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A B S T R A C T   

Pleurotus ostreatus is an edible mushroom with many functional compounds. In previous studies, it has been 
shown that solid-state fermentation of Phaseolus vulgaris and Avena sativa by this fungus increases essential amino 
acids, diminishes antinutrients as well as improves the bioaccessibility of different compounds. The objective was 
to obtain a functional food based on biotransformed ingredients by solid-state fermentation with P. ostreatus and 
evaluate its properties and the effect the food processing has on them. Results showed that cookies made with 
fermented flours provide a higher antioxidant capacity, when compared with cookies made without fermented 
flours, while maintaining its antioxidant capacity after simulated digestion assay. They also showed higher 
content of bioavailable protein compared to wheat control cookie, higher fiber content and lower sugars 
compared to commercial cookies. Cookies had good sensorial acceptability. This study shows the potential use of 
biotransformed cereals and legumes by P. ostreatus in functional foods.   

1. Introduction 

Current food intake patterns involve an elevated consumption of 
foods high in sugar, food additives and caloric content (Leonard, 2014). 
Nevertheless, consumers have started to become aware between the 
relationship between diet and health. Therefore, global food consuming 
patterns record an interest of consumer’s interest towards foods that 
provide nutritional value and health benefits (Soler, Castillo, Rodríguez, 
Perales & Gonz). This scenario proves a great opportunity for food in-
dustry and academia to provide for the increasing demand for functional 
foods (Illanes, 2015; Martirosyan & Singh, 2015). A functional food is 
one that contains one or more biologically active compounds and have a 
physiological health benefit in the organisms, besides its nutritional 
value. 

Edible mushrooms have a great potential as a food source, among 
other reasons, the Pleurotus ostreatus is one of the most researched edible 
mushrooms due to the content of its functional and antioxidant com-
pounds, as well as the ability to synthesize essential amino acids 
(Valverde, Hernández & Paredes, 2015; Kozarski et al., 2015). 

Conventional foodstuffs can become functional ones by being 

fortified with beneficial compounds that increase its functional activity 
(Fuentes, Acevedo, & Gelvez, 2015). Consumer acceptance of functional 
foods is a key point (Illanes, 2015). Taking advantage of using as a 
starting point foodstuff which are highly consumed and accepted, as 
well as affordable should be one of the priorities while researching 
functional foods. 

The development of functional foods should consider which are the 
most consumed and accepted products by the population, all this while 
keeping them affordable. While cereals and legumes comply with these 
characteristics, they are also considered healthy due to the fiber content, 
antioxidant compounds and when mixed together they provide of pro-
tein of high biological value (Caballero, Allen, & Prentice, 2013; Sathe & 
Deshpande, 2003). In previous studies (Espinosa et al., 2017), the effect 
of P. ostreatus fermentation on P. vulgaris and A. sativa was evaluated, 
results showed an increase in both protein content and bioaccessibility, 
as well as the increase of antioxidant compounds and decrease in anti-
nutrient compounds. In other studies, the use of the fruiting body of 
Pleurotus ostreatus has been proposed as a functional ingredient added in 
the final food-making process. However, to the best of our knowledge, 
there is no work where Pleurotus ostreatus has been used as a concurrent 
biotransformation agent/ingredient on development of functional foods. 

* Corresponding author. 
E-mail address: edith.espinosa@udem.edu (E. Espinosa-Páez).  
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In this work, flours previously obtained and characterized through 
fermentation with this fungus (Espinosa et al., 2017) are applied in the 
development of a functional food, that is, these flours have not been used 
in the development of a food product. 

Cookies are high demand products, they are snacks obtained from a 
unique or compound paste, subjected to oven cooking and their prepa-
ration usually is done with wheat flour (Suma, Urooj, Asha, & Rajiv, 
2014). It has been shown that nutritional content in bakery products 
increases or decreases accordingly to the raw material used (Soler et al., 
2017). Therefore, the objective of this work was to develop a functional 
food based on formulations obtained from cereal and legume flours 
fermented with P. ostreatus to increase its nutritional, functional and 
sensory properties, as well as evaluating its use as an ingredient in the 
development of functional foods. 

2. Materials and methods 

2.1. Raw material and chemical products 

BB, KB and O were obtained from the local food market in Guada-
lupe, N. L. Mexico. Pleurotus ostreatus CS155 strain was obtained from 
Laboratorio de Enzimología, Facultad de Ciencias Biológicas, Uni-
versidad Autónoma de Nuevo León, San Nicolás de los Garza, N.L., 
México. This strain was kept 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) (Espinosa et al., 
2017). 

2.1.1. Inoculum production 
The fungus strain was inoculated in a YMG medium (0.4% yeast 

extract, 0.1% malt extract and 0.4% glucose) and incubated under 
agitation (150 rpm) for two weeks at room temperature. 

2.2. Flour production 

In previous studies (Espinosa et al., 2017) cereal and legume flours 
fermented with P. ostreatus were obtained, selecting these for chocolate 
cookie formulation due to its high biological protein value, antioxidant 
compounds content, decrease of antinutrient factors and increase in 
compound bioaccessibility. 

Based on this research, flour production was carried out applying the 
solid-state fermentation method, obtaining 3 fermented flours and un-
fermented ones. Briefly, seeds of fresh BB, KB and O were washed and 
sterilized in mason jars at 121 ◦C for 45 min and water ratio of 1:1, 

1:1.10, and 1:1.35 (w:v), respectively. The inoculum described in 2.1.1 
was homogenized during four periods of 15 s. Then, 8 mL of the ho-
mogenized culture that contains 2.64 mg of biomass [d.w.] per gram of 
the homogenized culture 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 in the dark under static 
conditions. The grains with mycelium were ground (Moulinex) and 
dehydrated in a convection furnace at 70 ◦C, to obtain their respective 
BB with Pleurotus (BBP), KB with Pleurotus (KBP) and oat grains with 
Pleurotus (OP) flours. The corresponding unfermented black beans (BB), 
kidney beans (KB) and oat (O) flours were obtained by the same pro-
cedure but omitting the inoculation with Pleurotus ostreatus. 

2.3. Cookie formulation 

Flour formulations were combined with fermented cereal and 
legume flours as well as unfermented one in different proportions, see 
Table 1. The objective was to obtain better functional properties and 
better nutritional quality. 

For cocoa cookies, wheat, cereal and legume flours were mixed in 
different proportions parting from flour formulation obtained after 
fermentation with P. ostreatus, which can be seen in Table 2. Upon 
formulation standardization based on the desired characteristics, a final 
ingredient composition was achieved, Table 3. 

2.4. Chemical composition 

The chemical composition of the oatmeal and bean cookies with 
Pleurotus ostreatus were performed using standard methods of Associa-
tion of Official Analytical Chemistry (AOAC, 2006). Nitrogen content 
was determined with the Kjeldahl method (AOAC 930.29). Fat content 
was measured using the Soxhlet method (AOAC 920.39C). 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. 

2.4.1. Total dietary fiber (TDF) 
TDF and available carbohydrates were obtained with AOAC methods 

985.29 and 962.09 (AOAC, 2006). For TDF determination a 
TDF-100A-KT Sigma-Aldrich kit was used according to the manufac-
turer. Briefly TDF was determined by using a combination of enzymatic 
and gravimetric methods. Samples of dried, fat-free foods are gelatinized 
with heat stable α-amylase and then enzymatically digested with pro-
tease and amyloglucosidase to remove the protein and starch present in 
the sample. Ethanol is added to precipitate the soluble dietary fiber. The 
residue is then filtered and washed with ethanol and acetone. After 
drying, the residue is weighed. Half of the samples are analyzed for 
protein and the others are ashed. Total dietary fiber is the weight of the 
residue less the weight of the protein and ash. 

Abbreviations 

BB black beans 
KB kidney beans 
O oat 
BBP fermented black bean with Pleurotus ostreatus 
KBP fermented kidney bean with Pleurotus ostreatus 
OP fermented oat with Pleurotus ostreatus 
wheat flour (W) 
Wheat cookie (WC) 
fermented black bean with unfermented oat cookie (BBP+OC) 
fermented oat with unfermented black bean cookie (OP+BBC) 
fermented kidney with unfermented oat cookie (KBP+OC) 
unfermented oat with black bean cookie (O+BBC) 
unfermented oat and unfermented kidney bean cookie (O+KBC) 
TCA trichloroacetic acid 
TEAC Trolox equivalent antioxidant capacity 
GAEq gallic acid equivalents  

Table 1 
Bean and oat flour formulation fermented with Pleurotus ostreatus.  

Formulation Proportion (%) Formula components 

A 50–50 O - BB 
B 50–50 O - KB 
C 100 W 
D 50–50 OP - BB 
E 50–50 BBP - O 
F 50–50 KBP - O 

Unfermented black beans flour (BB); fermented black bean with P. ostreatus flour 
(BBP); unfermented kidney beans flour (KB); fermented kidney bean with 
P. ostreatus flour (KBP); unfermented oats flour (O) and fermented oats grains 
with P. ostreatus flour (OGP), wheat flour (W). 
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2.5. Simulated in vitro digestion 

A protocol based on the use of digestive enzymes was followed 
(Lamothe, Corbeil, Turgeon, & Britten, 2012) and simulated fluids were 
prepared according to the protocol proposed by Minekus et al. (2014). 
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. This was done to measure protein digestibility and 
antioxidant capacity after simulated in vitro digestion. 

2.6. Antioxidant capacity 

Antioxidant capacity 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 for 30 min in darkness and measured at 515 nm 
absorbance. The results were expressed in the mg equivalent of Trolox 
(Aruguman & Perumal, 2012). 

2.7. Total polyphenol content 

Total polyphenol 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 car-
bonate (20%), incubated for 40 min in darkness, and then measured at 
725 nm absorbance. The results were expressed as equivalents of gallic 
acid (Aruguman & Perumal, 2012). 

2.8. Protein digestibility 

A simulated digestion was performed, 37 mL of intestinal phase 
product was obtained. Protein not digested was precipitated with 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 pre-
cipitate was washed and centrifuged twice. The in vitro protein di-
gestibility was evaluated on the basis of total soluble protein content and 
the content of protein determined after digestion in vitro (Couto, 
Guerra, Carneiro, Alvares, & Adam, 2015). 

2.9. Sensory evaluation 

Sensory evaluation was carried out in six cookies. A hedonic test to 
measure acceptability level based on four attributes: look, smell, flavor 
and texture was conducted using non trained panelists. Panelists eval-
uated each attribute in cookies with a random generated code indicating 
on a scale 1-9 when 1 represent “do not like it at all” and 9 “like it a lot”. 
Cookie simples were presented in identical containers, using random 3 
digits codes in a balanced presentation (Chopra, Dhillon, Rani, & Singh, 
2018). 

2.10. Statistical analysis 

Data for each assay was obtained on independent samples by tripli-
cates. Each of them was evaluated to determine if the variances were 
statistically homogeneous, results are expressed as average ± SD. Sta-
tistical comparisons were carried out by a one-way ANOVA follower by a 
Duncan test using SPSS 17 software. The difference is considered sig-
nificant when p values are under 0.05. 

3. Results and discussion 

3.1. Nutritional and functional evaluation 

3.1.1. Chemical composition 
In a previous study (Espinosa et al., 2017), cereal and legume flours 

with functional properties given by fermentation with the fungi 
P. ostreatus were obtained, some of the main characteristics these flours 
were chosen for cookie development were the protein content of high 
biological value, antioxidant content and the decrease of antinutrients 
compounds while increasing compound bioaccessibility. 

In Table 4, chemical composition analyzes results are shown. Sig-
nificant difference in protein content among the different type of cookies 
can be seen. KBP+OC, OP+BBC and BBP+OC showed the highest pro-
tein content: 19.33 g, 18.03 g and 16.30 g, respectively. Results obtained 
showed higher protein content in cookies produced from fermented 
flour by P. ostreatus than those without them. These results confirm that 
bean and oat fermented flour have a higher protein content than un-
fermented ones (Espinosa et al., 2017) all while conserving it during 
cookie production processing. 

In the case of cookies produced from non-fermented flours, protein 
content was higher in beans due to the fact that wheat have a lower 
protein content than legumes (Padovani, Lima, Colugnati, & Rodriguez, 
2007). Protein content in cookies produced with fermented flours is 
higher than other similar reported products made with mungo bean and 
black bean (Bassinello et al., 2001) and three to six times higher 
compared with commercial cookies, which ranges between 3 and 6 g of 
protein (United States Department of Agriculture [USDA], 2020). 

Regarding fat content, OP+BBC had a higher content with 31.90 g 
while BBP+OC the lowest one with 26.6 g. There was no significant 
difference between cookies produced with fermented flours by P. 
ostreatus and without them, meaning this difference comes from the 
ingredients used in the formulation such as butter, egg and cocoa (Igic 
et al., 2015; Pimpin Wu, Haskelberg, Del Gobbo & Mozaffarian, 2016; 

Table 2 
Flour formulation for cookie production.  

Flour Flour combination Proportion (%) 

WC C 100 
OþBBC A-C 80–20 
OþKBC B-C 50–50 
BBPþOC E-C 80–20 
OPþBBC D-C 80–20 
KBPþOC F-C 50–50 

Wheat cookie (WC); fermented black bean with unfermented oat cookie 
(BBP+OC); fermented oat with unfermented black bean cookie (OP+BBC); 
fermented kidney with and unfermented oat cookie (KBP+OC); unfermented oat 
with unfermented black bean cookie (O+BBC); unfermented oat and unfer-
mented kidney bean cookie (O+KBC). 

Table 3 
Cookie ingredient percentage composition.  

Ingredient Flour Butter Egg Cocoa Sugar Sweetener Baking powder Cinnamon 

% 30 22 20 14 7 4 2 1  
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Edem et al., 2016). P. ostreatus has a positive effect in mineral content in 
most cookies. In BBP+OC and OP+BBC P. ostreatus significantly in-
creases their mineral content, however this is not the case in all cookies. 
Such is the case of O+KBC where there is no significant difference in 
mineral content. It has been shown that mineral content increases in the 
fermented substrates by P. ostreatus (De Souza et al., 2020). WC showed 
a lower mineral content, 1.61 g. This is in accordance with reports for 
wheat flour (Joshi, Liu, & Sathe, 2015), being lower than those of raw 
and cooked legume flours (Audu & Aremu, 2011). Cookies produced 
with oat and kidney bean flours stand out in fiber content, being the 
highest ones OP+BBC and O+KBC with 17.44 and 11.57 g, respectively 
and the lowest being WC with 0.71 g. This last one can be explained by 
wheat having a lower fiber content than beans and oats (USDA, 2020). 
Fiber content reported for cookies produced with flours with P. ostreatus 
are 2–10 times higher than commercial cookies, which have between 1 
and 3 g of fiber (USDA, 2020). Oat has been proven as a low-cost source 
of protein and fiber, while legumes are considered functional food for 
their total fiber content, a mixture of soluble and insoluble fiber (Del-
gado, Olías, Jiménez, & Clemente, 2016). Most commercial products are 
based on wheat flour, consequently, foods based on legume and oat 
provide this functionality by having a high fiber content, falling into the 
functional food category by having this characteristic (Millone, Olag-
nero, & Santana, 2011). 

WC was the cookie with the highest carbohydrate content with 
52.54 g while OP+BBC the lowest one with 27.77 g, matching with 
having the lowest and highest fiber content, respectively. The difference 
in these results can be attributed to the difference in fiber content. 
Carbohydrate content in most industrially processed cookies is high and 
they mostly come in the shape of simple sugars, high fructose corn syrup 
and refined sugar (Monteiro et al., 2018). Nevertheless, in the cookies 
developed in this work, added sugar content is low, between 2.7 g and 
3.2 g. This represents up to 14 times less added sugar when comparing 
with commercial ones, which are between 33.33 g and 40 g (USDA, 
2020). This can be explained by the fact that sucralose was used, a 
non-nutritious artificial sweetener which is 600 times sweeter than 
regular sugar. Sweeteners’ recommended intake is 5 mg/kg/bw/day, 
making the cookies produced in this work a healthier option than 
commercial ones, being suitable for diabetes mellitus patients since they 
do not raise blood sugar (Food and Drug Administration [FDA], 2018). 
These cookies comply with nutritional requirements of different types of 
population. 

3.1.2. Protein digestibility 
Legumes are not only characterized for their protein content and 

antioxidant compounds, but also for their antinutrient content such as 
oligosaccharides, phytic acid and tannins. This antinutrients cause a 
diminished protein bioavailability when compared with other food-
stuffs, such as protein from animal origin (Linsberger, Weiglhofer, Thi, 
& ). On a previous study, it was shown that P. ostreatus increases bean 
and oats protein digestibility by essential amino acids synthesis and the 
effect the fungi have on lignocellulosic compounds, increasing protein 
bioaccessibility (Espinosa et al., 2017). Also, P. ostreatus distinguishes 
for its glutamic acid content, which plays a key physiological role in the 
digestion, nutrient absorption and energy homeostasis processes (Căl-
inoiu & Vodnar). 

Protein digestibility results show that the produced cookies with 
P. ostreatus flours have a higher digestibility than those without them 
(Fig. 1). The highest ones being BBP+OC and KBP+OC with 95.68% and 
90.94% with significant difference with the rest of the cookies, proving 
the positive effect the fungi have on the substrates used for flour 
production. 

The digestibility results obtained in the present work, are higher than 
those reported in the previous study for oat, kidney bean and black bean 
flours. This can be explained by flours being subjected to baking process 
for cookie production as expected. This due to the fact that heat pro-
cessing through baking increases protein digestibility in legume, 
improving amino acids composition and decreasing antinutrient com-
pounds (Nosworthy et al., 2018; Parmar, Singh, Kaur, & Thakur, 2017), 
confirming the positive effect of using these flours in cookies production. 

The cookie with the lowest digestibility was WC with 80.87%, made 
entirely with wheat flour without P. ostreatus. WC’s digestibility can be 
due to its amino acids composition being deficient in lysine, threonine 
and methionine (Coda, Varis, Verni, Rizzello, & Katina, 2017), impact-
ing directly in protein digestibility (Joye, 2019). P. ostreatus’ protein 
quality, the effect on bean and oat flour protein digestibility and the 
cooking method (Ragaee, Seetharaman, & Abdel-Aal, 2012) give the 
cookies functionality. This being an ingredient alternative for the har-
nessing of wheat proteins, the ingredient in most commercial cookies 
(Aruguman & Perumal, 2012; Suma et al., 2014). 

3.1.3. Antioxidant activity and total polyphenol content 
Antioxidant capacity and total polyphenol content were evaluated 

before and after simulated digestion, gastric and intestinal. Initial results 
for antioxidant capacity by DPPH showed that BBP+OC, a cookie pro-
duced with the fungi, is the highest with 14.09 mg TEAC/g. Results of 
cookies produced with fermented flours: BBP+OC, OP+BBC, KBP+OC 
are higher than those without P. ostreatus. Regarding total polyphenols, 
KBP+OC was the highest with 4.10 mg GAEq/g, another cookie pro-
duced with fermented flour with P. ostreatus (Table 5). These results can 
be attributed to the presence of fermented flours with P. ostreatus which 
antioxidant capacity and polyphenol content have been documented 
previously (Espinosa et al., 2017). It was shown that content in these 
fermented flours was higher when compared to those without 
P. ostreatus, proving that these compounds are kept in the final product 

Table 4 
Nutritional components of different obtained flours (100g).  

Parameter (%) Protein Fat Minerals Fiber Sugars Carbohydrates 

WC 14.18 ± 0.42a 28.00 ± 1.72ab 1.61 ± 0.03a 0.71 ± 0.05a 3.06 ± 0.02b 52.54 ± 0.54d 

OþBBC 15.49 ± 0.43b 28.80 ± 1.60ab 1.98 ± 0.03b 6.41 ± 0.06b 3.00 ± 0.05b 44.33 ± 0.04c 

OþKBC 15.32 ± 1.6b 27.60 ± 1.64ab 2.21 ± 0.02c 11.57 ± 0.09d 3.03 ± 0.05b 40.27 ± 0.53b 

BBPþOC 16.30 ± 0.12c 26.60 ± 1.68ab 2.27 ± 0.00c 9.00 ± 0.03c 3.20 ± 0.05b 42.63 ± 0.27c 

OPþBBC 18.03 ± 0.05d 31.90 ± 1.73c 2.27 ± 0.02c 17.44 ± 0.10e 2.70 ± 0.15a 27.66 ± 0.11a 

KBPþOC 19.33 ± 0.62e 29.10 ± 1.15bc 1.97 ± 0.01b 6.39 ± 0.04b 2.87 ± 0.21a 40.34 ± 0.12b 

Data is mean ± SD of triplicates, values with different letters present significant difference (p < 0.05). 

Fig. 1. Protein digestibility in different chocolate cookies Data is mean ± SD of 
triplicates, values with different letters present significant difference (p < 0.05). 
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which has been subjected to different processing such as ingredient 
mixing and baking. The latter has been shown that it could lead to the 
increase of phenolic compounds concentration in whole flours, as well as 
Maillard reactions being produced by baking which led to an increase in 
molecules that reduce free radicals (Ragaee et al., 2012). 

Several phenolic compounds have been reported previously in these 
ingredients: Chatequins are present in bean and cocoa and retention 
levels after a baking process have been reported between 83 and 93% 
(Wang & Zhou, 2004). Ferulic acid and quercetine have been reported in 
P. ostreatus and beans, respectively. These two have been reported to 
increase between 20 and 30% at high temperatures (Xu & Chang, 2009). 
Another group of phenolic compounds are avenanthramides present in 
Avena sativa which have been shown to increase up to 50% in thermal 
processes (Că;linoiu & Vodnar, 2019). 

The cookie with the lowest antioxidant capacity and lowest initial 
lowest total polyphenol content was WC with 11.26 mg TEAC/g and 
2.24 mg GAEq/g, respectively. This confirms what was previously 
mentioned, the fact that total polyphenols in wheat is lower than in bean 
and oats (Djordjevic, Šiler-Marinkovic & Dimitrijevic). This further 
proves the positive effect in wheat flour substitution by bean and oat 
flours with P. ostreatus in antioxidant capacity and total polyphenol 
content in bakery products. 

These results could also be attributed to cocoa, an ingredient used in 
cookie production which its antioxidant capacity, polyphenol and 
flavonoid content has been reported (Ca ̆linoiu & Vodnar, 2020; Di 
Mattia, Sacchetti, Mastrocola, & Serafini, 2017; Martínez et al., 2012). 
Also, cocoa contains phenols and melanoidins, which have demon-
strated their antioxidant potential. Both compounds, when exposed to 
temperatures between 130 ◦C and 150 ◦C in a low relative humidity 
atmosphere, increases their content of bound polyphenols and antioxi-
dant activity due to structural changes in its active components. These 
changes involve the oxidation of phenolic compounds, condensation 
with proteins, polysaccharides as well as the polymerization of mela-
noidin fractions during toasting (Oracz & Zyzelewicz, 2019). 

After the digestion process, in most foodstuffs, the total antioxidant 
content is affected by being unstable in gastric pH (acid) and therefore 
being not bioavailable (Coronado, Vega, Gutiérrez, Vázquez & Radilla, 
2015). Results showed that antioxidant activity and total polyphenol 
content increased after digestion, being BBP+OC the cookie with the 
highest with 27.40 mg TEAC/g and 6.19 mg GAEq/g. These results are 
similar than those in a previous report (Espinosa et al., 2017) in which 
fermented black bean flour with P. ostreatus reached higher values after 
digestion. This effect could be by the fermentation of the fungi. Having 
higher access to substrate, would lead to synthetizing and leaving 
available a higher number of compounds. 

The increase in antioxidant capacity in all cookies after digestion can 
be attributed to the fact that after enzyme action, complex compounds 
are hydrolyzed into simpler ones (Bouayed, Hoffmann, & Bhon, 2011; 
Coronado et.al, 2015). These compounds, such as anthocyanins, poly-
phenols and flavonoids, are present in the cookies’ ingredients in the 
form of legume and oats with P. ostreatus and cocoa. 

There is also evidence that anthocyanins, which are present in most 
of the ingredients used, are more stable and resistant to acid pH like the 

used in digestion (Bouayed et al., 2011). In the last years, food industry 
has added to their processes encapsulation of antioxidant compounds as 
a mean of protection to digestion processes, increasing their bioavail-
ability (Neo et al., 2013). Using flour with P. ostreatus, the baking pro-
cess and cocoa could substitute encapsulation processes since it has been 
proven the presence of bioavailable antioxidant compounds in the 
functional cookies developed in this work. 

This is of relevance and general interest since currently highly pro-
cessed products are widely consumed and have an impact in the prev-
alence of degenerative diseases (Monteiro et al., 2018). Therefore, the 
use of bean and oat fermented flour with P. ostreatus for the development 
processed foods like a cookie and other bakery products could be a 
viable alternative of a functional food that provide a health benefit in 
disease prevention. 

3.2. Sensory evaluation 

Once the food functionality was evaluated, it was required to assess 
the grade it complies with people’s needs and tastes. For this reason, 
sensory evaluation of the cookies with fermented and unfermented 
cookies was carried out. Acceptability mean was obtained by four 
different attributes for each sample: appearance, odor, flavor and 
texture. In Fig. 2 it can be observed that there was no significant dif-
ference between the cookies with and without P. ostreatus compared 
with WC. The highest scored cookies were O+KBC with 6.82 while the 
lowest was BBP+OC with 6.00. The inclusion of bean and oat fermented 
flours does not have an effect in cookies’ appearance compared with the 
ones produced with wheat flour, the most common ingredient in this 
type of products (Zucco, Borsuk, & Arntfield, 2011; Pareyt & Delcour, 
2008; USDA, 2020). 

The cookie with the highest odor attribute was BBP+OC with a value 
of 7.23 while the lowest one was OP+BBC with 5.92 being significant 
difference between both, however there was no significant difference 
found in the rest of the cookies. Regarding flavor, the highest scored 
cookie was O+KBC with 7.36, while the lowest was OP+BBC with 5.92. 
KBC’s score was higher than WC, while KBP+OC showed no significant 
difference with WC. These flavor preferences could be explained by the 
sweetener and cocoa, both were used in cookie production. In the 
texture attribute there was significant difference, being the highest 
scored WC with 7.78 and BBP+OC the lowest one with 5.19, could be 
explained by legume cookies having a more fibrous consistency (Ram-
írez, Gaytán, Morales & Loarca, 2018). Acceptability results are found 
between acceptable parameters with values between 5.82 for OP+BBC 
and 7.03 for O+KBC, the latter being the best scored. No significant 
differences between cookies produced with bean fermented flour 
compared with wheat cookies, the most common and consumed ingre-
dient in this type of product. These results match with previously reports 
where products with legume flour had higher acceptance than the 
control produced with wheat flour (Thongram, Tanwar, Chauhan, & 
Kumar, 2016). Other P. ostreatus physical and chemical properties such 
as water absorption capacity and oil absorption capacity have been re-
ported. Due to protein composition, as well as the previously mentioned 
properties, P. ostreatus is suitable to be used as a substitution for wheat 
flour in the development of bakery and meat products (Cruz, Villanueva, 
Garín, Leal, & Valencia, 2018). The application of fermented bean flour 
with P. ostreatus in cookie development does not affect their sensory 
properties, being a healthy and acceptable alternative por consumers. 

4. Conclusions 

The use of fermented flours with P. ostreatus as concurrent 
biotransformation agent/ingredient, provide functional properties to 
the food product that contains them. This is accomplished by increasing 
their protein content and bioaccessibility, presence of polyphenols and 
antioxidant compounds accessible after digestion in cookies made with 
black bean and oatmeal flours biotransformed through fermentation 

Table 5 
Antioxidant activity and total phenol content in different chocolate cookies.   

DPPH (mg TEAC/g flour) FOLIN (mg GAEq/g flour) 

Cookies Initial A.D. Initial A.D. 
WC 11.26 ± 1.10a 26.60 ± 0.55cd 2.24 ± 0.09a 5.15 ± 0.12g 

O+BBC 13.94 ± 0.14b 26.74 ± 0.47cd 3.19 ± 0.00cd 4.60 ± 0.03f 

O+KBC 13.87 ± 0.01b 26.81 ± 0.48cd 2.78 ± 0.16ab 5.10 ± 0.16g 

BBP+OC 14.09 ± 0.02b 27.40 ± 1.08d 2.87 ± 0.11bc 6.19 ± 0.22i 

OP+BBC 14.02 ± 0.02b 25.93 ± 0.28c 3.14 ± 0.03c 5.58 ± 0.20h 

KBP+OC 14.08 ± 0.14b 26.92 ± 0.35cd 4.10 ± 0.10e 4.66 ± 0.08f 

Data is mean ± SD of triplicates, values with different letters present significant 
difference (p < 0.05). 
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with Pleurotus ostreatus compared to cookies without P. ostreatus. Being 
these flours a potential ingredient in the development of functional 
foods, providing an alternative to the food industry in the development 
of these foods that, in addition to being sensorially accepted, offer a 
greater nutritional contribution. 
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