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Abstract: Drinking coffee is a daily routine for many people. Supplement manufacturers have
proposed adding powdered Cordyceps militaris, known for its ergogenic and immunostimulating
properties, and Hericium erinaceus, known for its nerve growth factor (NGF)-stimulating properties,
to coffee. The aim of this work was to compare the bioactive substances in three types of coffee:
machine-brewed, instant, and traditionally brewed, prepared with the addition of H. erinaceus and
C. militaris fruiting bodies. The analysis of bioactive substances was performed using AAS and
RP-HPLC methods. Among the control samples of coffee, traditionally brewed coffee was the best
source of bioelements. Considering the mushroom species tested, the best additional source of Mg,
Zn, Cu, Na, K, and Ca was C. militaris. A slightly higher Fe content was determined for H. erinaceus.
With the addition of C. militaris, the amounts of 4-feruloylquinic acid (18.6 mg/200 mL) and 3,5-
di-caffeoylquinic acid (3.76 mg/200 mL) also increased. In conclusion, the C. militaris species has
been proven to be a better source of bioactive substances as a coffee additive in the daily diet. The
combination of brewed coffee and the tested mushrooms seems to be the most beneficial in terms of
health-promoting effects.

Keywords: medicinal mushrooms; mushroom supplements; coffee; fruiting bodies; Hericium erinaceus;
Cordyceps militaris; pro-cognitive activity; ergogenic activity; health improvement

1. Introduction

Coffee is one of the most widely consumed beverages in the world. Different brewing
and extraction methods are used depending on geographical location, cultural, and social
conditions and habits [1,2]. The beverage reached Europe as early as the 15th century.
Instant coffee was not produced until the 1930s due to Brazil’s coffee overproduction,
which exceeded the demand for the raw material [3].

As part of a healthy, balanced diet and active lifestyle, it is recommended to consume
a moderate amount of coffee, up to four cups/day (about 400 mg of caffeine) [4,5]. Green
coffee beans are roasted at high temperatures, initiating Maillard reactions or chemical
reactions between amino acids and carbohydrates, to form a number of unique com-
pounds [4]. This complex beverage contains more than 1000 bioactive compounds that
are responsible for its pleasant taste and aroma. Of these, the most common is caffeine
(1,3,7-trimethylxanthine), a heat-stable purine alkaloid isolated in 1820 by Runge [1,2].
Caffeine is an antagonist of adenosine receptors, as it has the ability to block them, prevent-
ing adenosine molecules from attaching to them. When adenosine binds to the receptors,
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we start to feel tired and sleepy. Caffeine prevents this, improves cognitive abilities, and
contributes to better perception [1]. It has also been shown that the risk of Alzheimer’s
disease is lower in people who regularly consume caffeinated coffee than in those who do
not [1,2,6]. In addition, the physiological effects of caffeine consumption include the acute
elevation of blood pressure, an increased metabolic rate, and diuresis [1]. The “coffee para-
dox” is that caffeine raises blood pressure in the short-term, but drinking coffee regularly is
associated with a lower risk of hypertension. Daily coffee consumption is also associated
with a decrease in the incidence of heart attacks [2].

The chemical composition of brewed coffee depends on a number of factors, such as
the beans, their processing method, the agricultural practices used (traditional or organic),
storage time and conditions, roasting degree (light, medium, or dark), roasting process,
coffee type available (bean, ground, or instant), and grinding and brewing method (boiled,
filtered, or espresso). All these factors contribute to the fact that we never drink two cups
of coffee with the same chemical composition. In recent decades, a number of coffee-based
products have appeared, and drinks obtained through various extraction techniques have
been introduced to the market [1].

The largest consumers of coffee are the Scandinavian countries. The coffee market is
characterized by very dynamic development, and demand is constantly growing. Some
changes in consumption models can be noted. The first instant coffees were dried by
dispersing liquid coffee extract in hot air. However, a high temperature causes coffee to lose
its natural properties. It is being displaced by other forms like lyophilized coffee, which
is much more delicate and flavorful. Instant coffee is often adulterated, for example, by
adding cereal coffee, chicory, or sugar beet. The specifics of the production of instant coffee
mean that it often contains in its composition substances not naturally present in the raw
material [7,8]. It can be said that the development of the coffee market follows several paths.
There are consumers who appreciate the ease of preparing a beverage. Other consumers
want the taste to be unique. On the other hand, there are baristas who specialize in making
coffee from selected beans from specific plantations, which are produced and roasted
artisanally. Coffee connoisseurs are able to evaluate the aroma and flavor of a freshly
prepared coffee brew in terms of a number of criteria, including acidity and body [7,8].

Increasingly, coffees with various additives, including mushrooms, are available for
sale. There is a noticeable synergy in the effects of medicinal mushrooms and coffee [9-13].
The combination of these two ingredients is interesting, both in terms of sensory experience
and health-promoting properties. Manufacturers of mushroom supplements themselves
suggest adding them to coffee, which may enhance its revitalizing and restorative proper-
ties, as well as reduce psycho-physical fatigue.

The selection of two mushroom species for research was scientifically justified. It is
noteworthy that Hericium erinaceus exhibits pro-cognitive, antioxidant, antidiabetic, anti-
cancer, anti-inflammatory, antimicrobial, antihyperglycemic, and hypolipidemic properties.
It is also used in treating Parkinson’s disease, Alzheimer’s disease, or depression [6,11,14].
The mycelium of H. erinaceus plays a neuroprotective role by inhibiting endoplasmic reticu-
lum stress significantly protecting against dopaminergic damage and oxidative stress in
the substantia nigra which helps prevent and support the treatment of neurodegenerative
diseases. H. erinaceus also improves cognitive impairment by modulating the gut micro-
biota [15]. The main active components of this species are erinacines (diterpenoids), steroids
(such as erinarols, ergosterol), alkaloids (such as hericirine, fumitremorgin), polysaccharides
and lactones (vitamin Byp-c-lactone) [16]. H. erinaceus polysaccharides have an important ef-
fect on maintaining redox homeostasis in vivo—they can effectively reduce the production
of reactive oxygen species, regulate the activity of antioxidases (i.e., superoxide dismu-
tase, catalase and glutathione peroxidase), thereby mitigating oxidative stress-induced
damage to tissues and organs. H. erinaceus also has positive effects on chronic atrophic
gastritis. Oligosaccharides, terpenes, proteins, flavonoids, phenolic compounds, alkaloids,
and vitamins (vitamin C and E) in H. erinaceus are additionally responsible for a broad
spectrum of health-promoting effects [15,16]. On the other hand, Cordyceps militaris shows
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therapeutic effects on inflammation and infections, scavenges free radicals, supports liver
and kidney function, boosts the immune system, relieves stress symptoms, improves skin
condition, and accelerates wound healing. C. militaris additionally possesses anticancer,
anti-aging, antimicrobial, hypolipidemic, hypoglycemic, neuroprotective, steroidogenic
and fertility-enhancing activities [17]. C. militaris attributes its properties to numerous
bioactive compounds, including cordycepin, pentostatin, carotenoids (lutein, zeaxanthin,
cordyxanthins), ergothioneine, ergosterol, cordycepic acid, polysaccharides or glycopro-
teins. Carotenoids not only provide the orange color of this mushroom, but are potent
antioxidants and perform protective functions for the skin. Polysaccharides are credited
with immunomodulatory, antioxidant, anticancer and anti-inflammatory activities. Ergoth-
ioneine, phenolic compounds and selenium, present in the fruiting bodies, may also affect
the antioxidant activity of the species [17,18]. Recent studies indicate that cordycepin may
be effective against the SARS-CoV-2 strain that causes COVID-19. The anticancer effect of C.
militaris is mainly due to cordycepin (3'-deoxyadenosine). An aqueous extract of C. militaris
inhibits proliferation and induces the apoptosis of human lung cancer cells. Cordycepin
also inhibits the growth of human liver cancer cells. The mechanism of cordycepin’s anti-
cancer effect is attributed to a reduction in the production of the chemokine receptor CxCR4,
which stimulates the invasion and migration of liver cancer cells [17]. Most importantly, C.
militaris shows ergogenic and performance-enhancing effects [12,19].

The aim of the study was to obtain fruiting bodies of H. erinaceus and C. militaris, and
then to determine the validity of their use as coffee additives, as well as to determine the
effect of the addition of powdered fruiting bodies of both fungal species on the qualitative
and quantitative composition of three types of coffee: instant coffee, ground brewed coffee,
and coffee prepared from a commercially available coffee machine in public spaces. When
analyzing the contents of the determined substances, it is difficult to refer to many other
works, as most often the results are given as the content in dry weight of the mushroom
material or, in the case of coffees, the contents in the raw material rather than the prepared
solution are determined. This emphasizes the innovative value of this research, which may
have practical relevance for potential consumers.

2. Results

When analyzing the results of the obtained analyses, it is important to consider not
only the content of bioelements in the prepared coffee drinks per cup (200 mL) but also the
content of the same bioelements in both species of mushrooms (mg/100 g dry weight). The
contents of Mg, Zn, Cu, Fe, Na, K, and Ca were as follows for lyophilized fruiting bodies of
H. erinaceus: 5.60, 0.115, 0.045, 0.541, 20.9, 32.1, and 7.6 mg/100 g d.w., respectively, while for
C. militaris, they were as follows: 8.52, 0.441, 0.069, 0.287, 26.1, 40.3, and 9.04 mg/100 g d.w.

Among the control samples of coffees, traditionally brewed ground coffee was found
to be the best source of all tested bioelements (Table 1).

Considering the mushroom species tested, C. militaris was found to be the best addi-
tional source of Mg, Cu, Na, K, and Ca in combination with traditionally brewed coffee. A
slightly higher Fe content was determined with the addition of H. erinaceus (0.945 mg/200
mL). Among the bioelements determined, zinc is the only exception. In brewed coffee with
mushroom additives, its amounts were slightly lower (1.09 mg/200 mL for C. militaris and
0.912 mg /200 mL for H. erinaceus) compared to the control (1.10 mg/200 mL). In coffee from
the machine and instant coffee, the amounts of Zn increased when C. militaris was added.
The comparison between instant coffee and machine-brewed coffee is also interesting. For
almost all bioelements (except sodium), instant coffee was a better source. Regarding the
mushroom additives, it should be noted that while the addition of C. militaris is more
preferred due to its bioelement contents, the amount of bioelements also increases after
adding H. erinaceus each time (Table 1).
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The results show slight differences for marked organic compounds. It appears that
when mushroom additives are used in all three types of coffee, they lead to a reduction in the
contents of substances that are typical and characteristic of coffee, such as neochlorogenic
acid, caffeine, chlorogenic acid, and isochlorogenic acid (Table 2).

In the case of the other two acids, 4-feruloylquinic acid and 3,5-di-caffeoylquinic acid,
only in conventionally brewed coffee, additions of C. militaris and H. erinaceus resulted in an
increase in their content compared to the control. For both acids, the addition of C. militaris
was found to be more beneficial. After its addition, 18.6 mg/200 mL of 4-feruloylquinic
acid and 3.76 mg/200 mL of 3,5-di-caffeoylquinic acid were determined in brewed coffee.
Also interesting is the content of two substances that do not naturally occur in coffee but
are components of mushrooms—Ilovastatin and ergosterol. In the case of lovastatin, some
amounts were observed after the addition of both C. militaris and H. erinaceus species to
coffee. At the same time, the trend differed from the majority of samples, with the addition
of H. erinaceus raising the lovastatin content to a higher degree. Brewed coffee with a
mushroom addition once again proved to be the best option (0.192 mg/200 mL lovastatin).
As for ergosterol, certain amounts were determined only after adding the fruiting body of
the C. militaris species to all three types of coffee, with the highest amounts determined for
ground coffee brewed in the traditional manner, at 1.01 mg/200 mL of solution (Table 2).
Analyzing the contents of the labeled bioactive compounds in the three types of control
coffee—without the addition of mushrooms—almost all compounds were determined in
the highest amount in ground coffee brewed in a traction manner. Only 4-feruloylquinic
acid was determined in the highest amount in instant coffee. The content of bioactive
substances also translates into the highest antioxidant potential of brewed coffee. The
antioxidant potential of brewed coffee was almost twice as high compared to instant coffee
and coffee prepared in a machine (Table 2).
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Table 1. Comparison between the bioelement contents of three types of coffee prepared with H. erinaceus and C. militaris with the relevant controls.

Coffee from the Coffee from the

Coff.ee from the Machine with Machine with Instant Instant Coffe.e.wit‘h Inst{mf Coff.ee with Brewed Brewed Coffe.e. wit.h Brev«.re‘d Coff.ee with
Machine—Control Cordyceps militaris Hericium evinaceus Coffee—Control Cordyceps militaris Hericium erinaceus Coffee—Control Cordyceps militaris Hericium erinaceus
mg/200 mL + SD
Mg 0.0397 + 0.027 £ 5.68 =+ 0.39 b< 425+ 0.59 4 1.57 £0.11 ¢ 6.69 +0.88° 459 4 0.34 <4 1.77 £0.10°¢ 8.07+021% 5.70 4 0.43 b<
Zn 0.196 + 0.001 © 0.338 4 0.038 ¢ 0.153 +0.011© 0.565 + 0.038 0.590 + 0.064 © 0.253 + 0.027 4 1.10 4 0.07 1.09 +0.072 0.912 + 0.061°
Cu 0.013 =+ 0.001 © 0.046 4 0.002 4 0.040 4 0.001 <4 0.018 =+ 0.001 © 0.076 4 0.005 ® 0.054 £ 0.009 0.037 4 0.002 ¢ 0.114 £ 0.010? 0.072 4 0.009 ®
Fe 0.140 £ 0.010 ¢ 0.201 + 0.028 &f 0.424 + 0.024 <4 0.33 + 0.01 9 0.274 +0.032 &F 0.561 + 0.034 0.767 + 0.070 0.878 + 0.077 2> 0.945 + 0.079 2
Na 1.32 £ 0.088 8.47 + 0.619 357 +0.26f 0.370 £ 0.041 8 105+ 0.5°¢ 6.14 £047°¢ 1.25+0.16 8 189+ 052 14.2 4 0.6°
K 2.09 +0.14f 9.12 +0.56 5.98 +0.28 d¢ 527 +022° 10.0 4+ 05¢ 6.97 +0.374 71140294 27.7+1.32 19.34+0.8°
Ca 0.218 +0.014 f 2.71 4 0.31 ¢4 1.71 £0.25¢ 0.408 +0.033 3.14 +£0.29b¢ 2.15 4+ 0.09 9 0.674 +0.032 7.29 £ 0522 3.44 + 023"

1 = 9; the letters next to values represent Tukey’s HSD post hoc results, different letters @8 indicate significant differences between homogeneous groups (p < 0.05) between coffee types
for each bioelement after a specific coffee additive or control.

Table 2. Comparison between the antioxidant activity and contents of bioactive substances of three types of coffee prepared with H. erinaceus and C. militaris with the
relevant controls.

Coffee from the

Coffee ffom the Machine with Co{fee.fmm.the Instant Ir}Stant Coffee Instant Coffee with Brewed Brewed Coffee with Brewed Coffee with
Machine— Machine with with Cordyceps
Control Cordyceps Hericium evinaceus Coffee—Control mili tarlzl's P Hericium erinaceus Coffee—Control Cordyceps militaris Hericium erinaceus
militaris
mg/200 mL £ SD
Neochlorogenic acid 9.26 +0.03 ¢ 6.55 £ 0.05f 4324 0.031 8.26 £ 0.06© 4.70 +£0.021 490+ 0.048 179 £02° 105+0.1° 103 +£0.1°¢
Caffeine 2.71+£0.01¢ 1.77 +0.01 f 1.15+£0.018 2.97 +0.014 1.74 +0.01F 1.724£0.01°F 5.59 +0.042 3.76 £ 0.02° 3.62+£0.01¢
Chlorogenic acid 9.8540.234 6.14 +0.01f 427 +£0.388 4.74+0.10¢ 4.51+0.098 451 +0.098 339+072 21.3+0.7° 194+0.1°¢
4-Feruloylquinic acid 8.43+0.02¢ 5.24 +0.028 455+ 0.01h 11.2+£01° 6.53 +0.03f 6.33 £ 0.03f 10.6 +0.14 18.6 +£0.1° 16.8 £ 0.1°
Isochlorogenic acid 320+032°¢ 144 £0.01° 1.56 £0.15¢ 3.63 +0.02° 1.39 +£0.01¢ 2.0240.214 5.53 +0.06 2 3.83 +0.02° 3.62 +0.02°
3,5-Di-caffeoylquinic acid 1.79 4+ 0.18 4 0.947 +£0.128 f 1.034+0.10f 2.79 4+ 0.01° 0.972 £ 0.003 f 137 +0.14¢ 353 +0.14° 3.76 £0.01° 248 £0.01°¢
Lovastatin nd 0.018 + 0.001 ¢ 0.066 & 0.001 ° nd 0.010 £ 0.001 © 0.031 £ 0.001 ¢ nd 0.011 £ 0.001 © 0.192 £+ 0.001 2
Ergosterol nd 0.969 + 0.002° nd nd 0.336 £ 0.004 ¢ nd nd 1.01 £0.01° nd
Ascorbic acid equivalent (AAE) mg/200 mL + SD
Antioxidant activity—DPPH 887 4 34 < 937 £14°¢ 670 £ 13f 882 + 124 868 +234 746 £ 16°¢ 1579 £1° 1284 £ 19° 1576 + 42

n = 3; nd—not detected; the letters next to values represent Tukey’s HSD post hoc results, different letters @8 indicate significant differences between homogeneous groups (p < 0.05)
between coffee types for each compound after a specific coffee additive or control.
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3. Discussion

Medicinal mushrooms and mushroom preparations containing bioactive compounds
are classified as nutraceuticals. According to the European Food Safety Agency (EFSA),
they can be used as supplements due to their disease-preventing effects. The production
of nutraceuticals requires a great knowledge of the functional properties of individual
mushroom species. Currently, many mushroom preparations are commercially available,
usually in the form of a dry extract. Coffee is an example of a popular product with
medicinal mushrooms such as Inonotus obliquus (chaga), Ophiocordyceps sinensis (cordyceps),
Lentinula edodes (shiitake), Hericium erinaceus (lion’s mane), or Ganoderma lucidum (reishi).
Its consumption regulates blood pressure, stimulates mental efficiency, increases energy,
and strengthens the immune system and the performance of the body [20].

According to the manufacturers of mushroom coffee, despite its many health-promoting
properties, it is not recommended for everyone. In some cases, it should be limited or com-
pletely excluded from the daily diet. First of all, it should not be consumed by pregnant and
breastfeeding women. Drinking coffee with mushrooms is also not advisable for children.
Certain diseases such as hypertension, as well as allergies, are also contraindicated. Further-
more, this type of supplementation can interact with some medications, such as those taken
for autoimmune diseases. Another group of people for whom it is not recommended to
consume coffee with mushrooms are people with histamine metabolism disorders, people
with gastroesophageal reflux disease, where coffee can increase discomfort, and patients
with small intestine bacterial overgrowth syndrome (SIBO), where the polysaccharides
found in mushrooms can cause adverse effects [8,21].

Over time, coffee transitioned from being treated primarily as a stimulant to being
recognized as a beverage with health-promoting properties. Its positive effects are mainly
attributed to the polyphenols it contains. Additionally, coffee beans contain carbohydrates,
proteins, fats, alkaloids, diterpenes, free amino acids, melanoidins formed during the
roasting process, as well as minerals—both macronutrients and micronutrients. While
coffee is not usually presented as a source of bioelements, its frequent consumption can also
supplement them in the body. Coffee can provide K and Mg. In addition to macronutrients,
it contains varying amounts of micronutrients. These components are equally important,
even though the human requirement for them is less than 100 mg/day. Micronutrients are
involved in many biochemical processes in the body. Especially important are those with
antioxidant properties—Zn, Cu, and Fe. They support various mechanisms and counteract
the effects of oxidative stress [22]. A portion of coffee can provide up to 13.7% of the Mn
requirement, up to 4.0% and 3.1% of the Zn requirement for men and women, respectively,
up to 2.7% and 2.1% of the Cu requirement for men and women, respectively, and up to
0.4% and 0.6% of the Fe requirement for men and women, respectively [22].

Caffeine is not a neutral substance for the body; it has been proven to adversely affect
the concentrations of electrolytes such as Mg?*, K*, and Ca?* by increasing their excretion
in urine [23]. Thus, it is important to develop mushroom additives that can balance
these emerging fluctuations in bioelements. The amounts of the mentioned bioelements
significantly increased for both mushroom additives, ranging from several times to as much
as a dozen times. However, the addition of C. militaris provided better supplementation
of Mg?*, K*, and Ca?*, which are needed by the human body (Table 1). Ozdestan, in
a study on samples of Turkish-brewed coffees, reports the average content of Mg, Mn,
Zn, Na, and K as 149.18, 2.736, 2.915, 289.7, and 570.26 mg/L, respectively. The most
abundant mineral in brewed coffee samples was K. The total mineral concentration (Mg +
Mn + Zn + Na + K) in brewed coffee samples ranged from 879.12 to 1134.6 mg/L, with an
average value of 1014.8 mg/L, which differs from the elements measured in the current
experiment [24]. The average contents of Mg, Mn, Zn, Na, and K in the ground coffee
samples were 2097.5, 48.80, 417.46, 846.72, and 9262.8 mg/kg, respectively [24]. It should be
noted that differences exist in the study of coffee and its elemental composition due to the
approach to the material and the determination of elements directly in the powdered coffee,
as well as in the form of a solution. The type of water used can significantly impact the
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mineral content of infusions [22]. Differences in the elemental content of different coffees
may also be due to the way they are brewed and the type of soil on which the coffee was
grown [24,25].

Grembecka et al.’s findings report the average content of Mg, Mn, Zn, Na, K, and Ca
in ground coffee samples as 2.100, 22.4, 5.3, 420, 13.690, and 841 mg/kg, respectively [25].
Their study also shows that instant coffee provides higher amounts of bioelements to the
human body than ground coffee. However, it is not an important source of them in our diet,
which differs from the findings of the current experiment [25]. In our study, we found that
not only is brewed coffee the best source of bioelements, but also mushroom additives like
H. erinaceus, and especially C. militaris fruiting bodies, significantly increase their contents
(Table 1).

Many studies have shown that coffee is one of the most important sources of polyphe-
nols and caffeoylquinic acids (CQAs). The main polyphenol is chlorogenic acid, which
is a potent antioxidant found in coffee. About a third of the amount of chlorogenic acids
ingested with coffee can be absorbed in the human digestive tract and metabolized in the
stomach, intestines, liver, and kidneys, exerting a number of beneficial biological properties
in the body [1,26]. Numerous meta-analyses have been performed, revealing positive
health effects associated with coffee consumption, including a reduced incidence of type
2 diabetes, kidney stones, gout, Parkinson’s disease, liver fibrosis, cirrhosis, nonalcoholic
steatohepatitis, and liver cancer. However, the molecular mechanism responsible for these
health effects is still unresolved [2,4,6,9]. Several studies have associated CQAs with
beneficial health properties, such as antioxidant, antiviral, antibacterial, anticancer, and
anti-inflammatory activity [26]. This is important because substances from this group were
also chromatographically identified and determined in the present experiment (Figure 1).

Retention Time
1200 3 1200

1000 1000

800 800

a0 2 40

56

5 10 15 20 F 30 35 a0 4 50 55 ) & 70

Figure 1. Example chromatogram of neochlorogenic acid (1), chlorogenic acid (2), caffeine (3), 4-
feruloylquinic acid (4), isochlorogenic acid (5), and 3,5-di-caffeoylquinic acid (6) in the brewed coffee
with Cordyceps militaris.

Coffee consumption has also been found to have a beneficial effect on the immune
system, aligning with the properties of both species of mushrooms—C. militaris and H.
erinaceus [10,14,19].

Analyzing the results of the organic content of the analyzed solutions, it is possible to
identify substances specific to coffee itself (as mentioned above) and medicinal mushrooms
(Figure 2).
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Figure 2. Structural formulas of bioactive substances characteristic of coffee (caffeine, chlorogenic
acid, neochlorogenic acid) and mushroom material (lovastatin, ergosterol).

Powdered fruiting bodies obtained from our own cultivation have been determined
previously (Table 3) [13,27,28].

Table 3. The content of bioactive substances previously determined in the fruiting bodies of Hericium
erinaceus and Cordyceps militaris species [mg/100 g d.w.].

Hericium erinaceus [mg/100 g d.w.]

Corcyceps militaris [mg/100 g d.w.]

5-Hydroxy-L-tryptophan 91 4 3-127 £ 5 [13]

L-Tryptophan 33.0 £ 0.8-35.1 = 2.7 [13]
Serotonine nd [13]

5-Methyltryptamine 3.20 +0.32 [13]

Lovastatin 0.374 £+ 0.037-3.14 £ 0.23 [13]
L-Phenylalanine 190 + 3-432 £+ 28 [13]
Ergosterol 108 £ 2-161 £ 1 [13]
L-Ergothioneine 207 + 8-315 + 12 [13]
Cordycepin not marked [13]
p-Hydroxybenzoic acid nd [13]

81.1 + 4.3 28]

6.42 4 0.03 [28]-25.0 & 0.3 [27]
39.4 0.2 [28]

1.44 £ 0.01 [27]

30.5 + 1.5-36.4 & 0.1 [28]

6.56 % 0.07 [28]-366 & 12 [27]
95.5 + 0.4 [28]-142 + 3 [27]
6.47 £ 0.31 [27]

12.1 & 0.1 [27]-25.9 = 0.6 [28]
0.508 == 0.012 [27]

nd—not detected.

Lovastatin is one of the statins, which are inhibitors of a key enzyme regulating

cholesterol production (3-hydroxy-3-methylglutaryl-coenzyme A reductase). By lowering
total cholesterol and low-density lipoprotein (LDL) levels, these substances have proven
effective in preventing cardiovascular diseases, including atherosclerosis, and they possess
antioxidant and anti-inflammatory properties [29,30]. Mushroom sterols, including ergos-
terol, are converted in the presence of light into vitamin D5, which plays an important role
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in the normal functioning of the human body, cancer prevention, and immunomodulatory
effects. In addition, ergosterol facilitates the absorption of bioelements such as P and Ca,
contributing to normal bone formation [13,31]. It was previously observed that H. erinaceus
is a sterol-rich species [31,32]. This observation was confirmed, as only the addition of
powdered fruiting bodies of H. erinaceus species to coffee resulted in the appearance of
ergosterol in the solutions analyzed (Table 2).

It is extremely difficult to find comparative studies where the actual content of the
substances taken in with the beverage consumed (per cup) is examined. However, this time,
it was decided to present the actual amounts that are taken in during the consumption of
coffee supplemented with mushroom material (Table 2) [13].

Nevertheless, the caffeine content was lower than that previously determined by
Awwad et al. for green coffee (166.72 mg/L), light roast coffee (196.35 mg/L), medium roast
coffee (203.63 mg/L), and dark roast coffee (189.95 mg/L). The situation is analogous for
chlorogenic acid: green coffee (543.23 mg/L), light roast coffee (270.93 mg/L), and medium
roast coffee (187.45 mg/L). Only dark roast coffee (90.53 mg/L) had a lower chlorogenic
acid content than traditionally brewed coffee (Table 2) [33]. Similarly, in the work of Jeon
et al. (2019), higher contents of caffeine and chlorogenic acid and its derivatives were
determined in both instant coffees and ready-to-drink coffee drinks, as well as in ground
roasted coffee [34]. The lowest content of some substances in instant coffee in this study
may be due to the production process itself and may be the result of the high temperature
used to obtain instant coffee [7,8]. Concerning mushrooms, the amounts of lovastatin
and ergosterol in the fruiting bodies of C. militaris (30.5-36.4, 95.5-142 mg/100 g d.w.,
respectively) and H. erinaceus (0.374-3.14, 139-161 mg/100 g d.w., respectively) are known.
This highlights the fact that the percentages of the amounts determined in the starting
extracts per dry weight will be found in the coffee drink (Table 3). In addition, a trend
toward the production of higher amounts of lovastatin by C. militaris species and higher
amounts of ergosterol for H. erinaceus can be observed, which translates into contents in the
marked coffees [13,28].

4. Materials and Methods
4.1. Mushroom Material

The fruiting bodies of Hericium erinaceus (Bull.) Pers. and Cordyceps militaris (L.) Fr.
species were obtained in cooperation with a small farm in southern Poland (Osiek, Poland).
Myecelial cultures obtained from the Department of Medicinal Plant and Mushroom Biotech-
nology (Jagiellonian University Medical College) were used to cultivate the fruiting bodies.
Stock cultures of H. erinaceus and C. militaris were obtained from The Mycelium Emporium
(Enfield, ME, USA). Mushroom materials of each species were deposited into the Depart-
ment of Medicinal Plant and Mushroom Biotechnology (Jagiellonian University Medical
College, Krakow, Poland)—HEFB1, HEMC1, CMFB1, and CMMC1.

4.2. Biotechnological Methods of Obtaining Mushroom Materials

The in vitro cultures of H. erinaceus and C. militaris were obtained using a previously
developed procedure and standard Oddoux media [35,36]. The composition of the culture
basic medium (pH = 5.6) per 1 L was as follows: glucose 10 g, maltose extract 7.5 g,
casein hydrolyzate 0.2 g, L-asparagine 1.0 g, NH4Cl1 0.5 g, adenine 0.012 g, yeast extract
0.03 g, MgSO4-7H,0 0.5 g, KHyPO4 0.5 g, 1% FeCls 0.6 mL, 0.3% ZnSOy4-6 H,O 1.5 mL,
0.5% MnSO4-HyO 1.5 mL, and 1% CaCly 5 mL (Pol-Aura, Dywity, Poland). Increased
levels of glucose, casein, and yeast extract (20, 2.5, and 0.625 g, respectively) were used
to increase biomass growth in both species. The transfer of mycelial cultures was carried
out in a laminar flow chamber. Shaken experimental in vitro cultures of H. erinaceus and
C. militaris (3 weeks in a TOS-6048FD orbital motion rotary shaker (EnviSense, Lublin,
Poland) according to the natural photoperiod) in a liquid medium were used to produce
fruiting bodies of both species.
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4.3. Obtaining Fruiting Bodies of H. erinaceus and C. militaris

To prepare the fruiting bodies of H. erinaceus, liquid mycelial cultures were used. They
were inoculated into rehydrated (previously sterilized) wheat grains, which were then
stored in Unicorn Bags—Type 3 (Plano, TX, USA) with 0.2 pm microfilters. The growing
medium was prepared using a 30% wheat bran and 70% beech sawdust ratio based on
volume. The substrate, totaling 2.5 kg, was rehydrated to achieve a 55% relative humidity,
mixed using a stirrer, and then transferred into prepared bags. These bags were then
subjected to steam sterilization (1 atm, 2 h, 121 °C). After cooling, the growing substrate
was inoculated with the grained mycelium and stored in the incubation room. The prepared
bags were incubated without access to light at room temperature (23 & 2 °C). After the
substrate was fully colonized, the bags were opened and transferred to a growing chamber
maintained at a temperature of 20 °C with day/night-type lighting (600 lux). Two flushes
of fruiting bodies were obtained, occurring after 2 and 4 weeks, respectively.

The growth medium for C. militaris consisted of brown rice, which is commonly used
for cultivating this species. To cultivate it, 500 mL polypropylene bags were filled with 20 g
of brown rice and 32 mL of a previously prepared medium. It consisted of 5 g/L peptone
(BTL, L.6dz, Poland), 40 g/L of glucose, 1.5 g/L of MgSO4-7H,0, and 1.5 g/L of K;HPO4
(Pol-Aura, Dywity, Poland). The composition aimed to achieve effective biomass growth
and optimize yield [37]. The bags were then closed, and holes were made in the upper
part, with filters glued on for proper air exchange. The polypropylene bags were then
autoclaved (121 °C, 1 atm) to avoid microbial contamination. Finally, the bags with media
were inoculated under a laminar cabinet with previously prepared mycelial cultures. These
bags were placed in an incubation room at 20 °C for 2 weeks without light access until the
entire substrate was colonized by mycelium. After mycelial growth, the bags were exposed
to 600 lux of light, and the temperature was maintained at 20 °C. The first fruiting bodies
appeared after 2 weeks, with harvesting conducted after 6 weeks.

Mature fruiting bodies of both species were frozen and then lyophilized at —40 °C
(Labconco Freezone lyophilizer 4.5, Kansas City, MO, USA). The lyophilized fruiting bodies
were powdered to prepare them for the next part of the experiments.

4.4. Preparation of Coffee Extracts

Three types of coffee were prepared (from a coffee machine available in public spaces
(German manufacturer), instant (German manufacturer), and ground brewed (Italian
manufacturer) in the traditional way) in the amount of 200 mL, both as control samples and
with the addition of powdered H. erinaceus or C. militaris fruiting bodies (2 g). Traditionally
brewed coffee means that the ground coffee was treated with boiling water and left to
brew for a few minutes. Each coffee was obtained in three independent replicates. Two
full teaspoons of instant coffee (6 g) and ground coffee (10 g) were used to prepare the
drinks. The coffee from the publicly available machine was prepared automatically, with
no control over the weight or type of coffee used. Water from Krakow’s waterworks, whose
condition and bioelemental composition are constantly monitored, was used to make the
coffee. The lyophilized H. erinaceus and C. militaris fruiting bodies were homogenized using
an agate mortar. For both species, 2 g of powdered material was transferred to glass beakers
containing 200 mL of previously prepared coffee. Mushrooms were added a few minutes
after brewing (5 min on average). The volume of 200 mL was chosen because this is the
standard volume of a cup of coffee consumed at one time. Bioelements were determined in
the liquid coffee beverages. For the determination of organic bioactive substances, all types
of coffee were lyophilized and then eluted to a certain volume with solvent (HPLC-grade
methanol—Chempur, Gliwice, Poland) and filtered using ChemLand membrane filters
(Stargard, Poland). The obtained methanolic extracts were stored in the refrigerator until
further analyses. For chromatographic and spectrophotometric analyses, 2 mL of prepared
extract was filtered using 0.22 pm PTFE ChemLand syringe filters (Stargard, Poland) into
glass vials (Witko, L.6dz, Poland).
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4.5. Bioelement Analysis: Mineralization of Samples and Quantitative Analysis

In order to determine the contents of the selected macroelements (Ca, Mg, Na, and
K) and microelements (Cu, Zn, and Fe) in the tested samples, fruiting bodies of H. eri-
naceus and C. militaris were subjected to mineralization. Wet mineralization was carried
out in a closed system using microwaves (Magnum II mineralizer by ERTEC, Wroctaw,
Poland). The homogenized and lyophilized material was weighed in three independent
repetitions in the amount of 0.200 g on an analytical balance with an accuracy of three
places. Everything was transferred to Teflon vessels and mineralized under pressure. The
clarified solution obtained in this way was transferred to quartz crucibles and evaporated
at a temperature of 120 °C until almost dry. The residue was quantitatively transferred
to 10 mL glass flasks using four-times-distilled water. The analysis of the content of the
above-mentioned elements in the mineralizates as well as in the filtered coffee solutions
was carried out using the flame atomic absorption spectroscopy (FAAS) method using the
iCE3500 Thermo Scientific spectrometer (Gloucester, UK). The water used to prepare the
coffee was used as a blank to eliminate measurement error. Each sample was analyzed in
nine independent repetitions, and the content of bioelements was expressed in mg per 200
mL of coffee solution.

4.6. Analysis of the Contents of Bioactive Compounds

The chromatographic analysis of organic compounds was carried out using the HPLC
method based on standard calibration curves, assuming a linear correlation between the
area under the peak (AUC) and the concentration of the reference standards. Total bioactive
compound content was expressed as mg per 200 mL of coffee solution. Each studied sample
was analyzed in three independent replicates.

4.6.1. Analysis of Caffeine and Phenolic Acids

The RP-HPLC-DAD method was used to determine the content of caffeine, chloro-
genic acid, neochlorogenic acid, 4-feruloylquinic acid, isochlorogenic acid, and 3,5-di-
caffeoylquinic acid. The liquid chromatography equipment (Merck Hitachi, Tokyo, Japan)
consisted of an HPLC analyzer equipped with a DAD-L2455 detector, an L-2130 pump, a
4 mm x 250 mm LiChrosfer RP-18 column (particle size 5 um), an L-2350 thermostat, and
an L-2200 autosampler. For caffeine and phenolic acid analysis, we followed the gradient
elution method as per Ellnain-Wojtaszek and Zgoérka (1999) [38]. The injection volume was
20 pL. The mobile phase comprised two solvents: solvent A (methanol and 0.5% acetic acid
in a 1:4 ratio) and solvent B (HPLC-grade methanol). The gradient profile was as follows:
100:0 from 0 to 25 min, 70:30 at 35 min, 50:50 at 45 min, 0:100 from 50 to 55 min, and back
to 100:0 from 57 to 67 min (flow rate of 1 mL/min, detection at A = 200400 nm, column
temperature maintained at 25 °C).

4.6.2. Analysis of Lovastatin

The lovastatin level was determined using the RP-HPLC-UV method. The chromatog-
raphy equipment (Merck Hitachi, Tokyo, Japan) used in this study consisted of an HPLC
analyzer capable of isocratic separation, including an L-7400 UV detector (Merck Hitachi,
Tokyo, Japan), a VWR7614 degasser, an L-7100 pump, an Purospher® RP-18 4 mm x
250 mm column (particle size 5 um), and an L-2350 thermostat. Each sample was injected
with a volume of 20 pL for analysis. To determine lovastatin levels per the method re-
ported by Pansuriya and Singhal (2009), a mobile phase consisting of acetonitrile and 0.1%
phosphoric acid (60:40) was used (flow rate of 1 mL/min, detection at A = 238 nm, column
temperature set at 25 °C) [39].

4.6.3. Analysis of Ergosterol
The ergosterol content was determined using the RP-HPLC-DAD method described

by Yuan et al. (2008) [40]. The HPLC setup from Merck Hitachi (Tokyo, Japan) included
a VWR/Hitachi LaChrom Elite analyzer with a diode-array detector (DAD L-2455), an
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L-2130 pump, a VWR7614 degasser, an LiChrospher RP-18 4 mm X 250 mm column
(particle size 5 pm), and an L-2350 thermostat. In each instance, 20 uL of samples were
injected. The mobile phase consisted of solvent A (methanol:water 8:2 v/v) and solvent B
(methanol:dichloromethane 75:25 v/v). The gradient program was as follows: 100% A for
10 min, 60% A and 40% B for 10 min, 40% A and 60% B for 10 min, 20% A and 80% B for 10
min, 0% A and 100% B for 10 min, followed by reconditioning with 100% A for the next
10 min (flow rate of 1 mL/min, detection at A = 280 nm, column temperature maintained at
30 °Q).

4.7. Determination of Antioxidant Activity Using the DPPH® Method

The antioxidant activity was determined using the DPPH radical (2,2-diphenyl-1-
picrylhydrazyl) method. Each of the samples underwent the following procedure: 0.1 mL of
the prepared coffee methanolic extract was dissolved in 3.1 mL of methanol and thoroughly
mixed. Then, 0.1 mL of the resulting solution was mixed with 4.9 mL of 0.1 mM DPPH
dissolved in methanol. The reaction mixture was shaken and incubated in the dark at room
temperature for 30 min.

Following the incubation period, the absorbance of the resulting mixture was measured
at 517 nm against the blank using a UV-Vis A 560 spectrophotometer (AOE Instruments Co.
Ltd., Shanghai, China). The antioxidant activity was then calculated using this equation:
DPPH [%] = [(A0 — A1)/A0] x 100, where A0 and A1l represent the absorbances of
the reference and test solutions, respectively. To quantify the total antioxidant activity,
a calibration curve of ascorbic acid was used, and the results were expressed as mg of
ascorbic acid equivalent (AAE) per 200 mL of the studied sample.

4.8. Statistical Analysis

Each studied material underwent analysis in several independent replicates. The
determination results were presented as mean values with standard deviation. A two-way
ANOVA was conducted, the dependent variable was the content of the compounds, the
independent variables were the addition of the mushrooms used and the type of coffee. It
was performed using Statsoft STATISTICA v.14 software (Tulsa, OK, USA). The significance
level was set at p < 0.05.

5. Conclusions

Adding mushroom powders to coffee is becoming an increasingly popular way of
supplementation. The best source of most bioelements and organic bioactive substances
is ground coffee brewed in the traditional way. Among the supplemented coffees, the
best source of determined substances is traditionally brewed coffee with the addition of
C. militaris. Traditionally brewed coffee with H. erinaceus has a slightly higher iron content
and is notable for its ergosterol content. The combination of coffee’s antihypertensive
properties (the coffee paradox) and the hypolipidemic and hypoglycemic properties of
C. militaris may prove valuable in preventing obesity, diabetes, and the development of
metabolic syndrome. In addition, it should be noted that adding mushroom material
to coffee is an interesting idea that can positively affect supplementation regularity due
to the large consumption of coffee in the world. In addition, the combination of the
positive aspects associated with coffee consumption and the properties of both mushrooms
undeniably affects the improvement of human bodily health.

Author Contributions: Conceptualization, K K. and B.M.; methodology, KK., A K., K.S.-Z. and
A.S.; validation, K.K., AK., K.S.-Z. and A.S.; formal analysis, M.C.-].; investigation, K.K., K.H.,
A K., KS.-Z.,AS. and J.L.; resources, B.M.; writing—original draft preparation, K.K. and M.C.-].;
writing—review and editing, K.K. and B.M.; visualization, M.C.-]., K.S.-Z. and A.S.; supervision,
K.S.-Z. and B.M,; project administration, K.K. and B.M.; funding acquisition, B.M. All authors have
read and agreed to the published version of the manuscript.



Pharmaceuticals 2024, 17, 955 13 of 14

Funding: The research was co-financed by the Priority Research Area qLife under the program “Excel-
lence Initiative—Research University” at the Jagiellonian University in Krakow (06/IDUB/2019/94).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Angeloni, G.; Guerrini, L.; Masella, P.; Bellumori, M.; Daluiso, S.; Parenti, A.; Innocenti, M. What kind of coffee do you drink? An
investigation on effects of eight different extraction methods. Int. Food Res. 2019, 116, 1327-1335. [CrossRef] [PubMed]

2. Iriondo-DeHond, A.; Uranga, J.A.; del Castillo, M.D.; Abalo, R. Effects of coffee and its components on the gastrointestinal tract
and the brain-gut axis. Nutrients 2021, 13, 88. [CrossRef] [PubMed]

3. Smith, R.F. A History of Coffee. In Coffee: Botany, Biochemistry and Production of Beans and Beverage, 1st ed.; Clifford, M.N., Willson,
K.C., Eds.; Avi Publishing Company Inc.: Westport, CT, USA, 1985; pp. 1-12.

4. Nieber, K. The impact of coffee on health. Planta Med. 2017, 83, 1256-1263. [CrossRef] [PubMed]

5. Mali, S.V; Shaikh, N.S.; Shaikh, M.C.; Shelake, S.N.; Shendge, N.H.; Shelke, S.D. Formulation and evaluation of herbalmushroom
coffee powder as a immunoboostingdrink. IJISRT 2023, 8, 2202-2205.

6.  Saraiva, S.M.; Jacinto, T.A.; Gongalves, A.C.; Gaspar, D.; Silva, L.R. Overview of caffeine effects on human health and emerging
delivery strategies. Pharmaceuticals 2023, 16, 1067. [CrossRef] [PubMed]

7.  Jeszka, A.M. Current status of coffee production and global marketing: Recent update. In Coffee Science, 1st ed.; Akula, R,
Giridhar, P, Jeszka-Skowron, M., Eds.; CRC Press: Boca Raton, FL, USA, 2023; pp. 3-13.

8. Poole, R.; Kennedy, O.].; Roderick, P; Fallowfield, ].A.; Hayes, P.C.; Parkes, J. Coffee consumption and health: Umbrella review of
meta-analyses of multiple health outcomes. BM] 2017, 359, j5024. [CrossRef] [PubMed]

9.  Kolb, H.; Kempf, K.; Martin, S. Health effects of coffee: Mechanism unraveled? Nutrients 2020, 12, 1842. [CrossRef]

10. Acikalin, B.; Sanlier, N. Coffee and its effects on the immune system. Trends Food Sci. 2021, 114, 625-632. [CrossRef]

11.  Chong, PS.; Fung, M.L.; Wong, K.H.; Lim, L.W. Therapeutic potential of Hericium erinaceus for depressive disorder. Int. ]. Mol. Sci.
2020, 21, 163. [CrossRef]

12. Phull, A.R.; Ahmed, M.; Park, H.]. Cordyceps militaris as a bio functional food source: Pharmacological potential, anti-inflammatory
actions and related molecular mechanisms. Microorganisms 2022, 10, 405. [CrossRef]

13. Lazur, J; Kata, K.; Krakowska, A.; Sutkowska-Ziaja, K.; Szewczyk, A.; Piotrowska, J.; Rospond, B.; Fidurski, M.; Marzec, K.;
Muszynska, B. Analysis of bioactive substances and essential elements of mycelia and fruiting bodies of Hericium spp. J. Food
Compos. Anal. 2024, 127,105981. [CrossRef]

14. Chen, D.; Zheng, C.; Yang, J.; Li, J.; Su, J.; Xie, Y.; Lai, G. Inmunomodulatory activities of a fungal protein extracted from Hericium
erinaceus through regulating the gut microbiota. Front. Immunol. 2017, 8, 666.

15. Qiu, Y; Lin, G.; Liu, W.; Zhang, E; Linhardt, R.]J.; Wang, X.; Zhang, A. Bioactive compounds in Hericium erinaceus and their
biological properties: A review. Food Sci. Hum. Wellness 2023, 13, 1825-1844. [CrossRef]

16. Gravina, A.G.; Pellegrino, R.; Auletta, S.; Palladino, G.; Brandimarte, G.; D’Onofrio, R.; Arboretto, G.; Imperio, G.; Ventura, A.;
Cipullo, M.; et al. Hericium erinaceus, a medicinal fungus with a centuries-old history: Evidence in gastrointestinal diseases. World
J. Gastroenterol. 2023, 29, 3048-3065. [CrossRef] [PubMed]

17.  Abdullah, S.; Kumar, A. A brief review on the medicinal uses of Cordyceps militaris. Pharmacol. Res. Mod. Chin. Med. 2023, 7,
100228.

18.  Zeng,].; Zhou, Y,; Lyu, M.; Huang, X.; Xie, M.; Huang, M.; Chen, B.X.; Wei, T. Cordyceps militaris: A novel mushroom platform for
metabolic engineering. Biotechnol. Adv. 2024, 74, 108396. [CrossRef] [PubMed]

19. Lee, C.T.; Huang, K.S.; Shaw, ].E,; Chen, ].R.; Kuo, W.S; Shen, G.; Grumezescu, A.M.; Holban, A.M.; Wang, Y.T.; Wang, ].S.; et al.
Trends in the immunomodulatory effects of Cordyceps militaris: Total extracts, polysaccharides and cordycepin. Front. Pharmacol.
2020, 11, 575704. [CrossRef] [PubMed]

20. Lysakowska, P; Sobota, A.; Wirkijowska, A. Medicinal mushrooms: Their bioactive components, nutritional value and application
in functional food production—A review. Molecules 2023, 28, 5393. [CrossRef] [PubMed]

21. Sharif, K.; Watad, A.; Bragazzi, N.L.; Adawi, M.; Amital, H.; Shoenfeld, Y. Coffee and autoimmunity: More than a mere hot
beverage! Autoimmun. Rev. 2017, 16, 712-721. [CrossRef]

22.  Olechno, E.; Puscion-Jakubik, A.; Socha, K.; Zujko, M.E. Coffee infusions: Can they be a source of microelements with antioxidant
properties? Antioxidants 2021, 10, 1709. [CrossRef]

23. Ribeiro-Alves, M.A ; Trugo, L.C.; Donangelo, C.M. Use of oral contraceptives blunts the calciuric effect of caffeine in young adult
women. J. Nutr. 2003, 133, 393-398. [CrossRef] [PubMed]

24. Ozdestan, O. Evaluation of bioactive amine and mineral levels in Turkish coffee. Int. Food Res. 2014, 61, 167-175. [CrossRef]


https://doi.org/10.1016/j.foodres.2018.10.022
https://www.ncbi.nlm.nih.gov/pubmed/30716922
https://doi.org/10.3390/nu13010088
https://www.ncbi.nlm.nih.gov/pubmed/33383958
https://doi.org/10.1055/s-0043-115007
https://www.ncbi.nlm.nih.gov/pubmed/28675917
https://doi.org/10.3390/ph16081067
https://www.ncbi.nlm.nih.gov/pubmed/37630983
https://doi.org/10.1136/bmj.j5024
https://www.ncbi.nlm.nih.gov/pubmed/29167102
https://doi.org/10.3390/nu12061842
https://doi.org/10.1016/j.tifs.2021.06.023
https://doi.org/10.3390/ijms21010163
https://doi.org/10.3390/microorganisms10020405
https://doi.org/10.1016/j.jfca.2024.105981
https://doi.org/10.26599/FSHW.2022.9250152
https://doi.org/10.3748/wjg.v29.i20.3048
https://www.ncbi.nlm.nih.gov/pubmed/37346156
https://doi.org/10.1016/j.biotechadv.2024.108396
https://www.ncbi.nlm.nih.gov/pubmed/38906495
https://doi.org/10.3389/fphar.2020.575704
https://www.ncbi.nlm.nih.gov/pubmed/33328984
https://doi.org/10.3390/molecules28145393
https://www.ncbi.nlm.nih.gov/pubmed/37513265
https://doi.org/10.1016/j.autrev.2017.05.007
https://doi.org/10.3390/antiox10111709
https://doi.org/10.1093/jn/133.2.393
https://www.ncbi.nlm.nih.gov/pubmed/12566473
https://doi.org/10.1016/j.foodres.2013.12.027

Pharmaceuticals 2024, 17, 955 14 of 14

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Grembecka, M.; Malinowska, E.; Szefer, P. Differentiation of market coffee and its infusions in view of their mineral composition.
Sci. Total Environ. 2007, 383, 59—69. [CrossRef] [PubMed]

Rojas-Gonzalez, A.; Figueroa-Hernandez, C.Y.; Gonzélez-Rios, O.; Suarez-Quiroz, M.L.; Gonzalez-Amaro, R.M.; Hernandez-
Estrada, Z.].; Rayas-Duarte, P. Coffee chlorogenic acids incorporation for bioactivity enhancement of foods: A review. Molecules
2022, 27, 3400. [CrossRef] [PubMed]

Jedrejko, K.; Kata, K.; Sutkowska-Ziaja, K.; Krakowska, A.; Szewczyk, A.; Guspiel, K.; Muszyriska, B. Analysis of bioactive
compounds in Cordyceps militaris fruiting bodies and dietary supplements: In vitro bioaccessibility determination in artificial
digestive juices. Int. J. Food Sci. Technol. 2024, 59, 4011-4019. [CrossRef]

Jedrejko, K.; Kala, K.; Sutkowska-Ziaja, K.; Krakowska, A.; Zieba, P.; Marzec, K.; Szewczyk, A.; Sekara, A.; Pytko-Polornczyk, J.;
Muszyniska, B. Cordyceps militaris—fruiting bodies, mycelium, and supplements: Valuable component of daily diet. Antioxidants
2022, 11, 1861. [CrossRef]

Al-Saman, M.A_; Helmy, M.A_; Abdella, A.; Wilkins, M.R.; Gobba, N.A.; Mahrous, H.A. Optimization of lovastatin production by
Aspergillus terreus ATCC 10020 using solid-state fermentation and its pharmacological applications. Biocatal. Agric. Biotechnol.
2021, 31, 101906. [CrossRef]

Pandey, V.V,; Varshney, VK,; Pandey, A. Lovastatin: A journey from Ascomycetes to Basidiomycetes fungi. J. Biol. Act. Prod. Nat.
2019, 9, 162-178. [CrossRef]

Gonkhom, D.; Luangharn, T.; Hyde, K.D.; Stadler, M.; Thongklang, N. Optimal conditions for mycelial growth of medicinal
mushrooms belonging to the genus Hericium. Mycol. Prog. 2022, 21, 82. [CrossRef]

Li, M; Yu, L.; Zhao, J.; Zhang, H.; Chen, W.; Zhai, Q.; Tian, F. Role of dietary edible mushrooms in the modulation of gut
microbiota. J. Funct. Foods 2021, 83, 104538. [CrossRef]

Awwad, S; Issa, R.; Alnsour, L.; Albals, D.; Al-Momani, I. Quantification of caffeine and chlorogenic acid in green and roasted
coffee samples using HPLC-DAD and evaluation of the effect of degree of roasting on their levels. Molecules 2021, 26, 7502.
[CrossRef] [PubMed]

Jeon, ].S.;; Kim, H.T.; Jeong, I.H.; Hong, S.R.; Oh, M.S.; Yoon, M.H.; Shim, ].H.; Jeong, ].H.; Abd El-Aty, A.M. Contents of
chlorogenic acids and caffeine in various coffee-related products. J. Adv. Res. 2019, 17, 85-94. [CrossRef]

Kata, K.; Krakowska, A.; Szewczyk, A.; Ostachowicz, B.; Szczurek, K.; Fijatkowska, A.; Muszyriska, B. Determining the amount of
potentially bioavailable phenolic compounds and bioelements in edible mushroom mycelia of Agaricus bisporus, Cantharellus
cibarius, and Lentinula edodes. Food Chem. 2021, 352, 129456. [CrossRef] [PubMed]

Oddoux, L. Recherches sur les Mycéliums Secondaires des Homobasidiés en Culture Pure; Imprimerie de Trevoux: Lyon, France, 1957.
Wen, T.C; Li, G.R.; Kang, ].C.; Kang, C.; Hyde, K.D. Optimization of solid-state fermentation for fruiting body growth and
cordycepin production by Cordyceps militaris. Chiang Mai ]. Sci. 2014, 41, 858-872.

Ellnain-Wojtaszek, M.; Zgérka, G. High-performance liquid chromatography and thin-layer chromatography of phenolic acids
from Ginkgo biloba L. leaves collected within vegetative period. J. Lig. Chromatogr. Relat. Technol. 1999, 22, 1457-1471. [CrossRef]
Pansuriya, R.C.; Singhal, R.S. Supercritical fluid extraction of lovastatin from the wheat bran obtained after solid-state fermentation.
Food Technol. Biotechnol. 2009, 47, 159-165.

Yuan, J.P; Kuang, H.C.; Wang, ].H.; Liu, X. Evaluation of ergosterol and its esters in the pileus, gill, and stipe tissues of agaric
fungi and their relative changes in the comminuted fungal tissues. Appl. Microbiol. Biotechnol. 2008, 80, 459-465. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.scitotenv.2007.04.031
https://www.ncbi.nlm.nih.gov/pubmed/17560631
https://doi.org/10.3390/molecules27113400
https://www.ncbi.nlm.nih.gov/pubmed/35684338
https://doi.org/10.1111/ijfs.17156
https://doi.org/10.3390/antiox11101861
https://doi.org/10.1016/j.bcab.2021.101906
https://doi.org/10.1080/22311866.2019.1622452
https://doi.org/10.1007/s11557-022-01829-6
https://doi.org/10.1016/j.jff.2021.104538
https://doi.org/10.3390/molecules26247502
https://www.ncbi.nlm.nih.gov/pubmed/34946584
https://doi.org/10.1016/j.jare.2019.01.002
https://doi.org/10.1016/j.foodchem.2021.129456
https://www.ncbi.nlm.nih.gov/pubmed/33711727
https://doi.org/10.1081/JLC-100101744
https://doi.org/10.1007/s00253-008-1589-9

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Mushroom Material 
	Biotechnological Methods of Obtaining Mushroom Materials 
	Obtaining Fruiting Bodies of H. erinaceus and C. militaris 
	Preparation of Coffee Extracts 
	Bioelement Analysis: Mineralization of Samples and Quantitative Analysis 
	Analysis of the Contents of Bioactive Compounds 
	Analysis of Caffeine and Phenolic Acids 
	Analysis of Lovastatin 
	Analysis of Ergosterol 

	Determination of Antioxidant Activity Using the DPPH Method 
	Statistical Analysis 

	Conclusions 
	References

