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Abstract: The aim of the research was to determine the impact of fermentation with Pleurotus ostreatus
on kidney beans, black beans, and oats. The results indicate that the fungus has a positive effect
on the substrates when compared to the controls. The antioxidant activity (39.5% on kidney beans
and 225% on oats in relation to the controls) and content of total polyphenols (kidney beans three
times higher regarding the controls) increased significantly by the presence of the fungus mycelium,
even after simulated digestion. There was a significant increase in protein digestibility (from 39.99 to
48.13% in black beans, 44.06 to 69.01% in kidney beans, and 63.25 to 70.01% in oats) and a decrease
of antinutrient tannins (from 65.21 to 22.07 mg in black beans, 35.54 to 23.37 in kidney beans, and
55.67 to 28.11 in oats) as well as an increase in the contents of some essential amino acids. Overall,
this fermentation treatment with Pleurotus ostreatus improved the nutritional quality of cereals and
legumes, making them potential ingredients for the elaboration and/or fortification of foods for
human nutrition.

Keywords: Pleurotus ostreatus; antioxidant activity; polyphenols; digestibility; fermentation;
cereals; legumes

1. Introduction

Foods today are intended not only to satisfy hunger and provide the necessary nutrients for
humans but also to prevent nutrition-related diseases that impact physical and mental wellness [1].
Functional foods have been introduced in markets, and they are usually defined as “modified foods
which contain ingredients that have demonstrated actions that increase the welfare of the individual
or decrease disease risk beyond the traditional role” [2]. The legume, a particularly common bean
(Phaseolus vulgaris), is one of the main sources of vegetable protein available in developing countries [2].
The high lysine content protein of Phaseolus vulgaris makes it an ideal cereal protein; it supplements the
deficiency in this essential amino acid and is also a staple ingredient in developing countries, where the
availability of animal protein is low. Also, it provides adequate nutrition due to its contribution of
carbohydrates [3] and high-quality protein. Phaseolus vulgaris has also been associated with various
health benefits, including the reduced risk of diabetes and cardiovascular disease attributed to the
presence of polyphenols [4,5]. Phaseolus vulgaris, however, contains antinutritional factors such as
protein inhibitors (inhibitors of trypsin, chymotrypsin, and amylase), lectins, phytates, and tannins [6].
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The common oat (Avena sativa) is among the major cereals used for human food [7]; it is the
cereal with the highest percentage of vegetable fat and has a variety of minerals, trace elements and
vitamins such as calcium, copper, iron, magnesium, potassium, selenium, zinc and vitamins: B1, B2,
B3, B6 and E, and trace amounts of vitamin D [8].

The disadvantage of using legumes in food fortification is the presence of antinutrients such as
phytates, tannins, and trypsin inhibitors, which decrease the digestibility of the protein [7].

Fungi are considered a source of food with incalculable value for their nutritional
quality, being low in calories and rich in carbohydrates, essential amino acids, fiber, vitamins,
and minerals [9,10]. Studies indicate that Pleurotus species are potent biological agents that convert
non-food organic products into palatable human food [11]. They are able to synthesize a greater
proportion of essential amino acids, which promotes a positive balance of amino acids, as well as
improving the taste. They can grow on a variety of substrates, such as straw (wheat, oats, and rice),
sawdust, cotton waste, banana leaves, corn stalks, and other agricultural wastes [12].

Pleurotus ostreatus is the second most cultivated edible mushroom worldwide after Agaricus bisporus;
it has a high nutritional value as it contains minerals, vitamins, and proteins. While it has a low content
of fat and sodium, it is high in potassium [10]. This fungus also has antioxidant properties [13,14].

The production of fermented foods is one of the oldest food processing technologies, [15] and it is
an economic and simple process that causes chemical changes and modifies the functionality of
foods [16]. Many of these foods are manufactured for their unique flavor, aroma, and texture attributes
that are highly appreciated by the consumer. Furthermore, filamentous fungi simultaneously decrease
anti-nutrients components and partially hydrolyzed biopolymers substrates. The byproduct of
the fermentation can be used as an inexpensive food and as a supplement to support marketing
demands [15]. Considering the above and the growing industry of ingredients and functional foods,
the aim of this research was to evaluate the effect of fermentation with Pleurotus ostreatus on protein
digestibility, antioxidant activity, and nutritional quality of cereals (oats) and legumes (black and
kidney beans).

2. Results and Discussion

The obtained amount of flour, including mycelium produced during fermentation with
Pleurotus ostreatus, is equivalent to the grams of substrate used in dry weight (BB, KB, OG), so there is
only one bioconversion of the substrate to mycelium.

2.1. Proximal Chemical Analysis

The results of the chemical composition of dry matter corresponding to the non-fermented
varieties of black beans, kidney beans and oats (BB, KB, OG) and fermented ones with Pleurotus ostreatus
(FBB, FKB, FOG) are shown in Table 1. The effect of fermentation with a significant increase of 13%
and 6% in kidney beans and oats protein, respectively, can be observed. This is attributed to the
increase of amino acid synthesis as a consequence of the fermentation with Pleurotus ostreatus [12].
With respect to the dietary fiber content, values obtained for the legumes were as follows: 45.09 g (BB),
27.80 g (KB) and 13.48 g (OG), which are greater than those reported by the USDA, which are 5.5 g
for raw black beans, 8.7 g for cooked black beans, 4.9 g for raw kidney beans, 9.3 g for cooked kidney
beans, and 10.6 g for raw oats and 2.6 g for cooked oats [17]. In the fermented black beans and oats,
the dietary fiber contents significantly decreased by 59% and 22% respectively, attributable to the action
of the enzymes from Pleurotus ostreatus such as cellulase, hemicellulase, xynalases and laccases [18],
which selectively use the lignin and cellulose for their growth; lignin and cellulose form the major
composite of the dietary fiber in legumes and cereals. The decrease in these structural carbohydrates
allows the transformation of resistant starch into available starch, which in the case of black beans is
a cause of the high observed value of dietary fiber (48.73%). In contrast to FKB, the fiber significantly
increased 16%. These differences could be explained, as the action of the fungus depends on the
substrate, species, or the variety of substrate being used; the fungus adjusts its enzymatic systems
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(hydrolase enzymes, oxide reductases, etc.) in relation to the conditions of the substrate, mainly the
presence of carbon and nitrogen, selective delignification, crude protein content, dry matter and the
threshold availability of the substrate in the grain for the growth of the fungus after inoculation [19].
The way in which enzymes of the fungus act to obtain the nutrients necessary for growth depends
on the substrate; in the case of FB, it has a higher hardness index [20], having less permeability so the
fungus could not act the same way as in the black beans, which could explain the differences in the
composition [21]. This hypothesis is confirmed by data shown in Table 2; in the case of unfermented
and fermented kidney beans, they do not show an increase in the total polyphenol content and
antioxidant activity. The fat content highlights a significant increase of 97% in the FOG regarding OG
treatment, which may have been provided by the fungus fat, since a 4.8% value of this component
in Pleurotus ostreatus was reported [22]; this also happened to the legumes, assuming that the fungus
is found in a greater proportion in oats, due to the fact that cereals such as grains of beer, wheat,
rice, oats, and corn are more accessible substrates for the fungus, thus growing easier on them [23],
as observed with other species of this fungus such as Pleurotus pulmonaris, which report a 3% value of
this component [18]. It is important to consider that increases in some nutrients may be a response to
the percentage decrease in others.

Table 1. Nutritional components of different obtained flours.

Parameter (%) BB FBB KB FKB OG FOG

Protein 23.62 ± 1.12 c 22.80 ± 2.85 c 22.81 ± 1.3 c 25.78 ± 2.35 d 11.78 ± 1.28 a 12.56 ± 0.63 b

Fat 2.08 ± 0.32 bc 1.67 ± 0.34 abc 1.86 ± 0.66 ab 1.68 ± 0.17 a 2.44 ± 0.45 c 4.80 ± 0.60 d

Minerals 4.90 ± 0.15 c 4.58 ± 0.31 c 4.63 ± 0.24 c 4.02 ± 0.01 c 1.61 ± 0.09 b 0.83 ± 0.52 a

Fiber 48.73 ± 0.56 f 20.0 ± 0.51 c 29.18 ± 0.15 d 33.88 ± 0.28 e 14.00 ± 0.07 b 10.92 ± 0.70 a

Carbohydrates 20.69 ± 0.79 a 50.95 ± 0.96 d 41.52 ± 0.59 c 34.64 ± 1.5 b 70.17 ± 0.44 e 70.89 ± 0.66 f

Black beans (BB); Black beans with Pleurotus ostreatus (FBB); kidney beans (KB); kidney bean with Pleurotus ostreatus
(FKB); oats (OG) and oats with Pleurotus ostreatus (FOG). Average values with three replicates ± standard deviations,
of three different lots. Mean values labeled with a different letter in the same file are significantly different (p < 0.05).

Table 2. Effect of Pleurotus ostreatus on antioxidant activity and total phenol content in different flours.

FOLIN (mg Acid Gallic/g Flour) DPPH (mg Trolox/g Flour)

Flour Initial G.D. * I.D. ** Initial G.D. I.D.

BB 1.48 ± 0.01 b 1.94 ± 0.05 c 3.30 ± 0.06 a 1.24 ± 0.04 b 2.89± 0.53 b 8.97 ± 0.73 d

FBB 1.87 ± 0.24 b 2.10 ± 0.00 d 6.85 ± 0.03 c 1.73 ± 0.09 c 3.90± 2.21 d 13.31 ± 1.63 f

KB 1.59 ± 0.10 b 1.82 ± 0.02 ab 4.23 ± 0.09 a 1.2 ± 0.01 b 2.42 ± 0.51 a 7.2 ± 0.29 c

FKB 1.59 ± 0.01 b 1.77 ± 0.06 a 4.78 ± 0.20 b 1.2 ± 0.08 b 3.24 ± 0.04 c 9.39 ± 0.01e

OG 0.85 ± 0.76 a 1.88 ± 0.02 b 2.72 ± 0.49 a 0.40 ± 0.03 a 2.27 ± 0.77 a 3.04 ± 0.31 a

FOG 2.89 ± 0.34 c 2.12 ± 0.08 d 4.91 ± 0.06 b 1.30 ± 0.08 b 2.85 ± 0.37 b 5.04 ± 0.25 b

* Gastric digestion; ** Intestinal digestion. Black bean (BB); black bean with Pleurotus ostreatus (FBB); kidney beans
(KB); kidney bean with Pleurotus ostreatus (FKB); oats (OG) and oats with Pleurotus ostreatus (FOG). Values are the
average of three replicates ± standard deviations, of three different lots. Mean values labeled with a different letter
in the same column are significantly different (p < 0.05).

2.2. Antioxidant Activity and Total Phenols

The content of total phenolic and antioxidant activity in flours was assessed before and after
simulated gastric and intestinal digestion. The presence of total phenols in legumes and cereals has
been documented in previous studies [5]. The initial content of phenols for the different treatments
(Table 2) was 0.85 to 2.89 mg of gallic acid/g of flour, while Zielin´ski and Kozłowska [24] obtained
2.89 mg/g for FOG as the highest. Treatments of black beans and oats with Pleurotus ostreatus had
a significant increase in the total phenol contents, i.e., 26.35% on BB and 240% in relation to the OG.
This fungus is basidiomycete, which excreted at least three different oxidases of phenol; these are
used to degrade lignin and obtain carbon and other nutrients. These laccases (phenol oxidases)
are independent agents that catalyze reactions, including the oxidation of Mn+2 and Fe+2, that can
polymerize, depolymerize or transform a wide range of phenolic compounds [25].
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This increase may be due not only to the synthesis of phenols in the mycelium or hydrolysis
of conjugated phenolics [26], but also to the deamination of aromatic amino acids phenylalanine
and tyrosine precursor of phenolic acids [27]; in addition, the phenol oxidases of the fungus
also produced interesting industrial bioconversions of many aromatic xenobiotic compounds from
lignin [28]. The antioxidant activity in the treatments was 1.2 to 1.73 mg Trolox equivalent/g in legume
flours—higher than the values obtained for oats 0.40 mg/g OG and 1.30 mg/g FOG; this variation
between oat and bean flours may be due simply to the different types of antioxidant compounds
that they contain, as well as to their concentration [29,30]. In relation to the effect of the fungus in
the flour, the fermented black bean and oat treatments significantly increased antioxidant activity;
FBB presented an increase of 39.5% on BB and FOG 225% in relation to the OG, attributing it to the
fungus in these treatments. There was a significant increase of polyphenols due to depolymerization
or hydrolysis of conjugated polyphenols, not occurring in FKB, in which there was no antioxidant
activity increase; assuming that the threshold availability of the compounds is not the same due
the fact that the kidney bean hull is harder [20] because it has a higher cellulose content than the
black bean hull [31]. The fungus degrades lignin molecules by the action of ligninolytic enzymes
(lignin peroxidase, manganese peroxidase and laccase) and can then access energy-rich polysaccharides
for growth and metabolism [32]. In this case, the phenol oxidase enzymes could not act in the same way,
degrading conjugated phenolic compounds by not having enough access to them [33]. The varieties
of beans have different characteristics. Depending on the natural adaptation to the environment and
the harder seed coat (hull), the permeability and the possibility of access of microorganisms decrease,
so the hull protects the endosperm from microbial attacks, assuming greater resistance to the action
of the fungus [21]. After digestion, the antioxidant activity increased both in non-fermented flour
and fermented flour, reaching values of Trolox 3.04 to 8.97 mg/g and 5.04 to 13.31 mg/g, respectively.
This presented a seven-fold increase in FBB.

Concerning the activities of the total phenolic content in simulated digestion, it was observed that
at the end of the digestion, values ranged from 2.72 to 4.23 mg/g in non-fermented and from 4.91 to
6.85 mg/g in fermented flours with the fungus, increasing three-fold in FBB. This increase was the
tendency in all treatments. This is contrary to the results published by other authors [34], reporting
that the content of total phenolic and antioxidant activity tended to decrease after digestion, due to the
low pH fluids during gastric digestion and the interaction with other compounds such as minerals,
fiber, and protein in foods, affecting the solubility and availability of polyphenols. However, it is well
known that anthocyanins (antioxidant compounds present in many legumes), resist low pH and protect
themselves; this probably explains the tendency observed in our results. In addition, we attribute
it to the action of the enzymes of the fungus in the fiber, leaving it more available or accessible to
antioxidants. This is very important since antioxidants play a protective role in the gastrointestinal
tract while keeping the redox balance against harmful antioxidant agents, helping the prevention of
gastrointestinal diseases during the process of digestion [34].

2.3. In Vitro Digestibility, Soluble Nitrogen and Tannins

In vitro digestibility values obtained for non-fermented bean flours shown in Table 3, were BB
39.99% and KB 44.06%. These were higher than those reported previously [35], which reported values
below 35% in Phaseolus vulgaris in raw and pre-cooked flours. Fermented black beans with the fungus
(FBB) presented a digestibility of 48.13%, which is similar to values reported for black beans fermented
with Bacillus sp. [36]. The kidney bean with Pleurotus ostreatus (FKB) had a higher digestibility with
69%, and is higher than other reports [35], which have values below 50% for raw and cooked carica
beans. Similarly, both treatments of fermented beans (FBB and FKB) had a higher digestibility than
those reported for beans fermented with other microorganisms, such as Rhizopus microsporus var.,
Chinensis and Lactobacillus plantarum 33.87 and 35.09%, respectively [37]. The digestibility values
for OG and FOG flours were 63.25% and 70% respectively, being similar to those reported by other
authors [38]. The protein digestibility increased significantly in all fermented with Pleurotus ostreatus
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because this fungus has a great selectivity of delignification, which degrades the substrate and makes
proteins more digestible [39].

Table 3. Protein digestibility, soluble nitrogen and tannin content.

Flour Protein Digestibility (%) Soluble Nitrogen (%) Tannin Content (mg/100 g)

BB 39.99 ± 1.71 a 0.60 ± 0.80 b 65.21 ± 0.027 f

FBB 48.13 ± 0.78 c 1.34 ± 2.3 d 22.07 ± 0.016 a

KB 44.06 ± 1.71 b 0.30 ± 1.0 a 35.54 ± 0.086 d

FKB 69.01 ± 1.14 de 0.60 ± 1.5 b 23.37 ± 0.017 b

OG 63.25 ± 1.65 d 0.61 ± 0.4 b 55.67 ± 0.057 e

FOG 70.01 ± 0.30 e 0.91 ± 0.22 c 28.11 ± 0.030 c

Black bean (BB); black bean with Pleurotus ostreatus (FBB); kidney beans (KB); kidney bean with Pleurotus ostreatus
(FKB); oats (OG) and oats with Pleurotus ostreatus (FOG). Values are the average of three replicates ± standard
deviations, of three different lots. Mean values labeled with a different letter in the same column are significantly
different (p < 0.05).

Soluble nitrogen values presented a significant difference between fermented and non-fermented
treatments with Pleurotus ostreatus, confirming the effect of Pleurotus ostreatus on the availability of the
protein (Table 3). In addition, the ability of the fungus to reduce tannins favored the increase in protein
digestibility [40]. Tannin contents presented in Table 3 show a significant decrease in all fermented
products with 66% for FBB, 34% for FKB and 49% for FOG. Fan et al. [41] reported that the fungus
is able to reduce or eliminate tannin antinutrients mainly by the action of a tannase present in the
fungus, which ultimately destroys the tannins [42]. The tannin values of non-fermented beans samples
were similar to those previously reported [43]. The decrease in the concentration of tannins has been
reported in the lactic fermentation of Phaseolusvulgaris [27].

2.4. Amino Acid Profile

The results of the amino acid profiles are shown in Table 4. It is observed that in oats, as well as
in fermented legumes, a significant increase of most of the essential amino acids (isoleucine, leucine,
phenylalanine, valine, threonine, and methionine) is present, confirming the effect of Pleurotus ostreatus
in the synthesis of essential amino acids [12]. This also highlights a significant increase in sulfur
amino acids such as methionine and cysteine with values of 22.4 mg/g of protein and 49.19 mg/g
of protein in fermented treatments of kidney beans and oats respectively; this is considered relevant
to improve the quality of the protein in the flour. Basic amino acids such as lysine and arginine
decreased in all treatments in the fermentation process with the fungus. These amino acids were
probably destabilized by the acidic conditions associated with the fermentation since the process was
maintained at pH < 4 [44,45]. The values of these amino acids in the fermented products are similar to
those reported for Pleurotus ostreatus [12].

Table 4. Effect of Pleurotus ostreatus on the amino acid profile.

Flours

Amino Acid (mg/g Protein) BB FBB KB FKB OG FOG

Asparagine 125.29 e 124.22 c 125.40 e 124.88 d 87.30 a 88.33 b

Threonine 46.11 c 47.30 d 49.51 e 49.56 e 37.04 a 39.17 b

Serine 53.10 d 51.60 c 53.68 e 52.96 d 46.74 b 45.00 a

Glutamine 157.89 c 154.80 b 153.63 a 154.52 b 217.81 e 212.50 d

Proline 46.58 b 48.73 c 34.71 a 49.08 d 60.85 e 61.67 f

Glycine 41.92 a 43.00 b 44.89 c 43.25 b 54.67 d 56.67 e

Alanine 42.85 a 45.87 d 44.89 b 45.19 c 50.26 e 53.33 f

Valine 59.62 b 64.50 f 60.62 c 63.65 e 57.32 a 61.67 d

Methionine + Cysteine 20.44 a 22.45 c 21.29 a 21.87 b 47.62 d 49.19 d

Isoleucine 49.84 c 53.03 d 49.98 c 52.96 d 41.45 a 45.83 b
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Table 4. Cont.

Flours

Amino Acid (mg/g Protein) BB FBB KB FKB OG FOG

Leucine 87.10 d 88.87 e 86.07 c 89.89 f 82.01 a 84.17 b

Tyrosine 30.74 c 32.97 e 32.39 d 33.04 e 27.34 a 28.33 b

Phenylalanine 61.95 d 63.07 e 60.62 c 63.65 f 56.44 a 57.50 b

Hydroxylysine 1.40 a 3.34 d 1.39 a 1.94 b 2.65 c 3.33 d

Ornithine 0.47 a 0.96 d 0.93 c 0.97 d 0.88 b 1.67 e

Lysine 68.93 d 52.56 b 68.49 d 56.37 c 47.62 b 34.17 a

Histidine 28.88 f 25.80 d 28.69 e 25.27 c 22.93 b 20.83 a

Arginine 57.29 c 49.21 a 60.62 d 51.02 b 67.02 e 60.83 d

Tryptophan 10.71 c 10.51 b 11.11 d 11.18 d 14.99 e 10.00 a

Black bean (BB); black bean with Pleurotus ostreatus (FBB); kidney beans (KB); kidney bean with Pleurotus ostreatus
(FKB); oats (OG) and oats with Pleurotus ostreatus (FOG). Mean values labeled with a different letter in the same file
are significantly different (p < 0.05).

3. Materials and Methods

3.1. Seeds, Microorganism and Maintenance

The black beans (BB), kidney beans (KB) and oats grain (OG) were obtained from the local food
market in Gpe, N. L. Mexico. Pleurotus ostreatus CS155 strain was obtained from Laboratorio de
Enzimología, Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, San Nicolas
de los Garza, N.L., Mexico. This strain was maintained by periodic transfers (2–3 months) in Petri
dishes with growth medium prepared with 0.4% yeast extract, 0.1% malt extract, 0.4% glucose and
1.5% agar (YMGA) [46].

3.2. Inoculum Production

Seeds of fresh black beans, kidney beans and oats were obtained from local suppliers; they were
washed and sterilized in mason jars with autoclave 121 ◦C for 45 min and water rational of 1:1, 1:1.10,
and 1:1.35 (w:v), respectively. The strain fungus was inoculated in a YMG medium (0.44% yeast
extract, 0.1% malt extract and 0.4% glucose) and incubated under agitation (150 rpm) for two weeks
at room temperature, based on the studies by Hernandez, et al., 2008 and Gan, et al., 2017 [46,47].
The culture was homogenized during four periods of 15 s and used as inoculum. Then, 8 mL of the
homogenized culture that contains 2.64 mg of biomass [d.w.] per gram of the homogenized culture [48]
was added to each pre-treated jar for solid fermentation, looking for the inoculum to cover the whole
sample while affecting the ratio of nutrients as little as possible. Afterwards, looking for sufficient
biomass, the jars with the inoculated substrates were incubated for 2 weeks at room temperature under
agitated anaerobic conditions. Subsequently, at the beginning of the idiophase, the highest ratio of
biomass to the volume of medium nutrient-limited liquid was obtained, according to preliminary tests
performed in our laboratory, where we observed that in a period of two weeks, the seeds were 100%
colonized. The grains with mycelium were ground (Moulinex, Écully, France) and dehydrated in a
convection furnace at 70 ◦C. Flours obtained with fermented and unfermented grains were labeled
as black bean (BB); black bean with Pleurotus ostreatus (FBB); kidney beans (KB); kidney bean with
Pleurotus ostreatus (FKB); oats (OG) and oats with Pleurotus ostreatus (FOG) [46].

3.3. Proximal Chemical Analysis

All proximal analyses were performed using standard methods of Association of Official
Analytical Chemistry [49]. Protein content was determined with the Kjeldahl method (AOAC 930.29).
Fat content was measured using the Goldfish method (AOAC 920.36C). Ash content was evaluated
gravimetrically (AOAC 14.006), and dietary fiber and available carbohydrates were measured with the
gravimetric-enzymatic (AOAC 985.29) and chemical (AOAC 962.09) methods, respectively.
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3.4. Simulated In Vitro Digestion

A protocol based on the use of digestive enzymes was followed [50] and simulated fluids were
prepared according to the protocol proposed by Minekus et al. (2014) [51]. Portions of 5 g of each
sample were placed into a 50-mL tube. For the oral phase, 5 mL of FOS (simulated oral fluid) was
added, incubated for 5 min at 37 ◦C in agitation. Then, 12 mL of FGS (simulated gastric fluid) with
pepsin at pH 2.3 was added following incubation for 2 h at 37 ◦C in 55 rpm orbital agitation for the
gastric phase. Finally, 20 mL FIS (simulated intestinal fluid) with 1.98 mg of pancreatin and bile extract
at pH 8 was added and incubated for 2 h at 37 ◦C on orbital agitation for the intestinal phase.

3.5. Antioxidant Activity

Antioxidant activity was measured in samples before and after in vitro digestion. For undigested
samples, the determination was made with extractions, using methanol 80% 1:5 (p:v) for each sample.
The determinations of the extractions after gastric and intestinal digestion were performed with
methanol 80% 1:20 (v:v) from 4 mL of the product of the gastric phase and 8 mL of the product of
the intestinal phase. Of each extraction, 0.1 mL was mixed with 3.9 mL of DPPH (1 N), incubated
for 30 min in darkness and measured at 515 nm absorbance. The results were expressed in the mg
equivalent of Trolox [52].

3.6. Total Phenol Content

Total phenol content was determined in all samples before and after in vitro digestion.
All the sample extractions were made with methanol 80% 1:5 (w:v) for undigested samples.
For determination after gastric and intestinal digestion, extractions were performed with methanol 80%
1:20 (v:v) from 4 mL of the product of the gastric phase and 8 mL of the product of the intestinal phase.
A 1 mL of extract was mixed with 0.025 mL of Folin–Ciocalteu (1 N), 2.5 mL of sodium carbonate
(20%), incubated for 40 min in darkness, and then measured at 725 nm absorbance. The results were
expressed as equivalents of gallic acid [52].

3.7. Protein Digestibility

A simulated digestion was performed and 37 mL of intestinal phase product was obtained;
protein not digested was precipitated with trichloroacetic acid (TCA) and was prepared to a final
concentration of 12% (w/w). It was centrifuged at 3500 rpm for 15 min and was then decanted.
The precipitate was washed and centrifuged twice, and its nitrogen content was determined by
the Kjeldahl [51,53].

3.8. Soluble Nitrogen

For soluble nitrogen, a 0.15-g sample was placed into a 50-mL tube, to which 49.5 mL of NaOH
0.02 N was added; it was then stirred for 1 h and centrifuged for 5 min at 3000 rpm. The content of
nitrogen in the supernatant was determined by micro-Kjeldahl [54].

3.9. Tannins Content

Tannin content was measured using the AOAC 952.03 method (AOAC 1990). The standard curve
was prepared with 100, 200, 400, 600 and 800 aliquots in 1000 µL of a tannic acid stock solution of
0.1 mg/mL. Each 10 mg sample was dissolved in 10 mL of water and 1 mL was taken to make the
determinations. We then added 7.5 mL of water, 500 µL of Folin–Deniss and 1 mL of Na2CO3 at 35%;
10 mL was taken and stirred. After 30 min, a spectrophotometer at 760 nm absorbance was used to
measure results. The results are expressed as equivalents of tannic acid [49].
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3.10. Amino Acids Profile

The amino acid profile was determined using high-performance liquid chromatography
(HPLC), gas-liquid chromatography (GLC) and mass spectrometry (MS), according to the method
AOAC 982.30 E (a,b,c) [49].

3.11. Statistical Analysis

Data from the three replicated experiments were analyzed to determine whether the variances
were statistically homogeneous, and the results expressed as means ± SD. Statistical comparisons were
made by one-way analysis of variance (ANOVA) followed by a Duncan´s test using SPSS 17 Software.
Difference between means were considered significant at p < 0.05.

4. Conclusions

Pleurotus ostreatus has a positive effect on the two varieties of beans and oats, increasing the
content of polyphenols and their antioxidant activity even during digestion, thus improving the
digestibility of the protein and decreasing tannins. The impact on the content of amino acids shows an
increase of sulfur amino acids promoted by the fermentation of legumes and cereal, increasing the
potential of these flours as functional ingredients in the production of food for human nutrition.
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24. Zieliński, H.; Kozłowska, H. Antioxidant Activity and Total Phenolics in Selected Cereal Grains and Their
Different Morphological Fractions. J. Agric. Food Chem. 2000, 48, 2008–2016. [CrossRef] [PubMed]

25. Sinsabaugh, R.L. Phenol oxidase, peroxidase and organic matter dynamics of soil. Soil Biol. Biochem. 2010,
42, 391–404. [CrossRef]

26. Vergara, H.; Gandul, B.; Roca, M. Formation of oxidised chlorophyll catabolites in olives. J. Food Comp. Anal.
2011, 24, 851–857. [CrossRef]

27. Granito, M.; Paolini, M.; Pérez, S. Polyphenols and antioxidant capacity of Phaseolus. vulgaris extreme
conditions and processed. LWT Food Sci. Technol. 2008, 41, 994–999. [CrossRef]

28. Giardina, P.; Palmieri, G.; Fontanella, B.; Rivieccio, V.; Sannia, G. Manganese Peroxidase Isoenzymes
Produced by Pleurotus. ostreatus Grown on Wood Sawdust. Arch. Biochem. Bioph. 2000, 376, 171–179.
[CrossRef] [PubMed]

29. Cardador, M.A.; Loarca, P.G.; Dave, O.B. Antioxidant Activity in Common Beans (Phaseolus. vulgaris). J. Agric.
Food Chem. 2002, 50, 6975–6980. [CrossRef]

30. Peterson, M. Oats Antioxidants. J. Cereal Sci. 2001, 33, 115–129. [CrossRef]
31. Labaneiah, M.; Luh, B. Changes of starch, crude fiber, and oligosaccharides in germinating dry beans.

Cereal Chem. 1981, 58, 135–138.
32. Sharma, R.; Aora, D. Fungal degradation of lignocellulosic residues: An aspect of improved nutritive quality.

Crit. Rev. Microbiol. 2015, 1–9. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/molecules21101372
http://www.ncbi.nlm.nih.gov/pubmed/27754433
http://dx.doi.org/10.1016/j.ifset.2008.07.002
https://ndb.nal.usda.gov/ndb/search/list
http://dx.doi.org/10.4067/S0718-07642013000100009
http://dx.doi.org/10.15517/am.v25i1.14185
http://dx.doi.org/10.1007/BF01095072
http://dx.doi.org/10.3390/molecules17032714
http://www.ncbi.nlm.nih.gov/pubmed/22395402
http://dx.doi.org/10.1016/S0960-8524(01)00002-5
http://dx.doi.org/10.1021/jf990619o
http://www.ncbi.nlm.nih.gov/pubmed/10888490
http://dx.doi.org/10.1016/j.soilbio.2009.10.014
http://dx.doi.org/10.1016/j.jfca.2011.02.003
http://dx.doi.org/10.1016/j.lwt.2007.07.014
http://dx.doi.org/10.1006/abbi.1999.1691
http://www.ncbi.nlm.nih.gov/pubmed/10729203
http://dx.doi.org/10.1021/jf020296n
http://dx.doi.org/10.1006/jcrs.2000.0349
http://dx.doi.org/10.3109/1040841X.2013.791247
http://www.ncbi.nlm.nih.gov/pubmed/23855359


Molecules 2017, 22, 2275 10 of 11

33. Xu, B.J.; Chang, S.K. Total phenolic ceontent and antioxidant properties of eclipse black beans
(Phaseolus. vulgaris L.) as affected by processing methods. J. Food Sci. 2008, 73, H19–H27. [CrossRef]
[PubMed]

34. Bouayed, J.; Hoffmann, L.; Bhon, T. Total phenolics, flavonoids, anthocyanins and antioxidant activity
following simulated gastro-intestinal digestion and dialysis of apple varieties: Bioaccessibility and potential
uptake. Food Chem. 2011, 128, 14–21. [CrossRef] [PubMed]

35. Mojica, L.; Chen, K.; González, E. Impact of Commercial Precooking of Common Bean (Phaseolus. vulgaris) on
the Generation of Peptides, After Pepsin–Pancreatin Hydrolysis, Capable to Inhibit Dipeptidyl Peptidase-IV.
J. Food Sci. 2014, 80, H188–H198. [CrossRef] [PubMed]

36. Ribero, D.; Patto, C.M.; Pinto, M. In vitro protein digestibility of enzymatically pre-treated bean
(Phaseolus. vulgaris L.) flour using commercial protease and Bacillus sp. protease. Food Sci. Technol. 2010, 30,
94–99.

37. Starzynska-Janiszewska, A.; Stodolak, B.; Mickowska, B. Effect of controlled lactic acid fermentation
on selected bioactive and nutritional parameters of tempeh obtained from unhulled common bean
(Phaseolus. vulgaris) seeds. J. Sci. Food Agric. 2014, 94, 359–366. [CrossRef] [PubMed]

38. Mkandawire, N.L.; Weier, S.A.; Weller, C.L.; Jackson, D.S.; Rose, D.J. Composition, in vitro digestibility,
and sensory evaluation of extruded whole grain sorghum breakfast cereals. LWT Food Sci. Technol. 2015, 62,
662–667. [CrossRef]

39. Tripathi, J.P.; Yadav, J.S. Optimisation of solid substrate fermentation of wheat straw into animal feed by
Pleurotus. ostreatus: A pilot effort. Anim. Feed Sci. Technol. 2015, 662–667. [CrossRef]

40. Aw, T.L.; Swanson, B.G. Influence of Tannin on Phaseolus. vulgaris Protein Digestibility and
QualityAuthorsT-L. J. Food Sci. 1985, 50, 67–71. [CrossRef]

41. Fan, L.; Pandey, A.; Mohan, R.; Soccol, C.R. Use of Various Coffee Industry Residues for the Cultivation of
Pleurotus. ostreatus in Solid State Fermentation. Eng. Life Sci. 2000, 20, 41–52.

42. Rodrigues, J.M.; Albino, S.; Pereira, D.; Dias, M.; Soares, J.; Cuquetto, H.; Megumi, M.C. Production of edible
mushroom and degradation of antinutritional factors in jatropha biodiesel residues. Food Sci. Technol. 2013,
50, 575–580.

43. Díaz, A.M.; Caldas, G.V.; Blair, M.W. Concentrations of condensed tannins and anthocyanins in common
bean seed coats. Food Res. Int. 2010, 43, 595–601. [CrossRef]

44. Martínez, D.A.; Buglione, M.B.; Filippi, M.V.; Reynoso, L.D.; Rodríguez, G.E.; Agüero, M.S. Evaluación del
crecimiento micelial de Pleurotus ostreatus y Agrocybe aegerita sobre orujos de pera. An. Biol. 2005, 37, 1–10.
[CrossRef]

45. Badui, D.S. Quimica de los Alimentos, 4th ed.; Pearson Educación: Ciudad de México, Mexico, 2006;
pp. 121–130, ISBN 970-26-0670-5.

46. Hernández, C.; Gutiérrez, G.; Salcedo, S. Screening for decolorizing basidiomycetes in Mexico.
Screening and Selectión of Ligninolytic basidiomycetes with decolorizing ability in Northeast Mexico.
World J. Microbiol. Biotechnol. 2008, 24, 465–473. [CrossRef]

47. Gan, R.; Li, H.; Gunaratne, A.; Sui, Z.; Corke, H. Effects of fermented edible seeds and their products on
human health: Bioactive components and bioactivities. Comp. Rev. Food Sci. Food Saf. 2017, 16, 489–531.
[CrossRef]

48. Hu, J.; Duvnjak, Z. The production of a laccase and the decrease of the phenolic content in canola meal
during the growth of the fungus Pleurotus. ostreatus in solid state fermentation processes. Eng. Life Sci. 2004,
4, 50–55. [CrossRef]

49. Association of Analytical Communities (AOAC). Official Methods of Analysis of the Association of Official
Analytical Chemists, 17th ed.; AOAC: Gaithersburg, MD, USA, 2006; ISBN 0935584773-9780935584776.

50. Lamothe, S.; Corbeil, M.M.; Turgeon, S.L.; Britten, M. Influence of cheese matrix on lipid digestion in
a simulated gastro-intestinal environment. Food Funct. 2012, 3, 681–774. [CrossRef] [PubMed]

51. Minekus, M.; Alminger, M.; Alvito, P.; Ballance, S.; Bohn, T.; Bourlieu, C.; Carriere, F.; Boutrou, R.;
Corredig, M.; Dupont, D.; et al. A standardised static in vitro digestion method suitable for food—
An international consensus. Food Funct. 2014, 5, 1113–1124. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1750-3841.2007.00625.x
http://www.ncbi.nlm.nih.gov/pubmed/18298732
http://dx.doi.org/10.1016/j.foodchem.2011.02.052
http://www.ncbi.nlm.nih.gov/pubmed/25214323
http://dx.doi.org/10.1111/1750-3841.12726
http://www.ncbi.nlm.nih.gov/pubmed/25495131
http://dx.doi.org/10.1002/jsfa.6385
http://www.ncbi.nlm.nih.gov/pubmed/24037686
http://dx.doi.org/10.1016/j.lwt.2014.12.051
http://dx.doi.org/10.1016/0377-8401(92)90120-U
http://dx.doi.org/10.1111/j.1365-2621.1985.tb13279.x
http://dx.doi.org/10.1016/j.foodres.2009.07.014
http://dx.doi.org/10.6018/analesbio.37.1
http://dx.doi.org/10.1007/s11274-007-9495-3
http://dx.doi.org/10.1111/1541-4337.12257
http://dx.doi.org/10.1002/elsc.200400005
http://dx.doi.org/10.1039/c2fo10256k
http://www.ncbi.nlm.nih.gov/pubmed/22476332
http://dx.doi.org/10.1039/C3FO60702J
http://www.ncbi.nlm.nih.gov/pubmed/24803111


Molecules 2017, 22, 2275 11 of 11

52. Aruguman, S.; Perumal, S. Effect of indigenous processing methods on phenolics and antioxidant potential of
Underutilized legumes Acacia auriculiformis and Parkia. roxburghii. J. Food Qual. 2012, 36, 99–112. [CrossRef]

53. Reyes, C.; Cuevas, E.; Milán, J.; Cárdenas, O.; Barrón, J. Solid state fermentation process for producing
chickpea (Cicer arietinum L.) tempeh flour. Physicochemical and nutritional characteristics of the product.
J. Sci. Food Agric. 2014, 84, 271–278. [CrossRef]

54. Blanco, A. Importance of some factors on digestibility of black beans (Phaseolus. vulgaris) and of its amino
acids in humans adults. Guatemala USAC/INCAP 1983, xi, 134.

Sample Availability: Samples of the compounds are not available from the authors.

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/jfq.12024
http://dx.doi.org/10.1002/jsfa.1637
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Proximal Chemical Analysis 
	Antioxidant Activity and Total Phenols 
	In Vitro Digestibility, Soluble Nitrogen and Tannins 
	Amino Acid Profile 

	Materials and Methods 
	Seeds, Microorganism and Maintenance 
	Inoculum Production 
	Proximal Chemical Analysis 
	Simulated In Vitro Digestion 
	Antioxidant Activity 
	Total Phenol Content 
	Protein Digestibility 
	Soluble Nitrogen 
	Tannins Content 
	Amino Acids Profile 
	Statistical Analysis 

	Conclusions 

