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2 Materials and Methods

2.1. Materials

Texturized pea protein was supplied by AcreMadre™ (Puris® Pantry, Minneapolis, MN, USA), and texturized soy protein was purchased from the local market. Pea protein 80% was supplied by Nano Nutrition S.R.L. de C.V. (Naucalpan, Edo. Mex., MX). Carboxymethyl cellulose (CMC) was acquired from Diquitra (Tlalnepantla, Edo. Mex., MX). Gluten, coconut oil, canola oil, onion powder, black pepper, cumin, salt, eggs, milk powder, and garlic powder were bought from the local market. A commercial coating mix was obtained from the local market.

2.2.	 Physicochemical Properties of Commercial Textured Proteins 

The textured vegetable proteins (TVP) were ground into powder using a Pulvex 200 mill (Pulvex de México, S.A. de C.V., CDMX, México) by passing them through a 1 mm sieve.

Proximate composition. Moisture, fat, ash, and protein content were measured according to the AACC Methods 44-40, 30-20, 08-01, and 46-13, respectively [1]. The nitrogen-to-protein conversion factors of 5.40 and 5.50 were used for pea and soy, respectively, as reported by Mariotti et al. [2]. Total carbohydrate content was estimated by difference.

Water retention capacity. Water retention capacity (WRC) was determined based on AACC Method 56-11 [1]. 50 mL centrifuge tubes were used, and 5.0 g of the sample was added, followed by 25 mL of distilled water. The suspension was mixed and subsequently centrifuged (Beckman Coulter Allegra 64R) at 3300 rpm for 15 min. The supernatant was discarded, and the tubes were inverted at a 90° angle for 10 min before weighing. 

Oil holding capacity. Oil holding capacity (OHC) was determined according to the method of Sarangapani et al. [3], with slight modifications. 0.1 ± 0.0002 g of the sample was mixed with 1 mL of canola oil in a vial, and vortexed for 30 min, followed by centrifugation at 5700 rpm for 10 min at 4 °C. The supernatant was discarded, and the vials were inverted to 90° for 25 min to drain excess oil before weighing. OHC was expressed as grams of oil bound per gram of the sample, and was calculated by the following formula:

OHC (g/g) = Wr/Wi                                                                                                                                                                 (1)

Where, Wr was the residue weight (g), and Wi was the sample weight (g, db). Values were the average of four replicates.

Least gelation concentration. The least gelation concentration (LGC) was determined according to Sridaran et al. [4], with minor modifications. TVP suspensions at varying concentrations (4–22%) in 30 mL of distilled water were prepared and heated at medium speed using a magnetic stirrer. A 10 mL aliquot of each sample was transferred into test tubes and placed in a boiling water bath (Fisher Scientific Isotemp 105) for 1 h. The tubes were placed in ice for 1 min before being cooled at 4 °C in the refrigerator for 2 h. The supernatant was discarded, and the tubes were inverted to 90°. LGC was defined as the concentration at which the sample does not slide.

Emulsifying activity and emulsion stability. The sample (0.3 g) was dispersed in 5 mL of distilled water, and the dispersion was homogenized with 5 mL of canola oil, as described by Sridaran et al. [4]. The emulsions were centrifuged (Beckman Coulter Allegra 64R) at 3422 rpm for 5 min at room temperature. The height of the emulsified layer and the total content in the tube were measured with a vernier caliper to evaluate emulsifying activity (EA) using the following equation. 

EA (%) = (Height of the emulsified layer/Height of the total in the tube content) × 100     (2)

Emulsion stability (ES) was assessed by heating the emulsion at 80 °C for 30 min in a boiling water bath (Fisher Scientific Isotemp 105), followed by centrifugation at 3422 rpm for 5 min. The height of the emulsified layer was measured before and after heating to determine the ES as follows: 

ES (%) = (Height of the emulsified layer after heating/Height of the emulsified layer before heating) × 100                                                                                                                            (3)

Protein solubility. Protein solubility was determined following the procedure described by Samard and Ryu [5], with modifications. 1 g of the sample was mixed with 50 mL of 0.9% NaCl and stirred for 1 h. The pH was adjusted at 2, 4, 6, 8, 10, and 12 using 0.2 M HCl or NaOH solution. The protein content in each supernatant was measured by the Lowry assay [6]. The percent of soluble protein was calculated according to Morr et al. [7]. The measurement was conducted in duplicate.

2.3.	 Preparation of plant-based alternatives to chicken nuggets

The TVPs from pea and soy were boiled in water (1:4, TVP: water) until the excess water was absorbed or evaporated. Then, they were drained for 30 min and ground using a grinder (Hamilton Beach 80350R). The formulations to prepare the chicken nuggets alternatives from pea and soy texturized are shown in Table S1. 
[bookmark: _Hlk205973502]Table S1. Formulations of the plant-based alternative to chicken nuggets.
	
Formulation
	Texturized protein (%)

	
	Pea
	Soy

	F1
	100
	0

	F2
	75
	25

	F3
	50
	50

	F4
	25
	75

	F5
	0
	100




Table S2 presents the ingredients used for formulating plant-based alternatives to chicken nuggets (PBCN), as described by Kitcharoenthawornchai and Harnsilawat [8], with slight modifications. Pea protein isolate and purified water were added and mixed for 1 min. Condiments were incorporated according to Arshad et al. [9], with slight modifications in their proportions. Coconut and canola oil, gluten, and CMC were added and mixed for 1 min. Nuggets were shaped into ovals using plastic caps. The nuggets were placed in the freezer at -20 °C for 1 h before being unmolded. Finally, the PBCN were coated using eggs and a commercial coating mix. PBCN were fried in canola oil at 180 °C for 50 s on each side.


Table S2. List of ingredients used to prepare the plant-based alternative to chicken nuggets.
	Ingredient
	(%)

	Dried TVP
	60.0

	Pea protein isolate
	9.5

	Gluten
	9.5

	Water
	10.4

	Coconut oil
	3.2

	Canola oil
	3.2

	Salt
	1.4

	Milk powder
	1.3

	Garlic powder
	0.6

	CMC*
	0.6

	Onion powder
	0.1

	Black pepper
	0.1

	Cumin
	0.1


*CMC, Carboxymethyl cellulose.
 


2.4.	 Color Analysis

Color measurement of the unbreaded, breaded, and fried nuggets was conducted using a Konica Minolta colorimeter (Chroma Meter CR-300, Minolta Sensing Inc., Osaka, Japan). The CIE parameters, L* (lightness), a* (red/green coordinate), and b* (yellow/blue coordinate) values were recorded as the average of three readings taken at different points on each nugget.

2.5.	 Texture Profile Analysis 

Texture profile analysis (TPA) was performed using a TA-XT2 texture analyzer (Stable Micro Systems, Surrey, UK), as described by Gutiérrez-Silva et al. [10], with modifications. A whole nugget was compressed 5 mm at a constant speed of 0.5 mm/s, with a force of 5 g. A cylindrical metal probe (P/25, 25mm Ø Cylinder Probe) was used to perform the compressions. The textural attributes measured were hardness, springiness, cohesiveness, and chewiness.

2.6. Sensory Evaluation

An untrained panel of 83 volunteer consumers (57% females, 43% males), aged 18-69 years, participated in this study. Nuggets' formulations (F2, F3, and F4) were assigned random three-digit codes and were evaluated regarding their appearance, taste, and texture using a 15-point hedonic scale (15 indicated “extremely desirable,” 7.5 “indifferent,” and 0 “extremely undesirable”). The nuggets were cooked as described previously, and the samples were kept warm in an air fryer (Ninja Flip Toaster Oven & Air Fryer SP151) until served to the participants. All participants were informed about the types of products to be evaluated and the allergens they contained (such as gluten and soy), and they signed an informed consent form prior to participating in the test. Water was provided for palate cleansing between samples. Red lighting was used during texture and flavor evaluation to prevent color from influencing panelists’ perceptions. Furthermore, all consumers were asked whether they would be willing to buy these products.  

2.7.	 Statistical Analysis

The results are presented as mean values with standard deviation; proximal composition, emulsifying properties, and gelation properties were determined in triplicate, while WRC and ORC were determined in quadruplicate. Protein solubility was assessed using two independently prepared solutions, with measurements at each pH level performed in duplicate. TPA was performed on five nuggets per formulation, and color evaluation was conducted on seven nuggets. TPA, color values, and sensory evaluation scores were analyzed using one-way analysis of variance (ANOVA) and Tukey’s test in NCSS version 2007 (NCSS LLC, Keysville, UT, USA) at a significance level of 5%. 

References

1. AACC International (2000) Approved Methods of the American Association of Cereal Chemists, 10th ed. The Association, St. Paul, MN, USA.

2. Mariotti F, Tomé D, Mirand PP (2008) Converting nitrogen into protein—beyond 6.25 and Jones' factors. Crit Rev Food Sci Nutr 48(2):177-184. doi: 10.1080/10408390701279749

3. Sarangapani C, Thirumdas R, Devi Y, Trimukhe A, Deshmukh RR, Annapure US (2016) Effect of low-pressure plasma on physico–chemical and functional properties of parboiled rice flour. LWT-Food Sci Technol 69:482-489. doi.org/10.1016/j.lwt.2016.02.003

4. Sridaran A, Karim AA, Bhat R (2012) Pithecellobium jiringa legume flour for potential food applications: Studies on their physico-chemical and functional properties. Food Chem 130(3):528-535. doi.org/10.1016/j.foodchem.2011.07.062

5. Samard S, Ryu GH (2019) Physicochemical and functional characteristics of plant protein‐based meat analogs. J Food Process Preserv 43(10):e14123. doi.org/10.1111/jfpp.14123

6. Jain A, Jain R, Jain S (2020) Chapter 41. Protein Analysis in Food. In: Basic Techniques in Biochemistry, Microbiology and Molecular Biology, Springer, pp. 172-173. New York, USA.  DOI: 10.1007/978-1-4939-9861-6_41

7. Morr CV, German B, Kinsella JE, Regenstein JM, Buren JV, Kilara A, Lewis BA, Mangino ME (1985) A collaborative study to develop a standardized food protein solubility procedure. J Food Sci 50(6):1715–1718. https://doi.org/10.1111/j.1365-2621.1985.tb10572.x

8. Kitcharoenthawornchai N, Harnsilawat T (2015) Characterization of meat analogue nugget: effect of textured vegetable protein. Food Appl Biosci J 3(2):121-129. doi.org/10.14456/fabj.2015.12

9. Arshad MS, Hina G, Anjum FM, Suleria HAR (2022) Effect of milk-derived bioactive peptides on the lipid stability and functional properties of beef nuggets. Sci Rep 12(1): 1242. doi.org/10.1038/s41598-021-04691-w.

10. Gutiérrez-Silva G, Vásquez-Lara F, Heredia-Sandoval NG, Islas-Rubio AR (2023) Effect of high-protein and high-fiber breaders on oil absorption and quality attributes in chicken nuggets. Foods 12(24):4463. doi.org/10.3390/foods12244463



































