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The transition from meat-based into plant-based food products has led to a massive plant-based food products
development. The study investigated the formulation of nuggets alternatives made of oyster mushroom (OF) as a
main ingredient with catfish (CF) and red bean flour (RF) as the minor ingredients. 10 formulations of nuggets
were prepared with a variety of CF (10-55 g) and RF (50-5 g) for every 400 g OF. The results showed that the
nuggets made of OF combined with 55 g CF and g 5 RF had the highest acceptability compared to that of other
formulations. This formulation was desired and accepted for its color, texture, taste, and aroma. Chemical
composition analysis revealed that the nuggets contained 8.5-9.3 % protein, 2.9-4.4 % ash, and 5.0-7.4 % di-
etary fiber. The nuggets had a dietary fiber and lower calorie value at a range of 5-7.4 g/100 g and 129-144
kcal/100 g, respectively. Nuggets contained Calcium (265-208 mg/kg), Iron (2.1-2.4 mg/kg), Zink (1.4-1.9 mg/
kg), and Phosphorus (1853-1875 mg/kg). In conclusion, the nuggets can be formulated from oyster mushrooms
combined with a small amount of catfish and red bean flour, which also can be potentially used as a local-based

functional food product.

1. Introduction

The transition from meat-based consumption to plant-based con-
sumption has become a popular issue to this day due to several con-
siderations including health, environmental impact, religion, and other
reasons (Gonzalez et al., 2020; Parlasca & Qaim, 2022). Meat-based
consumption has a higher environmental impact and footprints and is
linked with the health issue. Although plant-based consumption offers
more sustainable impact, it might not be suitable for all depending on
the community preferences. Depending on the economic situation,
certain countries might face challenges in the transition phase towards
sustainable food production (Parlasca & Qaim, 2022). Capability, op-
portunity, and motivation are the three main factors which have been
identified in the transition of meat-based consumption into plant-based
consumption (Graca et al., 2019). This issue leads to a massive devel-
opment of plant-based food products which includes meat replacement
and meat substitution. This phenomenon affects the market value of
plant based food products which continuously grow. The market value
of plant-based foods increased from USD 29.4 billion in 2020 to USD
64.7 billion in 2024. This number is predicted to spike in 2030 to reach
USD 161.9 billion (Wunsch, 2024).
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Nuggets is one of the meat-based food products which was initially
made of chicken. Nuggets and/or its alternatives have been mimicked by
substitution and/or replacement by other ingredients such as fish or
other meat products. The main aim of this phenomenon is not only for
the transition to plant-based nuggets processing, but also for nutritional
improvement. For instance, meat nuggets were modified by the addition
of natural antioxidants using acerola fruit powder, rosemary extract, and
licorice extract as well as rosemary, hydroxytyrosol, pomegranate,
grape, and harpagophytum to enhance its shelf life (De Paiva et al.,
2021; Martinez et al., 2020). Taste compounds (volatile and nonvolatile)
of chicken nuggets was modified by the addition of milk fat up to 14 %
and mashed potato up to 6 % (Sabikun et al., 2021). The addition of
green peas up to 12 % was expected to enhance the dietary compounds
of the chicken nuggets (Binti Mohd Zaini et al., 2021). The addition of
food by-products in chicken nuggets has also been a new valorization
trend. Banana peel powder (6 %) and dragon fruit peel (3 %) were
utilized for nutritional improvement of chicken nuggets (Akram et al.,
2022; Madane et al., 2020). Fish-based nuggets was modified by the
addition of dragon fruit peel powder 2 % (Biswas et al., 2022) and
moringa leaf powder 5-15 % (Solichah et al., 2022).

In terms of a total transition concept, the development of plant-based
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nuggets has also been conducted which is mainly prepared by utilizing
legumes (Younis et al., 2023). Nuggets alternatives made of oyster
mushroom have never been reported. Oyster mushroom is one of the
most consumed and cultivated mushrooms due to its abundance in
bioactive compounds such as bioactive carbohydrates, phenolics, ter-
penes, and sterol (Correa et al., 2016). It is also rich in protein, vitamins,
and minerals (Devi et al., 2024). The presence of those compounds offer
health benefits for its bioactivity such as antimicrobial, anti-cancer,
anti-hyperlipidemia, anti-diabetic, anti-inflammatory, and immunosti-
mulant activity (Correa et al., 2016; Devi et al., 2024). Therefore, its
benefits can be used in nuggets alternatives production. The potential of
mushroom as a main ingredient in nuggets is rarely reported and thus
needs further investigations. Phoenix mushroom at 15-70 % was com-
bined with chickpea flour in nuggets formulation (Mazumder et al.,
2024). Compared to the commercial nuggets, mushroom-based nuggets
had low acceptability (Mazumder et al., 2024). Therefore, improving the
acceptability of mushroom-based nuggets by different types of mush-
rooms and/or incorporating other ingredients seems needed. The study
investigated the potential of oyster mushroom as a main ingredient in
nuggets formulation, and supported by minor composition of red beans
and catfish flour. In addition to that, food products development based
on locally-available ingredients have been highlighted for beneficial
impacts on sustainable food ingredients supporting the Sustainable
Development Goals by the United Nations. Recently, food product
development utilizing local-based ingredients such as oyster mushroom,
kidney beans, and catfish flour was reported in cookie formulation
(Bakara et al., 2024). Current study employed those ingredients at
different formulations in muffin formulation for food products diversi-
fication. It was expected that different levels of red beans and catfish
flour could generate alternative nuggets with acceptable sensory
properties.

2. Materials and methods
2.1. Materials

Oyster mushrooms, red beans, catfish, onion, and garlic were pur-
chased from a local traditional market in Medan, North Sumatera,
Indonesia. Other supporting ingredients in muffin formulation were
purchased from the local supermarket such as wheat flour, salt, and
black pepper.

2.2. Ingredients preparation

The main ingredients were prepared in flour form following the
procedures described previously (Bakara et al., 2024) as detailed below.

2.2.1. Oyster mushroom flour

Firstly, Oyster mushroom were sorted, washed, sliced, and blanched
for 5 min at 70 °C. After that, the oyster mushroom then dried at 60 °C
for 24 h using a drying cabinet to reach a stable weight. It was milled to
pass 80 mesh sieving and then the oyster mushroom flour (OF) was
stored in a polyethylene bag at 24 °C for further experiments.

2.2.2. Catfish flour

The head and intestinal organs of the catfish were removed to obtain
the filets, followed by soaking the filets with lime juice for 30 min to
remove the fishy odor. The filets were washed with distilled water and
steamed for 30 min. After that, it was drained and dried on a cabinet
dryer at 60 °C for 6 h. The dried filets were milled to pass 60 mesh of
sieving. The obtained catfish flour (CF) was kept and stored in a poly-
ethylene bag at controlled temperature, 24 °C, for further experiments.

2.2.3. Read beans flour
Red beans were sorted based on physical appearance, washed,
soaked for 24 h, and then washed again. After that, it was dried using a
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dryer cabinet at 50 °C for 1-2 h. The beans were then milled to pass 100
mesh sieving. Red beans flour (RF) was kept in a polyethylene bag,
sealed, and stored at 24 °C.

2.3. Experimental design

The study was designed to formulate OF-based nuggets with the
addition of 10 different levels of CF and 10 different levels of RF. OF was
used as the main ingredients with around 87 % of the total main in-
gredients; CF ranged at 2-12 % (10-55 g) and RF ranged at 1-11 %
(5-50 g) were adjusted for the rest 13 % of the ingredients. In total, 10
formulations of nuggets were obtained as presented in Table 1. Other
ingredients such as wheat flour and minor ingredients were used at the
same level in all formulations as detailed in the next section and Table 1.
The 10 formulated nuggets underwent sensory analysis for acceptability
of color, texture, taste, and aroma. Two of the best formulations were
characterized for their chemical composition including proximate
composition, calorie, dietary fiber, and mineral composition.

2.4. Preparation of nuggets

Firstly, a mixture of supporting ingredients was prepared consisting
of 100 g wheat flour, pulped onion 14 g, pulped garlic 14 g, salt 7 g, and
5 g of powdered pepper. After that, the main ingredients such as OF, CF,
and RF were added into the supporting ingredient mixture according to
itsratio in Table 1, and mixed properly. 200 g of egg yolk was added into
the mixture and mixed properly. The dough was then placed on a mold
pan which had been smeared with oil. After that, it was steamed for
15 min. After cooking, the dough was sliced at 4,0 cm width, 5.0 length,
and 1.5 cm thickness. All the nuggets were maintained at 20 + 0.5 g of
weight. The nuggets were dipped into a batter consisting of wheat flour
and eggs, followed by a frying process for further analysis.

2.5. Evaluation of sensory acceptability of nuggets

The sensory analysis was conducted for hedonic evaluation (taste,
odor, texture, and color) as previously described (Manalu et al., 2024).
The scale from 1 to 5 was used to describe 1 = dislike, 2 = do not like
much (set as neutral standard), 3 = like, 4 = very like, 5 = extremely
like. The untrained participants consisted of 50 aged between 18-22
years old, 1 male and 49 female) from the Department of Nutrition, State
Polytechnic of Health, Lubuk Pakam, North Sumatera, voluntarily
participated.

2.6. Assessment of chemical composition of selected nuggets

Proximate analysis was conducted for moisture content, protein, fat,
and ash following AOAC 2000 as described (Awolu et al., 2016). Car-
bohydrate was calculated as the difference after proximate quantifica-
tion (100 - moisture - protein - ash - fat). All calculations were based on
the dry weight of the matter.

Total dietary fiber was measured following AOAC 1995. Calorie was
calculated based on proximate analysis for protein, fat and carbohydrate
with the conversion value 9 calorie for 1 g fat and 4 calorie for 1 g of
protein and carbohydrate.

Mineral content (Ca, Fe, Zn, and P) was measured by using methods
of inductively coupled plasma - optical emission spectrometry (IOP -
OES) following procedures in previous study (Souza et al., 2023).

2.7. Statistical analysis

The statistical analysis was done from three replicates for chemical
composition analysis and from 50 participants for the hedonic sensory
analysis. Statistical analysis was performed using SPSS for One-way
analysis of variance (ANOVA). Significant difference was considered
at 95 % (p < 0.05) by Duncan test.
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Table 1

The ingredients used and its amount in nugget formulations composed of oyster mushroom flour, catfish, and red bean flour.
Ingredients Formulation

1 2 3 4 5 6 7 8 9 10

Oyster mushroom flour (g) 400 400 400 400 400 400 400 400 400 400
Red bean flour (g) 50 45 40 35 30 25 20 15 10 5
Catfish flour (g) 10 15 20 25 30 35 40 45 50 55
Wheat flour (g) 100 100 100 100 100 100 100 100 100 100
Pulped onion (g) 14 14 14 14 14 14 14 14 14 14
Pulped garlic (g) 14 14 14 14 14 14 14 14 14 14
Salt (g) 7 7 7 7 7 7 7 7 7 7
Pepper (g) 5 5 5 5 5 5 5 5 5 5
Egg yolk (g) 200 200 200 200 200 200 200 200 200 200

3. Results and discussion
3.1. Evaluation on sensory acceptability of the nuggets

Sensory acceptability of the 10 formulated OF-based nuggets is
presented in Table 2. The results showed that most of the formulated
nuggets had an acceptability at scale higher than 3 (like — very like),
except a formulation which contained the lowest amount of CF com-
bined with the highest RF (Formulation 1) which significantly had the
lowest acceptability score. Color acceptability shows that most of the
formulated nuggets received 3.6-3.8 color acceptability demonstrating
as ‘like — very like’ perceptions. Statistical analysis (significant at
p < 0.05) showed that the lowest color acceptability (2.7, ‘do not like very
much - like’) was obtained in nugget from the formulation 1, which
contained the lowest amount of CF (10 g) and highest RF (50 g). Color
formation of the formulated nuggets occurred depending on the in-
gredients used. OF has a light pink color which might have given a
dominant color in the nuggets as it is the dominant ingredient. This can
be shown by the high color acceptability in almost all of the formulated
nuggets. CF and RF tend to have a darker color, therefore the highest RF
significantly (p < 0.05) reduced the color acceptability in nuggets
formulation 1. There was no significant trend on how the increase in CF
and decrease in RF modified the color acceptability of the nuggets which
might be due to the high impact of OF color hindered the impact of CF
and RF in almost all formulations.

Texture acceptability of the nuggets also received the same percep-
tion, in terms of general acceptability category. Most of the formulated
nuggets were scored at a range of 3.1-3.7, which is in between ‘like’ and
‘very like’. Statistical analysis showed that this range was differentiated
into two different significant (p < 0.05) groups. The highest (significant
at p < 0.05) texture acceptability was scored at 3.6-3.7 which is nearly
‘very like’ category. This range was found on three formulations. The
lowest texture acceptability was obtained at formulation 1 (lowest CF

Table 2
Sensory acceptability of nuggets made of oyster mushroom combined with
catfish flour and red bean flour.

Formulation Sensory acceptability
Color Texture Taste Aroma
1 267 £021° 287 +£030° 281 +0.21° 3.21 + 0.20°
2 3.74 +0.05°  3.68 +£0.25°  3.40 £0.20°  3.58 + 0.30%°
3 3.56 +0.10%  3.14 +0.25°  3.12+0.21%  3.09 +0.25°
4 378 £0.15°  3.69+0.11*  3.57 +0.21®  3.65 + 0.25°
5 3.71 £0.13% 3.26 + 0.13" 3.29 +0.13° 3.22 + 0.25°
6 3.76 + 0.22% 3.26 +0.13°  3.39 +0.15° 3.37 +0.15"
7 3.43+0.13° 327 £0.22" 3174015 321 +0.15°
8 3.73+0.13°  3.36+0.25°  3.64+0.15  3.58 +0.11%
9 3.78 + 0.05% 331 +0.11° 337 £0.22° 3.24 +0.11°
10 3.76 £0.13*  3.63+0.11*  3.72+0.20°  3.70 +0.13°

Note: the data is presented as mean with standard deviation from 50 partici-
pants. Different subscriptions in the same column describe a significant differ-
ence at 95 %.

and highest RF) at 2.9 which is nearly ‘like’. There were six of the for-
mulations that received a range of 3.1-3.4 which is ‘like’. Textural for-
mation of food products is affected by the chemical composition of its
ingredients. Complex formation between protein, fat, and carbohydrate
in all ingredients will affect the formed texture and thus its textural
acceptability. In this study, the formulated nuggets had an acceptable
texture sensory. This phenomenon demonstrates that all ingredients and
its amounts formed a desirable texture of the nuggets. Although there
was investigation on textural behavior and properties were made, which
seem important in the future to understand how those ingredients form
the texture of the nuggets. Oyster mushroom has been identified to have
rubbery texture perception (Liu et al., 2006) which might contribute to
the desired texture of the formulated nuggets. Oyster mushroom de-
clines the textural formation in beef salami (Oziinlii & Ergezer, 2021)
however, it improves the textural properties of burger patty including
hardness, springiness, cohesiveness, and chewiness, and cutting strength
(Cho & Ryu, 2023). Consequently, it decreases the cooking loss and
increases the cooking yield (Cho & Ryu, 2023; Pachekrepapol et al.,
2022). These phenomena depict that textural acceptability of food
products made of oyster mushroom based is highly dependent on its
mixture ingredients.

Sensory analysis on taste acceptability showed almost similar phe-
nomenon with on texture acceptability, although the trend was observed
in different formulations. The highest taste score was discovered on
three formulations which ranged at 3.6-3.7 (nearly ‘very like’), followed
by a range of 3.1-3.4 (‘like’) on 6 formulations, and 2.8 (nearly ‘like’) as
the lowest score (significant at p < 0.05) taste acceptability. Oyster
mushroom powder, as the main ingredient, contains amino acids such as
aspartic acid, threonine, serine, glutamate, glycine, alanine, valine, and
methionine (Rohmah et al., 2022) which might have contributed to the
high desirability of the taste due to the umami taste from aspartic acid
and glutamate. Although red kidney beans have been reported for bitter
taste and bitter after taste (Chigwedere et al., 2022), its addition in the
nugget formulation seems undetected due to the high umami taste from
oyster mushroom.

Different from other sensory parameters, all nuggets had aroma
acceptability higher than 3 (‘like’). Aroma sensory scored at a range of
3.1-3.7 which demonstrates between ‘like’ — ‘very like’. These results
might have occurred highly due to the dominant amount of oyster
mushroom. Oyster mushroom application in meat analogue contributes
to the formation of meat-like and fatty aroma due to the existence of
nitrogen oxides and organic sulfides (Mazumder et al., 2024). In addi-
tion to that, thermal exposure on red kidney beans modifies the volatile
compounds and thus forms 2-ethyl-3,5 dimethylpyrazine and p-vinyl-
guaiacol, which possess roasted and smoky aroma (Mishra et al., 2017).
Moreover, the presence of methanethiol, diethyl sulfide, dimethyl di-
sulfide, methional and dimethyl trisulfide tends to give ‘cooked kidney
beans-like’ odour perception (Du et al., 2021; Mishra et al., 2017).

As mentioned above, almost all the formulations had acceptable
hedonic sensory properties, except formulation 1. By this, oyster-based
nugget formulation combined with catfish and red bean flour can be
potentially optimized in generating high desirable nuggets for meat-
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based nuggets replacement. This can be a green light for further steps in
commercialization and/or biological properties of such products. In the
current study, further investigation was carried out on chemical
composition such as proximate compounds, dietary fiber, calorie, and
mineral composition. Minerals such as Ca, Fe, Zn, and P are important
nutrients and can be related to non-communicable diseases, child
growth, and certain groups of people (Maguolo et al., 2023; Rai et al.,
2022; Shankar, 2020). Therefore, mineral compositions, proximate
composition, dietary fiber, and calorie of selected nuggets were further
evaluated.

From sensory acceptability, formula 10 received the highest
acceptability for all parameters including color, texture, taste, and
aroma. Therefore, further investigation was made on formulation 10
which contained 55 g of CF and 5 g of RF added into 400 g OF. As a
comparison, formulation 9 (50 g CF and 10 g RF) was selected repre-
senting all other formulations as it has a better performance during the
mixing processing after formulation 10.

3.2. Proximate composition, dietary fiber, and calorie of selected nuggets

Proximate composition, dietary fiber, and calorie of the selected
nuggets are presented in Table 3. The results showed that both nuggets
had no significant (p > 0.05) amount of moisture, carbohydrate, and
protein content. A significant difference (p < 0.05) was discovered in the
amount of fat, ash, and total fiber and thus the calorie, as well as Ca, Fe,
and Zn content. Higher amounts of CF and lower level of RF generated a
higher content of fat and ash. This phenomenon might be due to the high
amount of CF which contain higher fat and minerals. The 5 g higher in
CF (from 50 g in formulation 9-55 g in formulation 10) increased the fat
and ash content of the nuggets almost double. CF contains almost 10 fold
higher amounts of fat content compared to that of RF (Bakara et al.,
2024). Therefore, the increase in fat content is obvious due to the
different amount addition in both formulations. CF and RF contain
almost similar ash content, but the nuggets contain different levels of ash
content which might be due to the fluctuations in ingredients. Compared
to previous studies, protein content in the current study is lower. Pre-
vious studies reported nuggets with protein content at 12-26 % range
while in the current study it was 8.5-9.3 %. However, fat, ash, and
carbohydrate content are at the same level (Alina et al., 2009; Bonfim
et al., 2020; de Carvalho et al., 2018; Martinez et al., 2020).

Formulation 10 contained also a significant (p < 0.05) higher of
calorie which can be due to the higher fat content compared to that of in
formulation 9. Compared to previous studies, current study generated a
lower calorie value at 129-144 kcal/100 g while it was 158-246 kcal/
100 g in previous investigations (Alina et al., 2009; Bonfim et al., 2020;
de Carvalho et al., 2018; Martinez et al., 2020). This phenomenon might

Table 3
Chemical composition of selected nuggets made of oyster mushroom combined
with catfish flour and red bean flour.

Parameters Ratio formulation (Oyster: red bean: catfish)
(400: 10: 50) (400: 5: 55)

Moisture (g/100 g) 69.49 + 7.01* 66.46 + 5.60"

Carbohydrate (g/100 g) 17.09 + 1.16% 16.67 + 1.21°

Protein (g/100 g) 8.47 + 0.75% 9.33 + 0.55%

Fat (/100 g) 2.98 + 0.22° 4.44 £ 0.32°

Ash (g/100 g) 1.96 + 0.17° 3.21 + 0.30?

Total fiber (g/100 g) 5.04 + 0.50° 7.41 £ 0.72%

Ca (mg/kg) 265.42 + 10.30° 208.37 + 9.91°

Fe (mg/kg) 2.09 + 0.19° 2.43 + 0.22°

Zn (mg/kg) 1.38 + 0.19° 1.86 + 0.18?

P (mg/kg) 1875.4 + 30.50? 1853.35 + 41.17%

Calorie (kcal/100 g) 129.08 + 9.32° 144.01 + 8.22%

Note: the data is presented as mean with standard deviation from three repli-
cates. Different subscriptions at the same row describe significant differences at
95 %.
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have potential benefits in generating lower calorie nuggets. From the
point of view of dietary fiber, formulation 10 had a higher level of di-
etary fiber. This phenomenon might be due to the variability in fiber
composition in red bean and catfish. Increasing CF and reducing RF
might have intensified the dietary fiber content of the nuggets in
formulation 10. The total dietary fiber in the current study ranged at
5-7.1 g/100 g which is higher than the previous investigation. In pre-
vious studies, the nuggets contained 2.3-4.9 % of dietary fiber (Alina
et al., 2009; Bonfim et al., 2020; de Carvalho et al., 2018; Martinez et al.,
2020). In other words, the current study generated the oyster-based
nugget with a higher dietary fiber content.

3.3. Mineral composition of selected nuggets

Mineral composition of the nuggets was investigated for Calcium
(Ca), Iron (Fe), Zink (Zn), and Phosphorus (P) as presented in Table 3.
The results showed that there is no significant difference (p > 0.05) in
the amount of P in both formulations. Formulation 9 had a significant
(p < 0.05) higher level of Ca and lower amount in Fe and Zn. by this, the
formulated nuggets, particularly formulation 10 potentially used as a
food product to meet the needs for Fe and Zn, and it also contained a
considerably high amount of Ca and P. Mineral content of nuggets
seemed to be less investigated to this date. This is for the very first time,
mineral composition of nuggets reported, except for iron content (Alina
etal., 2009; Bonfim et al., 2020; de Carvalho et al., 2018; Martinez et al.,
2020). Iron content in the current study showed a higher value
compared to that of in previous studies which contained 0.4-0.8 mg/kg
Fe. In the current study, Fe ranged at 2.1-2.4 mg/kg. In another of our
investigations (unpublished results), nuggets made of different in-
gredients contained 100 mg/100 g of Ca, 1.98 mg/kg of Fe, 1.01 mg/kg
of Zn, and 1360 mg/kg of P. Those values are lower than that obtained in
the current study. The presence of those important mineral compounds
in biscuits and nuggets might show its feasibility for its potential as
functional foods because of the importance of those minerals in pre-
venting metabolic disorders and boosting the immune system
(Ayo-Omogie, 2023).

4. Conclusion

The formulation of nuggets alternatives made of oyster mushroom
flour combined with a small percentage of catfish- and red bean flour
generated a desirable and acceptable taste, color, aroma, and texture.
The obtained nuggets contain comparable protein (8-9 %), fat (3—4 %),
and dietary fiber (5-7 %) content as well as calorie at 130-144 kcal/
100 g. Thus the formulated nuggets can be used as lower calorie food
products. Moreover, it also contains important minerals such as Ca
(208-265 mg/kg), Fe (2.1-2.4 mg/kg), Zn (1.4-1.8 mg/kg), and P (1853
mg/kg) which are needed in the human body. Further investigation in
other biological compositions and the biological properties of the nug-
gets are seemingly important in stepping up to the commercialization
stage of the product.
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