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Abstract

This study aimed to evaluate the potential use of Agaricus bisporus mushroom as a natural antioxidant, fat/salt
substitute and flavor enhancer in beef burger. Ten treatments were considered using a fractional factorial design
(salt [0.5, 1.25 and 2.0%], fat [10, 15 and 20%] and mushroom content [0, 15 and 30%]). Treatments were
characterized by instrumental and sensory measurements. The statistical design indicated that fat content had little
influence on the results. The principal component analysis showed that the incorporation of mushrooms and salt
modified the texture, moisture and water activity. Oxidative stability decreased as the salt content increased, at a
low-fat content. Finally, the sensory profile was affected by the mushroom and salt contents, with the fat content
exerting the least influence. Therefore, mushroom incorporation in beef burger may be a feasible strategy to reduce
the fat content of beef burgers.
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Introduction
Because of the population aging, inadequate nutrition and
lifestyle-related diseases, health concerns have become in-
creasingly important (Araújo, 2017). The dietary pattern
has changed to a diet where meats, fats and simple carbo-
hydrates are widely consumed, while the intake of plant
proteins and fibers is dramatically reduced (Kendall et al.
2010). This has contributed to the nutritional transition ob-
served in the last decades, characterized by increased inci-
dence of noncommunicable diseases (NCD), such as
metabolic cardiovascular diseases (CVD) and tumors
(Ribeiro et al. 2019). NCDs have been pointed as major
health challenges of the twenty-first century. In fact, ac-
cording to a recent reports, in 2016, NCDs were respon-
sible for 71% (41 million) death worldwide and 17.9 million
death were related to CVD, which was followed by cancers
(9 million), chronic respiratory diseases (3.8 million), and
diabetes (1.6 million death) (Silva et al. 2019; WHO, 2018).
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In order to address the above concerns, consumers are
looking for products with reduced salt, fat and sugar
contents as well as free and/or low in synthetic antioxi-
dants. However, they are not willing to sacrifice the sen-
sory quality of these foods (Tuorila & Monteleone,
2009). According to Brazil Food Trends 2020 (ITAL,
2010), the niche market for health-conscious consumers
has reached 21% in the Brazilian society and has a strong
potential for growth. However, producing foods with a
balanced nutritional profile preserving the sensory qual-
ity is challenging.
In order to overcome this technological limitation, dif-

ferent strategies have been explored to reduce the fat/
salt content and the use of synthetic antioxidants, and,
at the same time, to preserve the sensory quality of the
products. However, to date, most of the alternatives
studied negatively affected the sensory properties of the
product. de Camargo and Schwember (2019) summa-
rized the phenolic-driven sensory changes in different
food systems. According to these authors, the sensory
quality of the final product containing phenolic com-
pounds must be considered. Likewise, fat replacement
may induce negative sensory changes. For example,
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Saldaña et al. (2018) manufactured a bologna sausage
added with healthy fats, but consumers rejected the
product based on their texture sensory properties. In an-
other study, Selani et al. (2011) incorporated grape seed
and peel extracts as natural antioxidants in chicken bur-
ger and observed that the color of the product was
affected. Almeida et al. (2016) noticed bitter and metallic
residual taste in salami manufactured with NaCl replace-
ment by KCl and CaCl2.
In this context, the incorporation of plant-based prod-

ucts into animal origin foods has been highlighted be-
cause of their nutritional profile (e.g., no cholesterol, low
fat ingredients) (Reis et al. 2017). In addition to plants,
mushrooms have also emerged as raw materials to be
studied and applied in food industries (Sánchez, 2017).
Among various edible species, A. bisporus is the most

produced and consumed mushroom in Brazil (ANPC,
2013; Chang, 1999). In particular, A. bisporus is popular in
the global food market, accounting for 15% of total world-
wide mushroom production (Ramos et al. 2019). Mush-
rooms have a high percentage of easily digestible protein
and present a meat-like texture (de Jesus, 2015), which
make them an interesting choice for the replacement of
animal proteins. They also contain flavor enhancers (Phat
et al. 2016), considerable fiber content (Manzi et al. 2001),
and a high antioxidant activity (Barros et al. 2008) which
demonstrates their potential for application in different
foods.
It is worth mentioning that the use of mushrooms as a

substitute for animal protein or fat provides a sustain-
able food supply to the population, as it encourages the
reduction of meat consumption. Rearing of animals for
meat production is often associated with environmental
strain due to emission of greenhouse gases and water
pollution (streams and rivers), as well as rampant defor-
estation for the expansion of livestock farms that has all
put additional pressure on natural resources (Aiking,
2011; Steinfeld et al. 2006). In addition, mushroom pro-
duction uses agroindustrial residues as substrates
(crushed corn cobs, cottonseed peels, soybean hulls, pea-
nut hulls and cocoa husks) (Sánchez, 2010) providing a
useful solution for byproducts that previously presented
management, treatment and disposal challenges.
Recent studies have evaluated the incorporation of

mushrooms in meat-based foods aiming to reduce so-
dium content (Mattar et al. 2018) and lipid oxidation
(Tom et al. 2018) and to replace fat (Wong, 2017). How-
ever, it is still unclear in which of these strategies A. bis-
porus presents greater potential for development of a
healthier burger. Regardless of the strategy to be used,
the consumer will demand a product with sensory qual-
ity comparable to that of a conventional product. Thus,
determining the sensory profile of the product is very
important, since they are the main drivers of liking
(Selani et al. 2016). The sensory profile of foods is com-
monly explored through descriptive analysis (DA), which
makes it possible to quantitatively determine the effect
of any change in the formulation (Lawless & Heymann,
2010).
In this context, the study aimed to assess different

strategies of beef burger reformulation (fat/salt reduc-
tion, addition of natural antioxidants) through the
addition of A. bisporus considering instrumental and
sensory properties.

Materials and methods
Materials
Mushrooms were supplied by Zucca Cogumelos (Salto /
SP, Brazil), seasonings and other additives (black pepper,
onion, garlic, sodium erythorbate, sodium tripolypho-
sphate and monosodium glutamate) were supplied by
Ibrac (Rio Claro / SP, Brazil). The beef was supplied by
the VPJ Alimentos (Pirassununga / SP, Brazil). Pork back
fat was purchased in the local commerce (Piracicaba /
SP, Brazil).

Conditioning of mushrooms
Mushrooms were prepared following the recommenda-
tions of Ng and Tan (2017). Firstly, mushrooms were
washed and 100 g portions were added with 100 mL of
distilled water and submitted to heating in a microwave
oven (800W) (ME21S, Electrolux, Manaus, Brazil) for
1.5 min in an open vessel. After filtration of the solution
in sieves, the filtrate was discarded and the mushroom
was ground for 30s using a mini-processor (HC32, X.J.
Eletrics, Shenzhen, China). The ground mushroom was
the material added to the burger formulation.
Since one objective of the study was to evaluate the

antioxidant potential of A. bisporus after filtration of the
cooked mushrooms, they were again filtered (under vac-
uum) and the obtained filtrate, called mushroom extract,
was stored in an amber bottle at 18 °C for total phenolic
content and antioxidant activity measurements.

Total phenolic content and antioxidant activity
The total phenolic content was determined using the
Folin-Ciocalteau reagent, as described by Al-Duais et al.
(2009), with some modifications. The results were
expressed as mg gallic acid equivalent (GAE)/g sample.
The antioxidant activity was measured using the DPPH
assay (Al-Duais et al. 2009) with modifications and the
ABTS and ORAC assays were determined according to
Melo et al. (2015). In all three methods, Trolox was used
as standard and the results were expressed as μmol Tro-
lox equivalent/g sample. The FRAP method was per-
formed according to Muller et al. (2010) with some
modifications and results were expressed as μmol of
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ferrous sulphate equivalent/g of sample (μmol FS/g). All
determinations were performed in triplicate.

Preparation of burgers
Nine beef burger formulations were prepared following
a fractional factorial design 33–1. The main aim was to
study three factors (salt, fat and mushroom concentra-
tions) in three levels each. Additionally, a control treat-
ment was developed containing similar fat and salt
contents compared to those of commercial beef burgers.
The minimum and maximum levels of each factor were
based on previous studies (Lemos, 2009) and laboratory
pre-tests.
The beef and the pork back fat were ground in a

grinder (P33003, Hermann SA) using a 5 and 3mm disc,
respectively. After grinding, the ingredients were mixed
manually for 10 min in the following order: beef (40, 55
and 70%), NaCl (0.5, 1.25 and 2.0%), water (min 6.9%
and max. 18.4%), sodium erythrobate (0.05%), monoso-
dium glutamate (0.05%), mushroom (0, 15 and 30%),
black pepper (0.05%), garlic powder (0.3%), onion pow-
der (0.3%), sodium tripolyphosphate (0.3%) and pork
back fat (10, 15 and 20%). After obtaining the meat bat-
ter, 100 g portions were weighed, shaped (10 cm diam-
eter and 1 cm thick) and the burgers were vacuum
packed and stored at − 18 °C. For the determination of
lipid oxidation, samples were stored for 16 days in a
cooling chamber (2 °C) with white fluorescent light and
then evaluated.

Physicochemical analysis of burgers
Sodium content
The sodium content of beef burgers was determined as
described by AOAC (1996). Five grams of each dried
and lyophilized sample were converted to ash in a muffle
furnace at 550 °C for 6 h. Subsequently, the ashes were
cooled to room temperature, solubilized in 2.5 mL of a
1:1 v/v solution containing nitric acid and hydrochloric
acid and transferred to a 50mL volumetric flask. A
blank sample was used as a control. The readings were
performed in a flame photometer (B462, Micronal,
Series 40707, Pirassununga, Brazil), considering three
replicates.

Moisture content and water activity
Moisture was determined in raw samples following the
AOAC (2000). Water activity (aw) at 25 °C was deter-
mined on cooked samples using AquaLab equipment
(4TE, Decagon Devices, Pullman, USA). Both determina-
tions were performed in triplicate.

pH determination
The pH was determined directly on the raw burger,
using a pH meter (Oakton pH 300 series 35618, Vernon
Hills, Illinois, USA) equipped with a glass electrode. The
analysis was performed in triplicate using three burgers
for all treatments.

Instrumental color measurement
Color measurement of burgers was determined using a
Konica Minolta colorimeter (Chroma Meter, CR-400,
Mahwah, NJ, USA) at 10° angle, measuring area of 8 mm
in diameter and D65 illuminating source. L * (lightness),
a * (red-green) and b * (yellow-blue) color coordinates
were analyzed. The analysis was performed in triplicate
using three burgers for all treatments.

Determination of thiobarbituric acid reactive substances
(TBARS)
TBARS were determined in triplicate according to
AOCS (1990), with modifications. The analysis was per-
formed in samples after 16 days of storage, in a white
fluorescent light cooling chamber, which simulates real
retail conditions. The results were calculated from a
standard curve of 1,1,3,3-tetraethoxypropane (TEP) and
expressed as mg of malonaldehyde (MDA) per kg of
sample.

Texture profile analysis (TPA)
Prior to TPA, the samples were cooked using an electric
plate at 150 °C until the internal temperature reached
75 °C and then the burgers were cooled to room
temperature. The TPA was performed in a TA-XT tex-
turometer (Stable Micro Systems, Godalming, UK) based
on the parameters defined by Selani et al. (2016). Three
cylinders (2.5 cm diameter) per treatment were com-
pressed at 75% of their original height with the P-35
probe (long axis, regular base) at a speed of 3.3 mm/s.
Hardness, cohesiveness, chewiness and springiness were
calculated Saldaña et al. (2015) considering three inde-
pendent measurements.

Descriptive sensory analysis
Descriptive sensory analysis (DA) was performed in 14
sessions, following the recommendations proposed by
Saldaña et al. (2019). Data collection was performed in
the Compusense Cloud software (Compusense Inc.,
Guelph, Ont., Canada). All participants signed the free
and informed consent form that was approved by the
ethics committee (CAAE: 98168118.4.0000.5395).

Recruiting
In the first session, the respondents were recruited
using social network advertisements. The candidates,
students of the Escola Superior de Agricultura “Luiz
de Queiroz”, Universidade de São Paulo (ESALQ/
USP), with experience in descriptive analysis, completed a
form containing sociodemographic information, frequency
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of consumption of burger and health status. The criteria
for participating in DA were: good health, frequent con-
sumption of beef burger and time to participate in all
stages of the DA.

Screening
From the second to the seventh session, the participants’
sensory acuity was evaluated in distinguishing basic
tastes (sweet, bitter, sour, salty and umami), in recogniz-
ing and memorizing odors (coffee, clove, black pepper,
onion, garlic and cinnamon) and in the discriminant
capacity using four triangle tests, considering the thresh-
old of 25% error per candidate. In total, 11 candidates
(90% women and 10% men) aged 19–30 years were se-
lected, with 80% correct answers for basic tastes, 66.7%
for odors and 75% for discrimination tests.

Vocabulary development
A list consisting of 14 descriptors were selected based
on our previous works (Rios-Mera et al. 2019; Selani
et al. 2016). In addition, there was an optional space that
could be used to include an attribute that was not on
the list. Candidates received cooked burgers (as de-
scribed in the TPA method) and were asked to select all
the sensory attributes that characterize burgers. At the
eighth session, participants defined the final list of sen-
sory attributes, their definition, assessment technique
and reference samples, considering the lower and upper
end of the scale. Thus, the evaluation form containing
the 10 descriptors generated and a 9-cm unstructured
linear scale anchored at the extremes with none/weak
(left) and strong (right) was elaborated.

Training
The training was carried out in the ninth and tenth ses-
sions, in which the assessors learned how to use the
scales. At the beginning of each session, the assessors
tested the references to fix the anchors of each sensory
attribute. Then, each assessor received 10 g of each sam-
ple, served monadically and identified with random
three-digit numbers, following a Williams’s Latin Square
design. Water and biscuit were given to clean the palate
between samples. The assessors were not required to
consume the entire sample, but it was advised that they
should standardize the quantity used in each evaluation.

Panel performance
In the eleventh and twelfth sessions the panel and in-
dividual performance was measured by discrimination,
repeatability and agreement using the MAM-CAP
method (Peltier et al. 2014), which is a synthetic table
known as Control of Assessor Performances (CAP)
(Schlich, 1997), based on the Mixed Assessor Model
(MAM) (Brockhoff et al. 2015).
In the MAM-CAP table (Table 5), each row corre-
sponds to an attribute, each cell reproduces the perform-
ance with a “light pink/green” color code, where light
pink represents a poor performance and green corre-
sponds to a good performance. The left part of the table
shows the panel performance, in which the first column
contains the average for each attribute. The next three
columns represent discrimination, use of scale and
agreement. Then, the root mean squares of error
(RMSE) indicates the repeatability. The attributes are
classified from the most discriminative to the least dis-
criminative. The right side of the table refers to the indi-
vidual performance. For each attribute and each
assessor, the cell contains indication on discrimination,
agreement, use of scale and repeatability. The discrimin-
ation is indicated by the number of dashes in the cell
(from zero to three) according to the p-value of the
MAM, that is, the more dashes the more discriminating
the assessor is.
However, if the assessor is not discriminant, the con-

sensus with the team will not be tested and then the
cell’s color will be grey. Finally, less repeatable raters are
identified with the letters "lr" (less repeatable) according
to the RMSE. For each attribute, the assessors are classi-
fied as decreasing the discriminant capacity (Peltier et al.
2014).

Final assessment
In the thirteenth and fourteenth sessions, the final evalu-
ation (10 samples per session) was performed using the
vocabulary developed by the trained panel, following the
same procedure applied in the training step.

Experimental design and data analysis
Fractional factorial design
The 33–1 fractional factorial design was created using
Statistica 12.0 software (StatSoft INC., USA). The con-
struction of the 33–1 design starts by defining the two
factors: Fat (A) and Salt (B). The Mushroom (C) factor
was constructed from the interaction of the first two fac-
tors. Factor C levels were calculated as C = 3 - mod3
(A + B). The interactions of the factors were calculated
by the expression: 0 =mod3 (A + B + C). The parameters
of the ANOVA model were estimated; then, the signifi-
cance of the linear and quadratic effect of each factor
could be calculated.

Instrumental measurements
Differences in mean values of the instrumental proper-
ties of the burger samples were analyzed through one-
way analysis of variances (ANOVA). The means were
compared using the Tukey test at 95% confidence. Prin-
cipal Component Analysis (PCA) was performed on the
correlation matrix of instrumental results.



Table 1 Total phenolic content and antioxidant activity of A.
bisporus mushroom extract

Method Extract of mushroom

Total phenolic content (mg GAE/g) 0.64 ± 0.04

DPPH (μmol Trolox/g equivalents) 8.46 ± 0.17

ABTS (μmol Trolox/g equivalents) 1.06 ± 0.08

ORAC (μmol Trolox/g equivalents) 64.51 ± 5.31

FRAP (μmol FS/g equivalents) 4.21 ± 0.21

Results are means ± standard deviation in triplicate
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Sensory analysis
The panel performance was evaluated through the
MAM-CAP method, which unfolds the agreement of the
panel on (1) the use of the scale and (2) pure disagree-
ment. The MAM model is presented in eq. 1.

Y ijk ¼ μþ αi þ γ j þ βix j þ dij þ εijk ð1Þ

Where Yijk is the intensity of the sensory attribute con-
sidering the response of the assessor i to the attribute j
in k repetition. The effect of the assessor was repre-
sented by the factor αi, γj is the effect of the product, βixj
is the coefficient related to the use of scale and dij is re-
lated to pure disagreement, where βi is the coefficient by
which it is necessary to multiply the deviations of the
panel to be as close as possible to the deviation of the
assessor. This coefficient is obtained by linear regression.
Thus, the term βixj corresponds to the disagreement re-
lated to a different use of the scale. The pure disagree-
ment represents the disagreement without the scale
effect. The MAM-CAP uses the pure disagreement in
the calculation of the significance of the products in the
ANOVA model, enhancing the discrimination power of
the product (Peltier et al. 2014).
In the final assessment, the MAM model was also

used, followed by the Tukey test at 95% confidence. In
order to obtain a synthetic view of the sensory profile, a
multivariate analysis of variance (MANOVA) was
performed, followed by the Canonical Variate Analysis
(CVA) based on MAM, called MAM-CVA (Merlo et al.
2018; Peltier et al. 2018). The MAM-CVA builds a sen-
sory map, considering the multivariate discriminative
capacity, later expressed in the size of the confidence el-
lipses around the samples (Peltier et al. 2018). This con-
fidence ellipses can be interpreted as follows: (1) when
two ellipses of the samples are not superimposed, the
two centroids of the product are significantly different;
(2) when the ellipses are superimposed, the two cen-
troids of the sample are similar. Sensory statistical ana-
lyzes were performed using the TimeSense software
(INRA, TSI, Dijon, France).

Results and discussion
Total phenolic content and antioxidant activity
According to Table 1, A. bisporus mushroom extract
presented a phenolic content of 0.64 mg GAE/g. Ng and
Tan (2017) used the same method and cooking parame-
ters of this study but found lower values in A. bisporus
mushroom (0.25 mg GAE/g). This fact may be related to
the use of cooking water to obtain the extract, making it
more diluted compared to the present study.
Recently, some methodological problems in colorimetric

measurement have been reported, which may jeopardize
the accurate determination of the antioxidant capacity of
the product. In this sense, different phenolic compounds
have been mentioned to explain the antioxidant capacity
of plant foods, their processing by-products as well as
novel molecules in different food model systems (de
Camargo et al. 2017a; Perera et al. 2018; Shahidi & Hos-
sain, 2018). According to Liu et al. (2013), the main phen-
olic compounds of A. bisporus, on a dry weight basis, are
myricetin (2729.46 μg/g), followed by caffeic acid (392.51)
and gallic acid (280.45 μg/g) while lower concentrations of
protocatechuic acid (83.26 μg/g), catechin (56.74 μg/g) and
ferulic acid (42.83 μg/g) were also quantified by ultra-high
performance liquid chromatography-tandem mass spec-
trometry (UHPLC-MS). Hyphenated techniques, such LC-
MS have a critical role on identification and quantification
of polyphenols (de Camargo et al. 2018; Granato et al.
2018). Gąsecka et al. (2018) evaluated the phenolic acid
profile of seven strains of A. bisporus, thus lending support
to the data reported by Liu et al. (2013).
The phenolic content found in the mushroom extract

obtained in the current work is lower than the values re-
ported by Dubost et al. (2007) (8.00–10.65 mg GAE/g)
and Palacios et al. (2011) (3.4 mg GAE/g). However, in
these previous studies, phenolic compounds were ex-
tracted from lyophilized mushrooms (more concentrated
in phenolics than fresh ones), milled into small particles
(greater surface area for the solvent to penetrate, for cell
rupture and mass transfer), using different solvents, such
as ethanol and methanol. In addition, according to Kita
et al. (2013), low values reported here may be associated
to the leaching of the soluble phenols that are trans-
ferred to the cooking water, as well as to the structural
changes of the phenolic compounds during the thermal
processing.
Several reports demonstrated that phenolic com-

pounds are found in the soluble (free, esterified, and
etherified) as well as in the insoluble-bound forms. The
latter fraction is linked to the cell walls of plant mate-
rials (Chandrasekara & Shahidi, 2011; de Camargo et al.
2017b). The present study employed cooked mushroom
as ingredient of beef burgers. Because insoluble-bound
phenolics must be released from the insoluble-bound
form by alkali and/or enzyme treatment (de Camargo et
al. 2016), which is not the case here, the contribution of



Table 2 Variables and F-value for each factor in the fractional
factorial design

Variables F-value

Mushroom Salt Fat

Moisture 331.053 36.281 639.428

Water activity 8.272 247.718 7.636

pH 9.196 1.861 8.420

L* 3.735 1.456 2.416

a* 11.389 15.604 1.007

b* 10.946 7.143 1.289

Hardness 143.072 59.860 12.010

Springiness 1.029 4.617 0.001

Cohesiveness 4.982 2.656 3.287

Chewiness 37.031 25.286 1.269

Malonaldehyde
equivalents/kg

8.832 5.997 2.262

Color in the L*, a* and b* coordinates. L*(lightness), a* (red-green) and b*
(yellow-blue)
The factors which have a significant effect on responses are marked in bold
text and indicate significant differences (P < 0.05)

Patinho et al. Food Production, Processing and Nutrition             (2019) 1:7 Page 6 of 15
insoluble-bound phenolics from mushroom to the anti-
oxidant stability of beef burger is likely negligible or in-
existent. However, it is important to mention that, due
to probable contribution of insoluble-bound phenolics in
the final product (beef burger containing mushroom),
our new formulation may offer additional health benefits
to final consumers because of potential release upon
colonic fermentation (Shahidi & Peng, 2018; Shahidi et
al. 2019).
Regarding the antioxidant activity, the ABTS result

(8.46 μmol TE/g) was higher than the value obtained by
Ng and Tan (2017) (0.78 μmol TE/g) and lower than the
result reported by Bach et al. (2019) (74 μmol TE/g).
Mushroom extract presented a free radical scavenging
activity (DPPH) of 1.06 μmol TE/g, which is similar to
the result found by Ng and Tan (2017) - 0.82 μmol TE/
g. Regarding the ORAC data, the mushroom extract had
a value of 64.51 μmol TE/g. Dubost et al. (2007) evalu-
ated varieties of A. bisporus (var. white button, crimini
and portobello) and found higher values ranging from
86.33 to 138.33 μmol TE/g. According to Table 1, the
mushroom extract presented 4.21 μmol FS/g for FRAP,
which is higher than the value reported by Ng and Tan
(2017) (2.3 μmol FS/g).
Since phenolic compounds are one of the main bioactive

compounds responsible for the antioxidant activity, ex-
perimental conditions that affect their extraction, such as
solute:solvent ratio, previous treatment applied to the raw
material (drying, grinding), solvent and method of extrac-
tion, method of analysis, among others, influence the anti-
oxidant activity of the samples. In addition, the difference
between the results observed in the literature can be ex-
plained by variations in maturity, variety, cultural prac-
tices, geographical origin, growth stage and sampling
conditions (Kim et al. 2003).

Fractional factorial analysis
Table 2 shows the F-value for each factor studied herein.
Overall, mushroom content influenced almost all re-
sponses but not springiness. The NaCl content of the
formulations was the second most important factor. Fi-
nally, the fat content had no effect on attributes related
to appearance and texture. This result indicates the po-
tential addition of mushroom as a fat substitute.

Physicochemical analysis
Burgers with different concentrations of NaCl (0.5, 1.25
and 2.0%) were prepared. The treatments with 0.5%
NaCl presented the lowest sodium content (0.88, 0.91
and 0.99 g/100 g dry basis) equivalent to <300mg/100 g
wet basis. The treatments manufactured with 1.25%
NaCl had an intermediate sodium content (1.84, 1.86
and 1.74 g/100 g), equivalent to <600mg/100 g wet basis.
Finally, the highest sodium content was observed in the
treatments manufactured with 2.0% NaCl (<756 mg/100
g wet basis). In Brazil, the average sodium content of
commercial beef burgers is 701 mg/100 g of product
(ANVISA, 2012). Accordingly, only treatment G2S3C1
and the control burger exceeded this limit.
The different sodium contents did not affect the pH,

color parameters and moisture. However, no significant
differences were found in TBARS values in burgers man-
ufactured with low sodium concentrations with or with-
out addition of A. bisporus. Moreover, the higher NaCl
content (2.0%) and the use of antioxidant substances
(mushroom) at intermediate and high level (G1S3C2
and G3S3C3) decreased the lipid oxidation (Huber,
2012). According to Alnoumani et al. (2017), the inhib-
ition of lipid oxidation in chilled cooked ground beef
added with 1% of A. bisporus mushroom powder and
with 1.0 and 1.5% NaCl is associated to the synergistic
effect of both compounds (mushroom powder and
NaCl), which possibly altered the meat components, fa-
cilitating the antioxidant activity.
The moisture content and water activity showed sig-

nificant differences between the formulations (Table 3).
Treatments with 30% of mushrooms presented higher
moisture content, which is related to the fact that A. bis-
porus presents a high moisture content (> 90%) (Bach,
2017; Chang, 2008; Mattila et al. 2001; Pauli, 2010; Reis
et al. 2012). Wan Rosli and Solihah (2012) and Cha et al.
(2014) reported similar results in ground beef and pork
burger, respectively. The formulations G1S1C1, G2S1C3
and G3S1C2, which have the lowest NaCl content
(0.5%), presented the highest water activity. This may
have occurred because the presence of NaCl in food



Table 3 Sodium, moisture, water activity, pH, color and TBARS of the 10 burger formulations

Treatments Sodium (g/
100 g)

Moisture (g/
100 g)

Aw pH L* a* b* TBARS (malonaldehyde/kg
equivalents)

G1S1C1 0.99 ± 0.02g 72.8 ± 0.54cd 0.99 ± 0.00ab 6.04 ± 0.03cd 47.4 ± 2.29a 17.7 ± 2.02a 11.3 ± 1.69c 0.16 ± 0.00bc

G1S2C3 1.84 ± 0.01e 77.7 ± 0.51a 0.98 ± 0.00b 6.07 ± 0.02cd 49.7 ± 2.68a 13.9 ± 1.42bc 14.8 ± 1.70ab 0.42 ± 0.03ab

G1S3C2 2.63 ± 0.04a 73.8 ± 0.43bc 0.98 ± 0.00de 6.05 ± 0.01cd 49.0 ± 3.35a 13.6 ± 2.22bc 14.3 ± 2.20abc 0.11 ± 0.04c

G2S1C3 0.91 ± 0.02gh 74.8 ± 0.12b 0.99 ± 0.00a 6.26 ± 0.04a 49.8 ± 3.95a 15.7 ± 1.91ab 13.0 ± 1.56abc 0.21 ± 0.00bc

G2S2C2 1.86 ± 0.06e 72.3 ± 0.41d 0.98 ± 0.00c 6.18 ± 0.14abc 48.9 ± 3.33a 15.1 ± 1.80ab 14.3 ± 1.26abc 0.41 ± 0.06ab

G2S3C1 2.30 ± 0.02c 68.3 ± 0.54e 0.97 ± 0.00e 6.02 ± 0.02d 49.5 ± 2.38a 14.7 ± 2.49ab 12.3 ± 2.24bc 0.54 ± 0.00a

G3S1C2 0.88 ± 0.01h 68.4 ± 0.25e 0.99 ± 0.00ab 6.14 ± 0.03abcd 52.5 ± 2.31a 15.5 ± 2.29ab 13.2 ± 1.78abc 0.24 ± 0.18bc

G3S2C1 1.74 ± 0.04f 65.5 ± 0.41f 0.98 ± 0.00cd 6.11 ± 0.02bcd 47.3 ± 4.01a 16.7 ± 2.16ab 13.3 ± 1.88abc 0.28 ± 0.00abc

G3S3C3 2.41 ± 0.05b 69.3 ± 0.56e 0.97 ± 0.00e 6.21 ± 0.02ab 52.9 ± 3.91a 11.0 ± 1.60c 15.5 ± 1.49a 0.17 ± 0.07bc

Control 2.13 ± 0.04d 64.5 ± 0.79f 0.97 ± 0.00e 6.05 ± 0.03cd 50.2 ± 3.28a 13.7 ± 1.92bc 12.6 ± 1.90abc 0.37 ± 0.03abc

Results are means ± standard deviation. Means followed of letters different (a-g) the same column are significantly different (P < 0,05). G1S1C1 = 0% mushroom,
0,5% salt, 10% fat; G1S2C3 = 30% mushroom, 1,25% salt, 10% fat; G1S3C2 = 15% mushroom, 2% salt, 10% fat; G2S1C3 = 30% mushroom, 0,5% salt, 15% fat;
G2S2C2 = 15% mushroom, 1,25% salt, 15% fat; G2S3C1 = 0% mushroom, 2% salt, 15% fat; G3S1C2 = 15% mushroom, 0,5% salt, 20% fat; G3S2C1 = 0% mushroom,
1,25% salt, 20% fat; G3S3C3 = 30% mushroom, 2% salt, 20% fat; Control = 0% mushroom, 2% salt, 20% fat. Color in the L*, a* and b* coordinates. L*(lightness), a*
(red-green) and b* (yellow-blue)
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promotes the diffusion process - NaCl absorption and
loss of water - resulting in the reduction of water
activity.
According to Table 3, the pH values in the raw product

varied significantly between the formulations. The pres-
ence of 30% mushroom (G2S1C3 and G3S3C3) slightly in-
creased the pH of the burger, since the pH of the cooked
A. bisporus mushroom is 6.6. Previous studies have found
similar results in beef (Bao et al. 2008) and processed meat
product (Choe et al. 2018).
No significant effect on lightness was observed, cor-

roborating the results obtained by Wong et al. (2018) in
ground beef added of A. bisporus mushroom (25 to
50%). As for the parameter a* (redness), only treatment
G1S1C1 (10% fat, 0.5% salt and 0% mushroom) pre-
sented a significant difference in relation to the control
(20% fat, 2.0% salt and 0% mushroom). The greater red-
ness intensity of the G1S1C1 treatment is possibly re-
lated to the absence of mushrooms and less fat (both
light yellow), which, if present, would tend to reduce the
red color intensity of the meat. The lower salt content of
this sample may have favored the maintenance of the
bright red oxymyoglobin, since myoglobin oxidation
with the formation of the brown-colored metmyoglobin
is directly proportional to the chloride (anion) concen-
tration (Trout, 1990).
No treatment presented a significant difference in the

b* coordinate (yellowness) in relation to the control.
However, higher mean values were found in the treat-
ments added with mushroom. Accordingly, G1S1C1 (0%
mushroom, 10% fat) and G3S3C3 (30% mushroom, 20%
fat) presented the lowest and highest intensity of yellow
color, respectively, indicating that fat and mushroom in-
creased the yellowness of the burger. Mattar et al. (2018)
and Pil-Nam et al. (2015) found a higher yellow color in-
tensity of meat products manufactured with mushroom
powder in the formulation.
In relation to the TBARS data, raw burgers presented

lipid oxidation values lower than 0.54 mg MDA/kg of
sample (Table 3), which is an acceptable level for proc-
essed meat products. In fact, TBARS values higher than
2mg MDA/kg meat may induce undesired changes in
sensory quality and perception of oxidation by con-
sumers (Trindade et al. 2009).
Burgers presented different TBARS values (Table 3).

Among the treatments with 20% fat, G3S1C2 and G3S3C3
were less oxidized due to the presence of A. bisporus mush-
room (0.64mg GAE/g) in the formulation. This result
clearly shows that phenolic compounds from mushroom
act as hydrogen atom donors in burgers. This is confirmed
by the result of the formulation G1S3C2, which presented
the lowest lipid oxidation value and had the incorporation
of 15% mushroom. Similarly, Bao et al. (2008) reported a
strong reducing power and high antioxidant activity of
mushroom extract, which inhibited the lipid oxidation in
beef and fish meats. Treatments with lower amounts of
NaCl (G1S1C1, G2S1C3 and G3S1C2) showed significantly
lower TBARS values than G2S3C1 (2% salt and 15% fat).
This result may be related to the pro-oxidant effect of NaCl
at concentrations of 0.5 to 2.5%, which are normally used
in meat products (Rhee, 1999; Rhee & Ziprin, 2001).
Among the possible mechanisms involved in the pro-
oxidant activity of sodium chloride are; salt-induced
changes in the cell membrane integrity facilitating the ac-
cess of oxidizing agents to lipid substrates (Rhee, 1999);
iron displacement from macromolecules by the sodium ion
(Kanner et al. 1991); inhibition of the activity of antioxidant
enzymes, such as catalase, glutathione peroxidase and
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superoxide dismutase (Hernández et al. 2002; Lee et al.
1997). Similar results were found by Sakai et al. (2004), who
reported an increase in MDA in beef and pork added with
0 to 2% NaCl for 10 days of storage at 1 °C. In addition,
among all treatments, G1S3C2 showed the lowest TBARS
value, probably because of the presence of the mushroom
and the fat reduction.
Texture profile
In the texture analysis (Table 4), all treatments had a sig-
nificantly lower hardness than the control, with values
ranging from 2628 g to 9302 g. The addition of mushroom
reduced the hardness of the samples, corroborating the re-
sults obtained by Süffer et al. (2016) in meatballs. In fact,
Aleson-Carbonell et al. (2005) state that the addition of
non-meat inputs promotes a dilution of the meat protein
and generally reduces the instrumental hardness of the
food. These ingredients tend to retain greater amounts of
water and fat in the protein matrix, making the food
softer. The NaCl content also modifies the instrumental
texture of meat-based products. Treatments with 2% NaCl
presented higher values of hardness. According to Doyle
and Glass (2010), NaCl content between 1.5 and 2.0% pro-
motes the solubilization of myofibrillar proteins, increas-
ing water retention and protein binding properties,
improving texture and reducing water loss in cooking.
Table 4 shows the effect of the addition of 30% mush-

room on the hardness of the burgers. Specifically, the
formulation G2S1C3 (30% mushroom, 0.5% NaCl, and
15% fat) presented a significantly lower hardness than
the other formulations. Among the formulations with
15% mushroom, the hardness of the G1S3C2 presented
similar results compared to those of G3S2C1, which
does not contain a mushroom and has a fat content
commonly used in conventional burgers (20%).
Table 4 Instrumental texture of the ten burger formulations

Treatments HardnessA Springiness

G1S1C1 8865 ± 1321b 0.845 ± 0.0

G1S2C3 4325 ± 211e 0.818 ± 0.0

G1S3C2 9302 ± 267b 0.898 ± 0.0

G2S1C3 2628 ± 270f 0.816 ± 0.0

G2S2C2 6207 ± 439cd 0.881 ± 0.0

G2S3C1 10013 ± 389b 0.866 ± 0.0

G3S1C2 5560 ± 151de 0.799 ± 0.0

G3S2C1 9895 ± 23b 0.887 ± 0.0

G3S3C3 7124 ± 109c 0.878 ± 0.0

Control 13126 ± 559a 0.841 ± 0.0

Results are means ± standard deviation. Means followed of letters different (a-f) the
0,5% salt, 10% fat; G1S2C3 = 30% mushroom, 1,25% salt, 10% fat; G1S3C2 = 15% mu
G2S2C2 = 15% mushroom, 1,25% salt, 15% fat; G2S3C1 = 0% mushroom, 2% salt, 15
1,25% salt, 20% fat; G3S3C3 = 30% mushroom, 2% salt, 20% fat; Control = 0% mush
Regarding the springiness, the burgers were not af-
fected by the reduction of fat and NaCl nor by the
addition of mushrooms. Cohesiveness was significantly
affected by these factors. The control and G2S2C2 bur-
gers had the lowest and highest cohesiveness values, re-
spectively. The control is made of more NaCl (2.0%) and
more fat (20%) than G2S2C2 (1.25% salt and 15% fat).
Youssef and Barbut (2011) reported that cohesivity tends
to decrease when the fat content increases, which is con-
firmed by our results. In another study, Youssef et al.
(2011) indicated that high cohesiveness values could be
related to high weight loss by cooking, leading to protein
concentration and the development of a more cohesive
protein matrix.
Treatments G1S2C3, G2S1C3 and G3S1C2 presented

significantly lower chewiness compared to the others
(Table 4) and this may be associated with their mushroom
content. Lower chewiness is related to softer samples
which consequently required less work to chew until the
sample is swallowed. On the contrary, greater chewing
values were found for G1S3C2, G2S3C1, G3S2C1 and
control. Except for sample G1S3C2, the other treatments
were not manufactured with mushroom and had inter-
mediate or high NaCl concentrations (1.5 and 2.0%, re-
spectively). These observations suggest that samples
presented higher concentrations of meat proteins and a
sufficient quantity of NaCl to solubilize and extract them,
favoring the adhesion of the pieces and the development
of a product with a firmer structure and higher chewing
frequency.
Principal component analysis
To obtain a synthetic view of instrumental measurements,
PCA was performed using the Pearson correlation matrix
(Fig. 1). The first four dimensions preserved 88.48% of the
B CohesivenessB ChewinessB

45a 0.512 ± 0.022b 3865 ± 868bc

59a 0.538 ± 0.043b 1910 ± 297d

41a 0.577 ± 0.070ab 4800 ± 258ab

32a 0.575 ± 0.035b 1242 ± 218d

07a 0.701 ± 0.009a 3836 ± 308bc

25a 0.525 ± 0.053b 4551 ± 388abc

56a 0.537 ± 0.061b 2375 ± 154d

19a 0.549 ± 0.018b 4820 ± 175ab

11a 0.571 ± 0.032b 3580 ± 256c

19a 0.466 ± 0.050b 5106 ± 577a

same column are significantly different (P < 0,05). G1S1C1 = 0% mushroom,
shroom, 2% salt, 10% fat; G2S1C3 = 30% mushroom, 0,5% salt, 15% fat;
% fat; G3S1C2 = 15% mushroom, 0,5% salt, 20% fat; G3S2C1 = 0% mushroom,
room, 2% salt, 20% fat. A (G); B (adimensional)



Fig. 1 Principal Component Analysis on the instrumental measures which characterise the formulations of burger beef

Patinho et al. Food Production, Processing and Nutrition             (2019) 1:7 Page 9 of 15
original information. In the first two dimensions, samples
G1S3C2, G2S2C2, G3S2C1 and the control were charac-
terized by higher hardness, chewiness, springiness, lower
aw and moisture. This behavior was reported by Gao et al.
(2014), who indicated that hardness is inversely correlated
to the retention of moisture.
Sample G1S1C1 (0% mushroom) presented a higher

redness while G1S2C3, G2S1C3 and G3S1C2 had a high
moisture and water activity due to the presence of the
mushroom extract. Finally, samples G2S2C2 and
G3S3C3 were characterized by high pH, cohesiveness, L*
and b* values. In the third and fourth dimensions the
oxidative stability was better represented, being influ-
enced mainly by the salt and mushroom contents. The
TBARS vector was located in the third dimension, where
in the positive part the most oxidized samples were
found (G1S2C3, G2S2C2 and G2S3C1), in the middle of
the map the control sample was found and in the nega-
tive part the rest of samples, which showed the lowest
level of oxidation. The most oxidized samples had inter-
mediate / low levels of fat, medium / high salt and low /
high level of mushrooms. Therefore, low levels of salt
and fat are recommended to obtain products with low
oxidation.

Sensory analysis
According to the MAM-CAP (Table 5), the trained panel
presented a suitable discriminative capacity, repeatability
and agreement. The consensus was studied in detail, being
unfolded in the two possible causes: the use of scale and
the disagreement pure. The use of scale was significant in
5 of the 10 sensory attributes and, on the other hand, the
pure disagreement was observed only for characteristic
flavor. For these reasons, 7 assessors received one more
training session. Finally, the panel was considered suitable
for final evaluation of the samples.
The treatments with mushroom addition (G1S3C2 and

G3S3C3) presented similar scores to the control for the
attributes "salty", "juicy", "seasoned" and "characteristic
flavor". For the "grilled" attribute, samples G1S2C3 and
G3S3C3 presented significantly lower values than the
control, which may be related to the lower meat protein
content. Sample G3S3C3 garnered the lowest score for
the "fibrous" attribute, indeed, this formulation had less
beef meat and, consequently, less muscle fibers, that is,
filaments oriented in the same direction (ABNT, 2017).
Although the burger is a high-fat meat product, the

"greasy" attribute had intermediate values (~ 5 on a 9 cm
scale). The treatment G1S3C2 had a similar score com-
pared to the control; however, it has half the amount of
fat added, suggesting that the high fiber content of the
mushroom was able to minimize the effects of fat
reduction. According to Cheung (1997), Furlani (2004),
and Pauli (2010) A. bisporus is considered as a good
source of fibers (18.2–20.44%) with potential as par-
tial fat substitute (Brewer, 2012; Piňero et al. 2008;
Zhang et al. 2010).
The treatments G1S3C2 and G3S3C3 were signifi-

cantly more "succulent" and "soft" than the control.
These results suggest that the fibers not only improved
the perception of "fatty" but also increased "juiciness",
since the mushroom retains the moisture and fat of the
beef burgers after cooking.
The attributes "salty", "seasoned", "characteristic flavor",

"brittle" and "characteristic aroma" were not affected by
the addition of the mushroom in treatments G1S3C2 and
G3S3C3 when compared to the control. Mattar (2016)
used Shiitake mushroom extract in the development of



Table 5 MAM-CAP table at 5% significance for the sensory panel and for the assessors
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low sodium burgers without modifying the physicochemi-
cal and sensory properties of the samples (Table 6).
In the CVA, the first two dimensions retained 92.05% of

the original information (Fig. 2) and the biplot shows high
discrimination between samples. The only multivariate
similarities were found in the G1S3C2 and G3S3C3 treat-
ments as well as in the control and G2S3C1 formulations.
The positioning of the samples within the sensory map re-
veals that the first canonical variable is associated with the
NaCl content. Samples manufactured with 0.5% NaCl are
positioned in the negative part of the first variable and are
characterized by no sensory attributes. In the positive part
of this variable, the burgers containing 1.25 and 2.0% NaCl
are perceived as "salty", "seasoned", "succulent" and with
"characteristic flavor".
On the other hand, the second canonical variable is related

to the mushroom content in the formulation. In the positive
part of the second canonical variable, the burgers with 0% of
mushroom are positioned and the sensory attributed that de-
scribe these samples are "grilled", "fibrous" and "fatty". This
clearly occurred because they were manufactured with 100%
beef. In the negative part of this variable, the burgers manu-
factured with 30% of mushroom are positioned and are per-
ceived as "brittle", "succulent" and "soft". These sensory terms
are associated with the higher water content in the formula-
tions and are associated with the high moisture content and
water retention capacity of mushroom. Treatments G1S3C2,
G2S2C2 and G3S1C2, which have intermediate concentra-
tions of mushroom, are in the middle of the sensory map,
along the first dimension. The "fat" factor was not directly as-
sociated with any canonical variable indicating a minor effect
on the sensory profile of the product. Therefore, incorporat-
ing mushrooms as a partial fat substitute seems the best re-
formulation strategy while maintaining the sensory and
instrumental quality of the product.

Conclusions
According to the fractional factorial design, the mush-
room was the most important factor followed by salt
and fat. The incorporation of mushroom did not affect
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Fig. 2 Canonical Variables Analysis on the matrix of correlation of the attributes evaluated of the 10 burger formulations
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the color of the samples compared to the control, but
the others instrumental properties were effectively modi-
fied, specifically generating softened the burgers. On the
other hand, the lowest lipid oxidation rate was observed
in the formulation containing the lowest fat content, the
intermediate level of mushroom and the highest NaCl
concentration. Mushroom and salt caused the main sen-
sory changes in the samples while the fat content mar-
ginally affected the sensory profile. Therefore, using
mushrooms as a partial substitute for fat seems the best
strategy from sensory and instrumental perspectives.
However, more studies must be done to determine the
impact of replacing fat with mushrooms on the percep-
tion of consumers.
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