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Abstract
Okara, a by-product of soybean (Glycine max L.) processing, is rich in nutrients, including proteins, fibers, lipids, minerals, and 
bioactive compounds. However, its high moisture content (70–80%) makes it susceptible  to spoilage. This study investigated 
the effects of four drying methods (using equipment such as a conventional electric oven, a microwave oven, a forced air 
convection oven, and a homemade dehydrator) on the color, microbiological safety, nutritional composition, percentage yield, 
and technological properties of dehydrated okaras. The following analyses were performed: yield, microbiological (Escherichia 
coli and Salmonella sp.,) characteristics, proximate composition, fatty acid profile, La*b* color, water absorption index (WAI), 
oil absorption index (OAI), and emulsifying activity (EA). No pathogenic microorganisms were detected. Microwave drying 
resulted in the lowest yield (4.2%) but produced the highest protein concentration (38.4%), making it ideal for enhancing 
the nutritional value of food products. Conventional oven and microwave drying showed the highest EA (47.1% and 46.5%, 
respectively), indicating their suitability for emulsified product applications. Conversely, homemade dehydrator was suitable for 
gel and bakery product formulations (WAI, 6.2%). Additionally, homemade dehydrator caused minimal color changes (L, 78.4; 
a*, 4.5; b*, 25.0), making it preferable for applications in which the color retention in okara-enriched food products is crucial.

Keywords: soybean by-products; drying; functional properties; nutritional composition; okara.

Practical Application: Drying okaras improves shelf life, storage, transportation, and marketing.

Effects of different dehydration methods on the color,  
nutritional, and functional characteristics of okara

Bruna Méris Grigoleto da SILVEIRA1* , Rubén BERMEJO-POZA2 , Jesús de la Fuente VÁZQUEZ2 ,  
Thiago Gentil RAMIRES3 , Elisa Helena Giglio PONSANO1 

1 INTRODUCTION
Soybean (Glycine max [Merrill] L.) is considered one of the 

oldest foods in the world and holds significant global interest due 
to its versatile applications in human and animal nutrition and 
its economic value in both national and international markets 
(Hirakuri & Lazzarotto, 2014). Brazil is one of the largest soy-
bean producers globally. According to data from the Companhia 
Nacional de Abastecimento, the soybean production in Brazil for 
the 2022/2023 crop year was 154.6 million tons (Brasil, 2023).

Okara is the residue obtained after the extraction of the 
aqueous fraction generated during the production of soybean 
hydrosoluble extract (HSE), also called “soymilk,” and tofu 
(Ostermann-Porcel et al., 2017). A significant amount of okara 
is produced annually worldwide, but only a small fraction is 
fully utilized (Li et al., 2019). Okaras have a high nutritional 
value owing to their protein, fiber, lipid, and mineral contents 
and bioactive components (Kamble et al., 2019; Kamble & Rani, 
2020; Vong & Liu, 2016). However, its high moisture content 
(70–80%) makes it prone to deterioration, which complicates its 
use as an ingredient in food product development (Guimarães 

et al., 2020). As a result, it is often discarded, leading to nutrient 
waste and environmental burden (Vong & Liu, 2016).

Reducing the water activity of foods enhances preservation 
by decreasing deterioration reactions, such as microbial growth, 
chemical browning, and enzymatic activity (Dala-Paula et al., 
2021a). One of the most effective methods for preserving the 
integrity of okaras is drying (Guimarães et al., 2018; Pinto & Cas-
tro, 2008), as it provides greater convenience for use, improved 
transport conditions, as well as chemical and microbiological 
stability during storage (Berghout et al., 2014).

The use of proteins as natural emulsifiers has emerged as an 
excellent alternative to synthetic stabilizers, in line with the food 
industry’s efforts to reduce ingredients and produce healthier 
and more sustainable products (Loi et al., 2019; Mozafarpour 
et al., 2019; Taneja et al., 2015). Plant proteins, such as those 
found in soybeans, are viable options for food stabilization due 
to their promising physicochemical and technological properties 
(Chen et al., 2019; Mozafarpour et al., 2019).

However, thermal treatments aimed at preserving okaras for 
further utilization may affect the nutritional and technological 
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properties of the soybean proteins, which requires investiga-
tion prior to their use as an ingredient in food formulations. 
Hence, the purpose of this study was to evaluate the effects of 
different okara drying methods on the yield and microbiological 
(Escherichia coli and Salmonella sp.), nutritional (proximate 
composition and fatty acids), technological (water absorption 
index [WAI], oil absorption index [OAI], and emulsifying activ-
ity [EA]), and color characteristics of the dehydrated products.

2 MATERIALS AND METHODS

2.1 Raw material, experimental design, and treatments

Raw okara was sourced from the production of soy HSE by 
the Central Municipal School Feeding Program of Birigui (SP, 
Brazil) and contained (on a wet basis) 81.04% moisture, 6.53% 
proteins, 0.97% lipids, and 0.73% minerals, as determined by 
the methodologies outlined by the Association of Official Ana-
lytical Chemists (AOAC) (Horwitz & Latimer, 2006). The okara 
was stored at -20°C and thawed at a controlled temperature of 
10°C for the analysis and application of the drying treatments.

For the definition of the treatments, the most accessible com-
mercial equipment were selected: a conventional electric oven, a 
microwave oven, a forced air convection oven, and a homemade 
dehydrator. Various dehydration tests were conducted on okaras 
using each equipment, with variations in time, temperature, 
and stirring frequency, until the final product achieved uniform 
granulation, ease of handling, and minimal visual color change. 
Thus, the four treatments were defined and repeated four times 
each, maintaining a 1-cm bed height for all methods (completely 
randomized design). The treatment procedures were as follows:

•	 T1: Dehydration in a conventional electric oven

	 Wet okaras (500 g) were spread in trays lined with culinary 
silicone mats and placed in a conventional electric oven at 
150°C for 50 min, with stirring at 25 min.

•	 T2: Dehydration in a microwave oven

	 Wet okaras (500 g) were placed in a glass plate previously 
sanitized with 70% alcohol and submitted to microwave 
drying for 40 min (at 70 W), with stirring every 10 min.

•	 T3: Dehydration in a forced air convection oven

	 Wet okaras (500 g) were spread in trays lined with culinary 
silicone mats and dried in a forced air oven at 105°C for 
4 h, with stirring every 1 h and 30 min.

•	 T4: Dehydration in a homemade dehydrator

	 Wet okaras (500 g) were spread on trays lined with culinary 
silicone mats and dried in a homemade dehydrator at 70°C 
for 2 h, with stirring every 30 min.

2.2 Dehydration yield

The dehydration yield for all treatments was determined 
by the following formula (Equation 1): 

(dried okara weight)/(wet okara weight) × 100� (1)

2.3 Microbiological analysis

The presence of E. coli and Salmonella sp. was investigated 
in the dried samples following the methodologies specified 
by the Normative Instruction No. 161/2022 for “texturized 
vegetable proteins with or without added ingredients” (Brasil, 
2022), using the procedures described by the American Public 
Health Association (APHA) (Downes & Ito, 2001). Analyses 
were performed in duplicate.

2.4 Proximate composition determination

The total protein, lipid, ash, and fiber contents of the 
dried samples were determined using AOAC methodologies 
(Horwitz & Latimer, 2006). The moisture content was mea-
sured using an infrared moisture analyzer (Marte Científica; 
Model ID50 – AUTO Mode). Metabolizable carbohydrates 
(CHOAVLDF) were calculated by difference. All analyses were 
performed in duplicate.

2.5 Technological properties

The technological properties of the dried samples were eval-
uated following the methodology of Seibel and Beléia (2009), 
with adaptations:

•	 WAI: One gram of the sample was mixed with 10 mL 
of distilled water at room temperature in pre-weighed 
centrifuge tubes. The tubes were continuously stirred for 
30 min using a Titer Plate Shaker (Barnstead International, 
Dubuque, USA) at 75 rpm and room temperature, and then 
centrifuged at 1000 g for 10 min using a 5500 A centri-
fuge (Revan Instrumentos Científicos, Campinas, Brazil). 
The supernatant was discarded, and the wet sediment was 
weighed. The WAI was calculated as wet sediment weight/
dry matter weight, expressed in g of water absorbed/g of 
dry matter;

•	 OAI: The same technique used for WAI was applied, substi-
tuting distilled water with commercial soybean oil. The OAI 
was calculated as wet sediment weight/dry matter weight, 
expressed in g of oil absorbed/g of dry matter;

•	 EA: An amount of 0.5 g of the sample, 5 mL of distilled 
water, and 5 mL of commercial soybean oil were mixed 
and emulsified in a 100-mL beaker using a TE 102 Turratec 
stirrer (Tecnal, Piracicaba, Brazil) for 1 min at 18,000 rpm. 
The suspension was centrifuged in graduated tubes at 400 g 
for 10 min using a 5500 A centrifuge (Revan Instrumentos 
Científicos, Campinas, Brazil), and the volume of the emulsi-
fied layer and the total volume were measured to determine 
EA (expressed as a percentage) using the Equation 2: 

EA = (volume of the emulsified layer × 100)/ 
total tube volume� (2)

2.6 Color determination

The color of the dried samples was evaluated instrumen-
tally in the CIELa*b* color space using a MiniScan XE Plus 
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colorimeter (Hunter Lab, Reston, USA), where a* values ranged 
from green to red, b* values ranged from blue to yellow, and L 
values ranged from 0 (black) to 100 (white).

2.7 Fatty acid analysis

Fatty acid methyl esters (FAMEs) were prepared using 
the methods described by Cabezas et al. (2023) and Lee et al. 
(2012). First, a solution of 10% acetyl chloride mixed in metha-
nol and toluene was heated at 70°C for 120 min. Afterward, 6% 
potassium carbonate and toluene were added, and the mix-
ture was centrifuged at 1,500 g for 5 min. The organic layers 
containing the FAMEs were separated into individual vials 
and stored at -20°C for subsequent analysis. The FAMEs were 
analyzed by gas chromatography with flame ionization detec-
tion (Perkin-Elmer Autosystem-1:A, Massachusetts, USA) 
using an Omegawax™ 320 capillary column (30 m × 0.32 mm 
i.d., 0.25 μm film thickness) with polyethylene glycol as the 
stationary phase (Supelco, Bellefonte, USA). The samples were 
injected (1.0 μL) in split mode with a split ratio of 1:50 and 
helium as the carrier gas at a constant flow of 9 psig. De-
tector and injector temperatures were set at 255 and 250°C, 
respectively. The oven temperature program was 150°C for 1 
min, increasing at 6°C/min to 190°C, then increasing at 1°C/
min to 210°C, and holding for 23 min. Individual FAMEs 
were identified by comparing their retention times with those 
of a standard FAME mixture. The results were expressed as 
percentages. The fatty acid analysis was conducted at the BI-
ANDOCARNE research group laboratory, in the Department 
of Animal Production of the Faculty of Veterinary Medicine 
of the Complutense University of Madrid.

2.8 Statistical analysis

Preliminary tests for normality and homogeneity of vari-
ance were conducted using the Shapiro-Wilk and Bartlett tests, 
respectively. Data were analyzed by one-way analysis of variance, 
with treatment as a fixed effect, and Tukey’s test was used for 
mean comparisons (p < 0.05). Statistical analyses for proximate 
composition, functional properties, color, and yield were per-
formed using the R software (R Core Team, 2022). Fatty acid 

data were analyzed using GraphPad Prism v. 9.1 (GraphPad 
Software, La Jolla, CA, USA).

3 RESULTS AND DISCUSSION

3.1 Microbiological analysis,  
proximate composition, yield, and color

E. coli and Salmonella sp. were not detected, indicating that 
the dried okaras were microbiologically safe. The proximate 
composition of the dried okara samples and treatment yields 
are presented in Table 1.

The microwave drying treatment (T2) was the most effective 
for moisture removal, resulting in the lowest yield, along with 
T3. Although the electric oven treatment (T1) provided a prod-
uct with higher moisture content compared to T2, it produced a 
visually better product with easier handling. The moisture con-
tents reported in the literature are also quite variable due to the 
different drying methods, times, temperatures, and equipment 
used, which complicates comparisons (Cantuária et al., 2008; 
Ostermann-Porcel et al., 2017).

The microwave-dried okara also exhibited the highest pro-
tein concentration, making it an excellent candidate for use in 
food preparation such as breads, cookies, and pasta, thereby 
increasing the nutritional value through protein enrichment. 
The varying lipid contents found in the analysis can be attribut-
ed to the extent of lipid extraction by the solvent (ethyl ether), 
which might have been influenced by structural changes induced 
by the drying methods applied.

The fiber content remained unchanged across the different 
drying methods, likely due to the extensive digestion used in its de-
termination, which eliminates interfering substances and provides a 
more consistent result. If okaras dried by any of the tested treatments 
are incorporated into food formulations as functional ingredients, 
it could contribute to products labeled as a “source of fiber” or “high 
in fiber,” provided they meet the required levels of 3 g/100 g and 
6 g/100 g, respectively (Brasil, 2012). Studies evaluating the effects 
of microwave drying on okaras have reported products with 34.6% 
protein, 3.4% ash, and 21.1% carbohydrates (Ostermann-Porcel 
et al., 2017), and 8.9% lipids (Guimarães et al., 2020).

Table 1. Proximate composition (mean  ±  standard deviation) and treatment yields of okara samples dried by different methods (on a wet basis).

Component %
Treatments

p-value
T1 T2 T3 T4

Temperature 150°C – 105°C 70°C
Power – 70 W – –
Time 50 min 40 min 4 h 2 h
Moisture 19.31 ± 5.081a 4.29 ± 0.365c 12.69 ± 1.258b 25.75 ± 11.249a 0.010
Proteins 28.70 ± 1.698b 38.42 ± 3.658a 32.73 ± 1.226ab 27.36 ± 4.644b 0.001
Lipids 4.93 ± 0.313c 9.96 ± 1.560b 12.71 ± 0.379a 11.41 ± 1.388 ab 0.001
Ash 3.08 ± 0.278c 3.98 ± 0.064a 3.52 ± 0.058b 2.99 ± 0.686c 0.014
Fibers 12.88 ± 1.811 15.19 ±  0.944 14.72 ±  1.563 13.33 ±  2.971 0.332
CHOAVLDF¹ 21.58  ± 3.763b 30.06 ±  3.199a 23.31 ± 1.134b 24.08 ± 6.598 b 0.056
Yield (%) 25.91 ± 2.424a 17.02 ± 1.480b 17.85 ± 0.585b 26.33 ± 4.779a 0.001

T1: conventional electric oven; T2: microwave oven; T3: forced air convection oven; T4: homemade dehydrator; ¹Metabolizable carbohydrates calculated by difference; a, b, cMeans within 
a row followed by different letters differ significantly according to Tukey’s test at a 5% significance level.
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3.2 Technological properties

The technological properties of the okara samples dried by 
different methods are presented in Table 2.

As expected, the okaras dried in the home dehydrator (T4) ex-
hibited the highest WAI. This is likely because the lower temperature 
used in this treatment better preserved the structural conformation 
of the proteins, as this property is affected by thermal denaturation 
(Dala-Paula et al., 2021c). Based on this, T4 is the most suitable 
when the goal is to use okaras as an ingredient in food products in 
which gel formation is desired, such as in pastes and jellies, meatballs, 
sausages, and burgers; in baked goods such as bread, cakes, and 
cookies; and in the new niche of plant-based foods (Bastos, 2021; 
Devide et al., 2019; Leite Júnior et al., 2013; Yoshida et al., 2014).

The WAI is one of the hydration properties of proteins and is 
related to the availability of the hydrophilic groups of amino acids 
to bind with water molecules and form gels (Priulli, 2020). How-
ever, other okara components, such as fibers and polysaccharides, 
can also influence this parameter as they also have water-absorb-
ing capabilities (Ahmed et al., 2018; Mateos-Aparicio et al., 2010).

The highest OAIs were found in the okara samples obtained 
from treatments T3 and T4, suggesting their potential use in 
baking products due to the influence that lipids can have on 
the flavor, texture, and shelf life of the products (Priulli, 2020).

The EA measures the capacity of proteins to form emulsions by 
adsorbing at the oil/water interface (Lin et al., 2020). This property 
is related to the solubility of proteins and, therefore, to the pres-
ence of hydrophobic and hydrophilic groups in their constituent 
amino acids (Chandra & Samsher, 2013). The results from this 
study indicate that the drying methods T1 (electric oven) and T2 
(microwave) are the best for obtaining dried okaras suitable for 
preparing emulsified products, such as dressings and mayonnaise.

3.3 Color determination

The color parameters of the dried okara samples using 
different methods are presented in Table 3.

The okaras obtained by T4 exhibited the lowest a* and b* 
values and the highest L value (although not differing from 
T2), indicating better color preservation, likely due to the low 
drying temperature and air circulation, which are characteristic 
features of the homemade dehydrator.

The color changes observed in T1 may be associated with 
the Maillard reaction, a non-enzymatic reaction that is tem-
perature-dependent and occurs between reducing sugars and 
amino groups of amino acids or proteins, resulting in the for-
mation of brown pigments (melanoidins) (Muliterno et  al., 
2017). Given the presence of proteins and reducing sugars in 
okaras and the temperatures used for drying, the occurrence 
of this reaction was expected, potentially compromising hy-
drophilic amino acids (lysine, arginine, and histidine) while 
preserving hydrophobic amino acids (Dala-Paula et al., 2021c). 
This reaction can impact the nutritional properties of foods, espe-
cially the essential amino acid lysine. Therefore, the preservation 
of color can be associated with the preservation of nutritional 
and functional values (Dala-Paula et  al., 2021c). Generally, a 
10°C increase in the temperature doubles or triples the rate of the 
Maillard reaction, meaning that in order to obtain a product with 
less browning, drying temperatures should remain between 50 
and 70°C (Perussello et al., 2012), as used for T4 in the dehydrator.

3.4 Determination of saturated and unsaturated fatty acids

The total amount of polyunsaturated fatty acids was not 
affected by the drying treatments of okaras (Table 4), which rep-
resents a favorable result, since soybeans are a source of omega-6 

Table 2. Technological properties of okara samples dried by different methods.

Technological 
properties

Treatments p-value
T1 T2 T3 T4

Temperature 150°C – 105°C 70°C
Power – 70 W – –
Time 50 min 40 min 4 h 2 h
WAI (g) 4.36 ± 0.198 b 4.44 ± 0.220 b 5.06 ± 0.295 b 6.25 ± 0.870 a 0.001
OAI (g) 1.77 ± 0.042 b 1.72 ± 0.026 b 1.86 ± 0.051 a 1.95 ± 0.210 a 0.057
EA (%) 47.10 ± 2.192 a 46.57 ± 3.719 a 31.70 ± 2.439 b 11.09 ± 0.141 c 0.001

T1: conventional electric oven; T2: microwave oven; T3: forced air convection oven; T4: home dehydrator; WAI: water absorption index; OAI: oil absorption index; EA: emulsifying 
activity; a, b, cMeans within a row followed by different letters differ significantly according to Tukey’s test at a 5% significance level.

Table 3. Instrumental color parameters of okara samples dried by different methods.

Parameters Treatments p-valueT1 T2 T3 T4
Temperature 150°C – 105°C 70°C
Power – 70 W – –
Time 50 min 40 min 4 h 2 h
Lightness (L) 73.06 ± 1.702c 76.28 ± 1.348ab 75.63 ± 1.224bc 78.41 ± 0.681a 0.001
Redness (a*) 7.48 ± 0.866 a 6.55 ± 0.544 a 6.90 ± 0.447 a 4.56 ± 0.262 b 0.001
Yellowness (b*) 29.45 ± 1.763 a 29.72 ± 0.993 a 31.03 ± 0.515 a 25.04 ± 0.830 b 0.001

T1: conventional electric oven; T2: microwave oven; T3: forced air convection oven; T4: homemade dehydrator; a, b, cMeans followed by different letters in the rows differ from each other, 
according to Tukey’s test, at a 5% significance level. 



Food Sci. Technol, Campinas, 45, e00410, 2025 5

SILVEIRA et al.

polyunsaturated fatty acids that are essential for humans and need 
to be consumed in adequate amounts through diet (Dala-Paula 
et al., 2021b; Izar et al., 2021). Thus, the use of dehydrated okaras 
as an ingredient in food products may represent a nutritional en-
richment due to their increased protein content and the presence 
of important polyunsaturated fatty acids, beneficial to health.

4 CONCLUSION
All the drying methods for okaras provided microbiolog-

ically safe products. The microwave treatment resulted in a 
lower yield but produced an okara with a higher protein con-
centration, making it suitable for the nutritional enrichment 
of food formulations. Drying using a conventional oven or a 
microwave oven produced okaras more suitable for the devel-
opment of emulsified products, whereas homemade dehydrator 
drying was the most appropriate for the preparation of gels and 
baked goods. Additionally, drying with a homemade dehydrator 
caused minimal color changes in the product, making it suitable 
for applications where the original color of food formulations 
needs to be preserved.
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