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RESUMEN
Antecedentes: Pleurotus ostreatus, contiene metabolitos bioactivos como compuestos fenólicos, flavonoides y poli-
sacáridos con propiedades antioxidantes, aunque su uso en productos cárnicos no ha sido ampliamente estudiado.

Objetivo: Evaluar el efecto del extracto hidroalcohólico de P. ostreatus (PHE) sobre la estabilidad oxidativa de hambur-
guesas de cerdo crudas y cocidas durante refrigeración.

Métodos: Se caracterizó PHE mediante el contenido de polifenoles, HPLC, FT-IR, y actividad antioxidante. Además, 
hamburguesas de cerdo crudas y cocinadas con 0, 0.5 y 1% de PHE y BHT (antioxidante sintético) fueron sometidas a 
pruebas de pH, oxidación de lípidos/TBARS y color (L*, a*, b* y código rojo-verde-azul) durante el almacenamiento.

Resultados y conclusiones: El PHE mostró un contenido significativo de metabolitos bioactivos, incluidos ácidos 
fenólicos (gálico y protocatecuico), y el flavonoide crisina, los cuales son asociados a su potencial contra radicales li-
bres. Se confirmó la presencia de fenoles y carbohidratos. En las hamburguesas de cerdo, el PHE en concentraciones 
de 0.5 y 1%, mantuvo el pH más alto, reduciendo los niveles de TBARS y preservando el color durante el almacena-
miento, resultados comparables a los del BHT. Estos hallazgos destacan el potencial del PHE como un ingrediente 
natural eficaz para mejorar la calidad y para estabilizar los productos cárnicos.

Palabras clave: hongo comestible; antioxidante; calidad de la carne; almacenamiento

ABSTRACT
Background: Pleurotus ostreatus, contains bioactive metabolites such as phenolic compounds, flavonoids, and poly-
saccharides with antioxidant properties, although its use in meat products has not been widely studied.

Objective: To evaluate the effect of P. ostreatus hydroalcoholic extract (PHE) on the oxidative stability of raw and 
cooked pork burgers during refrigeration.

Methods: PHE was characterized by polyphenol content, HPLC, FT-IR, and antioxidant activity. Additionally, raw and 
cooked pork burgers with 0, 0.5, and 1% PHE and BHT (a synthetic antioxidant) were subjected to pH, lipid oxidation/
TBARS, and color (L*, a*, b*, and red-green-blue coding) tests during storage.

Results and conclusions: PHE showed significant bioactive metabolites, including phenolic acids (gallic and proto-
catechuic) and the flavonoid chrysin, which are associated with its free radical scavenging potential. The presence of 
phenols and carbohydrates was confirmed. In pork burgers, PHE at concentrations of 0.5 and 1% maintained the hi-
ghest pH, reducing TBARS levels and preserving color during storage, with results comparable to those of BHT. These 
findings highlight the potential of PHE as an effective natural ingredient to improve the quality and stability of meat 
products.

Keywords: edible mushroom; antioxidant; meat quality; storage
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INTRODUCTION

Meat products are essential to the diet in developed 
countries, as they serve as a significant source of pro-
tein, vitamins, and minerals. However, they also con-
tain fat, saturated fatty acids, cholesterol, and salt, 
which can influence their consumption due to nutritio-
nal concerns. In addition, factors related to the con-
sumer and their environment, such as psychological, 
health, educational, and economic aspects, also play 
an important role in consumption decisions (Jimé-
nez-Colmenero et al. 2001; Teixeira and Rodrigues, 
2021). Like other sectors of the food industry, the 
meat and meat products face the constant challenge 
of identifying the factors influencing consumer pur-
chasing intentions. Modifying fat content and profile, 
reducing salt, and incorporating healthier ingredients 
such as naturally derived antioxidants are key areas of 
research in the meat industry (Teixeira and Rodrigues, 
2021). 
Pork meat products, particularly pork patties, are 
more susceptible to oxidation than beef during sto-
rage due to their higher content of polyunsaturated 
fatty acids. This susceptibility to oxidative proces-
ses is a cause for concern, as lipid oxidation reduces 
nutritional properties and affects the meat’s sensory 
characteristics, including texture, taste, smell, and co-
lor (Botsoglou et al. 2014). Synthetic antioxidants are 
commonly used to delay these processes; however, 
the negative perception of some consumers towards 
these compounds has increased interest in using na-
tural substances (Botsoglou et al. 2014, Teixeira and 
Rodrigues 2021).
Recent research has highlighted the potential of edi-
ble mushrooms as preservative ingredients in food 
products, especially as natural alternatives to synthe-
tic antioxidants (Losoya-Sifuentes et al. 2025). Based 
on the above, edible mushrooms represent an inte-
resting option for formulating meat products, thanks 
to their high dietary fiber content and easily digesti-
ble proteins. In addition, they are considered a pro-
mising source of bioactive compounds for developing 
healthier meat products. Mushrooms possess antioxi-
dant properties that can prolong the shelf life of meat 
products without significantly altering their physico-
chemical properties when these are incorporated (Pé-
rez-Montes et al. 2021).
In this context, a previous study evaluated the effect 

of adding Pleurotus sajor-caju (Fr. Singer 1951) flour 
on the physicochemical characteristics of chicken 
burgers, such as color, texture, and cooking proper-
ties. The results showed that these properties were 
influenced by the concentration of flour added (Wan 
Rosli et al. 2011). Also, the addition of Agaricus bis-
porus (J.E. Lange Imbach) mushroom, to sutchi catfi-
sh patties has been shown to increase the nutritional 
quality and shelf life of the patties during refrigerated 
storage (Nayak et al. 2015). Additionally, it has been 
reported that adding Pleurotus ostreatus (Jacq. P. 
Kumm) flour enhances the oxidative stability of pork 
patties during storage at 2 °C for 9 days (Torres-Mar-
tínez et al. 2022). However, the use of hydroalcoholic 
extracts of P. ostreatus as a potential additive for meat 
products has not been well studied.
Therefore, this study aimed to evaluate the effect of 
adding P. ostreatus hydroalcoholic extract (PHE) on 
the oxidative stability of raw and cooked pork patties 
during storage.

MATERIALS AND METHODS

Extract preparation

Pleurotus ostreatus powder was acquired from ATI-
SA® (Guadalajara, Mexico), and metabolites were 
extracted using water-ethanol (1:1 ratio) as solvent, 
by ultrasound-assisted extraction (Branson-3800, Ul-
trasonic, USA) at 42 KHz for 1 h (25 °C). The proces-
sed solution was filtered (Whatman 1) under vacuum 
(MVP-6, Soosung, Korea), distilled under reduced 
pressure (RE301BW, Yamato, Japan) at 100 rpm for 
25 min (60 °C), and dried (DC-401, Yamato, Japan) at 
20 Pa for 48 h (-20 °C). The obtained P. ostreatus 
hydroalcoholic extract (PHE) was stored in the dark 
(25 °C) (Vargas-Sánchez et al. 2024). 

Determination of phenolic, flavonoid and carbohy-
drates total content

The Folin-Ciocalteu procedure was used to determi-
ne the total phenolic content (TPC) of PHE (Matić and 
Jakobek, 2021), with slight modifications. Into a well 
of a flat 96-well microplate, 20 µL of PHE (5 mg/mL), 
160 µL of distilled water, 40 µL of Folin-Ciocalteu re-
agent (2 M), and 60 µL of sodium carbonate solution 
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(7 %) were mixed (Vortex mixer, Fisher Scientific, USA) 
at 5,000 rpm for 1 min (25 °C). The reaction mixture 
was incubated in the dark for 1 h (25 °C), and the 
absorbance (750 nm) was measured (UV-Vis, Thermo 
Scientific, Finland). Results were expressed as mg of 
gallic acid equivalent (mg GAE/g PHE).
The aluminum chloride procedure was used to deter-
mine the total flavonoid content (FFC) of PHE (Matić 
and Jakobek 2021), with slight modifications. In the 
same way, 20 µL of PHE (5 mg/mL), 260 µL of metha-
nol (99 %), and 10 µL of aluminum chloride solution 
(10 %) were mixed. The reaction mixture was incuba-
ted in the dark for 0.5 h (25 °C), and the absorbance 
(412 nm) was measured. Results were expressed as 
mg of quercetin equivalent (mg QCE/g PHE).
The phenol-sulfuric acid procedure was used to de-
termine the total carbohydrate content (TCC) of PHE 
(Albalasmeh et al. 2013), with slight modifications. 
In the same way, 20 µL of PHE (5 mg/mL), aqueous 
phenol solution (5 %), and 70 µL of sulfuric acid were 
mixed. The reaction mixture was incubated in the 
dark for 0.5 h (25 °C), and the absorbance (490 nm) 
was measured. Results were expressed as mg of glu-
cose equivalent (mg GLE/g PHE).

Preliminary metabolite characterization

An HPLC system (1100 series, Agilent, Germany) with 
a UV-Vis detector equipped with a reversed-phase 
C18-column (125 × 4.0 mm, 5 mm) was used for the 
analysis of PHE (Vargas-Sánchez et al. 2024). The 
mobile phase consisted of distilled water with for-
mic acid (5 %; solvent A) and methanol (solvent B). 
The solvent gradient was 0 % B (0 min), 30 % (10-20 
min), 40 % (20-30 min), 45 % (30-50 min), 60 % (50-
52 min), 80 % (52-65 min), 100 % (65-70 min) and 0% 
(70-71 min). In addition, the sample injection condi-
tions were 10 μL of PHE at a flow rate of 1 mL/min. 
The UV-detection wavelengths were 340 nm and 280 
nm. All compounds were identified by the retention 
times of each standard and quantified by their peak 
areas related to those of standard curves (r2 > 0.99).
FT-IR spectra were recorded on a spectrophotome-
ter (Nicolet Instrument Corp., WI, USA). The PHE 
was pressed into potassium bromide pellets (2 mg 
PHE/200 mg). Spectra were recorded between 4,000-
400 cm-1 (Ma et al. 2018).

Antioxidant activity

DPPH procedure was used to determine the free ra-
dical scavenging activity of PHE (Swain et al. 2024), 
with slight modifications. In the same way, 100 μL of 
PHE (100 µg/mL) and 100 μL of DPPH solution (300 
μM) were mixed. The reaction mixture was incubated 
in the dark for 30 min (25 °C), and the absorbance 
(517 nm) was measured. Results were expressed as 
IC50. ABTS procedure was used to determine the ra-
dical cation scavenging activity of PHE (Swain et al. 
2024), with slight modifications. In the same way, 20 
μL of PHE (100 µg/mL) and 180 μL of ABTS solution 
(abs 0.7) were mixed. The reaction mixture was incu-
bated in the dark for 10 min (25 °C), and the absor-
bance (730 nm) was measured. Results were expres-
sed as IC50.
The ferricyanide/Prussian blue procedure was used 
to determine the reducing power ability (RPA) of PHE 
(Berker et al. 2010), with slight modifications. In the 
same way, 200 μL of PHE (100 µg/mL) and 500 μL of 
potassium ferrocyanide (1.0% w/v) were mixed and 
incubated in the dark for 20 min (50 °C). After that, 
the reaction mixture was homogenized with 500 μL 
of TCA (10 %). The obtained mixture was centrifuged 
(ST18R, Thermo Scientific, USA) at 2,300 × g for 10 
min (4 °C), and the absorbance (700 nm) was measu-
red. Results were expressed as IC50.
The ferric reducing/antioxidant power (FRAP) proce-
dure was used to determine the reducing power of 
PHE (Berker et al. 2010), with slight modifications. In 
the same way, 20 μL of PHE (100 µg/mL) and 150 µL 
of FRAP solution were mixed. The reaction mixture 
was incubated in the dark for 10 min (25 °C), and the 
absorbance (595 nm) was measured. Results were ex-
pressed as IC50.

Manufacture of pork patties

Pork meat (Semimembranosus muscle, 48 h post-mor-
tem) was purchased (Norson®, Hermosillo, Mexico) 
and minced through a 4.5 mm orifice plate (model 
4152, Hobart Dayton, USA). After that, minced meat, 
salt (1.5 %), pork back fat (10 %) and water (5 %) with 
the respective treatment (Control, without antioxi-
dant; BHT (0.02%), a synthetic antioxidant at 0.02 %; 
PHE (0.5 %) and PHE (1 %), extract at 0.5 and 1 %, 
respectively) were homogenized. In total 48 raw pa-
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tties by each batch (50 g each) were shaped using a 
manual patty former. In addition, 48 raw patties were 
cooked (model George Foreman, USA) at 180 °C un-
til they reached an internal temperature of 71 °C. All 
samples were placed on Styrofoam trays, wrapped 
with polyvinyl chloride film, and stored in the dark for 
9 days (2 °C).

Meat quality measurements

The AOAC-981.12 procedure, with slight modifica-
tions, was used to determine the pH of meat samples 
(AOAC, 2020). The samples and distilled water (1:10 
ratio) were homogenized (model T25, IKA, Germany) 
at 6,000 rpm for 1 min (4 °C). A potentiometer (mo-
del pH211, Hanna Instruments Inc., USA) was used to 
make the measurements.
The thiobarbituric acid reactive substances (TBARS) 
procedure was used to determine the lipid oxidation 
(LOX) of meat samples (Torres-Martínez et al. 2022), 
with slight modifications. Meat samples (10 g) and tri-
chloroacetic acid (10 %) were homogenized at 4,500 
rpm for 1 min (4 °C), centrifuged at 2,500 × g for 20 
min (4 °C), and filtered (Whatman no. 1). Then 2 mL 
of the obtained solution and 2 mL of TBA solution 
(20 mM) were mixed, incubated for 20 min (98 °C), 
and absorbance measured at 532 nm. Results were 
expressed as mg of malondialdehyde equivalent (mg 
MDA/kg pork patty).
The CIE Lab procedure was used to determine the 
color of pork patties (Torres-Martínez et al. 2022), with 
slight modifications. The color surface of samples was 
stabilized by exposing them to atmospheric O2 in the 
dark for 30 min (5 °C). Measurements (L*, lightness; 
a*, redness; b*, yellowness) were performed on the 
surface of samples (model CM-508d, Konica Minolta 
Inc., Japan) with a D65 illuminant (10° of the obser-
ver), calibrated with a white calibration cap (CM-A70).

Statistical analysis

Results of metabolite content and antioxidant activity 
values were expressed as mean ± standard deviation 
(n = 6). Meat quality measurement was subjected to 
the two-way analysis of variance, using the treatments 
and storage period as the main effects and the two-
way interaction. A Tukey-Kramer test was performed 
at p < 0.05 (SPSS ver-21).

RESULTS

Metabolites and antioxidant activity of PHE

The metabolite content and antioxidant activity of 
PHE are presented in Table 1. The results showed that 
TPC, TFC, and TCC values were higher than 40 mg 
GAE/g PHE, 25 mg QCE/g PHE, and 120 mg GLE/g 
PHE, respectively. Regarding polyphenol composi-
tion, gallic and protocatechuic acids were the phe-
nolic compounds identified, while chrysin was the fla-
vonoid identified. Also, Figure 1 illustrates the FT-IR 
spectra of PHE. The results showed peaks at 3,260 
and 2,921 cm-1 and the 1,647-520 cm-1 absorption re-
gions. In addition, PHE showed higher DPPH inhibi-
tion (low IC50 values) than ABTS inhibition and exerted 
RPA and FRAP activity.
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Table 1. Metabolites content and antioxidant activity of P. ostreatus hydroalcoholic extract (PHE)

Results are expressed as mean ± standard deviation (n = 6). TPC, phenolic content; TFC, flavonoid content; TCC, carbohydrate content; 

DPPH, free-radical scavenging activity; ABTS, radical-cation scavenging activity; RPA, reducing power ability; FRAP, ferric reducing antioxi-

dant power. ×, unidentified.

TPC (mg GAE/g PHE)

TFC (mg QCE/g PHE)

TCC (mg GLE/g PHE)

Gallic acid (mg/g PHE)

Protocatechuic acid (mg/g PHE)

Cinnamic acid (mg/g PHE)

p-coumaric acid (mg/g PHE)

Ferulic acid (mg/g PHE)

Rosmarinic acid (mg/g PHE)

Acacetin (mg/g PHE)

Apigenin (mg/g PHE)

Quercetin (mg/g PHE)

Galangin (mg/g PHE)

Kaempferol (mg/g PHE)

Chrysin (mg/g PHE)

Rutin (mg/g PHE)

Hesperetin (mg/g PHE)

Naringenin (mg/g PHE)

Pinocembrin (mg/g PHE)

DPPH (IC50, µg/mL)

ABTS (IC50, µg/mL)

RPA (IC50, µg/mL)

FRAP (IC50, µg/mL)

43.79 ± 0.49

27.17 ± 2.20

127.45 ± 4.11

65.09 ± 0.03

46.52 ± 0.01

×

×

×

×

×

×

×

×

×

0.44 ± 0.01

×

×

×

×

19.54 ± 0.81

94.80 ± 2.17

580.03 ± 5.55

23.92 ± 2.90

Item

Metabolite content

Polyphenol composition

Antioxidant activity

Results
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Effects of treatment and storage on meat product 
quality

Figure 2 illustrates the pH values of raw and cooked 
pork patties. The results showed a significant effect of 
treatment and storage period interaction (p < 0.001). 
On the first day of storage (day 0), non-differences 
between treatments were reported in pH values for 
raw and cooked samples (p > 0.05). Nevertheless, 
these values decreased during storage (p < 0.05). On 
the last day of storage (day 9), PHE (1%) showed the 
highest pH values in raw patties, while PHE (0.5 and 
1%) presented the highest pH values in cooked sam-
ples (p < 0.05).
Figure 3 illustrates the lipid oxidation values of raw 
and cooked pork patties. The results showed a signi-
ficant effect of treatment and storage period interac-
tion (p < 0.001). On the first day of storage (day 0), 
non-differences between treatments were observed 

in TBARS values for raw samples (p > 0.05), while PHE 
(1%) and BHT (0.02%) showed the lowest TBARS va-
lues for cooked samples. In addition, these values de-
creased during storage (p < 0.05). On the last day of 
storage (day 9), PHE (1%) showed the lowest TBARS 
values in raw and cooked patties (p < 0.05).  
Moreover, the results of color values of raw and 
cooked pork are presented in Table 2. The results 
showed a significant effect of treatment and stora-
ge period interaction (p < 0.001). On the first day of 
storage (day 0), non-differences between treatments 
were observed in L* values for raw and cooked sam-
ples (p > 0.05). These values increased during storage 
(p < 0.05). On the last day of storage (day 9), PHE (0.5 
and 1%) showed the lowest L* values in raw patties, 
while PHE (0.5 and 1%) and BHT (0.02%) presented 
the lowest L* values in cooked samples (p < 0.05).

Figure 1. Recorded FT-IR spectra of P. ostreatus hydroalcoholic extract (PHE).
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Figure 2. Effect of treatment and storage period on pH values of raw and cooked pork patties. BHT, butylhydroxytoluene; PHE, P. ostreatus 

hydroalcoholic extract. Means followed by different lowercase letters within treatments and uppercase letters across storage times indicate 

significant differences according to the Tukey-Kramer test (p < 0.05).
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Figure 3. Effect of treatment and storage period on TBARS values of raw and cooked pork patties. BHT, butylhydroxytoluene; PHE,

P. ostreatus hydroalcoholic extract. Means followed by different lowercase letters within treatments and uppercase letters across storage 

times indicate significant differences according to the Tukey-Kramer test (p < 0.05).
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Table 2. Effect of treatment and storage period on color values of raw and cooked pork patties

L*

a*

b*

Raw

Cooked

Cooked

Cooked

Raw

Raw

0 3 6 9

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

51.95 ± 0.83aA

51.15 ± 1.44aA

51.89 ± 1.45aA

51.41 ± 1.28aA

60.02 ± 1.44aA

60.18 ± 0.97aA

60.38 ± 0.62aA

60.32 ± 1.32aA

9.52 ± 0.15aB

9.55 ± 0.45aC

11.17 ± 1.12bB

12.03 ± 1.21bA

5.74 ± 0.39aC

6.01 ± 0.52aD

6.02 ± 0.28aA

8.19 ± 0.37bB

17.06 ± 1.07aB

17.07 ± 1.10aB

21.23 ± 1.58bB

21.09 ± 1.34bA

22.77 ± 1.26aC

22.01 ± 0.80aB

21.03 ± 0.89aA

22.09 ± 0.59aB

54.22 ± 0.48bB

51.42 ± 1.79aA

52.99 ± 0.69aA

51.11 ± 0.59aA

61.32 ± 0.60aA

60.14 ± 0.98aA

61.21 ± 1.32aA

60.73 ± 1.78aA

5.16 ± 0.30aA

7.81 ± 0.71bB

10.88 ± 1.46bB

10.30 ± 0.88bA

5.71 ± 0.51aC

5.53 ± 0.37aC

6.28 ± 0.98abA

7.93 ± 0.85bB

14.72 ± 0.91aA

16.54 ± 0.76aB

21.57 ± 0.57bB

21.01 ± 1.87bA

19.20 ± 0.64aB

20.01 ± 1.90aB

19.60 ± 1.21aA

20.30 ± 1.01aA

56.72 ± 0.36cC

54.42 ± 0.56bB

52.24 ± 0.53aA

51.47 ± 0.75aA

63.09 ± 0.26bB

60.21 ± 1.15aA

61.12 ± 0.66aA

60.45 ± 0.43aA

4.30 ± 0.70aA

6.37 ± 0.59bB

9.54 ± 0.02cB

9.88 ± 0.51cA

2.66 ± 0.62aB

4.55 ± 0.46bB

5.74 ± 0.92bA

7.44 ± 0.53cB

13.44 ± 1.02aA

16.01 ± 0.78bB

18.11 ± 0.15cA

20.38 ± 1.23dA

16.23 ± 1.36aA

18.29 ± 0.44bA

19.83 ± 0.11cA

19.66 ± 0.48cA

57.68 ± 0.16cD

54.52 ± 0.51bB

52.21 ± 0.66aA

51.04 ± 0.56aA

64.64 ± 1.01bC

61.32 ± 0.66aA

60.88 ± 1.12aA

60.48 ± 0.60aA

4.07 ± 0.53aA

4.60 ± 0.49aA

7.81 ± 0.62bA

9.94 ± 0.91cA

1.60 ± 0.01aA

3.20 ± 0.36bA

5.70 ± 0.78cA

6.60 ± 0.27cA

13.87 ± 0.07aA

14.08 ± 0.30aA

18.17 ± 0.56bA

19.98 ± 1.28bA

15.57 ± 0.68aA

17.74 ± 0.60bA

19.52 ± 1.12cA

20.11 ± 0.62cA

Item Meat Storage period (days)Treatment

Results are expressed as mean ± standard deviation (n = 6). BHT, butylhydroxytoluene; PHE, P. ostreatus hydroalcoholic extract. Means fo-

llowed by different lowercase letters within treatments and uppercase letters across storage times indicate significant differences according 

to the Tukey-Kramer test (p < 0.05). 
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Concerning a* values, on the first day of storage (day 
0), PHE (0.5 and 1%) showed the highest a* values 
for raw patties, and PHE (1%) presented the highest 
for cooked patties (p < 0.05). These values decreased 
during storage (p < 0.05). On the last day of storage 
(day 9), PHE (1%) and PHE (0.5 and 1%) showed the 
highest a* values for raw and cooked samples (p < 
0.05), respectively.
Regarding b* values, on the first day of storage (day 
0), PHE (0.5 and 1%) showed the highest b* values for 
raw patties, and non-differences between treatments 

were observed in b* values for cooked samples (p > 
0.05). These values decreased during storage (p < 
0.05). On the last day of storage (day 9), PHE (0.5 and 
1%) showed the highest b* values for raw and cooked 
patties (p < 0.05). 
Additionally, Table 3 presents the effect of treatment 
and storage period on the RGB code of the surface 
of raw and cooked pork patties. The results showed 
that PHE (0.5 and 1%) maintains the highest RGB va-
lues for meat samples, indicating its effectiveness in 
preserving the color surface after 9 days of storage. 

Table 2. Effect of treatment and storage period on color values of raw and cooked pork patties

Raw

Cooked

0 3 6 9

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

Control

BHT (0.02 %)

PHE (0.5 %)

PHE (1 %)

150, 117, 95

148, 115, 93

154, 116, 88

154, 114, 87

168, 140, 105

169, 140, 107

169, 141, 109

172, 139, 109

148, 126, 105

145, 117, 95

156, 119, 90

150, 115, 86

170, 144, 114

167, 141, 110

171, 143, 114

173, 141, 111

152, 133, 113

151, 126, 103

151, 118, 94

150, 116, 88

168, 150, 124

165, 141, 113

170, 143, 113

171, 140, 112

155, 135, 115

147, 127, 106

148, 119, 94

149, 115, 88

170, 155, 129

165, 145, 117

169, 142, 113

170, 141, 111

Meat Storage period (days)Treatment

RGB, red, green, and blue code. BHT, butylhydroxytoluene; PHE, P. ostreatus hydroalcoholic extract. 



11

(2026) Vol. 57: e1490

DISCUSSION

Metabolites and antioxidant activity of PHE

Macrofungi are saprophytic organisms essential in 
decomposing organic matter due to their ability to 
degrade cellulose and other polymers. These inclu-
de species of Ascomycota and Basidiomycota that 
produce macroscopic fruiting bodies, meaning they 
are visible without a microscope. These fungi stand 
out for their nutritional and medicinal value, provi-
ding fiber, vitamins, minerals, high-quality proteins, 
and antioxidants. In addition, they contain bioactive 
compounds such as polysaccharides, ergosterols, 
unsaturated fatty acids, lectins, terpenes, β-glucan, 
and phenolic compounds, which contribute to human 
health by reducing oxidative stress and strengthening 
host defenses. Their low caloric content and absence 
of starch make them ideal for people with diabetes 
or heart disease (Bhambri et al. 2022). In agreement 
with this study, the presence of phenolic and flavo-
noid components in the P. ostreatus extract obtained 
with different solvents has been demonstrated (Han 
et al. 2015). Also, the presence of carbohydrates in 
the P. ostreatus extract obtained with different sol-
vents has been reported (Torres-Martínez et al. 2024).
Regarding individual phenolic compounds, it has 
been reported the presence of 2,5-dihydroxybenzoic 
acid, 4-hydroxybenzoic acid, ferulic acid, p-couma-
ric acid, protocatechuic acid, t-cinnamic acid, vanillic 
acid, and naringenin in P. ostreatus and P. eryngii ex-
tracts (Gąsecka et al. 2016). Another study supports 
the presence of 4-hydroxybenzoic and protocatechuic 
acids in extracts of P. ostreatus obtained with diffe-
rent extraction solvents (Torres-Martínez et al. 2024). 
Also, concerning the FT-IR spectra of P. ostreatus, a 
peak at 3,300 cm-1 could be attributed to O-H and 
C-H stretching vibrations representing moisture avai-
lability, and a peak between 2,900-2,880 cm-1 is as-
sociated with CH2 and CH3 stretching of fatty acids 
in cell walls (Wickramasinghe et al. 2023). A peak at 
1,643 cm-1 was attributed to the C=O stretching in 
the amide I region, C=C and C=O stretching in amino 
acids, N-H bending in flavonoids, and aromatic ring 
deformations, at 1,400 cm-1, the peak was related to 
COO- group symmetric stretching in fatty acids and 
amino acids, methyl groups symmetric bending in 
skeletal proteins and methyl group symmetric stretch 

in proteins. The peaks at 1,320 and 1,230 cm-1 are at-
tributed to C-H ring in-plane bending vibrations and 
C-O stretching in lignin and xylan (hemicellulose), 
respectively. Peaks between 1,200-950 cm-1 are rela-
ted to C–C and C-O stretching vibrations in pyranoid 
rings (characteristic for polysaccharides), and peaks 
between 950-700 cm-1 with glycosidic bond β-(1→4) 
arabinogalactans, galactomannans, and cellulose (Ac-
kay et al. 2023, Bekiaris et al. 2020). 
Moreover, mushrooms are noted for their multiple 
biological activities, including anti-cancer, anti-inflam-
matory, anti-aging, anti-tumor, antiviral, antiparasitic, 
antimicrobial, hepatoprotective, anti-HIV, anti-diabe-
tic, and antioxidant properties (Bhambri et al. 2022, 
Pérez-Montes et al. 2021). In agreement with this study, 
the antiradical DPPH and ABTS properties in the P. os-
treatus extract obtained with different solvents have 
been reported, associated with bioactive metaboli-
tes (Han et al. 2015). Also, the antiradical (DPPH and 
ABTS) and reducing power properties (RPA and FRAP) 
have been previously reported in P. ostreatus extracts; 
these properties were correlated with the metabolite 
content (Torres-Martínez et al. 2024). Phenolic acids 
and flavonoids act as antioxidants by scavenging free 
radicals through electron or hydrogen transfer and 
chelating metal ions to prevent pro-oxidant reactions. 
They also regulate antioxidant enzymes such as GSH-
Px, SOD, and NADPH, decreasing oxidative stress, 
lipid peroxidation, and H2O2 accumulation. Further-
more, phenolic acids activate signaling pathways such 
as PI3K/Akt and Nrf2, which promote the expression 
of protective genes such as HO-1, expanding their ca-
pacity to protect cells against oxidative damage (Lv et 
al. 2021). Polysaccharides also have antioxidant pro-
perties, scavenging free radicals and chelating metal 
ions; their effect is related to their chemical structure, 
such as the presence of hydroxyl and carboxyl groups. 
Furthermore, polysaccharides can modulate the acti-
vity of antioxidant enzymes and improve the immune 
response, indirectly reducing oxidative stress (Maity 
et al. 2021).

Effects of treatment and storage on meat product 
quality

Despite ancestral knowledge about mushrooms’ be-
nefits, their use as an ingredient in preparing proces-
sed foods is relatively recent, especially as a substi-
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tute for meat, fats, phosphates, salt, and nitrites. In 
the case of meat products, the first attempts focused 
on using fresh mushrooms as a vegetable alternative 
to traditional meat-based foods. However, the use of 
dried and powdered mushrooms in the formulation 
of these products has increased, in addition to taking 
advantage of mushroom extracts as additives in meat 
products (Pérez-Montes et al. 2021). The pH, TBARS, 
and color (L*, a*, and b*) values are important indica-
tors of meat products; pH is related to the product’s 
ability to retain water, texture, and color product. In 
addition, TBARS measurements reflect the level of li-
pid oxidation occurring in the product, which influen-
ces the flavor, stability, and shelf life of the product. 
Color is essential for consumer acceptance since 
changes in its values can signal freshness or spoila-
ge (Cerón-Guevara et al. 2020; Torres-Martínez et al. 
2022, Zhang et al. 2024). 
In agreement with our study, a previous investigation 
evaluated the effect of adding A. bisporus and P. os-
treatus flours on the physicochemical properties of 
beef patties during cold storage. Nevertheless, pH 
values decrease during storage. On the last day (day 
13), the meat samples incorporating mushroom flours 
showed the highest pH values. Also, on the first day 
(day 0), TBARS values decreased in meat samples in-
corporating mushroom flours; in contrast, on the last 
day, a pro-oxidant effect was observed by the impact 
of mushroom concentration addition. Furthermore, 
the incorporation of mushroom flour resulted in de-
creased L* values and increased a* and b* values in 
meat samples (Cerón-Guevara et al. 2020). In another 
study, the effect of adding P. eryngii flour on the physi-
cochemical properties of beef patties during freezing-
thawing cycles was investigated. On the first day, no 
differences between treatments were reported in pH 
values for meat samples. Nevertheless, these values 
decreased during storage, and on the last day, the hi-
ghest pH values were found in meat samples incorpo-
rated with mushroom flour. Also, on the last day, the 
lowest TBARS values were presented in meat samples 
incorporated with the mushroom flour (Zhang et al. 
2024). In the same way, the effect of adding P. os-
treatus flour on the physicochemical properties of raw 
and cooked pork patties during storage was reported. 
On the last day, the highest pH, a* and b* values were 
found in raw and cooked meat samples incorporated 
with the mushroom flour, as well as the lowest L* va-
lues (Torres-Martínez et al. 2022).

In this study, although the treatments showed similar 
initial values, the color changed during storage due 
to pigment oxidation and physicochemical deteriora-
tion, processes that occur naturally over time regard-
less of the treatment. Also, the extract at both levels 
increased the initial pH values and contributed to its 
stability during storage, possibly by reducing micro-
bial growth and oxidative reactions, which promotes 
the formation of acidic metabolites. Additionally, the 
natural extract reduced lipid oxidation levels com-
parable to the synthetic antioxidant due to phenolic 
compounds presence, which neutralize free radicals 
and reduce peroxide formation (Cerón-Guevara et al. 
2020, Torres-Martínez et al. 2022, Zhang et al. 2024).

CONCLUSIONS

In conclusion, P. ostreatus hydroalcoholic extract 
(PHE) demonstrated a significant content of bioac-
tive metabolites, including phenolic acids such as 
gallic and protocatechuic and the flavonoid chrysin, 
supporting their high antioxidant capacity. Spectros-
copic characterization (FT-IR) confirmed the presence 
of phenols and carbohydrates, while antioxidant tests 
(DPPH, ABTS, RPA, and FRAP) reinforced their effica-
cy, especially in inhibiting free radicals. In practical 
applications, PHE (0.5 and 1%) positively influenced 
the stability of raw and cooked pork patties by main-
taining higher pH values and significantly reducing 
lipid oxidation (TBARS) during storage, with effects 
comparable to those of the synthetic antioxidant BHT. 
Furthermore, PHE improved color parameters (L*, a*, 
and b*) and preserved the RGB code on surfaces. 
These findings highlight the potential of PHE as a na-
tural and effective ingredient to improve the quality 
and stability of stored meat products.
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