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Abstract:

Traditional meat products are made with large amounts of saturated fat and binders such as starch, which increase calories
and move away from current consumer trends that seek low-fat products with natural ingredients. Shiitake mushroom has
beneficial health properties and it can be used as a fat substitute in processed meat products. We aimed to identify the effects of
incorporating shiitake powder into chorizo sausages as a fat substitute.

Shiitake powder was characterized and five formulations of chorizo sausage were developed: control and four experimental
samples with 30, 40, 50 and 100% fat substitution (the latter included 50% of shiitake powder and 50% of olive oil).

The experimental sausage showed a greater moisture, lower lipid content, and less cooking loss. The samples with shiitake
powder were darker and less red than the control. Texture parameters were not affected by substituting 40% of fat with shiitake
powder. The treatment with 40% fat substitution had a greater insoluble fiber content and a lower aerobic mesophile count
(CFU/g) than the control. No significant differences were found in the fatty acids profile. The samples with shiitake powder had a
moderate level of sensory acceptance which might be associated with the consumers’ lack of familiarity with shiitake.

Consumers may accept comminuted sausages in which a maximum of 40% of fat is substituted with shiitake powder. Such
products have an adequate nutritional composition, as well as acceptable physicochemical, technological, and microbiological
properties.
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INTRODUCTION better informed. Nevertheless, a gap still exists between
Consumption of processed meat products has been the theoretical knowledge of non-meat ingredients
questioned in recent years due to their potential contri-  and the viability of their incorporation into processed
bution to cardiovascular diseases and colon cancer,  meat products due to synergetic or antagonistic effects
as well as the impact of the meat industry on the among ingredients during processing, as well as their
environment [1-3]. With respect to its health effects, effects on texture or sensory parameters. Therefore, the-
saturated fat is a component of meat that has generated re is a need to study such effects for each ingredient
the greatest concern. in the product. With this aim, numerous studies have
Consumers have increasingly expressed their pre-  focused on improving the composition of processed meat
ference for natural ingredients and beneficial health products so that they contain the nutrients demanded by
effects [4, 5]. This has led the food industry to develop consumers [6, 7].
new products and seek ingredients and technologies that Conventional processed meat products such as sau-
satisfy the demands of consumers who are increasingly sage generally contain added animal fat, which not only
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provides sausage with sensory appeal but also con-
tributes to its structure, juiciness, and the desired tex-
ture [8]. However, the resulting saturated fatty acids
have been associated with long-term negative health
effects [9]. Thus, there is a need to substitute animal
fat in processed meat products with ingredients
that simulate the desired functional and sensory
characteristics.

Edible mushrooms are a viable ingredient for re-
placing meat, fats, salt, nitrites, and phosphates conven-
tionally used in processed meat products. These mush-
rooms may have beneficial effects on consumers’ health
due to their bioactive compounds, medicinal effects,
and antimicrobial properties [10]. Specifically, shiitake
mushrooms (Lentinula edodes (Berk.) Pegler) have been
demonstrated to have anti-inflammatory, anti-tumor,
antiviral, antibacterial, anti-diabetic, and anti-parasite
properties, as well as to regulate blood pressure and
cholesterol levels [10]. Furthermore, shiitake has been
found to have a high content of bioactive compounds,
such as phenols, which may act as antioxidants [11].

Shiitake mushrooms have a high level of acceptance
when used as an antioxidant and salt substitute in
sausages, improving their useful life without dete-
riorating their color or texture [11]. Additionally, the
authors indicate that at levels of 0.8% shiitake reduced
lipid oxidation and bacterial growth, as well as impro-
ved the sensory quality of the product after one day of
refrigerated storage due to its flavor-enhancing com-
ponents. Meanwhile, shiitake extract added to hambur-
gers increased consumers’ acceptance of color, aroma,
texture, flavor, salinity, and general perception, although
it provoked changes in some physiochemical characte-
ristics such as pH, yield, and color [12].

Although the use of edible mushrooms in processed
meat products has been demonstrated to be successful,
fresh mushrooms deteriorate rapidly due to high res-
piration and metabolic rates [10, 13]. Moreover, they
have a high microbiological charge (principally due to
bacteria of the genera Pseudomonas and Enterobacter,
as well as molds and yeasts), which degrades mushroom
quality soon after harvest, making their use difficult and
costly [13, 14]. Therefore, it is important to seek ways
of incorporating dehydrated shiitake into processed
food products in order to take advantage of their
compositional and functional properties.

Given the lack of information on the use of de-
hydrated shiitake mushroom powder as a fat substitute
and the need to make traditional processed meat
products healthier, we aimed to determine the influence
of shiitake powder incorporated into chorizo sausage
as a fat substitute on the physiochemical, technological,
microbiological, and sensory -characteristics of the
product, as well as its composition.

STUDY OBJECTS AND METHODS

Shiitake mushrooms were supplied by a local sup-
plier in Funza Cundinamarca, Colombia, and dehyd-
rated in an oven at 40°C for 15 h. Then, the mushrooms

were ground into powder using a food processor, sifted
using a #20 sieve (Standard Sieve Series, USA), vacuum
packed, and stored at room temperature for two weeks.

Refrigerated pork fat and lean beef were purchased
from a local market in Bogota, Colombia. Other ingre-
dients and additives were obtained from local suppliers
specializing in inputs for processed meat products
(Tecnas S.A., Colombia). Laboratory chemical reagents
for proximate and other analyses were acquired from a
local chemical supplier (Elementos Quimicos LTDA).

Characterization of shiitake powder. Shiitake pow-
der was characterized using a proximate analysis ac-
cording to the methodology of the Association of
Official Agricultural Chemists [15]. Water retention ca-
pacity, oil retention capacity, swelling capacity, pH,
color, and solubility of the samples were determined
as proposed by Yaruro Caceres et al. [16]. For these
parameters, the shiitake powder samples were compared
with the samples of commercial oat bran used as a
healthy ingredient in processed foods.

Preparation of chorizo sausage. Three 8-kg batches
of sausage were prepared according to the following
procedure. Meat was defrosted and its excess fat was
removed. The resulting lean meat was cut and ground
using a mill with an 8-mm disk (orifice plate). Pork fat
was ground with a 6-mm disc. Liquid smoke was mixed
with water to be used in the sausage. Then, the meat was
mixed with salt (NaCl and nitral salt), powdered spices,
finely chopped onion greens and bell pepper, cold water
(1/3 of the total to be used), and artificial coloring with
a mixer for approximately 60 s. Following this, soy
protein, starch, and another 1/3 of the water were added.
Finally, fat or the fat substitute (shiitake powder) was
added according to the formula shown in Table 1. The
remaining water was added immediately and the
mixture was blended with an mixer for approximately
60 s. The temperature of the mixture was maintained
below 12°C (beginning with the partially unfrozen meat
at < 2°C and adding extra cold water). After that, the
mixture was stuffed in 28 mm diameter collagen casings,
tied, and scalded until obtaining a constant internal
temperature of 72°C. Finally, the sausages were cooled
by submerging them in cold water until they reached <
10°C.

Each batch (repetition) was divided into six parts:
500 g for the analysis of pH, texture profile, and color;
500 g for a proximate composition analysis, 500 g for a
microbiological analysis; 300 g for a diectary fiber ana-
lysis; 300 g for a fatty acids profile analysis, and the
remainder for a sensory analysis. Each part was placed
in a polyethylene bag, vacuum packed, and refrigerated
at 4.0 £ 0.5°C for later analysis. Three independent repe-
titions of the chorizo sausages (control and treatments)
were performed during a three-week period, with one
week between the repetitions, and three samples were
taken for each treatment in each batch of the replicates.
The same package (lot) of ingredients was used for each
formulation and the mixing process was replicated as
described above.
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Table 1 Formulation for chorizo sausage containing shiitake
mushroom as a fat substitute

Ingredient Control Experimental samples with

shiitake powder

10%  40%  50%  100%%*
Lean beef 14 14 14 14 14
Lean pork 50 50 50 50 50
Fat 15 10.50 9 750 0
Olive oil 0 0 0 0 7.50
Shiitake powder 0 450 6 7.50  7.50
Soy protein 1.50 1.50 1.50 1.50  1.50
Tapioca 2.10 1 1 1 1
Water 8.15 950 950 9.50 9.50
Spices** 1.53 1.53 1.53 1.53  1.53
Salt 1 1 1 1 1
Nitrite salt curing  0.10 0.10 0.10 0.10 0.10
agent***
Liquid smoke 0.25 025 025 025 0.25
Coloring mix**** (.12 0.12 0.12 0.12 0.12
Onion greens and 6 6 6 6 6
bell pepper
Total 100 100 100 100 100

*50% olive oil and 50% shiitake powder
** Powdered garlic, onion, and pepper
**% 97% salt and 3% nitrites

**** Mix of red and orange coloring agents

Characterization of chorizo sausage. All the samp-
les were analyzed for their proximate composition,
pH, cooking loss, color, and texture in order to deter-
mine which treatment presented the most desirable
characteristics for the sausage. Following this, the
treatment selected and the control were analyzed for
total, soluble, and insoluble dietary fiber, as well as
for a fatty acids profile, microbiological and sensory
characteristics.

Proximate analysis. The samples’ proximate compo-
sition was analyzed using the AOAC methods for meat
products. Moisture was measured using the AOAC
method 950.45; lipids using the AOAC Soxhlet method
991.36 with petroleum ether; crude protein using the
AOAC method 990.03 with 6.25 as a conversion factor;
and ash using the AOAC method 920.153 [17-20].

Determination of pH. The samples’ pH was mea-
sured using a laboratory pH meter (Jenway 3520) as
proposed by Vasquez Mejia et al. [21]. The pH meter
was calibrated with buffer solutions with pH of 4.01,
7.00, and 9.21 (Mettlet Toledo In Lab). The equipment
automatically corrected to the value expected at the ac-
tual temperature. Approximately 5.0 £ 0.5 g of each
sample was weighed in a beaker and mixed with 20 mL
of water. For each experimental unit, three direct rea-
dings of pH of the homogenized solution were taken and
the results were averaged.

Cooking loss. The weight of each sample (3 sets
of 10 sausages) was recorded before cooking (scalding
in water until the interior of the product reached
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72°C). After cooking, the sausages were cooled to 10°C
and weighed again. Cooking loss, g/100 g was calcula-
ted using the following equation:

Cooking loss = (Initial sample weight —

_ cooked

————sample weight] x100 (1)
initial

Color. Color was analyzed using a ColorQuest XE
colorimeter (Hunter Associates Laboratory Inc., Virgi-
nia, USA), carrying out an evaluation using the CIE-
Lab system (L *, a *, b *), with D65 illumination, aper-
ture size 9.5 mm, and a 10° angle of observation. Each
sausage was cut into 2 cm slices, and their color was
measured three times from each analytical point as
proposed by Vasquez Mejia et al. [21]. The lightness
value (L*, with a scale of 0—-100) ranged from black (0) to
white (100). The first chromaticity coordinate value (a*)
ranged from red (+50) to green (—50), and the second
(b*) from yellow (+50) to blue (-50).

Texture profile analysis. The texture profile of the
cooked samples was analyzed through compression
tests using a texture analyzer (TA.XT2; Texture, Tech-
nologies Corporation, Scarsdale, NY, USA) as described
by Vasquez Mejia et al. [21]. Texture was measured the
day after preparing the samples, which were unrefri-
gerated and set out to reach room temperature before
analysis. For each sample, several pieces from the core
were cut out (10 mm in length x 20 mm in diameter)
immediately before analysis. For each batch (replicate),
5 pieces were obtained. The pieces were compressed
twice until reaching 75% of their original height using
a cylindrical acrylic probe measuring 101.6 mm in
diameter X 10 mm in height. For this, the probe was set
at a test velocity of 1.5 mm/s and a velocity posterior
to the test of 1.5 mm/s. The parameters under evaluation
included hardness, adhesiveness, cohesiveness, springi-
ness, gumminess, and chewiness.

Analysis of dietary fiber content. Total dietary fiber
(including soluble and insoluble dietary fiber) was de-
termined using the AOAC gravimetric enzymatic me-
thod 991.43 [22].

Fatty acids profile. Lipids were previously extracted
using a 2:1 ratio of chloroform to methanol as a solvent
and tricosanoic acid as an internal standard. Fatty acid
methyl esters (FAME) were obtained according to
the methods of the American Oil Chemistry Society.
Saturated and unsaturated fat and trans-isomer content
were determined by gas chromatography using a chro-
matograph (model 7890A, Agilent Tech., Santa Clara,
CA, USA) equipped with a flame ionization detector and
a highly polarized column with a BPX 70 phase (length
60 m, thickness of the layer 0.20 um, internal diameter
0.25 mm) as proposed by Janiszewski et al. [23]. Indi-
vidual fatty acids were identified by comparing retention
times with those for the mixture of the methyl esters
of standard fatty acids (Supelco 37 Component FAME
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Mix and CISFAME Isomers, Sigma-Aldrich, Darmstadt,
Germany) and expressed as a relative proportion of all
fatty acids in the sample.

Microbiological analysis. The samples were ana-
lyzed according to the methods of the International
Commission on Microbiological Specifications for
Foods (ICMSF). Immediately after production, the cho-
rizo sausages were placed in polyethylene bags, vacuum
packed, and refrigerated. On the following day, they
were evaluated for aerobic mesophiles, total and fecal
coliforms, Staphylococcus coagulase, sulphite reducing
spores, Salmonella, Listeria monocitogenes, Escherichia
coli count, mold count, yeast count, and Bacillus cereus
count according to the 2008 Colombian Technical
Regulation (NTC according to its Spanish initials) 1325
for cooked meat products [24].

Sensory analysis. Sensory analysis was carried out
following the methodology of Moghtadaei et al. [25].
The samples were randomly selected two days after
production, prepared on grill at 110 = 3°C for 15 min,
randomly numbered with a three-digit code, and placed
at 50°C on a tray for the panelists to evaluate in ran-
dom order. A single sensory session was performed with
70 untrained volunteer panelists (staff and students
of the National University of Colombia, 42% women and
58% men, aged 18-52). The panelists analyzed the
samples rating their appearance, color, texture, and
flavor according to the 7-point hedonic scale, with
1 meaning “dislike very much” and 7 meaning “like very
much”. The survey also gathered information regarding
their age and frequency of consumption of meat
products. After rating the samples, the panelists were
asked, “Would you purchase the products consumed
in this sensory test?”. Between the samples, they were
asked to clean their palate with water and a cracker.

Statistical analysis. Three independent replicates
were made using the same ingredients on three diffe-
rent days (the mixing process for each formulation was
replicated). All statistical analyses were carried out
using the SAS Studio version software (Copyright SAS®
On Demand for Academics, 2022). A one-way ANOVA
was carried out to compare the samples containing shii-
take with the control samples. The Tukey test (p < 0.05)
was applied to compare significant differences.

RESULTS AND DISCUSSION

Characterization of shiitake powder. Table 2 pre-
sents the characterization of shiitake powder compared
with oat bran used to incorporate fiber and substitute
fats in processed meats.

As can be seen, shiitake mushrooms possessed hig-
her percentages of protein and ash and lower per-
centages of lipids than oat bran, indicating that its nutri-
tional quality was adequate to use in meat products.
Studies of shiitake mushrooms carried out by Bisen ef al.
obtained values of 22.8% for protein, 2.1% for lipids,
and 6% for ash [26].

The nutritional content of mushrooms, as well as
their bioactive compounds, may vary according to the
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strain, crop, stage of development, age, storage condi-
tions, and method of extraction [27]. Mushrooms are
rich in fiber, carbohydrates, and protein. In particular,
they are high in essential amino acids, phenolic com-
pounds (e.g. gallic acid, protocatechuic acid, catechin,
caffeic acid, ferulic acid, and myricetin), polyketides,
flavonoids, terpenos, steroids, beta carotene, vitamins
(including B, C, and D), and minerals (e.g. selenium,
zinc, iron, potassium) [27-29]. Fresh shiitakes have an
approximate moisture content of 86.3 + 2.0%, although
the level of moisture in dried shiitake varies according
to the drying method [30].

Significant differences were found in color between
the shiitake powder and oat bran samples, with the
former having lower values for L* (being darker) than
the latter. Shiitake powder showed greater values for a*
and b*. Generally, variations in color among fresh, dried,
and rehydrated mushrooms are caused by enzymatic
browning or Maillard reactions during their proces-
sing [31].

Technological and functional properties, such as wa-
ter retention capacity, oil retention capacity, solubility,
and swelling capacity, were significantly greater in shii-
take mushrooms than in oat bran. Therefore, shiitake
is expected to have a high level of performance as
a functional ingredient, resulting in greater yields of
processed meat products. According to Qiu ef al., water
retention capacity is an important factor in evaluating
rehydrated shiitake because it greatly affects sensory
properties and it is attributed to the mushroom’s pro-
teins [32]. Having analyzed the secondary structure of
the shiitake’s proteins, the authors found a relatively
high content of a-helix links (approximately 17.52%),
indicating a stable protein structure. They also found a
high endothermic peak, which is generally associated
with greater thermal stability. According to the authors,
despite the condition of the fibrous matter of the cellu-
lar wall (f-1-3-glucan and f-1-6-glucan) and the cel-
lular membrane, the fiber contributes little to changes

Table 2 Proximate composition and physicochemical
parameters of oat bran and shiitake powder

Parameters Oat bran Shiitake powder
Moisture, % 9.29+£0.07*  12.29 +0.60°
Ash, % 4.64+0.01* 11.56+0.11°
Lipids, % 419+0.14* 1.79+0.07°
Protein, % 17.66 £ 0.06* 25.93 +0.53"
L* 81.27+0.11* 75.66+0.41°
a* 2.90+0.04* 3.23+0.33°
b* 14.81+0.14* 16.48 +0.80°
pH 6.31+0.02* 5.90+0.07°
Water retention capacity, g/g 3.67 +0.41*  8.87+£0.35°
Oil retention capacity, g/lg ~ 2.79+0.04* 534+0.17°
Solubility, g/g 0.87+0.04* 4.08+0.12°
Swelling capacity, g/g 457+0.11*° 9.25+047°

Values are given as mean =+ standard error

Different letters in the same row indicate statistically significant
differences (p < 0.05)
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in water retention capacity due to the loss of inte-
grity upon drying and grinding. Nevertheless, the beta-
glucan content could positively affect the water reten-
tion capacity. It is possible that grinding the shiitake
to facilitate its use as a dietary ingredient favored the
functional characteristics presented in Table 2, since the
finer the powder, the greater its solubility and swelling
capacity [33].

Characterization of the chorizo sausage. Proxi-
mate analysis. Table 3 presents the proximate composi-
tion and physiochemical characteristics of the samples
analyzed. As can be seen, moisture and lipids signi-
ficantly differed (p < 0.05) among the treatments, with
moisture being greater in the experimental samples than
in the control. Moisture could be principally attributed
to the shiitake’s fiber and protein contents that help
retain water, as well as varying quantities of water in the
formulations, while the lower lipid content in the
samples might be down to fat substitution. Ash and pro-
tein contents did not show significant differences among
the experimental sausage and the control (p > 0.05),
indicating that despite a high content of shiitake powder
(30% or more), which is rich in protein, the proportions
employed did not modify these parameters in the final
product. Similar results were reported for moisture
content ranging from 66.8 to 70.64% in the sausage
samples with shiitake [34].

Determination of pH. The results shown in Table 3
indicate that the substitution of fat with shiitake powder
did not have any effect on the pH of the final product.
Similar results were found by Wang et al., who reported
no changes in the pH of sausages in which 25 or 50% of
lean meat was substituted with shiitake [34].

Cooking loss. As shown in Table 3, the chorizo sau-
sages with shiitake powder used to replace fat had
a lower cooking loss than the control (p < 0.05), appa-
rently due to shiitake’s high level of water retention.
Given that the capacity of the extenders of meat products
to improve water and fat retention determines their level
of shrinking upon cooking, it was expected that adding
shiitake powder would lead to less contraction in the
sausages’ diameter during cooking, as was reflected in
their yield [35].

Shiitake powder’s high water retention capacity
(Table 2) allows for greater yields, although a greater
quantity of water was used in the samples with shiitake.
This is important for the food industry in the search for
technological solutions to reduce loss in yield during
cooking, since water loss — aside from reducing yield —
provokes the accumulation of liquid in the package,
causing consequent changes in color and texture, which
affects consumer acceptance [36]. Using less fat, as well
as adding more water and less starch, as we proposed
(Table 1), would allow for healthier processed meat
products with fewer calories. Furthermore, additional
water compensates for the loss of juiciness in processed
meat products with reduced fat. As did the present
study, previous investigations using aloe vera as a meat
substitute in hamburgers and hydrated wheat bran as a
substitute for meat and fats in hamburgers found that
cooking loss was minimized upon increasing the use of
extenders [5, 37].

Color. The colors of the sausage samples with 30
and 40% fat substitution were statistically (p < 0.05)
less darker (L*), more yellow (b*), and less red (a*)
(Table 4). The values of L* did not show a direct rela-
tionship with the concentrations of shiitake powder
incorporated. Meanwhile, the values found for a* may
have been influenced by the type of coloring agent
used. Additionally, the red color (a*) resulting from the
myoglobin of the meat might have been affected by incor-
porating shiitake powder, which is dark in color. A study
by Martin et al. [38] reported the L* value of 48 and a*
values of 12 to 16 for traditional Spanish cured chorizo
sausages. Similar values were reported for a* (24 to 37)
in cured dried Spanish sausages in which carmine acid
(E-120) was used as a coloring [39].

These results indicate that the color of meat pro-
ducts depends on many factors, including the type of
meat used (beef, pork, chicken, rabbit, etc.), other ingre-
dients (wheat flour, smoke, natural and/or artificial colo-
rings, etc.), relative proportions of all ingredients, and
technological processes (mixing, scalding, curing/fer-
menting, high pressure, etc.), all of which vary consi-
derably from study to study. It is expected that non-
cured sausages made from ingredients such as those
used in our study, including soy protein and starch

Table 3 Proximate analysis and physicochemical characteristics of chorizo sausage with shiitake used as a fat substitute

Treatment Moisture, % Protein, % Lipids, %  Ash, % Total fiber, % Insoluble  Soluble pH Cooking
fiber, % fiber, % loss, %
Control 6436+0.90° 1554+042 13.86+0.50* 1.01+£0.04 3.40+0.14* 2.30+0.09* 1.10+0.05 6.23+0.06 5.24+0.33*
30% 68.67+0.29* 1556+027 9.73+0.29® 1.00+0.05 n.a n.a n.a 6.24+0.00 4.10+0.07°
40% 66.25+0.79** 15.60+£0.62 9.57+0.33> 1.01+0.08 5.68 £0.10° 382+0.07 1.86+0.18 6.14+0.06 4.24+0.15"
50% 64.65+0.59° 1548+042 7.23+0.23 1.01+£0.00 n.a n.a n.a 6.29+0.03 3.88+0.02°
100%* 66.32+0.24*° 1542+029 7.53+029 1.01+0.02 na n.a n.a 6.46+0.15 3.80+0.02°

n.a —not analyzed

Values are given as mean =+ standard error.

Different letters in the same column indicate significant differences (p < 0.05)

*50% olive oil and 50% shiitake powder
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(tapioca), will have a lighter color, principally due to the
use of flours, fat substitution, and artificial coloring.

Texture profile analysis. Adding shiitake powder
modified all the parameters of texture, except for adhe-
siveness (Table 4).

Hardness did not show a significant difference
(p>0.05) among the 30 and 40% samples and the
control. Similar results for hardness (150.27 + 19.75) we-
re reported in a sample with 75% substitution of pork
meat with shiitake mushroom [34]. Nevertheless, the
sausage with 50 and 100% fat substitution were signi-
ficantly less firm (p <0.05). In general, our results
indicated that substituting 50% of meat with shiitake
powder decreased hardness, elasticity, and cohesiveness,
making the samples less gummy and less chewable.
The results for the 40% sample were similar to those
for the control with respect to hardness, adhesiveness,
springiness, cohesiveness, and gumminess. This indica-
ted that substituting 40% of fat with shiitake powder
maintained most of thetextural characteristics.

In a previous study by Royse et al., shiitake mush-
rooms were incorporated into processed meat products
without affecting the texture [40]. The greater hardness
in the control, as well as in the 30 and 40% sausage
samples, may be attributed to the protein structure of
shiitake, the structure of meat, and shiitake’s fiber that
allowed for maintaining the structural network of the
product formed by protein and fiber.

The values for springiness and chewiness in our
study were lower than those recorded when using adzuki
beans to substitute 25% of fat in meatballs, namely 1.19—
1.53 and 92.49—145.64 mm, respectively [6].

Gelation of the miosin as a result of hydrophobic
interactions and the disulfide-sulfhydryl interactions
among proteins has been reported to provide meat
systems with greater springiness [41]. Thus, the dif-
ferences in springiness among the samples in our study
may be attributed to the effects of shiitake’s dietary
fiber. This fiber may interfere with the aggregation of
globular heads of miosin, which is the first step in the
gelation of proteins during cooking. Furthermore, given
that chewiness is a result of gumminess multiplied by
springiness, it is expected that a significant increase
in springiness caused by adding shiitake powder will
directly increase the sample’s chewiness.

Based on the proximate analysis, as well as the
measurements of pH, cooking loss, color, and texture,
we determined that the sample with 40% fat substitution
approached the most desirable outcome for these
parameters. Thus, we recommend a 40% substitution
of animal fat with shiitake powder and only this sample
and the control were used in the further analyses of the
final product.

Dietary fiber content. Table 2 shows the values for
total, soluble, and insoluble dictary fiber of the 40% fat
substitution sample and the control. As can be seen, the
treatment showed significantly higher values (p <0.05)
for insoluble fiber than the control.

Shiitake mushrooms contain dietary fiber which has
a high water-retention capacity in addition to increasing
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the quantity of insoluble fiber in the final product [42].
This is because fiber reinforces the tridimensional
structure of the emulsified protein network, resulting in
greater stability, as well as water and oil retention [43].

Fatty acids profile. Table 5 presents the fatty acids
profile of the chorizo sausage with 40% of fat substi-
tuted with shiitake powder as compared to the control.
No significant difference was found (p > 0.05) for the
values of fatty acids between the experimental and
control samples. Myristic (C:14), palmitate (C:16), and
stearic (C:18) fatty acids were found to make up a large
proportion of saturated fatty acids: 41.126% in the
control and 36.899% in the experimental sausage. This
is consistent with the results of Nieto and Lorenzo as
beef and pig fat have a high content of saturated fatty
acids [44].

Oleic acid (C18:1n9) was the most abundant mono-
unsaturated fatty acid, making up 39.86% of all mono-
unsaturated fatty acids in the control and 42.4% in the
40% fat substitution sample. With respect to the poly-
unsaturated fatty acids profile, linoleic acid (C18:2 n6)
was the most abundant in the control and in the 40% fat
substitution sample.

The fact that no significant differences were found
in unsaturated fatty acids between the samples under
study indicates that the quantity of shiitake powder was
not sufficient to increase the amount of unsaturated fatty
acids in the final product. Although shiitake contains
unsaturated fatty acids, its fat content is low (< 2%) [45].
Therefore, the level of these healthy compounds in the
final product can be improved by using higher quantities
of shiitake to substitute animal fat (higher than 40%)
and/or other sources of unsaturated fatty acids.

While its content of unsaturated fatty acids was not
significant, shiitake powder contributed to decreasing
caloric intake from animal fats in processed meat pro-
ducts. Additionally, shiitake mushrooms provide antioxi-
dant properties and extend the shelf life of the final
product [11].

Microbiological analysis. Table 6 shows the micro-
biological results of the control sausage as compared
to the 40% fat substitution sample. Significant differen-
ces (p<0.05) were found only in the aerobic meso-
phile count (CFU/g), with higher values in the control
samples, indicating that shiitake may have an antibacte-
rial effect against these microorganisms. According to
Pil-Nam et al., at levels of 0.8%, shiitake reduced bac-
terial growth as well as lipid oxidation [11].

The microbiological parameters indicated that the
levels of microorganisms in the control and in the
experimental sausage were within those established
by Colombia’s 2008 Regulation NTC 1325 for cooked
meat products [24]. Therefore, the samples were apt for
human consumption.

Sensory analysis. Table 7 demonstartes the sensory
attributes of the 40% fat substitution sample as com-
pared to the control. Significant differences were found
between the general average scores for various charac-
teristics, ranging from 5.4 to 6.3 on a 7-point hedonic
scale.
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Table 7 Sensory analysis of chorizo sausage with 40% of shiitake powder as a fat substitute

Sample General product Appearance Color Texture Flavor
Control 6.01 £0.16 6.050 + 0.075% 5.710 £ 1.169 6.140 + 1.029° 6.250 + 1.146°
Experimental 5.61 £0.20° 5.650 £ 0.243° 5.660 £ 1.122 5.600 + 1.332° 5.720 £ 1.452°

Values are given as mean =+ standard error

Different letters in the same column indicate significant differences (p < 0.05)

Incorporation of shiitake powder as a substitute for
40% of animal fat significantly modified all sensory
attributes compared to the control. The only exception
was color with values of 5.708 + 1.169 vs. 5.662 + 1.122
for the control and experimental samples, respectively,
corresponding to the rating “like moderately”. Although
the experimental chorizo sausages were darker and
less red — tending toward brown — in the instrumental
assessment (Table 4), this had no effect on the panelists’
ratings (Table 7).

On the 7-point hedonic scale, both the samples were
rated as “good” to “above average”, corresponding to
“like slightly” (point 5), “like moderately” (point 6), and
“like very much” (point 7). In all the cases, the consu-
mers rated the control (without fat substitution) higher.
Although the 40% fat substitution sample was less
accepted than the control, it was not totally rejected with
respect to any of the attributes.

In response to the question, “Would you purchase the
product?”, 90.77% of the panelists responded that they
would purchase the control product, while only 66.15%
stated that they would purchase the sausage with shii-
take. We recommend that future studies use a panel trai-
ned to be able to identify sensory aspects that should be
improved in the final product.

To a certain extent, these sensory ratings may be
attributed to the consumers’ lack of familiarity with
hybrid products (those containing meat and plants as
ingredients) and their lack of familiarity with the fla-
vor of shiitake, which has a high content of umami
compounds [46]. Although sensory modifications of a
conventional product would be better tolerated by those
consumers who are familiarized with its health benefits,
pleasant sensory characteristics of meat products — e.g.,
color, texture, and flavor — are essential to their accep-
tance [47]. In any case, developing foods that contribute
to adequate nutrition is still a relevant topic [48, 49].
Therefore, there is a need to further explore which
conventional ingredients may be substituted by functio-
nal ingredients and to what extent, without affecting the
sensory quality of processed meat products.

CONCLUSION

Our study showed that shiitake powder’s tech-
nological and functional properties were preferable
to those of oat bran, making it viable for incor-
poration into processed meat products. This functio-
nal ingredient provides the product with protein,
ash, and fiber, and is low in lipids. While shiitake
powder was found to be darker in color than oat bran,
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it did not affect the consumer acceptance of chorizo
sausages with this ingredient.

The chorizo sausages in which 40% of fat was
substituted with shiitake powder had greater contents of
moisture and insoluble fiber, a lower percentage of lipids,
less cooking loss, and lower mesophile counts than the
control. No differences were found with respect to the
protein value or fatty acids profile.

The sausages’ textural parameters were not affec-
ted by substituting 40% of fat with shiitake power.
Nevertheless, the samples with 50% fat substitution had
a significantly lower hardness than the control.

Finally, the fact that the control was more highly
accepted by the panelists than the samples with 40% fat
substitution was attributed to their lack of familiarity
with hybrid products containing plant ingredients.
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