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ABSTRACT

The development of Plant-based Meat Alternatives (PBMAs) has been focused on mimicking the textural,
taste, appearance, aroma, and nutritional properties of real meat products. Texturized Vegetable Protein
(TVP) has been widely used in food applications to develop plant-based meat products. However, the high
energy cost to produce TVP leaves the price of TVP quite expensive. Therefore, this experiment aimed to
see the effect of tempeh as an alternative to TVP on the nutritional and textural properties of plant-based
nuggets (PBNs). In total, five PBN treatments were analyzed and compared to chicken nuggets for their
nutritional and textural properties. The treatments were 1) C1: control (hung + ground TVP), 2) Hung TVP
and tempeh (HT), 3) Ground TVP and tempeh (GT), 4) Tempeh only (TT), and 5) Hung TVP, ground TVP, and
tempeh (HGT). From the results, all plant-based nugget treatments had significantly higher (p<0.05)
protein and moisture content and lower fat content than commercial chicken nuggets. Whereas for
textural properties, except C1 and HGT, all other PBN treatments had poorer hardness than commercial
chicken nuggets. Overall, the addition or substitution of tempeh on hung and ground TVP treated PBN did
not affect the protein, fat, and moisture content of PBNs, but significantly produced better nutritional
properties than chicken nuggets. In terms of textural properties, the combination of Hung TVP, ground
TVP, and tempeh provide the desirable textural properties as they can be comparable to chicken nuggets.
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HIGHLIGHTS

< Changing TVP into tempeh increased protein and moisture content compared to actual chicken

D)

nuggets.

X3

o

Changing TVP into tempeh decreased fat and ash.

R/
0.0

Slight decrease of carbohydrate content in plant-based nuggets was observed although the
difference was insignificant.

X3

o

Hardness value decreased if tempeh was substituted fully and/or partially with TVP.

R/
0.0

No difference in hardness value was observed if tempeh was processed with hung TVP and
ground TVP.

INTRODUCTION

Currently, there is an increasing trend in adopting a flexitarian diet, as people are more aware of the
health benefits and environmental impact of consuming plant-based products (Curtain & Grafenauer, 2019;
Derbyshire, 2017). This event subsequently increases the consumption of plant-based meat products. Hence,
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this resulted in a surge in market trends in plant-based meat alternatives (PBMAs), especially in the US,
Canada, and Europe. As a result, it is predicted that the PBMA markets will reach 8.3 billion US dollars by
2025, including in Indonesia, as marked by the rising of foreign and local PBMA companies (“Green Butcher”,
2021; “Plant-based Meat Market”, 2020; Wan, 2018).

Several attempts have been made since the development of traditional PBMAs until the latest PBMA
2.0 generation to create PBMAs that mimic not only the texture but also the taste, appearance, nutritional
value, and aroma of real meat products (He et al., 2020). Amid the vast development of PBMA 2.0 products,
plant-based nugget is one of the most popular products among consumers. Plant-based chicken products
and nuggets have been received well in the big restaurant chains such as KFC and A&W in some states in the
USA, Canada, and the UK (Weston, 2019). It is also reported that the market for plant-based nuggets was the
second-highest in Europe in 2019. However, introducing plant-based chicken alternatives into the market
would be a challenge, as the cost of chicken is not as expensive as beef.

Matching the production cost of plant-based products as low as possible would be necessary to
compete with chicken-based products in the market. Hence, soy-based textured vegetable protein (TVP) is
commonly used for PBMAs development as it provides structural and textural properties that mimic the meat
product, is relatively cheap, and is highly available in the global market (Riaz, 2011). However, despite its
relatively low cost globally, the price of TVPs in Indonesia is considerably high, at Rp 71,000 per kg
("Texturized Soy Protein", n.d.). Therefore, considering the price of TVPs, an alternative ingredient may be
essential to substitute or complement TVPs to reduce the production cost of plant-based nuggets.

Tempeh is an authentic Indonesian fermented food rich in protein similar to animal source proteins,
such as chicken, beef, hamburger, and eggs (Shurtleff & Aoyagi, 1979). Many health benefits have been
reported from tempeh consumption, such as healing digestion systems, reducing diarrhea incidence,
increasing intestinal growth and proliferation, anti-oxidative properties, and reducing the risk of chronic
degenerative diseases (Nout & Kiers, 2005). As of now, the utilization of tempeh towards plant-based meat
products is still limited to certain products. For example, Vital et al. (2018) used tempeh to develop vegetarian
burgers. However, the product was inferior in terms of texture and organoleptic properties when compared
to meat burgers. Another experiment would be the addition of tempeh flour to sausage analogs, which is
reported to successfully mimic the standard nutritional and textural properties of commercial meat sausages
in Indonesia (Ambari et al., 2014). However, to the extent of the author's knowledge, there has not been
much research covering the utilization of both TVP and tempeh in developing plant-based nuggets.

This study aimed to develop plant-based nuggets that closely mimic chicken nuggets in terms of
nutritional and textural properties. The formula and methods for plant-based nugget processing were taken
from Kumar et al. (2011), with some modifications in the formulation. The variables that are changed in this
formulation are chunk TVP, ground TVP, and tempeh. The results of this research could provide insight into
the utilization of tempeh and TVPs in improving both the nutritional and textural properties of plant-based
nuggets and other PBMAs. At the same time, the utilization of tempeh may also reduce the production cost
of plant-based nuggets.

MATERIAL AND METHODS
Materials

The materials used for the PBN dough were chunk and ground TVP (Hung Yang Food), soy protein
isolate (PT Markaindo Selaras), tempeh (Soyagreen), extra-firm tofu (Morinaga), oyster mushroom, potato
starch (Windmill), cornflour (Bob’s Red Mill), mushroom broth (Sunbay), nutritional yeast (Brag), palm oil
(Bimoli), salt, black pepper, garlic powder, and onion powder. Breadcrumb (Mamasuka) and all-purpose flour
(PT Bogasari Flour Mills) were used to make the batter, whereas chicken nugget (Belfoods Royal Chicken
Nugget Drummies) was used for the control.
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Experimental design

Five plant-based nugget formulations were developed as follows: 1) Control positive (C1): Chunk and
ground TVP, 2) Chunk TVP and tempeh (CT), 3) Ground TVP and tempeh (GT), 4) Tempeh only (TT), and 5)
Chunk TVP, ground TVP, and tempeh (CGT). As mentioned previously, the formula and method for developing
the PBNs were taken from Kumar et al. (2011) with a few modifications for each treatment. The plant-based
nuggets were produced in 3 batches, where the samples in every batch were analyzed triplicate for both
nutritional and textural analyses. Commercial chicken nugget was used as a negative control (C0O) to compare
the nutritional and textural properties of each PBN treatment. Finally, the ratios of the ingredients in each
treatment (Table 1) were calculated by dividing the weight of each ingredient by the total formula weight.

Table 1. Plant-based nugget formulations (% w/w)

Ingredients Cl% HT % GT % TT % HGT %
Hung TVP 7.81 9.62 0.00 0.00 4.46
Ground TVP 9.37 0.00 10.00 0.00 5.35
Tempeh 0.00 11.54 8.34 22.92 9.82
Soy Protein Isolate 6.25 7.70 6.67 8.34 7.15
Corn Flour 2.34 2.88 2.50 3.12 2.68
Potato Starch 3.90 4.80 4.16 5.20 4.46
Hot water 3.90 4.80 4.16 5.20 4.46
Nutritional Yeast 2.34 2.88 2.50 3.12 2.68
Seasonings 1.56 1.92 1.66 2.08 1.78
Palm Qil 6.25 7.70 6.67 8.34 7.15
Extra Firm Tofu 15.63 19.24 16.67 20.84 17.86
Vegetable Broth 25.79 8.66 20.84 1.04 15.19
Oyster Mushroom 10.16 12.50 10.83 13.54 11.61
Vital Wheat Gluten 4.68 5.76 4,99 6.24 5.35
Total 100 100 100 100 100

C1: control positive (hung + ground TVP); HT: hung TVP + tempeh; GT: ground TVP + tempeh; TT:
tempeh only; HGT: hung TVP + ground TVP + tempeh

Plant-based nuggets processing

Firstly, the tempeh was cut into smaller pieces and steamed for 15 minutes. Then, the chunk TVP and
mushrooms were boiled using vegetable broth (1:10 w/v) for 20 minutes. Next, the ground TVP was soaked
in a hot vegetable broth with a ratio of 1:2 (w/v). Any excess water was drained, and the ingredients were
ground using a food processor for 15 seconds until they showed a fibrous texture. The extra firm tofu was
pressed using heavy objects and let sit for 30 minutes to let the water drain uniformly. Before mixing all of
the ingredients according to the treatments, the gelatinized potato starch was prepared by mixing the potato
starch with 70°C of 5 mL of hot water. Then, all of the ingredients left were mixed using a food processor
until they formed a dry and moist dough.

The dough was then hand-shaped into a small rectangle shape with a thickness of 1 cm. The nuggets
were steamed for 20 minutes, cooled in room temperature, and coated. The coating was made by preparing
the wet batter mix and the breadcrumbs. The wet batter was made by mixing 70 grams of water and 20
grams of all-purpose flour. The breadcrumbs were homogenized using a food processor for 30 seconds and
filtered using 20 mesh size separators to obtain uniform shapes. Before frying, the nuggets were frozen at -
18°C for 30 minutes. The frozen nuggets were then deep-fried in pre-heated palm oil at 150°C for 3 minutes
until the color of the outer layer was golden brown. The nuggets were then cooled down to room
temperature and removed from their excess oil.
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Proximate analysis

The Kjeldahl digestion method was used to determine the protein content (Nielsen, 2017). The
Soxhlet method was used to determine the lipid content (Nielsen, 2017). The AOAC Official Method of
Analysis (AOAC, 2019) was used to determine the ash content (936.03). The moisture analysis was done using
a rapid moisture analyzer (MB45 Moisture Analyzer OHAUS). Finally, the total carbohydrate content was
analyzed using by difference method.

Textural analysis

Textural analysis was conducted using Texture Analyzer (Perten TVT 6700) with TexCalc5 as the
software to conduct the analysis. The batter of chicken and plant-based nugget samples were removed and
cut into 10 mm height using a knife, then placed onto the Texture Analyzer plate. The setting parameters of
the Texture Analyzer were as follows: single cycle, 35% compression, initial speed 1 mm/s, test speed 5 mm/s,
and retract speed 1 mm/s. The textural parameter taken was hardness. The analysis was conducted three
times per sample in each batch.

Statistical analysis

Data were statistically analyzed by IBM SPSS version 20 using one-way ANOVA, followed by the Tukey
HSD test with a confidence level of 95% to test the significant difference of each treatment. Data were
presented from the mean of 3 data * standard deviations.

RESULTS AND DISCUSSION

Comparison of nutritional value

As shown in Table 2, all plant-based nugget treatments (CT, GT, TT, CGT, and C1) had significantly
higher protein and moisture content and lower fat content (p < 0.05) than commercial chicken nuggets (CO).
However, there were no significant differences (p > 0.05) for protein, fat, and moisture contents within all of
the PBN treatments. In contrast, chicken nugget (CO) had a significantly higher ash content compared to all
PBN treatments. Meanwhile, for the carbohydrate content, only TT and CGT treatments were found to be
significantly different (p < 0.05) from each other and the other PBN and chicken nuggets. Despite the
variability of the results achieved, the nutritional contents of all PBN treatments were found to be superior
to the commercial chicken nugget analyzed and were in accordance with the standard nutritional parameters
of chicken nugget from the Indonesian National Standard (SNI), except for carbohydrate content.

Table 2. Nutritional Composition of Standard and Commercial Chicken Nuggets and Plant-based Nuggets (%)

Carbohydrate (%) Protein (%) Fat (%) Moisture (%) Ash (%)

Chicken Nuggets

Standard max. 20 min. 12 max. 20 max. 60 -

Co 32.32+6.35? 11.0742.11®* 18.00+1.68* 34.9613.24° 3.53+0.26°
Plant-based Nuggets

C1 26.24+0.39° 17.61+0.10° 13.70+0.34°> 39.19+0.19° 3.12+0.24°

HT 24.6610.94° 18.45+0.73> 12.04+0.11° 41.93+1.15° 2.741£0.49¢

GT 24.63+1.10° 18.36+1.09° 13.19+0.36° 41.67+0.53°  2.15+0.08%f

T 24.3142.32° 19.55+2.05° 13.46+0.27° 40.83+0.53" 1.70+0.26¢

HGT 23.62+0.59°¢ 19.03+1.71° 12.41+0.49° 43.04+1.27° 2.24+0.11°

CO: control negative (chicken nugget); C1: control positive (hung + ground TVP); HT: hung TVP + tempeh; GT: ground
TVP + tempeh; TT: tempeh only; HGT: hung TVP + ground TVP + tempeh. The standard nutritional value for chicken
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nuggets was derived from the Indonesian National Standard (SNI 01-6683-2002). Results in the same column sharing
a different letter are significantly different (p < 0.05)

Moisture analysis

Following the results, the addition of tempeh caused significant differences (p < 0.05) in the
nutritional composition of plant-based nuggets when compared to the commercial chicken nugget. However,
it did not cause any significant differences (p < 0.05) within the plant-based nugget treatments. In addition,
lower moisture content was observed in commercial chicken nuggets compared to all treatments. This could
be caused by the production of commercial chicken nuggets that require high processing temperatures
before freezing, such as pre-frying and pre-baking, therefore decreasing the moisture content of the chicken
nuggets ("Model Rencana HACCP (Hazard Analysis Critical Control Point) Industri Chicken Nugget", 2006).
Yoon et al. (1997) proved that the moisture content of chicken nuggets was found to be decreased by 1.1%
and 1.4% after baking and frying, respectively.

In addition to that, commercial chicken nuggets may consist of not only chicken meats but also
tapioca flours that act as fillers to reduce production costs (Ma'ruf et al., 2019). The addition of fillers in
chicken nuggets may up to 15% (Heinz & Hautzinger, 2007). It was also reported by Dewi (2011) that the
higher number of fillers would decrease the moisture content, which is caused by the low moisture content
of the flours used when compared to the main ingredients (Dewi, 2011). Whereas in plant-based nuggets,
the high moisture content is probably due to the inclusion of vegetable broth inside the formulations that
can increase the water content, mainly from boiling and/or soaking the ingredients like mushroom, chunk
TVP, and ground TVP. Moreover, according to Kotula & Berry (1986), the inclusion of SPI can increase
moisture content by improving its water holding capacity (WHC). Therefore, SPI has the ability to absorb high
amounts of water and retain it significantly during cooking (Kotula & Berry, 1986).

Ash analysis

Ash content is defined as all inorganic residues already removed from the food through heating at a
very high temperature. The inorganic residues left in the combusted food are the total mineral content
available in the food (McClements, n.d.). In this study, the commercial chicken nugget had a higher ash
content than the PBNs. This result differed from Huda Faujan et al.'s (2018) study that reported significantly
higher ash contents in chickpea flour-TVP-made nuggets instead of the commercial chicken nugget. Factors
such as composition and ingredients might affect the ash content. For instance, naturally existing minerals in
the water used in the production or the number of food additives used to preserve the quality of the chicken
nugget (MacDonald & Reitmeier, 2017). Unfortunately, due to the lack of information about the composition
and ingredients of the commercial chicken nugget, the discussion on ash content in this study is limited.

Among the PBN treatments, it can be observed that the PBN substituted with tempeh only had a
significantly lower ash content. This might be caused by food processing, including steaming, boiling, and
fermentation of tempeh, which can lower the mineral content by 20-40% (Bavia et al., 2012; Damanik et al.,
2018; “Freezing, drying, cooking, and reheating”, n.d.). On the other hand, the extrusion process may also
increase the iron content due to the iron contamination from the extrusion machine, causing the ash content
of nuggets without tempeh in the formulations to be higher (Reddy & Love, 1999).

Protein analysis

Based on the results, the protein content in all PBN treatments was higher compared to commercial
chicken nuggets. This could be caused by the protein content in the PBN ingredients. TVP can contain up to
50-70% crude protein, whereas other ingredients, such as tempeh (19.91%), soy protein isolate (85-90%),
and vital wheat gluten (80%), are all high in protein (Jafari, 2019; Ortolan & Steel, 2017; Riaz, 2011; “Tempeh,
Cooked”, 2019). Despite the usage of a very high amount of protein content, the total protein content
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analyzed only lies between 17-18%. This is caused by food processing that reduces the protein content in the
food. According to Tyagi et al. (2015), the protein loss caused by steaming and frying is 45% and 55%,
respectively.

A theoretical calculation of the protein content of the PBNs was done based on the chunk TVP,
ground TVP, and tempeh compositions without including the other ingredients. Since there is no specific
information on the protein content of both chunk and ground TVP, the protein content used was based on
the protein content of TVP in general, which is 51%. Based on the calculations, plant-based nuggets using
control treatment (C1) had the highest protein content (51%), followed by GT (36.86%), CGT (35.45%), CT
(34.04%), and lastly, TT (19.91%) treatment. However, the actual result was not expected as from the
theoretical result. The protein content in the PBN treated with tempeh was the highest, whereas the control
treatment was the lowest. Nevertheless, the protein content of all plant-based nugget treatments was similar
to each other. This was also following similar results from Sharima-Abdullah et al. (2018), which found no
significant differences in the protein content of plant-based nuggets treated with five different levels of
chickpea flour and TVP (30:10, 25:15, 20:20, 15:25, 10:30).

Fat analysis

The fat content in the commercial chicken nuggets was found to be higher than the PBNs. This could
be caused by the generally high-fat content in animal products compared to plant products (Makinson et al.,
1987). Chicken contains about 18% fat, whereas TVP and tempeh contain about 1% and 11% fat, respectively
(Bender, 2002; Riaz et al., 2005; “Tempeh, cooked”, 2019). Despite that, the fat content of the plant-based
nuggets lay between 12-13%. This might be caused by the addition of palm oil in production. Additionally,
plant-based foods absorb a greater amount of fat after frying. This is caused by the different intercellular
space capacities between animal and plant cells. In animal cells, the spaces are filled with fluids, unlike plant
cells that are filled with air (Fillion & Henry, 1998). Therefore, plant-based foods uptake more fat after frying
compared to animal-based foods.

Carbohydrate analysis

Based on the results, commercial chicken nuggets had the highest amount of carbohydrates compared to
the PBNs. However, compared to previous studies by Bohrer (2019) and Polizer et al. (2015), the
carbohydrate content of plant-based nuggets was found to be higher than chicken nuggets, which is not
followed by the current study. Chicken meats do not contain any carbohydrates, whereas TVP and tempeh
contain very low carbohydrate content (31% and 7.62%) (“Carbs in Chicken”, n.d.; Johnson et al., 2008;
“Tempeh, Cooked”, 2019). Despite the low content of carbohydrates in both of the raw ingredients, the
addition of fillers in the production of commercial chicken nuggets might cause the carbohydrate content of
the nuggets to become higher. Fillers are commonly used to reduce the production cost by replacing the
chicken meat with carbohydrate-rich ingredients, such as tapioca flours (Hafid et al., 2019). Heinz and
Hautzinger (2007) reported that the total amount of fillers that can be used in chicken nugget production is
up to 15%, whereas in plant-based nuggets is only 6%. Therefore, the higher ratio of fillers used in the
production of the commercial chicken nugget might cause the carbohydrate content of the commercial
chicken nugget to be higher than the current plant-based nugget formulations.

Moreover, according to USDA, the total amount of breading and batter used in the chicken nuggets
can reach 30% of the total weight (“Chicken nuggets, fingers, strips, fritters, and patties, fully cooked,
individually frozen”, 2001). Compared to the current study, the amount of breading and batter used in the
PBNs are only approximately 10-12%. Since the carbohydrate content in all of the nuggets was not directly
analyzed, the carbohydrate content estimated may include other, not strictly speaking, carbohydrates like
fibers and organic acids. Therefore, the carbohydrate content may be overestimated using this method
(“Food energy — methods of analysis and conversion factors”, 2002).
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Comparison of hardness value

The average hardness value of both commercial chicken nuggets and all treatments of plant-based
nuggets are shown in Table 3 below. It can be seen that the addition of tempeh decreased the hardness value
significantly (p<0.05), except for the C1 and CGT, where there were no significant differences (p>0.05)
compared to the commercial chicken nuggets (C0). However, these results differed from Kumar et al. (2015),
which stated that chicken nuggets had a higher peak force than plant-based nuggets. In this experiment,
some of the plant-based nugget treatments had similar hardness values compared to the chicken nuggets.
This could be caused by the different samples used for the comparisons. In this experiment, the recipe's
formulations used commercial chicken nuggets instead of handmade chicken nuggets.

Table 3. Hardness value (N/mm?) of Chicken and Plant-based Nuggets

Chicken
Parameter Nugget Plant-based Nugget

(Control)

co a il GT T HGT
?:;:1":;; 2.59+0.19° 2.57+0.19° 1.85#0.10 1.28+0.03° 0.69+0.07¢  2.44+0.21°

CO0: chicken nugget; C1: control; HT: hung TVP + tempeh; GT: ground TVP + tempeh; TT: tempeh only; HGT: hung
TVP + ground TVP + tempeh. Figures in the same row sharing a common letter are not significantly different (p
<0.05)

Based on Kumar et al. (2015), the hardness of chicken nuggets was 44.27 N/mm?, whereas the
hardness of plant-based nuggets was 33.54 N/mm?2. These results were far different compared to the current
study. This could be caused by different compression areas of the nuggets. In Kumar et al.'s (2015) study, the
area analyzed was the central cores of the nuggets. However, the crust layer could happen to be analyzed by
the probe instead of only the cores of the nugget; hence it would affect the results ("Texture Analyzer", n.d.).
Whereas in the current study, the crust layer of the nuggets was removed using a knife, leaving the flesh of
the nuggets analyzed by the probe. Nevertheless, this study found a similar trend to Kumar et al. (2015), in
which a higher hardness value was detected in the chicken nugget compared to the PBNs.

Per treatment-wise, plant-based nugget with tempeh treatment had the lowest peak force compared
to the other treatment, meaning that tempeh treatment alone could neither mimic nor improve the textural
attribute. However, the combination of tempeh with chunk TVP and ground TVP could improve the hardness
of the plant-based nuggets, even though not higher than the control treatment. Based on an experiment
done by Kassama et al. (2003), the inclusion of 5% TVP in meatless patties had a similar hardness value
compared to beef patties (103.9 N and 105.9 N, respectively), which means that the hardness of TVP can be
comparable to meat-based products (Kassama et al., 2003). The results showed that nuggets that had chunk
TVP in the formulations had higher peak force than the ground TVP and tempeh formulations.

Ground TVP could not provide peak force as high as chunk TVP, which may be due to the shape and
size of the ground TVP itself. Chunk TVP has a larger structure (15-25 mm thick and 50-70 mm long) compared
to ground TVP (1.5-12 mm diameter). According to Riaz et al. (2005), TVP with larger sizes is harder to be
hydrated, therefore, leaving the texture to be harder compared to the smaller sizes. Besides shape and size,
densities also affect the hardness of TVP. TVP with lesser density, such as flakes, tends to have lower peak
force value, as more water can hydrate inside the TVP, contributing to the softer texture. In contrast, denser
TVP, such as granules and crumbles, will have higher peak force. This statement was proven by cooking the
TVP granules and flakes in boiling water for 90 minutes and showed that the peak force of TVP granules was
significantly higher than TVP flakes (72.99 g and 59.81 g, respectively) (Riaz et al., 2005).
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In this experiment, ground TVP is classified as TVP flakes; therefore, the inclusion of ground TVP
lowered the peak force of the plant-based nuggets compared to chunk TVP (Riaz et al., 2005). In comparison,
the peak force value of plant-based nuggets treated with tempeh was found to be the lowest compared to
the other treatments. This could be caused by the tempeh ingredients themselves that do not have
properties like TVP, which can be hydrated and expandable to mimic the meat properties. However, when
the tempeh was combined together with chunk TVP and ground TVP, the hardness value was comparable to
the control and commercial chicken nugget treatment, which should not happen. This could be caused by
the uneven size of the ingredients in the nugget, even after mixing. Therefore, when the nuggets were
analyzed, the probes could have touched the parts of the ingredients that were not mixed evenly, leaving the
hardness value was higher than it should be. A possible cause would be during grinding chunk TVP and
mushroom for only a short time, therefore may leave the grinding process were not even.

CONCLUSION

The substitution of TVP with tempeh significantly increased the protein and moisture content and
decreased the fat and ash content compared to commercial chicken nuggets. Although the carbohydrate
content of some of the PBNs did not significantly differ from commercial chicken nuggets, the trend showed
higher carbohydrate content in the commercial chicken nuggets. Partial or whole substitution of TVPs with
tempeh in plant-based nuggets significantly decreased the hardness value of chunk TVP + tempeh, ground
TVP + tempeh, and tempeh treated plant-based nuggets. Contrary, no significant differences were found in
the hardness of the chunk + ground TVP and chunk TVP + ground TVP + tempeh treated plant-based nuggets
compared to commercial chicken nuggets.

Many factors such as different food processing and ingredients may affect the nutritional
composition and hardness of the PBNs. The short duration of grinding, for instance, caused the flesh of the
PBNs to become uneven, hence limiting the interpretation of the different hardness values between
treatments. For future study, increasing the grinding duration or substituting the tempeh with tempeh flour
may address this limitation. Additionally, for a better understanding of the effects of composition and
ingredients on the nutritional and textural properties of the nuggets, comparing the PBNs to a self-produced
chicken nugget should be considered.
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