
horticulturae

Article

Exploring Secondary Metabolites in Coffee and Tea
Food Wastes

Mariana Cecilia Grohar *, Barbara Gacnik, Maja Mikulic Petkovsek , Metka Hudina and Robert Veberic

����������
�������

Citation: Grohar, M.C.; Gacnik, B.;

Mikulic Petkovsek, M.; Hudina, M.;

Veberic, R. Exploring Secondary

Metabolites in Coffee and Tea Food

Wastes. Horticulturae 2021, 7, 443.

https://doi.org/10.3390/

horticulturae7110443

Academic Editors: Riccardo Testa,

Giuseppina Migliore, Giorgio

Schifani and József Tóth

Received: 29 September 2021

Accepted: 22 October 2021

Published: 1 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 1000 Ljubljana, Slovenia;
www.gacnik@gmail.com (B.G.); maja.mikulic-petkovsek@bf.uni-lj.si (M.M.P.); metka.hudina@bf.uni-lj.si (M.H.);
robert.veberic@bf.uni-lj.si (R.V.)
* Correspondence: marianacecilia.grohar@bf.uni-lj.si

Abstract: Coffee and tea are popular beverages worldwide, and therefore generate large amounts of
waste. Here we describe the caffeine content and phenolic profile in three types of teas and coffees,
and how they vary with two successive extractions. Although the first extraction was far more
efficient than the second, green tea also showed a high content of flavanols in the second extraction,
as did mate tea for phenolic acids. Black tea could also be a good option since caffeine content was
highest in both extractions. Water also proved to be the most effective solvent in almost all cases,
which represent a major benefit for urban horticulture, as it is a simple extraction method from an
easily accessible source. Coffee and tea residues are a rich source of caffeine and phenolic compounds
that could potentially be used as alternatives to conventional pesticides.

Keywords: caffeine; phenolic compounds; solvents; second extraction

1. Introduction

Secondary metabolites intervene mainly in ecological processes, acquired along the
evolution, such as UV protection, interaction with pollinators, and protection against
pathogens [1,2]. Among secondary metabolites, alkaloids and phenolic compounds are
involved in plant defense system against pests, radiation, and stress [3–5].

Caffeine (1,3,7-trimethylxanthine) is one of the most frequent purine alkaloids in
plants. Pure caffeine crystals are odorless, bitter and soluble in water, though solubility
increases with temperature [6]. It is stored mainly in young leaves and flowers, as they
are particularly sensitive to pathogen attack [6], but also in other organs [7–10]. For this
reason, it was tested in many species of agronomic importance [11]. Caffeine is also known
for its allelopathic effects, as fallen leaves above coffee shrubs inhibit the development of
competitive species by preventing access to water and nutrients [12], therefore inhibiting
root growth [13] and chlorophyll content [14]. The caffeine content of coffee beans varies
from 0.4% to 2.4% of dry weight, depending on the species [11]. In mate leaves, caffeine is
the most abundant xanthine, about 1–2% of dry weight [15]. Many analyses focused on
commercial brands of coffee and tea, to evaluate and compare their contents [16–18].

Among phenolic compounds, flavonoids are the target of modern research due to
their antioxidant activity and potential medicinal use in human health [19]. They are also
known for their role in plant response to biotic and abiotic stress. Tea is especially known
as an important source of polyphenols, mainly flavonoids and phenolic acids [14].

Nowadays, traditional pesticides are being questioned and research is focused on
finding effective, environment-friendly, and easily accessible alternatives to replace them.
Considering this fact, many infusions consumed worldwide, such as green and black tea
(Camellia sinensis (L.) Kuntze), mate tea (Ilex paraguariensis A.St.-Hil.), and coffee (Coffea
L. spp.), could be potential alternative sources, since they are easily accessible to any
consumer and generate large amounts of waste [20]. Due to its bioactive properties,
numerous applications for coffee grounds have already been considered [21,22] but rarely
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in urban horticulture. This becomes important in the context of the circular economy
of food, which focuses on the reuse of food waste as fertilizers or biofuel and promotes
resources’ efficient use and urban sustainability at macro- and micro- levels [23,24].

The aim of this work is to extract and analyze the content of caffeine and phenolic
compounds in different natural sources (green tea, black tea, mate tea, and three commercial
brands of coffee) using HPLC/MS. Additionally, we analyze how they vary with different
solvents (distilled water, methanol, and methanol:water) in successive extractions, in
order to determine if reused tea or coffee residues could be potential pesticides. This aim
addresses two challenges that the world is facing today: (1) the disposal of human waste
and (2) the search for easily-accessible, environmentally friendly pesticides.

2. Materials and Methods

The entire study was completed at the Chair for Fruit Growing, Viticulture, and
Vegetable Growing (Biotechnical Faculty, University of Ljubljana, Ljubljana, Slovenia).

2.1. Plant Material

Commercial samples of teas were purchased from local stores in Ljubljana, Slovenia.
We included three types of tea: green tea (1001 cvet), black tea (1001 cvet), and mate tea
(Playadito). In addition, three types of coffees were selected with supposedly different
strengths, here referred to as ‘ground’ (standard coffee-Barcaffe), ‘intense’ (Death Wish,
advertised as ‘World’s strongest coffee’), and ‘instant’ coffee (Nescafe).

2.2. Extraction of Caffeine and Phenolic Compounds

Three solvents were considered in this study: water (W), 100% methanol (M), and
water:methanol mix 1:1 (W:M). Methanol is the standard solvent for phenolic compounds’
extraction in laboratory research and industrial production [3]. However, as homemade
infusions are prepared with water, we included it in the analysis to compare the results
with a standard solvent. We also tested a 1:1 water:methanol mix, since the dilution of
alcoholic solvents can improve the extraction of some phenolic compounds [25,26].

For the extractions with water, 1.5 g of the content of different tea bags or 5 g of
coffee were immersed in 100 mL of double distilled water boiled at 100 ◦C and allowed to
stand at room temperature for 30 min. During this period of time, the solution was not
heated, so that the temperature slowly decreased, simulating the domestic preparation
of infusions. For the other two solvents, 0.5 g of the content of different tea bags or 1.5 g
of coffee were immersed in 25 mL of methanol (Sigma-Aldrich, Steinheim, Germany) or
1:1 double distilled water:methanol mix, both solvents at room temperature. Then, they
were placed in an ultrasonic bath for 30 min. Six samples were prepared for each treatment.
Then, all samples were centrifuged at 8000× g rpm and 4 ◦C for 7 min. The supernatants
were then filtered with 0.2-µm Chromafil®AO-20/25 polyamide filters.

Since we are looking for reusable, easily-accessible sources of caffeine and phenolic
contents, we evaluated the content caffeine and phenolic compounds in reboiled coffee
grounds and tea bags. After the first extraction, tea bags and coffee grounds were dried
and extracted again following the same method as for the first extraction. Instant coffee
was not evaluated in the second extraction because the powder dissolved completely in
first extraction with water, and little grounds remained with methanol and water:methanol.

2.3. Analysis with HPLC-MS

The extracted samples were then analyzed with an Accela HPLC system (Thermo
Fisher Scientific, Waltham, MA, USA) with a diode array detector at 240 nm for caffeine,
flavanols at 280 nm, flavonols at 350 nm, and phenolic acids at 310 nm. A Phenomenex
HPLC column C18 (150 × 4.6 mm, Gemini 3 µm) was used at 25 ◦C, following the method
of [27]. Phenolics were identified by comparing their UV-Vis spectra and retention times
with standards and also confirmed using a mass spectrometer (Thermo Fisher Scientific,
LCQ Deca XP MAX) with an electrospray interface (ESI) operating in negative ion mode.
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Full scan data-dependent MSn scanning from m/z 115–1400 was performed. All conditions
on the mass spectrometer were the same as reported by [28].

The results of the caffeine content are expressed in mg of caffeine/g of sample, and
for phenolic compounds in mg of compound/kg of sample. It was calculated based on
standard calibration curve (y = 119,044.23x, R2 = 1.00).

2.4. Chemicals

HPLC grade methanol for the extraction of the phenolics was purchased from Sigma-
Aldrich (Steinheim, Germany). For the mobile phases, we used HPLC–MS grade acetoni-
trile and formic acid from Fluka Chemie (Buch, Switzerland). The following standards were
used for quantification phenolic compounds: Fluka Chemie (Buch, Switzerland): caffeine,
quercetin-3-glucoside, quercetin-3-galactoside, quercetin-3-rhamnoside, (−)-epicatechin,
gallic acid, procyanidin B1, p-coumaric acid and kaempferol-3-glucoside; Sigma-Aldrich:
quercetin-3-rutinoside, ferulic acid, 3-caffeoylquinic acid and 5-caffeoylquinic acid; Roth
(Karlsruhe, Germany): (+)-catechin; Extrasynthese (Genay, France): isorhamnetin-3-
glucoside; Apin Chemicals (Abingdon, UK): myricetin-3-rhamnoside. The water for phe-
nolic compounds extraction and for mobile phases was double distilled and purified with
a Mili-Q Millipore system (Merck Millipore, Billerica, MA, USA).

2.5. Statistical Analysis

Analysis of variance (ANOVA) was performed using R-commander 64 3.3.3, along
with multiple comparison Duncan test for statistical significance (α ≤ 0.05) between sol-
vents of every product and extraction.

3. Results
3.1. Caffeine Content
3.1.1. Teas

The caffeine content showed differences between tea types and solvents (Figure 1A
and Table S1). For green tea, the water and water:methanol mix extracted higher amounts
of caffeine than methanol in the first extraction: 16.6 mg/g in water, 16 mg/g in wa-
ter:methanol mix, and 13 mg/g for methanol. In the second extraction, caffeine content
decreased by 87% in water, 81% in methanol, and 89% in water:methanol mix.

Black tea showed a high caffeine content in water and water:methanol mix first
extractions: 26.8 mg/g and 30.9 mg/g, respectively. In both solvents, the first extraction was
more efficient than the second, as caffeine content decreased by 54 and 67%, respectively.
The first extraction with methanol extracted significantly less caffeine than the other
solvents: 9.9 mg/g, decreasing by 67% in the second extraction.

Mate tea has the lowest caffeine content for the first extraction, regardless of the
solvent. Water was more efficient than methanol and water:methanol mix, with 8.1, 6.2,
and 6.5 mg/g, respectively, decreasing by 74% in water, 81% in methanol, and 41% in
water:methanol mix.
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34.8 mg/g in water, 30 mg/g in methanol, and 23.1 mg/g in water:methanol mix. However, 
there was no waste available for the second extraction. 

For ground coffee, the caffeine content in the first extraction was the lowest among 
all coffees, being from 3 to 5.5% higher in water than in the water:methanol mix (4.7–12.7 
mg/g and 5.2–9.4 mg/g, respectively), while the methanol extracts show intermediate 
values with no significant difference from the other two. The second extraction shows 
lower caffeine content than the first extraction, with a decrease of 50% for water, 59% for 
methanol, and 20% for water:methanol mix. However, the extracted caffeine content is 
similar for all solvents. 

Figure 1. Caffeine content (mg/g) during first and second extraction with different solvents (W: water, M: 100% methanol;
W:M: water:methanol mix) in commercial brands of (A) teas and (B) coffees. Different letters indicate statistical significance
(p ≤ 0.05) in caffeine content between solvents.

3.1.2. Coffees

Among coffees, caffeine content showed different trends than teas (Figure 1B and
Table S1). The highest caffeine content for the first extraction was found in instant coffee,
34.8 mg/g in water, 30 mg/g in methanol, and 23.1 mg/g in water:methanol mix. However,
there was no waste available for the second extraction.

For ground coffee, the caffeine content in the first extraction was the lowest among all
coffees, being from 3 to 5.5% higher in water than in the water:methanol mix (4.7–12.7 mg/g
and 5.2–9.4 mg/g, respectively), while the methanol extracts show intermediate values
with no significant difference from the other two. The second extraction shows lower
caffeine content than the first extraction, with a decrease of 50% for water, 59% for methanol,
and 20% for water:methanol mix. However, the extracted caffeine content is similar for
all solvents.
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Finally, for intense coffee, water extracted the significantly highest caffeine content,
with 15.6 mg/g of caffeine, followed by water:methanol mix and methanol, with 11.6 and
7.2 mg/g of caffeine, respectively. In the second extraction, lower but similar amounts of
caffeine were extracted with all solvents, decreasing by 77% for water, 63% for methanol,
and 54% for the water:methanol mix.

3.2. Phenolic Profile

Among phenolic acids, most of the identified compounds were hydroxycinnamic
acids, except for 5-O-galloylquinic acid, which is a hydroxybenzoic acid (Tables 1 and 2).

Table 1. Identification of phenolic compounds in green, black, and mate tea in negative ionization with HPLC-MS and
MS2/MS3.

[M − H]−
(m/z)

MS2

(m/z)
MS3

(m/z)
Green Tea Black Tea Mate Tea

FLAVANOLS
Procyanidin dimer 1 577 451,425,407,289 X
Procyanidin dimer 2 577 451,425,407,289 X
Procyanidin dimer 3 577 451,425,407,289 X
Epigallocatechin 1 305 261,221,219,179 X X
Epigallocatechin 2 305 261,221,219,179 X

Catechin 289 245 X
Gallocatechin 305 261,221,219,179 X X

Gallocatechin gallate 457 331,305,169 X
Epigallocatechin gallate 1 457 331,305,169 X X
Epigallocatechin gallate 2 457 331,305,169 X
Epigallocatechin gallate 3 457 331,305,169 X
Epigallocatechin gallate 4 457 331,305,169 X

Epicatechin 289 245 X
Epicatechin gallate 1 441 289,169,331 X X
Epicatechin gallate 2 441 289,169,331 X X
Epicatechin gallate 3 441 289,169,331 X

Theaflavine 563 545,519,425,407,241 X X
Theaflavine-3,3-digallate 867 697,715,527,483,389 X

Theaflavine-3-gallate 715 527,545,577,507 X
FLAVONOLS X

Myricetin hexoside 1 479 317 X X
Myricetin hexoside 2 479 317 X X
Quercetin hexoside

rhamnoside hexoside 771 463 301 X

Quercetin rhamnoside
hexoside 609 463 301 X X

Quercetin rhamnosyl hexoside
dirhamnoside 901 755 609,301 X

Kaempferol rhamnosyl
hexoside dirhamnoside 885 739 431,285 X

Kaempferol acetylhexoside 489 285 X
Quercetin-3-rutinoside 609 301 X X X
Quercetin-3-galactoside 463 301 X X
Quercetin-3-glucoside 463 301 X X X

Kaempferol-3-galactoside 447 285 X
Kaempferol-3-glucoside 447 285 X
Kaempferol-3-rutinoside 593 285 X X X

Kaempferol hexoside
rhamnoside 593 431 285 X
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Table 1. Cont.

[M − H]−
(m/z)

MS2

(m/z)
MS3

(m/z)
Green Tea Black Tea Mate Tea

Isorhamnetin-3-rutinoside 623 315 X
PHENOLIC ACIDS X

3-p-Coumaroylquinic acid 337 163 X X X
4-p-Coumaroylquinic acid 337 173,163,191 X X
5-p-Coumaroylquinic acid 337 191,173,163 X

3-feruloylquinic acid 367 193,134 X
4-feruloylquinic acid 367 173,191 X

3-Caffeoylquinic acid 1 353 179,191,173 X X X
3-Caffeoylquinic acid 2 353 179,191,173 X
4-Caffeoylquinic acid 353 173,179 X X X

5-Caffeoylquinic acid 1 353 191,179 X X X
5-Caffeoylquinic acid 2 353 191,179 X X

5-Galloylquinic acid 343 191,169,125 X
Gallic acid 169 125 X

Dicaffeoylquinic acid 1 515 353 179,191 X
Dicaffeoylquinic acid 2 515 353 173,179 X
Dicaffeoylquinic acid 3 515 353 179,191 X
Dicaffeoylquinic acid 4 515 353 191,179 X

Table 2. Identification of phenolic compounds in coffees in negative ionization with HPLC-MS and MS2/MS3.

[M − H]−
(m/z)

MS2

(m/z)
MS3

(m/z)
Instant
Coffee

Ground
Coffee

Intense
Coffee

PHENOLIC ACIDS
3-p-Coumaroylquinic acid 337 163 X X X
4-p-Coumaroylquinic acid 337 173,163,191 X X X
5-p-Coumaroylquinic acid 337 191,173,163

3-feruloylquinic acid 367 193,134 X X X
4-feruloylquinic acid 367 173,191 X X X
5-feruloylquinic acid 367 191 X X X

3-Caffeoylquinic acid 1 353 179,191,173 X X X
3-Caffeoylquinic acid 2 353 179,191,173 X X X
4-Caffeoylquinic acid 353 173,179 X X X

5-Caffeoylquinic acid 1 353 191,179 X X X
5-Caffeoylquinic acid 2 353 191,179 X

5-Galloylquinic acid 343 191,169,125
Gallic acid 169 125

Dicaffeoylquinic acid 1 515 353 179,191 X X
Dicaffeoylquinic acid 2 515 353 173,179 X X X
Dicaffeoylquinic acid 3 515 353 179,191 X X X
Dicaffeoylquinic acid 4 515 353 191,179 X X X

Dicaffeoylquinic acid lactone 335 161,137,179 X X X

3.2.1. Tea

In green and black teas, flavanols, flavonols, and phenolic acids were detected. In
contrast, only flavonols and phenolic acids were present in mate tea, but flavanols were
absent (Figure 2A, Tables 1 and 2).
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Green tea. Flavanols are the most abundant phenolic compounds in both first and
second extraction with all solvents, cca. 30 mg/kg in the first extraction, and cca. 14 mg/kg
in the second extraction, representing a 45–60% decrease. The highest amount was obtained
with methanol in the first extraction, and with water in second extraction. The most abun-
dant flavanol is a procyanidin dimer, followed by two different epigallocatechin gallates.

Flavonols and phenolic acids are much less abundant in both extractions and with all
solvents, ranging between 0.3 and 5.8 mg/kg, and decreasing by 70–80% between the first
and second extraction. However, water was the best extraction solvent for phenolic acids
in both extractions, and for flavonols in the second extraction. Among flavonols, the most
abundant were quercetin hexoside rhamnoside hexoside and quercetin-3-rutinoside, while,
among phenolic acids, it was 5-O-galloylquinic acid (Table S2).

Black tea. Contents of all phenolic groups in black tea were lower than green tea,
and the same trend was observed among solvents (Figure 2B and Table S3). Flavanols
are still more abundant than flavonols and phenolic acids in both extractions and for
all solvents. However, methanol extracted significantly less flavanols than water and
water:methanol mix in both extractions and for all phenolic groups. For the first extraction,
there was 13.3 mg/kg for water, 4 mg/kg for methanol, and 14.6 mg/kg for water:methanol
mix, with a decrease of 76–82% in the second extraction. The most abundant flavanols
were epicatechin, gallocatechin, epigallocatechin gallate, and theaflavin, while catechin,
epigallocatechin, epicatechin gallate, gallocatechin gallate, theaflavine-3,3′-digallate, and
theaflavine-3-gallate showed lower amounts (Table S3).

Flavonols were less abundant than flavanols, being 7.6 mg/kg in water, 2.9 mg/kg
in methanol, and 10.1 mg/kg in water:methanol mix. In the second extraction, they
decreased by about 70% in water, and cca. 80% in methanol and water:methanol mix.
The most abundant flavonols were quercetin-3-rutinoside, quercetin-3-galactoside, and
quercetin-3-glucoside.

Phenolic acids showed the lowest content of the three phenolic groups, being 5.2 mg/kg
in water, 1.4 mg/kg in methanol, and 5 mg/kg in water:methanol mix, decreasing by about
80% in second extraction. The most abundant phenolic acids were 4-caffeoylquinic acid
and 4-coumaroylquinic acid (Table S3).

Mate tea. No flavanols were detected here (Figure 2C and Table S4). In contrast, the
amounts of phenolic acids were significantly higher than those of flavonols, and also higher
than all other phenolic groups in green and black tea, both in the first and second extractions
and almost all solvents. The content was 58.8 mg/kg in water, 24.1 mg/kg in methanol,
and 37.9 mg/kg in water:methanol mix, decreasing by 37%, 51%, and 19%, respectively, in
the second extraction. The most abundant phenolic acids were 3-p-coumaroylquinic acid,
3-caffeoylquinic acid, 4-caffeoylquinic acid, and three different dicaffeoylquinic acids.

Flavonols showed similar amounts than black tea, 7 mg/kg with water, and cca.
5 mg/kg with methanol and water:methanol mix, decreasing by 56, 79, and 25%, respec-
tively, in the second extraction. The most abundant flavonol was quercetin-3-rutinoside.

3.2.2. Coffee

In all three kinds of coffees, only phenolic acids were detected (Figure 3). Contrary to
most trends among teas, in all types of coffees and both extractions, the water:methanol
mix was significantly the most efficient solvent.
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Instant coffee. Phenolic acids were 22.3 mg/kg in water, 25 mg/kg in methanol, and
28.4 mg/kg in water:methanol mix during first extraction (Table S5). The most abundant
phenolic acids were two different 3-caffeoylquinic acids, 4-caffeoylquinic acid, and 5-
caffeoylquinic acid.

Ground coffee. Phenolic acid content was cca. 16 mg/kg in water and methanol, and
26.6 mg/kg in water:methanol mix, decreasing by 57% in water, 23% in methanol, and 16%
in water:methanol mix (Table S5). The most abundant phenolic acids were 3-caffeoylquinic
acid, 4-caffeoylquinic acid, and 5-caffeoylquinic acid.

Intense coffee. It showed the lowest content of phenolic acids of all types of coffees
and in all solvents. They were 4.8 mg/kg in water, 3.2 mg/kg in methanol, and 6.2 mg/kg
in water:methanol mix, decreasing 82%, 74%, and 57% in second extraction, respectively
(Table S5). The most abundant phenolic acid was 3-caffeoylquinic acid.

4. Discussion

Caffeine and other phenolic compounds are all involved in plant defense mechanisms
and are extracted by the same method. However, they are discussed separately, because
there is some evidence in coffees that their concentrations are not necessarily related [29].

4.1. Caffeine Content

Regarding caffeine content, we found that, among all the beverages, it is the highest
in instant coffee (regardless of the solvent) and black tea (in water and water:methanol mix
extractions), which is consistent with previous reports [30,31]. The caffeine content in black
tea reported to be similar to that of decaffeinated coffee, and it has been recommended as
an adequate substitute for coffee in patients with limited caffeine intake [32]. Our results
not only contradict this statement, as black tea contains similar amounts of caffeine that
instant coffee, but also show that the caffeine content is higher than that of ground and
intense coffee. In addition, instant coffee was reported to have lower caffeine content than
green and black tea, but higher than mate tea [33]. However, since the results vary with
extraction method, comparisons should be taken with caution, since the authors extracted
with successive dilutions of methanol. Our results with 100% methanol showed that instant
coffee has higher caffeine content than all teas, but with 50% methanol, black tea showed
the highest caffeine content.

Among coffee types, the highest caffeine content was observed in instant coffee, in
contrast to other studies [34] in which ground coffee showed the highest caffeine content.
Instant coffee showed an even higher caffeine content than coffees advertised as ‘intense’,
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suggesting higher caffeine amounts. It has also been observed in other coffees that caffeine
amounts differ from the declared amounts [35]. However, the caffeine content is higher
than that in coffee pulp, which is also used as fertilizer [36].

Green tea shows relatively high caffeine content in the first extraction, in some cases
higher [30] and in others lower [37] than previously reported. However, the caffeine content
of green tea was lower than black tea, in contrast with other publications, in which similar
amounts were reported [38], or black tea showed higher amounts than green tea [37]. In
agreement with our results, mate tea shows considerably lower caffeine content than black
and green tea [33,39].

However, the main focus should be on the caffeine content in the second extraction
because the aim is to find natural sources with potential use as pesticides, and the reuse
of boiled tea bags or coffee grounds is the ideal source of plant defense compounds that
could be easily extracted and used as pesticides in urban horticulture. With the exception
of black tea, all sources show low caffeine content during the second extraction. For coffees,
it has been described that the second extraction shows only 10% of the caffeine content
in 50% ethanol and 80 ◦C [40]. Since instant coffee shows the highest caffeine content at
the first extraction, it would be suitable as a potential source of metabolites with pesticide
activity, but it could not be a reusable source since no second extraction is possible. For
all other coffees, as well as green tea and mate tea, the caffeine content is also very low
at the second extraction. Thus, if they are to be used as pesticides, a larger number of tea
bags would be needed to have any effect. The use of coffee grounds in agriculture has been
extensively described and has shown that high doses of caffeine and phenolic compounds
can also be phytotoxic [21,41]. However, content of caffeine and phenolic compounds in
the second extraction is always more than 50% lower, suggesting that the second extraction
infusions could be used directly.

4.2. Phenolic Profile

Phenolic compounds are also known for their role in plant defense against pests and
UV tolerance. Therefore, the evaluation of their content is crucial to provide the basis for a
possible use of coffee or tea as a natural pesticide. In this case, the difference in trends of
phenolic content between teas and coffees helps to decide between the two.

Several phenolic compounds have been described in coffee [42]. Among them, chloro-
genic acid (5-caffeoylquinic acid or 5-CQA) is known for its antioxidant activity [43], and
also for its antiviral and antifungal effect in animals and plants [44,45]. A similar phenolic
profile has also been described in coffee pulp, although with a lower content [36]. It has
been previously reported that 5-CQA is the most abundant phenolic compound in coffee,
followed by 4-CQA and 3-CQA [34,46,47]. This is coincident with our results for ground
coffee but not for instant and intense coffee, where 3-CQA predominates. Di-CQ lactone
was also identified in coffee [46], as well as in our results.

Tea polyphenols find a variety of applications in the food, medical and pharmaceutical
industries due to their multiple health benefits, including their antioxidant and antibac-
terial activities [48,49]. In tea, the main polyphenols are catechin derivatives, gallic acid,
flavonols, and theaflavins [50,51]. This was also confirmed by our results, as flavanols were
predominant, except for mate tea, where no flavanols were present.

In particular, black tea has been described as a rich source of catechin derivatives [37,52],
which is in agreement with our results, as its derivatives (epicatechin, epigallocatechin,
gallocatechin, and epigallocatechin gallate) showed the highest amounts. Moreover, it was
reported that gallic acid is the major phenolic compound in black tea [33,50], but, in our
results, gallic acid was not even detected.

In green tea, epicatechin derivatives are the main compounds [33,53]. Although our
results show that some epicatechin derivatives show the highest amounts among pheno-
lic compounds, procyanidins and some phenolic acids also show comparable amounts.
Catechin derivatives are responsible for the bitterness and astringency of green tea [54].
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Their abundancy in green tea makes this source suitable as a pesticide, as it could act as a
repellent against pests.

Our results related to flavonols and phenolic acids in green, black, and mate tea are
also coincident with those previously reported, with quercetin-3-rutinoside and chlorogenic
acid being the most abundant [37].

4.3. Solvents

Regarding solvents, in most cases, the highest caffeine amount was obtained dur-
ing water extractions. It is known that caffeine is soluble in water and increases with
temperature, since alkaloids are typically associated in complexes with organic acids,
which enhance their solubility. In agreement with our results, solubility of pure caffeine in
methanol is significantly lower than in water [55].

All tested solvents are not toxic to plants, with the exception of 100% methanol. In
particular, the toxic effect of methanol was tested on tobacco (Nicotiana tabacum L.), tomato
(Solanum lycopersicum L.), and arabidopsis (Arabidopsis thaliana (L.) Heynh.), both in foliar
and root applications. However, lower concentrations of methanol have a positive effect
on growth in tomato, wheat, and other species [56].

It was reported [40] that the extraction of caffeine in methanol was higher than in
water at room temperature, but almost equal at higher temperatures. However, our results
show that methanol extracted less caffeine at room temperature in all sources.

In the case of water:methanol mix, the extraction of phenolic compounds was higher
than water [25]. Our results show that, for caffeine, the water:methanol mix extracts
similar amounts as water. However, for flavanols, flavanols, and phenolic acids, the
water:methanol mix extracted a higher content of phenolic compounds in coffee and black
tea, but not in green and mate tea. It has been reported that a 70% methanol enhanced
polyphenol extraction in tea [57], but in our results, no or very little difference with water
extractions was observed, although 50% methanol extracted higher amounts of polyphenols
than 100% methanol.

5. Conclusions

The problem of food waste is being addressed globally as the environmental footprint
of urbanization increases and resource efficient use is recommended to increase sustain-
ability. This is particularly important in urban or semi-urban settlements where recycling
of organic matter is difficult at both macro- and micro- levels, not only because of the high
amounts and low availability of disposal areas, but also because the concept of reuse is not
natural to citizens. Therefore, we would achieve a solution to this problem not only by
reducing food waste, but also by reusing it.

Coffee and tea are popular beverages worldwide, and therefore generate large amounts
of waste. To address this problem, the reuse of tea bags and coffee grounds could be an
interesting option, as they not only detoxify grounds, but also could be used as pesticides,
at least for domestic use. Although the first extraction was far more efficient than the
second, green tea also showed a high content of flavanols in the second extraction, as well
as mate tea for phenolic acids. Black tea could also be a good choice as the caffeine content
is highest in both extractions. With these results, the customer could ingest the desired
caffeine intake and still obtain a high amount of caffeine in reused coffee ground to use it
as pesticides in urban horticulture. However, the phenolic compounds in black tea are very
low in the second extraction. Therefore, further analysis should be carried out to evaluate
the effect of these compounds as pesticides. In most cases, water was the most efficient
solvent for the extraction of phenolic compounds and caffeine, which represents a great
advantage for urban horticulture, since it is a simple extraction method from an easily
accessible source.
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Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/horticulturae7110443/s1, Table S1: Caffeine content (mean ± SE, in mg/g) and decrease (%)
in coffees and teas during successive extractions with different solvents (W: water; M: methanol; W:M
water: methanol mix). Different letters indicate statistical significance (p ≤ 0.05) in caffeine content
between solvents. Table S2: Phenolic compounds content (mean ± SE, in mg/kg) and decrease (%) in
green tea during successive extractions with different solvents (W: water, M: methanol; W:M water:
methanol mix). Different letters indicate statistical significance (p ≤ 0.05) in phenolic content between
solvents. Table S3: Phenolic compounds content (mean± SE, in mg/kg) and decrease (%) in black tea
during successive extractions with different solvents (W: water, M: methanol; W:M water: methanol
mix). Different letters indicate statistical significance (p ≤ 0.05) in phenolic content between solvents.
Table S4: Phenolic compounds content (mean ± SE, in mg/kg) and decrease (%) in mate tea during
successive extractions with different solvents (W: water, M: methanol; W:M water: methanol mix).
Different letters indicate statistical significance (p ≤ 0.05) in phenolic content between solvents. Table
S5: Phenolic acids content (mean ± SE, in mg/kg) and decrease (%) in coffees during successive
extractions with different solvents (W: water, M: methanol; W:M water: methanol mix). Different
letters indicate statistical significance (p ≤ 0.05) in phenolic content between solvents.
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