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Abstract

ncorporating spent coffee grounds (SCGs), a by-product from coffee brewing, in growth substrate of beneficial edible mushrooms is an
approach that has to be further studied due to its potential positive outcomes: environmental impact mitigation, production costs reduction
and beneficial impact on consumer health. Hence, cultivation of Pleurotus citrinopileatus and Pleurotus salmoneo-stramineus was tested
using SCG which enabled maximum production yield of P. citrinopileatus which was of 25.1% (w/w). Variable antidiabetic potential was
observed between agueous and enzymatic extracts (3.8%—29% inhibition) regardless species and substrates, whereas aqueous extract
of P. citrinopileatus grown in substrate without SCG stood out presenting the highest antioxidant activity and inhibition activity of
angiotensin I-converting enzyme (ICso = 123 ug mL™). Ethanolic and aqueous extracts of both Pleurotus species grown in the presence
or absence of SGC proved to be an interesting prebiotic source for growth of Bifidobacterium animalis Bo in comparison with

fructooligosaccharides (FOS).
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1. Introduction

Mushrooms are not only added-value foods because of their sensorial and nutritional characteristics but also due to their biological
properties (Carrasco-Gonzalez et al., 2017). They are a good source of protein, fibre, vitamins and minerals and of bioactive compounds
such as phenolic compounds, polysaccharides, terpenes and steroids (Moon & Lo, 2013), which have been used as a medicinal or

nutraceutical application (Sabaratnam et al., 2011).

Solid-state fermentation as bioconversion processes where food protein is recovered from lignocellulosic materials has been used
successfully for the cultivation of mushrooms (Philippoussis, 2009) namely several species of Pleurotus genus such as P. ostreatus, P.
sajor caju or P. eryngii. Other less explored species such as P. citrinopileatus (golden oyster) and P. salmoneo-stramineus (pink oyster)
also have tremendous commercial and biological potential and were selected as target species in this study. Saprophyte mushrooms as
Pleurotus spp. are known to be easily cultivable in a diversity of organic substrates including different cereal straws or other agricultural
by-products (Petre et al., 2016). Coffee by-products, in particular, spent coffee grounds (SCGs) which consist of residues of used coffee
grounds resulting from soluble coffee production, have also begun to be tested as an important alternative. This by-product is important
because almost 50% of the world coffee production is processed for soluble coffee (Ramalakshmi et al., 2009; Esquivel & Jiménez,

2012) resulting in over ten million tons of solid residues generated yearly from coffee agro-industry worldwide (Echeverria & Nuti, 2017).



Spent coffee grounds possess high content of water (80%—-85%), organic load with 8.6% cellulose, 36.7% hemicellulose and 13.6% of

protein being an acidic residue (Mussato et al., 2011a).

Added-value uses of SCGs are environmentally sound and fundamental for circular economy; disposal or utilisation of SCG has included
sewer discharge, sanitary land fill, incineration or cattle feed (Ramalakshmi et al., 2009). However, the chemical composition of SCGs
makes this by-product a substrate of high biotechnological value able to be used as a substrate for cultivation (Mussato et al., 2011a).
Some studies have been published on culturing of Pleurotus spp. using this agro-industrial by-product (Martinez-Carrera et al., 1985;
Thielke, 1989; Velazquez-Cedefio et al., 2002; Mata et al., 2005; Salmones et al., 2005). Moreover, research is warranted to perceive
its impact on growth and bioactives composition of different Pleurotus spp. which composition is easily affected by the growth substrate
and conditions. Furthermore, to test for such bioactivity, extracts are normally prepared. Water-based extraction is not only food
compatible, nonexpensive and environment-friendly but also could have lower selectivity and extraction efficiency (Herrero et al., 2006).
Enzyme-assisted extraction (EAE) has potential because hydrolytic action enzymes on natural-derived products could weaken or disrupt
cell wall structure as well as breakdown complex interior storage compounds releasing compounds such as polysaccharides, peptides
or amino acids (Wang et al., 2010). Based on the above rationale, this study endeavoured to pursue several objectives: (i) to cultivate
P. citrinopileatus and P. salmoneo-stramineus, testing the effect of incorporating SCG in commercial organic substrate; (ii) to evaluate
the impact of different extraction modes on the yield and biological potential of the extracts. To our best knowledge, this is the first four-
factor study combining the effects of species-substrate-extraction-bioactivity, where different extraction modes are applied to the
selected Pleurotus species grown on different substrates reporting their consequent biological potential (antioxidant, antidiabetic,

antihypertensive and prebiotic activities).

Material and methods
Strains and culture conditions

Strains of Pleurotus citrinopileatus (synonym of Pleurotus cornucopiae var. citrinopileatus; M2502) and Pleurotus salmoneo-stramineus

(synonym of P. ostreatoroseus or P. djamor; PD2708) were obtained from Mycelia (Nevele, Belgium).

Cultivation was performed using sterile filter bags with two different sterilised organic substrates. Substrate |, consisted in 38%(w/w)
sawdust, 5% (w/w) wood shavings, 20%(w/w) wood straw, 18%(w/w) crushed grain corn, 13%(w/w) wheat bran, 6%(w/w) crushed oll
seed cake with 68%(w/w) water content, was obtained from Mycelia. Substrate Il consisted on 50%(w/w) of substrate | and 50%(w/w)
sterilised cold SCG. Spent coffee grounds were obtained from local coffee shop and sterilised at 121 °C through 120 min. Once cooled,
it was mixed, under aseptic conditions, with sterilised substrate I. Filter bags containing 3.5 Kg of substrate were inoculated with
10%(w/w) spawn from one of the two precultured Pleurotus strains. Four replicates were used for each production making a total of
sixteen bags. Inoculated bags were incubated in darkness at 22-24 °C until mycelia had completely covered the substrate and
appearance of primordia which took 20-24 days for substrate | and 25-30 days for substrate Il. Mushroom fructification occurred after
5-10 days at 18-20 °C under photoperiods of 12 h depending of the substrate and cultured Pleurotus strain. After fructification and
mushroom growth to an average size of 5 cm, entire clean mushrooms from each producing bag were cut off and dried in a ventilated
drier over 24 h between 40 and 60 °C and subsequently milled to less than 1.0 mm using a grinder. Production yield, resulting from the
mixture of three fructifications, was obtained by determining the ratio of mushroom wet weight in comparison with original substrate wet

weight. The content of caffeine in the organic substrates and in the mushrooms was determined according to ISO 20481:2008.

Proximate composition of mushrooms and extraction

Moisture and organic matter were determined according to AOAC methods (1990). Protein content was determined by the Kjeldahl
method adapted from US ISO 5983-1 using 4.38 as converting factor to protein (Kulshreshtha et al., 2013). Total fat was determined by
gravimetric Soxhlet method using petroleum ether for extraction, whereas total sugar content was determined indirectly by subtracting

protein and fat content from total organic content.



Seven replicated hot water extraction (HWE) and enzymatic-assisted extraction (EAE) with Alcalase (Sigma-Aldrich, USA) an

extracellular alkaline protease (Subtilisin, EC 3.4.21.62) were performed according to Rodrigues et al. (2017).

Three replicated ethanolic extractions (EtOH_Ext) were performed with 5 g of dried and milled mushroom dispersed in 45 mL of ethanol
(70% vlv; Panreac, Spain) and incubated in an agitated water bath at 25 °C for 14 h. The ethanolic solution was then centrifuged at 5000
g for 10 min at 4 °C (centrifuge Medifriger BL-S; JP Selecta, Spain), and the supernatant brought almost to dryness with a rotary
evaporator (Bichi, R-210, Switzerland). The residue was redissolved in 5.0 mL deionised water, and the extract frozen at —80 °C until

lyophilisation.

All extracts were frozen (-80 °C) and lyophilised and then weighed and stored in desiccators in the dark, at room temperature until
further analysis. The extraction yield was calculated based on the ratio of weight of lyophilised extract to the weight of extracted dried
mushroom. Content of total sugars in the different extracts was determined by the phenol-H2SO4 method (Dubois et al., 1956) using

glucose (0—-200 ug mL-1) as a standard.

Evaluation of biological properties of the extracts
Antidiabetic activity

The a-glucosidase inhibitory activity was determined in 96-well plates according to the method described in Rodrigues et al. (2017), and

antidiabetic activity was expressed as percentage inhibition of a-glucosidase.

Antioxidant activity

Total phenolic content (TPC) in all different extracts was determined according to Mendes et al. (2016). For antioxidant capacity assays,
ferric reduction activity power (FRAP) was determined according to Paz et al. (2015), whereas scavenging of radical ABTS++ (ABTS)
and oxygen radical absorption capacity (ORAC) assays were in turn performed according to Mendes et al. (2016). All assays were
performed in triplicate, and quantifications were based on calibration curves using gallic acid for TPC, ascorbic acid for FRAP and ABTS

as well as Trolox for ORAC, respectively.

Antihypertensive activity

All extracts were evaluated by the angiotensin I-converting enzyme (ACE) assay according to Tavares et al. (2011). Inhibition activity of

ACE was determined as the amount of inhibitor concentration able to lower the ACE activity to 50% of the initial value (IC50; yg mL-1).

Prebiotic activity and sugars and organic acid analysis

Potential prebiotic activity of mushroom extracts was evaluated in vitro by measuring their impact on the growth of two different probiotic
strains, namely Lactobacillus acidophilus Ki (DSM, Australia) and Bifidobacterium animalis Bo (CSK, Netherlands). Prebiotic activity was
assessed in triplicate by enumeration of viable cell numbers of probiotic strains grown in MRS broth without glucose but supplemented
with each of the extracts (2%) throughout 48 h. At each sampling point (0, 4, 6, 8, 10, 12, 24 and 48 h), inoculated MRS broth was plated,
in duplicate, on MRS agar and the viable cells were enumerated according to procedures described in Rodrigues et al. (2015). Strains
growth in MRS broth with 2% of glucose or 2% of fructooligosaccharides (FOS, Orafti®P95) (positive controls) as well as without glucose
(negative control) was included. The selection of the two probiotic strains and of the extracts (ethanolic and hot water extracts) was
based on previous growth curves obtained by absorbance measurements at 660 nm (data not shown). For each probiotic strain grown

in different carbon sources, specific growth rates (h—1) were calculated.

The analysis of sugars and organic acids by HPLC was done according to Rodrigues et al. (2011) in samples of 500 uL collected from
each batch culture at different sampling points (0, 6, 12, 24 and 48 h).



Statistical analysis

Data are presented as average plus standard deviation. One-way analysis of variance was carried out using SPSS (v 23.0, SPSS

Chicago, IL, USA) associated to Tukey test to assess the different significant sources of variation (P = 0.05).

Results and discussion
Fructification and proximate composition of cultivated mushrooms

Production yield and proximate composition of P. citrinopileatus and of P. salmoneo-stramineus mushrooms are displayed in Table 1.
No negative effect from the incorporation of SGC in organic substrate was observed for the production of P. citrinopileatus both at yield
level and mushroom composition. The maximum expected yield, which according to substrate supplier Mycelia would be of 25%(w/w),
was observed in both substrates including substrate Il which incorporated 50%(w/w) sterilised SCG. No statistical differences were
observed in terms of organic content and total protein for P. citrinopileatus grown in both organic substrates which were similar to those
published by Rodrigues et al. (2015). Significant differences were observed for total fat, total sugar and content of caffeine. Pleurotus
citrinopileatus grown in substrate Il, incorporating SCG, had slightly higher content in total fat, less total sugar content and had 0.08
g/100 gdry mushroom of caffeine. Higher values of total fat (3.5 g/100 gdry mushroom) but lower total sugar content (54.7% g/100 gdry
mushroom) were reported by Rodrigues et al. (2015) for P. citrinopileatus. According to our knowledge, no reports with cultivation of P.
citrinopileatus using SCG were found in the literature. However, according to Salmones et al. (2005), four of the Pleurotus spp. studied
(P. ostreatus, P. pulmonarius and P. djamor) were able to increase their productivities when cultured in sterilised coffee pulp. No
significant differences in terms of biological efficiency among strains of P. ostreatus and P. pulmonarius cultivated in pasteurised coffee

pulp were also reported by Veldazquez-Cedefio et al. (2002).
Table 1 Production vield and proximate composition of Plewrois citrinopifeatus and of Plewrotus safmoneo-siramineus mushrooms cultivated

in the different orgamic substrates as well as total sugar content in the different extracts from bodt species cultivated m different organic
substrates

Total
Yield Total solids Organie matter Total Protein Total Fat Sugar’ Cafieine
Organie [+ T (g/100 {g/100 (g/100 [g/100 {g/100 (g/100
Mushroom substrate 100 a I G, nem) Pudry mumbrozm) Qdry mumbrozm] Dy —— Deiry poml  Hdry M
P. citrinopileaius  Substrate | 25.1 = 05" 8.7+ 01" 834 £07° 236 +£ 11" 2.0 = 0.0¢ 674 LoD
Substrate Il 25.1 + 0.6 86+ 01* 825+ 02 241 + 1.6 25+ 03° 659 0.08 = 0.01
P. salmoneo- Substrate | 250 + 0.3 17.7 £ 0.1% 8056 + 01" 328 + 0.4° 21 = 06" B5.6 Loo*
SIAMINeus Substrate Il 3.7 + 0.2° 17.4 + 0.2° %16 + 01" 27.4 + 06" 21 = 0.4° 621 0.06 = 0.01
Ethanolic
Agueous extracts (HWE] Enzymatic extracts (EA_Alcalase) extracts (EvOH_Ext]
Total Total Total
Organie sugar z-Glucosidase SLIGar a-Glucosidase sugar x-Glucosidase
Mushroom substrate Yield® content' inhibition (%)  Yield content inhibition (%) Yield content inhibition [%)
P. citrinopilestus Substrate | &7 + 2* 117 + 5" 20 + 3* GR + 5" 88 + 3" X+ 2 2654 + 04" 294 = 2° -
Substrate Il &2 + 3* 108 + 3° 16 + 3* 62 + 4™ 75 £ 4" T+ T 30+ 4>~ 365 =9" 12 = 02"
P. zalmoneo- Substrata | 64 + 4 T8+ 1° 38+07F 62 + 4" BT £2 162+ 05 3B+ 03 2332 1F
SIFAMINeUs Substrate Il 60 + 3* 87 £ 8% 11.1 + 08" B9 +3* B1 =3 20 + 5™ 26+ 1" 191+9" 71 =x02°
Total sugar {gM100 Qe mushresm) = Organic matter - total protein - total fat.
LOD - 0.005.

‘Extraction yield defined as 0y .. sty 100 Qary rssberen-

*Total sugar in extracts defined &8 MO eeh aret

Caffeine content in Spawn |l was of 011 = 0.02 and 0.07 = 0.01 gM100 0y, subaeae fOr P. citinopileatus and P. salmoneo, respectively. Different
gtters in a column indicate significant differences (P < 0.05} between mushrooms produced in the two different organic substrates.

Negative impact of SCG was however observed for production of P. salmoneo-stramineus. Statistically significant lower production was
obtained using substrate Il representing 85.2% of losses (Table 1) with mushrooms being smaller and without characteristic oyster cap
(data not shown) presenting also differences in terms of proximate composition: lower total protein, higher total sugar and 0.06 g/100
gdry mushroom of caffeine. Variable values of biological efficiency [(mushroom wet weight/substrate dry weight) x 100%] and strain-
dependent have been reported for P. djamor mushrooms grown in coffee pulp (Salmones & Mata, 2002; Salmones et al., 2005).

Mushrooms, independent of the species grown in substrate Il, had similar caffeine contents to those observed in the dry substrate (0.07—
0.11 g/100 gdry substrate) before inoculation suggesting that fungal mycelium was not able to degrade caffeine during growth but
alternatively accumulated it thus justifying, at least in part, its content a posteriori in the fruiting bodies. This is in agreement with
Salmones et al. (2005) observations who reported decreased content in the coffee pulp substrate precisely during fruiting stages and

0.17%-0.22% of caffeine in the respective mushrooms.



Different extraction methods and biological potential of the extracts

Extraction yields obtained by different extraction modes on both species grown in the different substrate are displayed in Table 1. Higher
yields were obtained by aqueous and enzymatic extraction than by ethanolic extraction. Lower yields values were however reported by

Lee et al. (2007) for hot and cold water extraction (41-52 g/100 g) or ethanolic extraction (20 g/100 g) on P. citrinopileatus mushrooms.

No significant effects between species and substrates were observed (P > 0.05) for aqueous extracts. Some variations were however
observed between enzymatic extracts and ethanolic extracts (Table 1). For these two types of extracts, statistically significant higher
values (P < 0.05) were recorded for P. citrinopileatus grown in substrate Il incorporating SCG, whereas for P. salmoneo-stramineus,
higher values were observed for extracts resulting from fruit bodies grown in substrate I, without SCG. These values evidence some
probable synergistic effects between the impact of SCG on structural and compositional characteristics of mycelium cells in the fruiting
bodies decreasing the extraction yield for P. salmoneo-stramineus but not for P. citrinopileatus. Due to sample constraints, only total
sugar content was determined in the different extracts (Table 1). As expected, higher content of total sugar was observed in the ethanolic
extracts with highest value of all recorded in the extract from P. citrinopileatus grown in substrate Il. Lower values of total sugar content
were observed generally in the extracts obtained from P. salmoneo-stramineus independently of organic substrate used for mushroom
cultivation but dependent of extraction mode: EtOH Ext>HWE>EAE_Alc (Table 1).

Antidiabetic activity

In general, a-glucosidase inhibitory activity was lower in all extracts (Table 1) in comparison with acarbose (a drug able to reduce serum
glucose levels and used as positive control) which was approximately of 89%. Variable antidiabetic potential was observed in the
aqueous and enzymatic extracts regardless the species or organic substrates. The extracts that showed less potential were the ethanolic
extracts evidencing that a high content of polysaccharides seems not be the main factor in the inhibitory activity of the a-glucosidase but
in turn, SCG in the organic substrate appears as a positive factor in particular for extracts of P. salmoneo-stramineus. In general,
enzymatic extracts, and in particular the extract from P. citrinopileatus grown in substrate |, were shown to have the highest antidiabetic
potential (Table 1). In terms of species, higher values were also obtained with P. citrinopileatus, especially in the aqgueous and enzymatic
extracts obtained from mushrooms grown in substrate |. The general lower values of antidiabetic potential compared to acarbose
contradict those published by Khan & Tania (2012) in vivo trials with aqueous extracts of Pleurotus spp. mushrooms which were

promising by promoting the reduction in blood glucose levels (16%—-23%) in rats.

Antioxidant activity

The antioxidant potential of the different extracts was evaluated by different methods (Fig. 1). Some correlation is observed between the
higher values of TPC observed and higher yield values (Table 1); higher content of TPC was recorded in agueous and enzymatic extracts
in comparison with ethanolic extracts (Fig. 1a) which are particularly rich in total sugars (Table 1), suggesting that HWE and EAE_Alc
are probably more favourable to extract phenolic compounds or other compounds that could have antioxidant activity. Edible mushrooms
contain many antioxidant compounds such as carotenoids, flavonoids, phenolic compounds, polysaccharides and antioxidant enzymes
(Vaz et al., 2010). Good antioxidant capacities have been reported for extracts of mushrooms including those of P. citrinopileatus which
have been attributed to the presence of ascorbic acid, a- and y-tocopherols and total phenols (Lee et al., 2007). On the other hand, and
independently of the extraction mode, the content in TPC changed according to mushroom species as well as organic substrate without
a generalised trend. For example, in aqueous extracts, higher values were recorded in extracts from P. citrinopileatus grown on substrate
| (11.9 = 0.6 mg GAE/glyoph extract) and from P. salmoneo-stramineus grown in substrate Il (11.2 £ 0.6 mg GAE//glyoph extract),
respectively. These values are included in the range values of those published by Mishra et al. (2013) which varied between 3.94 and
21.67 mg tannic acid equivalents per g of mycelium for several species of Pleurotus including P. djamor and P. citrinopileatus. In turn,
by EAE with alcalase, the highest value was recorded in extracts from P. salmoneo-stramineus grown in substrate | (11.8 + 0.8 mg
GAE/glyoph extract). In ethanolic extracts, slightly higher values were recorded for both species grown in substrate Il (6.8-7.0 mg
GAE/glyoph extract). Flavonoids, chlorogenic acid and protocatechuic acid were extracted from SCG by Mussato et al. (2011b) where
extraction using 60% methanol in a solvent/solid ratio of 40 mL g—1 SCG during 90 min was able to produce extracts with high content

of phenolic compounds and high antioxidant activity. Chlorogenic acid has been reported as one of the most abundant phenolic



compounds in SGC (Lee et al., 2007). According to Ramalakshmi et al. (2009), the presence of phenolic compounds including
chlorogenic acid in appreciable amounts along with brown pigments in SCG extracts makes this coffee by-product a good source of

antioxidants which could also possibly have a role in antitumour activity.
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fig. 1 (a) Total phenolic content (TPC), (b) ferric reduction activity power (FRAP), (c) scavenging of radical ABTSe+ (ABTS) and (d) oxygen radical absorption capacity (ORAC) of the extracts of Pleurotus citrinopileatus grown in
substrate | (image) or substrate Il (image) and of Pleurotus salmoneo-stramineus grown in substrate | (image) or substrate Il (image), respectively. For each type of extraction, different lowercase letters indicate significant
differences (P < 0.05) between extracts obtained from both species grown in the different substrates.
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In terms of antioxidant activity observed in the different extracts (Fig. 1a—d), no general tendency was observed considering extraction
mode, mushroom species or organic substrate and was not in agreement with TPC contents. The aqueous extracts of P. citrinopileatus
grown in substrate | stood out in relation to the others presenting the highest values of TPC (11.9 = 0.6 mg EAG/glyoph extract), and of
FRAP (2.4 £ 0.2 mg EAA/glyoph extract); for scavenging activity of radical ABTS++ (7.1 £ 0.8 mg EAA/glyoph extract) and oxygen radical
absorption capacity (39 £ 0.8 g ET/glyoph extract), the recorded values were among those with higher antioxidant activity. The ethanolic
extracts, independently of the species and organic substrate, only present some antioxidant potential regarding FRAP (Fig. 1b). This
tendency contrasts with main observation reported by Lee et al. (2007) where ethanolic extracts had consistently higher antioxidant
activities than water extracts. In terms of enzymatic extracts resultant from Alcalase, some potential against radicals ABTSe++ and oxygen

was observed for those resultant from P. salmoneo-stramineus grown on substrate | or Il (Fig. 1c—d).

To evaluate the relationship between TPC and antioxidant activity determined by each different method, the respective correlation
coefficients were determined. A correlation coefficient of 0.728 was obtained between TPC and ORAC, which suggests that the phenolic
compounds present in the extracts appear to have a good absorption capacity for oxygenated radicals, in a positive relation to the

species, organic substrate and extraction mode.

Antihypertensive activity

Antihypertensive potential of the extracts, determined as IC50, revealed that ethanolic extracts of both species were not able to exert
any activity against ACE. In fact, a relevant antihypertensive activity was only observed with aqueous and enzymatic extracts from P.
citrinopileatus grown in both organic substrates. These oscillated between good inhibition activity (50<IC50<150) observed with agueous
extract of P. citrinopileatus grown in substrate | (IC50=123 pg mL-1) and intermediate inhibition activity (150<IC50<400) observed in
aqueous extract of P. citrinopileatus grown in substrate Il (IC50 = 276 uyg mL-1) as well in enzymatic extracts of P. citrinopileatus grown
in substrate | (IC50 = 178 uyg mL-1) and Il (IC50 = 243 ug mL-1), respectively. According to these results, apparently neither Alcalase
activity nor organic substrate containing SCG were factors of added value in terms of antihypertensive activity. Surprisingly, no
antihypertensive activity was recorded with any of the extracts from P. salmoneo-stramineus despite the higher content of protein in their
fruiting bodies, even in those extracts resulting from Alcalase extraction. Abdullah et al. (2012) evaluated the ACE inhibitory activity of
some edible culinary-medicinal mushrooms extracts, including some species of Pleurotus, extracted by boiling in water for 30 min

reporting values of IC50 between 50 and 67 ug mL-1.

Prebiotic activity



The selection of tested extracts and probiotic strains was based on absorbance growth curves through 24 h of incubation at 37 °C of
four probiotic bacteria (L. casei L26, L. acidophilus Ki, B. animalis Bo e and B. lactis Bb12) in microplate using MRS broth supplemented
with controls (2%) or with all of the different extracts (2%) as carbon sources (data not shown). From this study, two probiotic bacteria
were selected as well as two types of extracts for confirmation of prebiotic activity over 48 h of incubation at 37 °C: (i) the aqueous and
ethanolic extracts were selected because of the higher exponential growth; (i) B. animalis Bo was chosen because it was the most
promising in comparison with B. lactis Bb12, and (iii) L. acidophilus Ki was selected mainly because this is a more fastidious and

challenging probiotic bacteria in comparison with L. casei L26.

Probiotic viable cells and pH variation (Fig. 2) as well as sugars consumption and organic acids production (Table 2) were determined
over 48 h of incubation at 37 °C. The higher prebiotic potential was observed using ethanolic extracts regardless the mushroom species
or organic substrate, which is certainly related with its higher total sugar contents being 2.2—3.3 higher than HWE extracts (Table 1).
The evolution of the number of viable cells of B. animalis Bo in MRS supplemented with the ethanolic (Fig. 2a) or aqueous extracts (Fig.
2b) of both species of mushrooms grown on the two organic substrates was very similar to those observed in MRS supplemented with
the positive controls glucose or FOS controls during the exponential phase (0—8 h), and beginning of the stationary phase (8—12 h). After
10 h of incubation, slightly higher values of viable cells of B. animalis Bo were recorded in MRS supplemented with the ethanolic extracts,
particularly after 24 and 48 h with extracts of P. salmoneo-stramineus, compared to MRS supplemented positive controls (Fig. 2a). It
was also noted that the numbers of viable cells of B. animalis Bo in MRS supplemented with the aqueous extracts (Fig. 2b), regardless
of the mushroom species and the organic substrate, remained more stable after 24 and 48 h of incubation, than with the ethanolic
extracts for which it was registered a decline after 24 h (Fig. 2a,b). Thus, the ethanolic and aqueous extracts of both species of
mushrooms shown to be a very efficient alternative source for growth of B. animalis Bo demonstrating a good prebiotic potential. Specific
growth rates of B. animalis Bo obtained in MRS with ethanolic extracts are slightly higher than those obtained in MRS with FOS, in
particular with extracts resultant from P. citrinopileatus grown in both of the organic substrates (Fig. 2a); statistical significant lower
specific rates were obtained in MRS with or without glucose. With aqueous extracts, a similar scenario was observed but specific growth

rates in MRS with these extracts were slightly lower than those obtained in MRS with FOS.
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fig. 2 Number of viable cells (a, b and c) and respective variation in pH (d, e and f) of Bifidobacterium animalis Bo or Lactobacillus acidophilus Ki throughout 48 h of incubation at 37 °C in
the presence (o) or absence (@) of glucose, with FOS (#) or with ethanolic extracts (a,c, d and f) or hot water extracts (b and e) of Pleurotus citrinopileatus grown in substrate / (m) or Il (o)
and of Pleurotus salmoneo-stramineus grown in substrate | (A) or Il (&), respectively. For each growth curve, specific rate growth (h™) is presented.



Table 2 Content of glucose and of FOS in the respective positive controk (MRS with glucose or MRS with FOS) and of organie acds over 48 h of meubation at 27 2C in
contrals orin MRS added with different extracts and inoculated with Sifdabacierivn animalis Bo or Lactobacilus acdopiilns Ki, respactively

Glucose/FOS (gL ') Lactic acid (g L ) Acetic acid (g L ')
B, anvrals B, amrmales 8, arirmaks L. acdophilus B, amrales B, animaks L. acidophilus Ki
Time [hr] Bo L. acidophilus Ki Bo EtOH Ext Bo HWE Ki EtOH_Ext Time [hr] BoEtOH Ext Bo HWE EtOH_Ext
Con. Meq. LI - - 0.591 + 0.008 0.36 + 0.02 0,47 + 002 L 2125 + 0.005 2.25 + 0.03 2. 265 + 0.004
G - - 0.8951 + 0006 0914 4 0.004 052 + 0030 G 2714 & 0002 2857 + 0,04 261 + 0.02
12 0,981 4+ 0,007 0,99 4+ 0,02 0997 + 0,004 12 298 + 002 3117 + 0.007 301 + 0.02
24 097 + 002 0,96 + 0,08 095 + 0,02 24 298 + 00 3471 + 0,08 312 + 0,04
48 - - 087 + D.DE 080 + 0.03 088 + 0.03 18 318 + 002 2.3 +0.01 2.3 + 0.01
Con. Pos. i} 143 + 02 14.6 + 0.3 041 + 003 0430 + 0,007 046 + 002 i} 213 4+ 004 2236 4+ 0.001 230 + 0.02
Glucose 5] 106 + 09 13,4 + 0.4 4 46 + 0.04 324 + 0.0 4.7 + 0.1 L] 218 + 002 247 + 0,02 212 + 0.02
12 68 £ 03 623+ 0.03 106 £ 01 104 + 0.2 10,33 £+ 0.04 12 220 + 003 2. 764 + 0.007 243 + 0,02
24 0.7 + 0,056 102 £ 0.03 148 + 0.2 1471 £ 0.03 14.19 + 0.05 24 232 + 0,03 2668 + 0.00B 2.3+ 0.2
LEL 066 + 00d 0.68 + 0.01 145 + 0.4 13.76 + 0.03 14.58 4+ 0.03 a8 247 4+ 003 261 + 0.06 2001 4+ 0.003
Con, Pos, FUOS L] 248 + 21 4.3 + 0.6 062 + 0,02 0,379 + 0,007 0390 + 0,006 L] 2181 + 0,001 218 + 0,06 .24 + 0,03
L 122 + 1.2 128 + 0.1 4.7 £ 0.1 38 +£0.2 4.880 + 0.005 L} 2271 + 0.00E 2.4 £ 0.1 2.301 £ 0.0DE
12 8.0 + 03 7.8 + 0.1 1.4 + 0.02 1046 -+ 0.07 10.83 + 0.04 12 2261 4+ 0008 2764 4+ 0007 2230 4+ 0.009
74 20 + 02 203 + 0.0 153 £+ 0.2 150 +£ 0.1 151+ 0.1 74 211 + 002 2 BER + 0,00 217 + 0,02
48 19 +£ 03 165 + 0.01 156 + 0.2 166 + 0.6 14.67 + 0.06 48 215 + QU2 2671 + 005 1.840 + 0,007
F. citrinopileatus 0 . . 31+02 1.2 £ 0.2 0.50 + 0.02 LI 257 + 0.0 245 + 0.06 2.650 + 0.005
Substrate | & - - 62 + 0.1 381 4 0.0 5091 + 0.006 & 259 4 0,03 277 4+ 008 2581 4 0.06
12 842 4+ 007 412 + 0,04 7.92 + 0,02 12 238 + 0 3,373 + 0,004 46 + 0.0
24 - - 94 £01 4.02 + 0.04 912 + 0.08 24 219 + 0.01 3.337 + 0.009 2.01 + 002
48 . . 92 +0.2 378 + 0.04 87+ 0.1 48 20 + 003 3368 + 0.007 1.83 + 0.01
P. citrimnopieatus 1] - - 43 + 02 1.6 + 0.3 0,54 4 0.0 [i] 258 4 001 2.3 + 0.1 2.80 4 0.02
Substratre 1l L 496 + 003 38 +0.2 4.8 + 0.3 L 265 + 0,03 268 + 0,02 263 + 0,02
12 - - B4 + 006 4.24 + 005 .7+ 0.2 12 231 + 0,03 3.4 + 002 2.60 + 0.02
24 - - B6 + 02 4.11 + 006 B4 4 0.2 il | 237 4+ 003 315 + 0.04 213 & 0.04
45 B3I +0.2 394 + 0,03 79+ 0.2 45 250 + 0.0 3,27 £ 0,01 2.0 + 0,02
. 8] o rao-Stranm e os (1] 048 + D03 1.2 £+ 0.1 044 + D3 [}] 2371 + 0LDE 2,09 4+ 0,04 .37 + 0,01
Substrate | L - - 35+ 05 33 +0.3 B3 + D.06 & 22 + 0.1 2.72 + 0.06 2.26 + 0.03
12 - - 636 + 0.04 366 + 0.04 G40 + 002 12 235 4+ 004 3.06 + 0.01 241 4+ 0.03
74 624 4+ 0.06 351 + 0.03 62+ 0.1 74 244 + 00F 307 + 0.0 .26 + 0.0
48 . . 625 + 0.03 345 + 0,04 601 + 0.08 48 255 + 0,02 220 + 0.03 2.0 + 0.02
P, zalmonao-stramine ug LI - - 0.72 + 003 1.023 + 0.004 0.57 + 0.03 L 228 + 0,02 2.2 + 0.02 243 + 002
Substrate I G - - 3E3 + 0.02 241 & 0.0 3.86 + 0.08 G 241 4+ 003 1.3 £ 0.1 2471 4+ 0005
12 6,71 + 0,01 3,20 + 0,09 66+ 0.2 12 2.0 + 002 3,201 + 0,005 .30 + 0.02
24 . . 662 + 0.03 312 + 0.08 6.4 £+ 0.2 24 238 + 0,03 3.3 +0.01 2.16 + 0.01
48 - - 643 + 0.02 207 + 0.05 6.15 + 0.06 b 260 4+ 002 3.32 + 0.06 2221 4 0005

Regarding the variation in pH over 48 h of incubation, in general, a greater effect of the type of carbon source was observed. The
decrease in pH values was much steeper in MRS supplemented with glucose and FOS shortly after 4 h (Fig. 2d—f). Intermediate reduction
was observed in MRS supplemented with extracts of P. citrinopileatus while the lowest pH reduction occurred in MRS supplemented
with extracts of P. salmoneo-stramineus. This trend was more pronounced in MRS with ethanolic extracts where lower pH values were
verified over time (Fig. 2c and f) compared to those obtained in MRS with aqueous extracts (Fig. 2e). This fact is certainly related to the
higher availability of fermentable sugars present in the ethanolic extracts. There was no particular effect by SCG in the organic substrate

on pH profile over 48 h of incubation.

Concerning the number of viable cells of L. acidophilus Ki in MRS supplemented with the ethanolic extracts and their respective pH
variation over 48 h of incubation (Fig. 2c—f), a similar scenario is observed in general to that obtained with B. animalis Bo. However,
some aspects can be highlighted: (i) after 12 h, a more marked decrease in the number of viable cells of L. acidophilus Ki in MRS
supplemented with ethanolic extract of P. salmoneo-stramineus produced with substrate | (without SCG) was observed (Fig. 2¢); (ii) a
greater difference was observed between the number of viable cells of L. acidophilus Ki in MRS supplemented with the other three
ethanolic extracts in comparison with MRS supplemented with glucose or with FOS, particularly after 24 and 48 h; (iii) the pH variation
in MRS with each of the four ethanolic extracts was similar to that obtained with B. animalis Bo. The pH variation was not affected by
the decrease in viable cells of L. acidophilus Ki in MRS supplemented with ethanolic extract of P. salmoneo-stramineus produced on
substrate | (Fig. 2c—f). Specific growth rates of L. acidophilus Ki obtained in MRS with ethanolic extracts were statistically significant
higher than those obtained in MRS with FOS, in particular with extracts resultant from P. salmoneo-stramineus grown in substrate Il
incorporating SCG (Fig. 2c); statistically significant lower specific rates were obtained in MRS with glucose.

In general, all the selected ethanolic and aqueous extracts were evidenced as good alternative carbon sources showing good prebiotic
potential in comparison with the recognised prebiotic FOS. Mushrooms have been referred as potential candidates for alternative
prebiotic sources because they contain polysaccharides such as chitin, hemicellulose, - and a-glucans, mannans, xylans and galactans

(Aida et al., 2009); Pleurotus is an excellent source of crude fibre (x10%) and B-glucans (25%) (Carrasco-Gonzélez et al., 2017).



According to Synytsya et al. (2008), the variable use of different extracts from P. ostreatus and P. eryngii by probiotics evidences different
chemical structure of the polysaccharides behind the prebiotic potential;, according to the authors, at least two types of glucans and
proteoglucan complexes from Pleurotus could be used for synbiotic effect. In another example, Rodrigues et al. (2016) reported that
digested Pholiota nameko enzymatic extract obtained with Flavourzyme selectively increases bifidobacteria, hindering growth of
Clostridium histolyticum as well as member of the Clostridium coccoides/Eubacterium rectale group, which associated to consistent
increase in short-chain fatty acids and lactic acid production suggests its potential prebiotic character. These results confirmed the

potential prebiotic activity observed for this extract on L. acidophilus La5 and B. animalis BB12 (Rodrigues et al., 2017).

Consumption of glucose and FOS was similar among both probiotic strains: 57%—-59% consumption of glucose after 12 h, reaching
values of 95% after 48 h, whereas consumption of FOS was of 68% after 12 h reaching values of 92%-93% after 48 h (Table 2). As
expected, the consumption of glucose and FOS during fermentation was accompanied by the production of organic acids, in particular
of high contents of lactic acid by both probiotic bacteria (Table 2) which is also in agreement with higher acidification levels recorded by
pH values for both the positive controls (Fig. 2d—f). Regarding lactic acid production in MRS supplemented with ethanolic or agueous
extracts, similar profile to those obtained with positive controls was observed although lower contents were recorded between 12 and
48 h (Table 2). However, the progressive production of lactic acid was totally proportional to the pH variation observed; for example,
lower contents were obtained with agueous extracts in particular with those resultants from P. salmoneo-stramineus without higher
differences due to the organic substrates. The concomitant expected production of acetic acid by B. animalis Bo, given its

heterofermentative nature, was not verified independently of the growth conditions (Table 2).

Conclusions

Both Pleurotus species are able to be cultivated in different organic substrates involving SCG, a major by-product resultant from coffee
industry. Whereas incorporation of SCG in the organic substrate enabled maximum production yield of P. citrinopileatus [25.1% (w/w)],
it had some negative effect on P. salmoneo-stramineus growth and yield. Taking into consideration the achieved results in this study, it
becomes difficult to pinpoint the most promising combination in terms of mushrooms species and organic substrate regarding (i) yield
growth, (i) mushroom composition and (iii) highest biological potential of the respective extracts. As SCG is a food by-product that could
be better reutilised in different applications, this study has revealed its successful use in the cultivation of P. citrinopileatus which when
combined with aqueous extraction results in extracts with potential biological properties especially in terms of antioxidant activity by its
content of in TPC (11.1 + 0.6 mg GAE/glyoph extract) or prebiotic activity in comparison with FOS. This very much opens doors to a

more efficient use of SCG where sustainability and cost-effectiveness are needed within a circular economy perspective (zero waste).
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