and possible 
toxicity. They recommended that SCG is used with other amendments or 
alkaline residues in order to increase the pH level.. 

In comparison with the above studies, the main novelties of our work 
include using of straw pellets as amendment material, system with 
continuous feeding of earthworms where layers of different ages can be 
evaluated and effect of earthworms on reduction of caffeine. 

The aim of the study was to investigate the feasibility of the vermi-
composting SCG and its mixtures with straw pellets on the basis of: i) 
survival and development of earthworms, ii) occurrence of the main 
groups of microorganisms, iii) enzyme activity, iiii) physico-chemical 
parameters, and iiiii) caffeine content. 

Our research results are useful for food waste producers, small-scale 
processors and large-scale vermicomposting plants, and vermicompost 
users, especially growers. 

2. Materials and methods 

2.1. Raw material and earthworms 

A SCG mixture of coffee varieties from the La Divina Providencia 
from Nicaragua, Karuhiu Uhteri from Kenya, and Nensebo from Ethiopia 
was used for the vermicomposting experiment. It was obtained from 
Misto Café in Prague (N 50◦5.94017′, E 14◦24.26082′). After receiving 
this material, the SCG were refrigerated in dark sealed bags. Due to the 
lesser pH and C:N ratio in SCG, moistened straw pellets with 34% dry 
matter content was used in the experiment. The pellets exhibited an 
alkaline pH (7.9). The EC was 2 times greater, and the C:N 4 times 
greater compared with the SCG (Table 1). Eisenia andrei earthworms 
were used in the study. It belongs to the group of epigeic earthworms. It 
is one of the most commonly used earthworms for vermicomposting in a 
mild climate. 

2.2. Experimental design 

The experiment was set up under laboratory conditions in plastic 
vermicomposters Worm Factory with four perforated trays of individual 
size 40 × 40 × 18 cm, marked from oldest (I) to youngest layer (IV). 
They were gradually filled with biowaste every 6 weeks during 6 
months. Five treatments were established: 

1: SCG 100% vol. with Eisenia andrei (layers I to IV) 
2: SCG 75% vol. + straw pellets 25% vol. with Eisenia andrei (layers I 

to IV) 
3: SCG 50% vol. + straw pellets 50% vol. with Eisenia andrei (layers I 

to IV) 
4: SCG 25% vol. + straw pellets 75% vol. with Eisenia andrei (layers I 

to IV) 
5: SCG 50% vol. + straw pellets 50% vol. without earthworms (layers 

I to IV) 
For the four first treatments, 10L of bedding layer containing grape 

marc with earthworms Eisenia andrei (50 earthworms per liter) was put 
down. After that, new layer – 15 L of feedstocks was placed into the new 
tray above. The top of the vermicomposter was covered with a com-
posting fabric and a plastic lid. To prevent the earthworms from 
escaping or crawling among vermicomposters, the experiment was 
conducted in constant light. The room air temperature was maintained 
at 22 ◦C. Every 12 h the room air was replaced with outdoor air. 

Three 1 kg samples were taken from each layer and weighed. All 
potential earthworms were separated manually, counted, and weighed 
from each sample taken. About 50 g of the remaining sample was stored 
in a refrigerator (temperature 4 ◦C). Another 500 g portion was placed in 
a drying room and dried for about 14 days at a constant temperature of 
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35 ◦C, and then ground. The remaining sample was frozen at − 25 ◦C and 
lyophilized. 

2.3. Physico-chemical and biological analyses 

2.3.1. Analyses from refrigerated samples 
To determine the pH, electrical conductivity (EC) and oxida-

tion–reduction potential (ORP), a 10 g sample was weighed into a 
sealable flask, and then 50 ml of demineralized water was added. The 
mixture was then shaken for 10 min. Values of pH and ORP were 
measured with a calibrated meter (WTW 340i). Then, the sample was 
filtered and the EC was measured with the WTW cond 730 
conductometer. 

2.3.2. Analyses from dried samples 
For total carbon (Ctot) and nitrogen (Ntot) determination, the CHNS 

Vario MACRO cube analyzer (Elementar Analysensysteme GmbH, Ger-
many), was used. The total contents of macronutrients (P, K, and Mg) 
were determined by decomposition obtained by pressurized wet-ashing 
(HNO3 + H2O2) of dried samples in a closed system of Ethos 1 (MLS 
GmbH, Germany). The contents of ammonium and nitrate nitrogen (N- 
NH4

+, N-NO3
-), dissolved organic carbon (DOC) and the available nu-

trients (P, K, and Mg) were determined in CAT solution, which is a 
mixture of 0.01 mol/L CaCl2 and 0.002 mol/L diethylene triamine 
pentaacetic acid (DTPA) (1:10 w/v), according to the international BSI 
EN 13651, 2001. The N-NH4

+, N-NO3
-, and DOC contents in the extracts 

were measured using the SKALAR SANPLUS SYSTEM® (the 
Netherlands). The total and available element concentrations were 
determined using ICP-OES (VARIAN VistaPro, Australia). 

2.3.3. Analyses from lyophilized samples 
Phospholipid fatty acid (PLFA) analysis were determined in the 

samples (in triplicates) according to Stella et al., 2015. The samples were 
extracted using phosphate buffer, chloroform, and methanol (0.8:1:2; v/ 
v/v) according to Bligh and Dyer, 1959. Gas chromatography-mass 
spectrometry (GC–MS; 450-GC, 240-MS Varian, Walnut Creek, CA, 
USA) was employed for determination of methylated esters of fatty 
acids. The authentic chemical standards were obtained from Sigma- 
Aldrich, Prague, Czech Republic and Matreya LLC, USA. Actino-
bacterial biomass was estimated as the sum of 10Me-16:0, 10Me-18:0, 
10Me-17:0, biomass of gram positive bacteria (G + ): a17:0, i17:0, i16:0, 
i15:0, a15:0, and i14:0; biomass of gram negative bacteria (G − ): 
16:1ω5,16:1ω7, cy17:0, 18:1ω7, and cy19:0. The total bacterial biomass 
was determined on the basis of 15:0, 17:0, 16:1ω7, and 16:1ω9, together 
with the other above mentioned bacterial PLFA. Fungi were estimated 
according to 18:2ω6,9. 

The enzymatic activities of hydrolytic enzymes were measured in 96- 
well microplates. The mixture of lyophilized sample (0.2 g) and acetate 
buffer (20 ml; pH 5.0; c = 50 mmol/L) was homogenized using the Ultra- 
Turrax (IKA Labortechnik, Germany) according to ̌Stursová and Baldrian 
(2011). The substrates for these hydrolytic enzymes were as follows: for 
β–D–glucosidase it was MUFG (c = 2.75 mmol/L), which is a mixture of 
4-methylumbellyferyl-β-D-glucopyranoside and dimethyl sulfoxide, for 
acid phosphatase it was MUFP(c = 2.75 mmol/L), which is a mixture of 
4-methylumbellyferyl-phosphate and dimethyl sulfoxide, for arylsul-
phatase it was MUFS (c = 2.50 mmol/L), which is a mixture of 4- 

methylumbellyferyl sulphate potassium salt and dimethyl sulfoxide, 
for lipase it was MUFY (c = 2.50 mmol/L), which is a mixture of 4-meth-
ylumbellyferyl-caprylate and dimethyl sulfoxide, for chitinase it was 
MUFN (c = 1.00 mmol/L), which is a mixture of 4-methylumbellyferyl- 
N-acetylglucosaminide and dimethyl sulfoxide, for cellobiohydrolase it 
was MUFC (c = 2.50 mmol/L), which is a mixture of 4-methylumbelly-
feryl-N-cellobiopyranoside and dimethyl sulfoxide, for alanine amino-
peptidase it was AMCA (c = 2.50 mmol/L), which is a mixture of L- 
alanine-7-amido-4-methylcoumarin and dimethyl sulfoxide, for leucine 
aminopeptidase it was AMCL (c = 2.50 mmol/L), which is a mixture of 
L-leucine-7-amido-4-methylcoumarin and dimethyl sulfoxide. Enzymes 
were measured as a fluorescence change using the Tecan Infinite® M200 
(Austria) after 5 min and 125 min of incubation (40 ◦C) according to 
Baldrian (2009). 

Caffeine was analyzed in the lyophilized samples using liquid 
chromatography-tandem mass spectrometry (LC-MS/MS). At first, the 
lyophilised samples were extracted using Accelerated Solvent Extractor 
ASE 200 (Dionex; Palaiseau, France) with heated methanol as an 
extraction solvent (temperature 80 ◦C, pressure 10.3 MPa, 3 extraction 
cycles and 5-min static periods in between the cycles). Methanol extracts 
were appropriately diluted with 50% methanol and analysed with liquid 
LC-MS/MS (Cimetiere et al., 2013). The system consisted of Agilent 
1260 Infinity II liquid chromatograph coupled with Agilent 6470 LC/TQ 
mass spectrometer equipped with Agilent Jet Stream electrospray ion 
source (Agilent Technologies, Santa Clara, CA, USA). The caffeine ana-
lyses was performed using chromatographic column Poroshell 120 2.7 
µm, 3 mm × 100 mm (Agilent Technologies, Santa Clara, CA, USA). 
Injection volume was 2 µl, mobile phase consisted of 0.5 mM NH4F in 
Milli-Q water (0.01% formic acid; Honeywell) (A) and methanol (Hon-
eywell) (B); the flow rate was 0.4 ml min− 1. Column temperature 
throughout the analysis was maintained at 40 ◦C. Gradient elution was 
as follows (min/%B): 0/5; 1/20; 8 – 9/100; 9.1 – 12/5. Caffeine was 
monitored in positive ion mode, specific ion transitions (m/z) were: 
195.1 → 83; 195.1 → 110 and 195.1 → 138 (fragmentor voltage: 105 V, 
collision energy: 20 eV). Following electrospray conditions were 
applied: drying gas temperature: 200 ◦C, drying gas flow 8 L/min, 
nebulizer pressure: 45 psi, sheath gas temperature: 400 ◦C, sheath gas 
flow: 12 L/min, capillary voltage: 2500 V, nozzle voltage: 0 V. 

2.4. Statistical analysis 

All the results are the means of three replicates. The tests of 
normality and homogeneity were performed. Since some data did not 
have normal and homogeneous distribution, a strict nonparametric 
Kruskal-Wallis ANOVA test (P ≤ 0.05) was used with the help of STA-
TISTICA 12 software (StatSoft, Tulsa, USA). Spearman’s correlations 
were explored at the 0.05 probability levels. 

3. Results and discussion 

3.1. Earthworms 

The youngest upper layers contained the greatest biomass and also a 
number of earthworms (Table 2). The increasing addition of straw pel-
lets reduced the proportion of number and biomass of earthworms in the 
upper layer (number of earthworms: 88%, 64%, and 37%; earthworm 

Table 1 
Physico-chemical parameters of SCG and wet straw pellets used in the study.   

Dry matter[%] pH/H2O EC[μS/cm] ORP[mV] C/N Ptot.[mg/kg] Ktot.[mg/kg] Mgtot.[mg/kg] Caffeine[mg/g] 

SCG 34.5 ± 1.0 6.0 ± 0.1 723 ± 47 45.5 ± 6.6 17.7 ± 1.3 1301.7 ± 131.4 9904.3 ± 917.4 1586.0 ± 238.6 3.27 ± 0.14 
Straw pellets 34.2 ± 2.4 7.9 ± 0.1 1345 ± 59 − 30.5 ± 3.1 65.7 ± 7.0 1100 ± 100 9300 ± 600 900 ± 100 n.d. 

Values are means ± SD; n.d. – no data. 
pH, EC, and ORP were determined in wet matter; other parameters in dry matter 
SCG = spent coffee grounds 
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biomass: 90%, 62%, and 54% in treatments 2, 3, and 4, respectively), 
and thus increased their presence in the bottom and the middle layers. 
The biomass for layer I (age 180 days) was less for treatment 3 (0.2 g) 
than for treatment 4 (16 g). Their long presence in treatment 4 was due 
to the longer biodegradability because of the greater C/N ratio. Signif-
icant proportion of straw and, conversely, a lesser proportion of SCG 
created suitable conditions for earthworm survival (greater aeration and 
less bulk density of the mixture), and encouraged earthworms to 
multiply. Earthworm weight was calculated from Table 2 as ratio of 
earthworm biomass and number of earthworms, and decreased in direct 
proportion to the layer age. Compared to the other treatments, the 
earthworm weight was much lesser for treatment 4 (0,07 g). The fewest 
number and least biomass of earthworms were found in the first ver-
micomposter with 100% coffee grounds. They accounted for 4% of the 
total number and 10% of total earthworm biomass of all 

vermicomposters. The lesser earthworm biomass in SCG itself could be 
caused by the lesser carbon compound content as a source of energy for 
earthworms, and/or the relatively great density and thus lesser air 
content in SCG and pressure of the above layers. The toxicity of the SCG 
itself may be important here (Cervera-Mata et al., 2020). In our exper-
iment, the greatest earthworm number, which exceeded all other 
treatments by about 15 times, was found in the fourth treatment with 
75% straw pellets. Therefore, the description of further biological and 
chemical parameters will be directed to this treatment and treatment 3, 
where earthworms occurred in all layers. 

3.2. Microorganisms 

The oldest layers of treatment 3 and 4 contained by 23% and 11%, 
respectively, more total microbial biomass expressed as phospholipid 

Table 2 
Number and biomass of earthworms in individual treatments and layers.   

100% SCG(Treatment 1) 75% SCG + 25% straw pellets 
(Treatment 2) 

50% SCG + 50% straw pellets 
(Treatment 3) 

25% SCG + 75% straw pellets 
(Treatment 4) 

Layer (age) Number [pcs/ 
kg] 

E. biomass [g/ 
kg] 

Number [pcs/ 
kg] 

E. biomass [g/ 
kg] 

Number [pcs/ 
kg] 

E. biomass [g/ 
kg] 

Number [pcs/ 
kg] 

E. biomass [g/ 
kg] 

IV(45 days) 42 ± 5 12.0 ± 1.7 99 ± 24 38.7 ± 6.5 70 ± 13 27.5 ± 3.4 629 ± 83 71.5 ± 7.1 
III(90 days) 41 ± 18 13.0 ± 5.6 14 ± 3 4.2 ± 1.2 31 ± 8 13.6 ± 3.9 354 ± 66 28.4 ± 5.5 
II(135 

days) 
6 ± 4 1.2 ± 0.8 0 0 8 ± 1 2.8 ± 1.4 320 ± 6 15.8 ± 0.6 

I(180 days) 0 0 0 0 1 ± 1 0.2 ± 0.2 400 ± 51 16.0 ± 0.2 

Values are means ± SD. 
SCG = spent coffee grounds 
E. biomass = Earthworm biomass 
days in brackets = age of layers at the time of sampling 

Fig. 1. Changes in the microbial biomass expressed as content of phospholipid fatty acids (PLFA) (a-f) in layers IV, III, II, and I of the treatments 3, 4, and 5. Values 
are the means ± SD. Letters indicate significant differences (Kruskal-Wallis test, P ≤ 0.05) among layers within a treatment. dw – dry weight. 
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fatty acids (PLFA) than the youngest layer, in which the microorganisms 
were probably much represented in the earthworm digestive tracts 
(Fig. 1). This is confirmed by a strong indirect correlation between the 
total microbial biomass and earthworm number (R = -0.94, p < 0.05 for 
treatment 3; R = -0.71, p < 0.05 for treatment 4), and the total microbial 
biomass and earthworm biomass (R = -0.92, p < 0.05 for treatment 3; R 
= -0.88, p < 0.05 for treatment 4). Conversely, in treatment 5 without 
earthworms, which is identical to treatment 3 (with respect to compo-
sition), biomass decreased directly proportionally with the layer age. 
Fungi are a valuable food source for earthworms. Epigeic earthworms 
have enzymes in their digestive tract that allow them to digest fungi 
(Zhang et al., 2000). Likewise, treatments 3 and 4 contained 32% and 
50%, respectively, less fungi than treatment 5 without earthworms. 
Conversely, the presence of bacteria was slightly greater in treatments 3 
and 4, specifically by 14% and 11%, respectively, in comparison with 
treatment 5 without earthworms. A strong indirect correlation was 
found between bacteria and earthworm number (R = -0.99, p < 0.05 for 
treatment 3; R = -0.91, p < 0.05 for treatment 4), and between bacteria 
and earthworm biomass (R = -0.99, p < 0.05 for treatment 3; R = -0.96, 
p < 0.05 for treatment 4). 

3.3. Enzyme activities 

The activity of all enzymes varied in the individual treatments and 
layers depending on the specific enzyme (Fig. 2). The greatest enzymatic 
activity values were found in the non-earthworm treatment 5. At the 
beginning of the process in the youngest treatment layer, the activity of 
the 8 enzymes was 1.75 and 2.96 times greater compared to treatments 3 
and 4, respectively. In the oldest layer, it was only 1.52 and 2.21-fold. 
This was probably due to the greater number and biomass of earth-
worms, where decomposition took place mainly in the earthworm 
bodies. Fifty-seven bacterial 16S rDNA clones, including enzyme- 
producing microorganisms, were identified in the intestines of Eisenia 
fetida by using polymerase chain reaction-denaturing gradient gel 
electrophoresis (PCR-DGGE) analysis (Hong et al., 2011). In our 
experiment, as the earthworm representation in layers III and II de-
creases, the enzymatic activity increases. In the oldest layer, in which 
the presence of earthworms slightly increased, enzymatic activity was 
reduced again. Activity of lipaze was the highest among 8 determined 
hydrolytic enzymes due to the high content of lipids in coffee, and in 
connection with caffeine, which promotes the breakdown of lipids. 

Fig. 2. Changes in enzymatic activity of hydrolytic enzymes (a-h) in layers IV, III, II, and I of the treatments 3, 4, and 5. Values are the means ± SD. Letters indicate 
significant differences (Kruskal-Wallis test, P ≤ 0.05) among layers within a treatment. dw – dry weight. 
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Caffeine inhibits phosphodiesterase (an enzyme that catalyzes the hy-
drolysis of cyclic adenosinemonophosphate (cAMP)), leading to an in-
crease in cAMP concentration. Thus, caffeine indirectly affects the 
regulation of cAMP-dependent protein kinases responsible for the 
regulation of glycogen, sugars and lipid metabolism. Activation of 
hormone-sensitive lipases leads to increased lipolysis, which causes 
increased plasma levels of free fatty acids and glycerol. There is also an 
increased release of catecholamines (Wahlang et al., 2018). 

3.4. Physico-chemical parameters 

The dry matter decreased from the youngest to the oldest layer 
(Table 3). The differences between layers IV and I were statistically 
significant. Among monitored treatments, the greatest increase was 
recorded in treatment 4 (by 47% between layers I and IV), where greater 
earthworm activity and proportion of straw pellets were important. 
Increasing moisture with layer age showed that the humified material 
(vermicompost) has a greater water absorption capacity than feedstock 
(Munnoli and Bhosle, 2011). The pH ranged from 7.1 to 8.1. In treat-
ment 3 with earthworms, there was a significant pH increase over time, 
unlike the composition of an identical earthworm-free treatment 5, in 
which the pH was almost unchanged. There was a statistically signifi-
cant difference between treatments 3 and 5 in the oldest layer I. There 
was no pH change in treatment 4, which was due to the greater pro-
portion of straw pellets with their greater pH value (7.9). This probably 
did not give the possibility to increase the pH further. The EC decreased 
significantly (by 23%) in treatment 3 between layers IV and I. The layer I 
EC value was much less for treatment 3 (626 µS/cm) than for the 
earthworm-free treatment 5 (785 µS/cm). This can be explained by the 
fact that some of the salts were found in earthworm bodies removed 
from the sample prior to vermicompost analysis. In another 10-week 
SCG vermicomposting study, EC was maintained within the range of 
0.64–0.70 ds m− 1, and treatments receiving cardboard had a lesser EC 
compared with the non-cardboard treatments (Liu and Price, 2011). 
Similar values and findings were obtained in our experiment. Redox 
potential gradually decreased with vermicompost age, which indicates 
gradual reduction of aerobic conditions. One of the important factors 
that reduced ORP in older layers was the pressure of the layers located 
above them. In control treatment 5, the ORP was by 35% and by 74% 
less compared to variants 3 and 4, respectively. This indicates that 
treatment 5 tended more to anaerobic conditions. On the contrary, 
earthworms have ability to intensively aerate material (Hanc and Dre-
slova, 2016) and thus ORP can increased. Earthworm number and 
earthworm biomass showed the same correlation with ORP in treatment 
3 (R = 0.91, p < 0.05). In treatment 4, the ORP correlated more with 
earthworm biomass (R = 0.70, p < 0.05) than with earthworm number 
(R = 0.42, p < 0.05). The greater ORP in treatment 4 compared to 
treatments 3 and 5 was also due to the greater proportion of straw pellets 
having lesser bulk density and greater aeration ability. The C:N ratio 
decreased directly proportionally with increasing layer age. Treatment 4 
exhibited the greatest C/N ratio, but there was the greatest decrease 
between layer IV and I (by 27%). For treatments 3 and 5, this decrease 
was only 8% and 20% respectively. The lesser C/N ratio in treatment 3 
compared with treatment 5 (especially in the youngest layer) showed 
that earthworms accelerate biowaste decomposition. Wastes in which N- 
NH4

+ values exceed 200 mg/kg of dry matter are unsuitable for ver-
micomposting, especially due to the volatilization of NH3, which is le-
thal to earthworms (Míchal et al., 2019). N-NH4

+ ranged between 40 
and 50 mg/kg, and decreased during vermicomposting (Table 3). Lesser 
values were found in treatment 4 with 25% SCG compared with treat-
ments 3 and 5, which suggests that the N-NH4

+ level decreased with 
straw. Similarly, the N-NO3

- values observed in treatment 4 were 6.5- 
fold less than in treatments 3 and 5, and accounted for only 0.03% of 
the total N content. With increasing composting time, the N-NO3

- con-
tent increases (Hanc et al., 2017). This was confirmed in treatment 5 
without earthworms, where after 180 days the N-NO3

- value was 16 

Table 3 
Physico-chemical parameters in layers IV, III, II, and I of treatments 3, 4, and 5.   

50% SCG + 50% 
straw pelletswith 
earthworms 
(Treatment 3) 

25% SCG + 75% 
straw pelletswith 
earthworms 
(Treatment 4) 

50% SCG + 50% straw 
pelletswithout 
earthworms(Treatment 
5) 

Dry 
matter 
[%]    

IV (45 
days) 

19.9 ± 0.8 aA 22.6 ± 0.7 aA 24.6 ± 1.9 aA 

III (90 
days) 

19.1 ± 0.8 abA 19.0 ± 0.7 abA 19.4 ± 0.6 abA 

II (135 
days) 

17.4 ± 0.6 abAB 16.4 ± 0.3 abA 20.1 ± 1.1 abB 

I (180 
days) 

16.5 ± 0.2 bAB 15.4 ± 0.5 bA 18.2 ± 0.2 bB 

pH/H2O    
IV (45 

days) 
7.2 ± 0 abA 7.8 ± 0.1 aB 7.3 ± 0 aAB 

III (90 
days) 

7.1 ± 0 aA 7.9 ± 0 aB 7.2 ± 0.1 aAB 

II (135 
days) 

7.6 ± 0.1 abAB 7.8 ± 0.1 aA 7.1 ± 0.1 aB 

I (180 
days) 

8.1 ± 0.1 bA 7.8 ± 0 aAB 7.2 ± 0.1 aB 

EC [μS/ 
cm]    

IV (45 
days) 

808.7 ± 55.9 aA 664.7 ± 70.5 aA 767.0 ± 58.1 aA 

III (90 
days) 

711.3 ± 19.7 abA 691.3 ± 37.0 aA 758.7 ± 166.7 aA 

II (135 
days) 

766.7 ± 44.3 abA 742.0 ± 28.9 aA 805.7 ± 57.8 aA 

I (180 
days) 

626.3 ± 33.9 bA 709.3 ± 46.7 aA 785.0 ± 127.5 aA 

ORP 
[mV]    

IV (45 
days) 

36.8 ± 2.3 aAB 52.8 ± 7.1 aA 18.6 ± 2.3 aB 

III (90 
days) 

25.0 ± 1.7 abA 51.5 ± 4.1 aB 13.4 ± 1.0 abA 

II (135 
days) 

22.6 ± 2.2 abA 49.4 ± 7.6 aB 12.7 ± 2.6 abA 

I (180 
days) 

8.3 ± 1.8 bA 44.1 ± 6.0 aB 8.2 ± 1.0 bA 

C/N    
IV (45 

days) 
11.2 ± 0.3 abA 18.7 ± 0.7 aAB 13.6 ± 0.6 aB 

III (90 
days) 

11.8 ± 0.1 aA 14.5 ± 0.1 abB 12.0 ± 0.2 abA 

II (135 
days) 

11.1 ± 0.1 abAB 14.0 ± 0.4 abA 10.9 ± 0.4 abB 

I (180 
days) 

10.3 ± 0.2 bA 13.6 ± 0.4 bB 10.3 ± 0.2 bA 

N-NH4
+

[mg 
N/kg]    

IV (45 
days) 

49.5 ± 0.2 aA 46.2 ± 2.9 aA 49.4 ± 0.7 aA 

III (90 
days) 

47.2 ± 1.2 abA 46.7 ± 1.1 aA 45.3 ± 0.5 bA 

II (135 
days) 

47.2 ± 0.4 abA 45.3 ± 1.6 aA 47.4 ± 0.7 abA 

I (180 
days) 

45.4 ± 0.7 bAB 42.4 ± 1.2 aA 46.9 ± 1.2 abB 

N-NO3
- 

[mg 
N/kg]    

IV (45 
days) 

65.2 ± 3.1 aA 6.7 ± 2.4 abA 4.9 ± 0.3 aA 

III (90 
days) 

65.2 ± 1.4 aAB 13.8 ± 0.7 aA 85.7 ± 0.7 bB 

II (135 
days) 

48.1 ± 7.1 aAB 5.3 ± 0.8 bA 58.4 ± 0.5 abB 

I (180 
days) 

33.6 ± 1.5 aAB 8.0 ± 0.8 abA 80.3 ± 1.1 abB 

(continued on next page) 
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times greater. The nitrification index (N-NH4
+/N-NO3

-) is considered a 
parameter of compost and vermicompost maturity (Karak et al., 2017). 
There was a significant decrease in the N-NH4

+/N-NO3
- ratio in treat-

ment 5 between layers IV and III (45 and 90 days). In treatment 3 
containing earthworms the N-NH4

+/N-NO3
- ratio was on average 3 

times less than in the identical treatment 5 without earthworms. Zhang 
and Sun (2017) found an indirect relationship between the increasing 
proportion of SCG and the nitrification index during green waste com-
posting. Treatment 4 exhibited a much greater N-NH4

+/N-NO3
- ratio 

than treatment 3 (Table 4). This result was probably due to the greater 
proportion of straw pellets, which increased the C/N ratio and thus 
provided more suitable conditions for earthworm activity, as seen pre-
viously (Biruntha et al., 2020). This is confirmed by the fairly even 
earthworm distribution in the whole profile of treatment 4. Earthworms 

are able to stabilize biowaste faster, as evidenced by the fact that after 
only 45 days the N-NH4

+/N-NO3
- ratio was much less for treatment 3 

(0.76), as opposed to treatment 5 (10.15). The proportion of DOC in the 
total carbon content was less in treatment 4 (2.6%) than in treatment 3 
(3.2%). There was a decrease in DOC in treatments 3 and 5 between the 
youngest and the oldest layer by 45% and 7%, respectively. Although 
treatment 4 exhibited the least DOC, the values practically did not 
change, because the vermicomposting process was still occurring in all 
layers. 

Total and available contents of basic macroelements are shown in 
Fig. 3. The contents were influenced by earthworm movement from the 
bedding layer and between the layers, the element contents in living 
earthworms, the decomposition of dead earthworm bodies, and 
conversely, the birth of new earthworms. The Ptot content ranged from 
0.16 to 0.29%. There was an increase in Ptot content towards the bottom 
older layers, which was probably caused by organic matter minerali-
zation. The greatest increase was recorded in treatment 4 (1.49-fold). 
The Ktot content was the greatest within the monitored elements (1.5 to 
2.2%). The greatest increase of 1.25-fold was again seen in treatment 4. 
The average Mgtot content was 0.24%, with values varying irregularly 
between layers. With the exception of Mg, the content of available 
macroelements increased over time. The percentage of the available 
contents of macronutrients (P, K, and Mg) on average in all of the layers 
and chosen treatments accounted for 47%, 45%, and 14%, respectively, 
on the total content. For vermicomposting of distillery residues, the 
proportion P, K, and Mg constituted 11%, 64%, and 10%, and in the case 
of kitchen waste 16%, 39%, and 2%, respectively (Hanc et al., 2019b; 
Hřebečková et al., 2019b). The greatest correlation between the total 
and available content in the layers was shown in treatment 5 (for P: R =
0.94, p < 0.05; for K: R = 0.68, p < 0.05; for Mg: R = 0.95, p < 0.05). In 
other treatments, the correlation was strongly influenced by earthworm 
movement and activity. 

3.5. Caffeine 

Table 4 shows the caffeine content in all experimental treatments. 
Eisenia andrei were able to decrease the caffeine content, as evidenced by 
the lesser caffeine content in treatment 3 (average of the layers 48 ng/g) 
compared to the control treatment 5 of the same composition without 
earthworms (average of the layers 1851 ng/g) which is 38 times less. 
The greater content in the control treatment 5 layer III could be caused 
by the natural movement of the extract from the upper layer. In treat-
ments with a predominance of SCG, lesser caffeine values were found in 
the younger layers. In treatments 3 to 5, on the contrary, lesser caffeine 
values were found in the older layers. 

Although caffeine has a negative effect on the environment, it is a 
recognized stimulator of the central nervous system and beneficial 
health effects have also been described. By using low-pressure or su-
percritical CO2 extraction within the biorefinery of SCG extract it is 
possible to obtain between 0.734 and 41.3 μg/mg of caffeine which 
corresponded to 18–48% of extracted compounds from coffee beans, and 
8–31% from roasted coffee (Santos et al., 2021). 

4. Conclusions 

Due to the content of toxic substances, SCG itself are not suitable for 
vermicomposting. The addition of straw pellets to the SCG (up to 75% 
vol.) improved aeration and reduced bulk density, resulting in the 
development of earthworms. Strong indirect correlation between the 
total microbial biomass and earthworm number was found caused by the 
presence of microorganisms in digestive tract of earthworms. Vermi-
composting of SCG was characterized by very strong activity of lipaze 
due to the high content of lipids and caffeine in coffee. Vermicomposting 
increased the content of P, K and Mg and decreased the content of 
caffeine. 

Table 3 (continued )  

50% SCG + 50% 
straw pelletswith 
earthworms 
(Treatment 3) 

25% SCG + 75% 
straw pelletswith 
earthworms 
(Treatment 4) 

50% SCG + 50% straw 
pelletswithout 
earthworms(Treatment 
5) 

N-NH4
+/ 

N-NO3
-    

IV (45 
days) 

0.76 ± 0.04 abA 7.38 ± 2.08 abAB 10.15 ± 0.55 aB 

III (90 
days) 

0.72 ± 0.01 aAB 3.39 ± 0.25 aA 0.53 ± 0.00 bB 

II (135 
days) 

1.00 ± 0.14 abAB 8.71 ± 1.55 bA 0.81 ± 0.01 abB 

I (180 
days) 

1.35 ± 0.08 bAB 5.33 ± 0.62 abA 0.58 ± 0.01 abB 

DOC [mg 
C/kg]    

IV (45 
days) 

18808 ± 2440 aA 10084 ± 823 aA 16101 ± 2041 aA 

III (90 
days) 

11875 ± 2468 abA 10560 ± 1706 aA 12910 ± 848 aA 

II (135 
days) 

15025 ± 908 abA 11954 ± 1077 aA 12993 ± 1111 aA 

I (180 
days) 

10245 ± 602 bA 10726 ± 651 aA 14898 ± 926 aA 

Values are the means ± SD. Different lowercase letters in a column indicate 
significant differences among layers, capital letters indicate significant differ-
ences among treatments (Kruskal-Wallis test, P ≤ 0.05). 
SCG = spent coffee grounds; days in brackets = age of layers at the time of 
sampling 

Table 4 
Caffeine content in layers IV, III, II, and I of all studied treatments (ng/g of dry 
matter).   

IV (45 
days) 

III (90 
days) 

II (135 
days) 

I (180 
days) 

100% SCGwith earthworms 
(Treatment 1) 

2447 ±
96.6 Aab 

142.4 ±
21.6 bAB 

2301 ±
89.1 abA 

1748 ±
138.0 
abAB 

75% SCG + 25% straw 
pelletswith earthworms 
(Treatment 2) 

95.4 ±
6.7 aAB 

2791 ±
780.8 
abAB 

139.5 ±
51.3 
abAB 

7330 ±
218.9 bB 

50% SCG + 50% straw 
pelletswith earthworms 
(Treatment 3) 

42.0 ±
6.3 abAB 

42.1 ±
4.6 abAB 

73.9 ±
19.4 aAB 

33.4 ±
2.3 bAB 

25% SCG + 75% straw 
pelletswith earthworms 
(Treatment 4) 

26.8 ±
1.9 aA 

20.7 ±
0.6 abA 

17.7 ±
0.8 bB 

20.6 ±
0.5 abB 

50% SCG + 50% straw 
pelletswithout earthworms 
(Treatment 5) 

2174 ±
620.3 aB 

4809 ±
48.3 abB 

283.2 ±
43.6 
abAB 

136.8 ±
18.9 bAB 

Values are the means ± SD. Different lowercase letters indicate significant dif-
ferences among layers, capital letters indicate significant differences among 
treatments (Kruskal-Wallis test, P ≤ 0.05). 
SCG = spent coffee grounds 
days in brackets = age of layers at the time of sampling 
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