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Abstract 
Pecan flour, obtained from the solid residue left after walnut oil extraction, is rich in proteins, dietary fiber, and 
phenolic compounds with antioxidant properties. This study evaluates the techno-functional properties of pecan 
flour with varying lipid contents. Key parameters include color (L*, a*, and b* values), bulk density, oil absorption 
capacity (OAC), water absorption capacity (WAC), emulsifying activity (EA), and stability (ES). A two-way factorial 
design was used to assess WAC, EA, and ES while varying pH and NaCl concentrations. Low-lipid pecan flour (20.7% 
± 0.51%) showed a higher OAC (3.990% ± 0.024%) and a light beige color, while high-lipid flour (68.7% ± 0.61%) 
had a dark brown color and greater bulk density (0.532 ± 0.003 g/mL versus 0.217 ± 0.005 g/mL). WAC increased 
significantly in low-lipid flour at higher pH and lower NaCl levels, whereas high-lipid flour required higher NaCl 
concentrations to optimize WAC. EA and ES peaked at intermediate pH and NaCl levels, with low-lipid flour 
demonstrating superior emulsion properties due to its favorable hydrophilic-hydrophobic balance. The study 
highlights the complex interactions between pH, NaCl, and lipid content, significantly influencing WAC, EA, and ES. 
These findings provide insights for optimizing the functionality of pecan flour in food formulations. Also, the 
research establishes pecan flour as a promising ingredient for enhancing water retention and emulsion stability in 
food systems, contributing to sustainable food innovations and offering the potential for further exploration in 
complex food matrices. 

Keywords: Water absorption capacity; Oil absorption capacity; Emulsifying activity; Emulsifying stability; Natural 
antioxidant. 

Highlights 

• The lipid content of pecan flour is a critical factor for its use in food formulation 
•  Low-lipid pecan flour demonstrates superior techno-functional performance in food systems 
• NaCl increased emulsion stability while lowering pH decreased it 
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1 Introduction 
The exponential growth of the food processing industry worldwide has led to the generation of substantial 

quantities of by-products (pomace, husks, shells, husks, pods, husks, seeds, stems, stalks, bran, pulp waste, 
pressed cakes). Unfortunately, many of these by-products are underutilized and contribute significantly to 
environmental pollution. However, it's worth noting that these industrial by-products contain valuable nutrients, 
including protein, vitamins, minerals, and fiber. These by-products can be incorporated into a wide range of 
food products, including bread, buns, cakes, pastries, pasta, noodles, cookies, ice cream, yogurt, cheese, 
milkshakes, instant breakfast drinks, iced tea, and juices. They can also even be used as meat analogues in meat 
products. Given their versatility, the use of food processing by-products provides a sustainable solution for 
minimizing waste and maximizing resource efficiency in the food industry (Sharma et al., 2016). 

Walnut flour has emerged as a new promising product in the baking industry, both as an addition and 
replacement for wheat flour in the production of bread, biscuits, noodles, and cakes (Vanhanen & Savage, 
2006). This product is obtained from the partially defatted meal left over after the oil is extracted from the nuts 
through a cold pressing process (Sarkis et al., 2014). These by-products are recognized for their high nutritional 
and phytochemical content (Atanasov et al., 2018). The pecan nut flour (Carya illinoinensis (Wangenh) K. 
Koch) has a significant nutritional value, characterized by its high content of protein, fiber, and phenolic 
compounds (Muchuittia et al., 2023). It also contains essential minerals that are beneficial for consumer health 
(Maciel et al., 2020; Burbano & Correa, 2021). Its composition can vary based on the nut variety, cultivation 
condition, and extraction methods. The methods influence the retention of nutrients in both the oil and the by-
product from the nuts. There are two main methods: solvent extraction and press extraction. While solvent 
extraction is efficient, it can reduce the nutritional quality of the final oil due to contamination with residual 
solvents (Zhang & Sun, 2023; Zhang et al., 2022). In contrast, cold pressing is a gentler and more sustainable 
method that promotes the preservation of bioactive compounds in both the oil and the pressed cake. However, 
the extraction efficiency of cold pressing is generally lower, resulting in a significant amount of residual oil left 
in the pressed cake (Fan et al., 2023). 

Successful incorporation of flour derived from residual cake into food products requires a comprehensive 
characterization of its techno-functional properties. These properties such as water and oil retention capacity, 
emulsifying activity, swelling power, and foaming capacity, are crucial for determining the flour's behavior within 
various food matrices and its potential applications in products like baked goods, meat, and dairy items 
(Maciel et al., 2020; Chaparro et al., 2011). Furthermore, the techno-functional properties of the flour are not static 
and can be significantly influenced by its chemical composition and environmental conditions. Among these 
factors, pH and NaCl concentration are particularly relevant in the food industry because they can modulate the 
functionality of proteins and bioactive compounds within the flours. NaCl, as a salting agent, plays a critical role 
in altering protein solubility and modifying the electrostatic interactions among flour components. This change 
can affect properties such as emulsion stability and water retention (Damodaran, 1992). Similarly, pH influences 
the ionization of protein functional groups, which alters protein conformation and, consequently, their techno-
functional properties, such as the emulsifying ability. Understanding the relationships between functional qualities 
and protein structure at different pH levels is crucial (Han et al., 2023; Xu et al., 2024). At acidic pH, gel formation 
by non-covalent interactions predominates, while at neutral pH, reactions involving intermolecular sulfide-
disulfide exchanges are more favorable. Both variables are routinely controlled in industrial processes and are 
critical for ensuring the functional performance of food formulations. For example, in food matrices such as sauces, 
dressings, and meat products, properties like emulsification capacity, water and oil absorption, and interactions 
between protein-protein and protein-water are vital for product quality and functionality. Research on the 
functional properties of pecan flour from cold-pressed by-products is limited, especially regarding the combined 
effects of pH and NaCl concentration on its techno-functional characteristics. Most previous studies have focused 
on flours from other nuts or have only analized specific properties, without comprehensively addressing how these 
variables influence food matrices. This lack of information restricts the understanding required to optimize the use 
of pecan flour in diverse food formulations, highlighting the need for this study. 
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The selection of pH and NaCl concentration as the experimental variables in this study is based on their 
well-documented roles in determining the functional properties of flours. These variables were selected to 
provide a controlled and focused analysis of their specific effects on pecan flour, which is critical for 
optimizing its use in diverse food formulations. While other factors, such as temperature and humidity, also 
influence the techno-functional properties of flours, limiting this study to pH and NaCl concentration enables 
a deeper and more precise understanding of their impacts. Previous studies have confirmed that pH and NaCl 
are key determinants of functionality in similar flours and food matrices, further justifying their selection as 
the primary focus of this investigation (Damodaran, 1992; Maciel et al., 2020). 

To optimize the use of pecan flour in food products, it is important to investigate how the pH and NaCl 
concentration affect its functional properties. A two-way factorial design enables a thorough exploration of 
the interactive effects between these independent variables, including potential synergistic or antagonistic 
interactions within the food matrix. In addition, Response Surface Methodology (RSM) provides a robust 
and efficient approach to modeling the complex relationships between the independent and dependent 
variables with a minimum number of experimental trials. 

This project aimed to investigate the techno-functional properties of pecan flour with varying lipid content, 
resulting from the oil extraction process. The primary objective was to assess the color, bulk density, oil 
absorption capacity, water absorption capacity, emulsifying activity, and stability of the pecan flour. To this 
end, a two-way factorial design was used to explore the influence of pH and sodium concentration on the 
water absorption capacity, emulsifying activity, and stability of pecan flour. This approach provided valuable 
insights into its potential applications in various food matrices. 

2 Materials and methods 
The pecan flour (Carya illinoinensis var. Shoshoni) used in this study was obtained from local producers 

in Entre Ríos, Argentina (Noyer®). The flour was produced as a byproduct of cold-press oil extraction, 
followed by centrifugation to remove residual oil. The flour was then packaged and stored at 4 °C under 
refrigeration to maintain its quality until further analysis. All reagents used in the analyses were of analytical 
grade. All chemicals used in analyses were reagent grade. 

The lipid content of the flour was quantified using the Soxhlet method (Association of Official Analysis 
Chemists, 2005, Nº 920.85), which confirmed a high lipid percentage. To reduce the lipid content, the 
Twisselmann method was used. This hot fat extraction technique is similar to those employed in the oil 
industry, which ensures effective degreasing. Analytical grade n-hexane (Sigma-Aldrich, Merck, St. Louis, 
MO, USA) was used for this process, resulting in flour with a significantly reduced fat content. 

2.1 Evaluation of pecan flour 

Pecan flours with high and low content of lipids were assessed for their color (L*, a*, and b* values), bulk 
density (g/mL), and oil absorption capacity (OAC, %). To investigate the influence of the food matrix 
conditions, an experiment was designed that varied the pH and NaCl concentrations. It studied the properties 
of water absorption capacity (WAC, %), emulsion activity (EA, %), and emulsion stability (ES, %). 

The color parameters (Hunter L*, a* and b* values) were measured using a portable photocolourimeter 
(HUNTER LAB, MiniScan EZ, USA), which was calibrated with black and white reference mosaics. The color 
functions were calculated using the D65 illuminant at a distance of 2° from the standard observer. During the 
measurement, the sample was placed in a black box to prevent light from affecting the optical beam. Three 
measurements were taken for each sample, and the means with standard deviations were reported. 

The bulk density was determined following Turan et al. (2015). A sample of 10 g was placed into a 25 mL 
graduated cylinder by constant tapping until there was no further change in volume. The volume was 
measured, and the bulk density of the samples was calculated, with results reported in g/mL. Each treatment 
was replicated twice. 
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For the oil absorption capacity (OAC), 1 g of flour was mixed with 10 mL of commercial sunflower oil in 
a centrifuge tube, which was vortexed at 20 °C for 30 seconds. Following this, it was centrifugated at 2500 
rpm for 10 minutes. The supernatant was removed, and the difference in sample mass before and after oil 
uptake was quantified as oil uptake. OAC is expressed as the percentage of oil bound per gram of flour. 

2.2 Evaluation of the effect of pH and sodium chloride pecan flour 

The selection of pH values (3, 5, 7, and 9) and NaCl concentrations (0.1, 0.5, and 1.0 M) was based on their 
practical relevance in food production processes and their influence on the techno-functional properties of pecan 
flour. The pH range selected for analysis (3-9) includes typical values found in diverse food systems. While 
most food products have pH values between 3.5 and 7.0 (Andrés-Bello et al., 2013). Specific applications 
include acidic conditions found in dressings (Longtin et al., 2020) and sauces (Sun et al., 2021), neutral 
conditions characteristic of meat products (Feng et al., 2022), and alkaline conditions present in certain baked 
goods and functional beverages. Similarly, the selected NaCl concentrations reflect typical levels in low-salt 
(Kim et al., 2021) and processed foods, influencing protein interactions, water retention, and emulsion stability, 
ensuring applicability in industrial food formulations (Kameník et al., 2017; Petit et al., 2019). 

2.2.1 Experimental design and statistical analysis 

A two-way factorial design analyzed the effect of pH and chloride sodium concentration on the techno-
functional properties of pecan flour, specifically YWAC (g water/g flour), YEA, and YES (%). The pH variable 
was coded at four levels: -1, 0, 1, 2 (3, 5, 7, and 9), and the chloride sodium concentration variable was coded 
at three levels -1, 0, 1 (0.1, 0.5, and 1.0 M) The central point was set at 0.1 M and 5 pH and replicated three 
times (Table 1). A third-order complete polynomial equation was used to fit the behavior of each measured 
variable as a function of pH and chloride sodium concentration (Myers et al., 2009) Equation 1: 

𝑌𝑌𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑋𝑋1 + 𝛽𝛽2 ∗ 𝑋𝑋2 + 𝛽𝛽12 ∗ 𝑋𝑋1 ∗ 𝑋𝑋2 + 𝛽𝛽11 ∗ 𝑋𝑋12 + 𝛽𝛽22 ∗ 𝑋𝑋22 + 𝛽𝛽112 ∗ 𝑋𝑋12 ∗ 𝑋𝑋2 + 𝛽𝛽122 ∗ 𝑋𝑋1 ∗ 𝑋𝑋22 + 𝛽𝛽11 ∗
𝑋𝑋13 + 𝛽𝛽22 ∗ 𝑋𝑋223 + 𝜀𝜀 (1) 

where the response variable is indicated, with β0 representing the constant term, β1 and β2 are the linear 
coefficients, β11, β22, β12, β112, β122 are quadratic and interaction coefficients. X1 and X2 are the pH chloride 
sodium concentration. The data were modelled adopting backward stepwise analysis and only the variables 
that were significant at p < 0.05 were selected for the model construction. 

Table 1. Actual values and coding levels of independent variables used in developing experimental. 

Sample # 
Actual Coded levels 

pH cc Nacl (M) pH (X1) cc Nacl (X2) 
1 3 0.5 -1 0 
2 3 0.1 -1 -1 
3 3 1.0 -1 1 
4 5 0.1 0 -1 
5 5 0.5 0 0 
6 5 1.0 0 1 
7 7 0.1 1 -1 
8 7 0.5 1 0 
9 7 1.0 1 1 

11 9 0.1 2 -1 
10 9 0.5 2 0 
12 9 1.0 2 1 

cc: concentration. 
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2.2.2 Preparation of solutions 

Solutions were prepared at pH levels of 3, 5, 7, and 9 using 0.1 N HCl (Sigma-Aldrich, Merck, St. Louis, 
MO, USA) and 0.1 N NaOH (Sigma-Aldrich, Merck, St. Louis, MO, USA) and NaCl solutions at 0.1; 0.5 
and 1.0 M (Sigma-Aldrich, Merck, St. Louis, MO, USA) at 18 °C. 

2.2.2.1 Techno-functional properties 

The water absorption capacity: was determined by vortex mixing 1 g of flour and 10 mL of distilled water 
at various pH levels and NaCl concentrations for 30 seconds. The mixtures were then centrifuged at 2500 
rpm for 10 min. at 25 °C. The supernatant was discarded, and the tubes were weighed. The absorbed water 
was calculated by taking the difference between the sediment weight minus the sample weight. WAC has 
been on g water per g of sample (Berton et al., 2002; Chandra et al., 2014). 

Emulsifying activity (EA) and emulsifying stability (ES) were carried out using the method described by 
Turan et al. (2015) with some modifications. In a test tube, 1 g of flour was mixed with 15 mL of distilled 
water at various pH levels and NaCl concentrations. The mixture was then vortexed for 15 minutes. Next, 25 
mL of distilled water at different pH and salt concentrations were added. Subsequently, 25 mL of sunflower 
oil were added to each tube, and the contents were mixed at 10000 rpm for 3 minutes at room temperature to 
create an emulsion. Finally, the samples were centrifuged at 2500 rpm for 10 minutes at room temperature. 
EA was calculated using Equation 2. 

𝐸𝐸𝐸𝐸 (%) = � Height of emulsified layer
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

� ∗ 100 (2) 

The emulsion was re-centrifuged after heating at 80 °C for 30 min., and then ES was calculated from the 
following Equation 3. 

𝐸𝐸𝐸𝐸 (%) = � Height of remaining emulsion layer
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

� ∗ 100 (3) 

3 Results and discussion 
The analysis of lipid content showed that the meal obtained from the producers had an initial lipid content 

of 68.7 ± 0.61%. Through a defatting process with n-hexane, flour was obtained with a residual lipid content 
of 20.7 ± 0.51%. The purpose of this defatting was to evaluate the impact of high lipid content on the techno-
functional properties of the flour and to analyze how these properties are affected after the lipid content is 
reduced. The elevated lipid content is likely attributed to the oil extraction process. 

The colors of the flours obtained were different. The flour with a high lipid content had a brown color, 
while the flour with a low lipid content was beige. This difference could be due to the defeating method used. 
Both samples displayed color heterogeneity due to the presence of the seed coat. The average L* value for 
both samples was lower than the value obtained by Burbano & Correa (2021) (L* = 52.9 ± 1.5), while the 
average values of a* and b* were higher (Table 2). On the other hand, Joshi et al. (2015) found that in pecan 
nut (Carya illinoinensis) and defatted Juglans Regia walnut flour, the L* value is much higher (86.03 ± 0.18 
and 82.47 ± 0.12, respectively). 

Table 2. Color parameters, bulk density, and Oil Absorption Capacity (OAC) of non-defatted and low-lipid flour 
pecan flour. 

Pecan flour L* a* b* Bulk density (g/mL) OAC (%) 

High-lipid 40.7 ± 0.07a 5.79 ± 0.07b 17.8 ± 0.05b 0.532 ± 0,003b 0.999 ± 0.075a 

Low-lipid 66.1 ± 0.03b 1.12 ± 0.03a 9.71 ± 0.09a 0.217 ± 0.005 a 3.990 ± 0.024b 

Mean ± standard deviation. Means with a common letter are not significantly different (p > 0.05). 
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Table 2 shows the bulk density values for both high-lipid and low-lipid flours. The bulk density of high-
lipid flour was higher than that low-lipid flour. These results could be due to the higher content of lipid 
molecules, which can lead to increased particle compaction. Triglycerides can act as adhesives, aggregating 
carbohydrate and protein molecules (individually or collectively), leading to a higher apparent density 
(Joshi et al., 2015). When comparing these bulk density values with those reported for wheat flour in existing 
literature (Chandra et al., 2014), we found them to be lower. This lower bulk density presents an advantage 
in the formulation of complementary foods (Chandra et al., 2014). 

Oil absorption capacity measures how oil can bind to matrices in food systems, indicating hydrophobicity. 
The oil absorption capacity of the high-lipid flour was significantly lower than that of the low-lipid flour, as 
shown in Table 2. This value may be due to the lipid content of the sample, which saturates lipophilic 
components, preventing external oil absorption. The result obtained for the high lipid flour agrees with the 
findings of Burbano & Correa (2021). Moreover, the nutritional potential of low-lipid flour as a flavor retainer 
in high-oil content systems is noteworthy. Its higher oil absorption capacity enhances the mouthfeel, flavor, 
and texture of food products (Poshadri et al., 2023), and it could be beneficial in sausage formulations by 
reducing cooking losses (Tahmasebi et al., 2016). 

3.1 Evaluation of the effect of pH and sodium chloride 

pH and NaCl concentration are critical factors in industrial processes that significantly influence the 
techno-functional properties of flour, such as water retention capacity and emulsification. This research 
focused on isolating these variables to optimize their effects in food formulations. During this approach, we 
acknowledged the influence of other factors, such as temperature and humidity, but excluded them to 
maintain experimental simplicity and control. Although these findings are based on controlled conditions, 
they provide a foundational understanding of the interactions between pH and NaCl, being the base for future 
studies. Further research should address more complex scenarios, including complete food matrices and 
processing conditions. 

The regression coefficients obtained from polynomial models describing the relationship between 
functional properties, pH, and NaCl concentration of the aqueous solution, are shown in Table 3. These 
coefficients were determined by multiple regression analysis using a method of selecting significant variables 
at a level of p < 0.05. Significant probability values (p < 0.0001), the absence of a significant lack of fit (p > 
0.05), and an “Adequate precision” value greater than 4 indicate that the proposed models adequately explain 
these variations (Myers et al., 2009). 

The water absorption capacity (WAC) of flour reflects its ability to retain moisture under certain 
conditions, such as centrifugation or pressure. WAC is a critical parameter for evaluating the quality of flour 
and its potential to form viscoelastic doughs, which are essential for various food products. The WAC of 
flour directly influences its texture, rheological behavior, and final quality (Edema et al., 2005). Figures 1a 
and 1b present the Response Surface (RS) for the water absorption of low-lipid and high-lipid flour, 
respectively. Both response surfaces exhibited a similar trend in water absorption, with a minimum observed 
at intermediate pH and NaCl concentration levels, as reflected by the negative quadratic coefficients in both 
models (Table 3). However, a significant increase in water absorption was noted at the extremes of both 
variables, supported by positive linear coefficients (Table 3). Low-lipid flour consistently showed a higher 
water absorption capacity than high-lipid flour. Both flours showed maximum water absorption at high pH 
levels, although at different NaCl concentrations. Low-lipid flour showed optimal water absorption at low 
NaCl concentrations, while high-lipid flour showed maximum water absorption at higher NaCl levels. The 
models also revealed a negative interaction coefficient (Table 3), suggesting a negative synergy between pH 
and NaCl concentration, which significantly affects water absorption capacity, particularly in high-lipid flour. 
According to Yusuf et al. (2008), flour's higher water absorption capacity is related to the presence of polar 
amino acids in proteins, which have an affinity for water molecules. The walnut flour contains polar amino 
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acids, including aspartate, glutamate, serine, methionine, arginine, cysteine, histidine, lysine, threonine, 
glycine, and tyrosine (Burbano & Correa, 2021). Furthermore, we can say that the lower lipid content along 
with the lower NaCl concentration reduces protein-protein interactions while increasing the attraction 
between protein ions and NaCl ions. This interaction leads to a higher water absorption capacity. Given the 
essentiality of water retention capacity in a different food product such as broths, noodles, and baked goods, 
incorporating walnut flour into food processing operations could facilitate increased water addition to dough 
systems. This suggests its potential utility in the formulation of such products (Chandra et al., 2014). 

Table 3. Regression equation coefficients, presented as actual terms, for YWAC (g water/g flour), YEA, and YES (%) of 
high-lipid and low-lipid pecan flour. Statistical significance of the models (P), R2, lack of fit, and “adequate precision” 
coefficient. 

Independent 
variables 

Pecan flour 

High-lipid Low-lipid 

WAC (g water/g flour) EA (%) ES (%) WAC (g water/g flour) EA (%) ES (%) 
Constant  -5.67 +6.62  -14,6 +41.7 

pH +1.06 +3.90 -0.17 2.65 22,5 -4.40 
NaCl +13.7 +52.3 +27.6 7.49 -60.3 +31.4 

pH * NaCl -2.48 -4.04  -0.65 + 8.77  
pH2 -0.06   -0.17 -2.22  

NaCl2 -13.2   -2.75 +104.1  
pH2 * NaCl     +1.37  
pH * NaCl2 +2.47    -20.7  
Model (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
R-Squared 0.8262 0.8320 0.7901 0.7881 0.6337 0.8480 
Lack of fit 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 

Adj R-Squared 0.7825 0.8126 0.7726 0.7533 0.4913 0.8348 
Adeq Precision 7.264 16.72 14.32 7.132 6.592 23.118 

EA: emulsifying activity. ES: emulsifying stability. *Multiplication sign. 

Emulsifying properties, consisting of emulsifying activity (EA) and emulsifying stability (ES) are essential 
for forming and maintaining stable emulsions. EA reflects the ability of a protein to reduce the interfacial 
tension between the oil and water phases, promoting emulsion formation. ES indicates a protein's ability to 
resist emulsion breakdown under various environmental stresses such as temperature changes, mechanical 
agitation, or salt presence, influencing the consistency of the interfacial area over time. These properties are 
critical for developing various food products such as dressings, beverages, and meat emulsions (Ma et al., 
2011). The emulsifying properties of walnut proteins are strongly influenced by their isoelectric point, which 
is approximately at pH 4.5 (Mao & Hua, 2012). Deviation from the isoelectric point, whether by increasing 
acidity or alkalinity, leads to significant changes in these properties. Low- and high-lipid walnut flours exhibit 
their lowest emulsifying activity (EA) and emulsion stability (ES) values near the isoelectric point. These 
properties improve markedly as the pH moves away from this point. The emulsifying activity of low-lipid 
flour was modeled using a quadratic response surface, incorporating linear, interaction, and quadratic terms. 
The highest emulsifying activity was observed at intermediate pH and NaCl levels (Figure 1c), as evidenced 
by a positive interaction coefficient. However, a slight decrease was observed at higher and lower NaCl 
concentrations, as reflected by a negative linear coefficient (-60.3). Additionally, pH exhibited a negative 
quadratic effect. In the case of the emulsifying activity of high-lipid flour, the model (Table 3) suggests an 
inverse relationship between pH and NaCl with a negative interaction coefficient (-4.04). The response 
surface (Figure 1d) had a significant increase in emulsifying activity with increasing NaCl concentrations, 
particularly at higher pH levels. Overall, low-lipid flour exhibited superior emulsifying properties compared 
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to high-lipid flour, suggesting a significant influence of lipid content on this functional characteristic. This 
may be due to the abundant fat content in walnuts; lipids can easily oxidize together with proteins in protein-
based emulsions, affecting the stability of emulsions (Mestdagh et al., 2011). The results showed the marked 
impact of pH and NaCl concentration on the emulsifying activity of both high-lipid and low-lipid flour 
samples. The models describing the emulsifying stability of low-lipid flour and high-lipid flour were found 
to be linear concerning pH and NaCl concentration. The linear coefficients (Table 3) show that the 
concentration of NaCl had a positive effect on stability, while the pH had a negative effect. These findings 
highlight the critical role of NaCl in stabilizing emulsions formed with both types of flour. Furthermore, low-
lipid flour demonstrated superior emulsion stability compared to high-lipid flour, as illustrated in Figure 1e 
and Figure 1f. The high emulsifying stability of low-lipid flour can enable a hydrophilic-hydrophobic balance 
of amino acids, and the effective stabilization of water-oil emulsions (Jiménez-Colmenero, 2013). Modifying 
environmental factors, such as pH and ionic strength, influence the intrinsic structure of proteins, impacting 
their emulsifying capacity. At acidic pH, gel formation by non-covalent interactions predominates, whereas 
intermolecular sulfide-disulfide exchange reactions are favored at neutral pH, consequently, emulsifying 
properties at acidic pH differ from those observed at neutral pH (Pastrana-Pastrana et al., 2025). The 
emulsifying properties of pecan flour make it a promising ingredient for various food applications, including 
salad dressings, beverages, and meat analogues (Ma et al., 2011). Improving the emulsifying properties of 
pecan flour is a research direction to enhance its use as an emulsifier. 

 
Figure 1. Response surface for water absorption capacity (g water/g flour), emulsifying activity (EA) and emulsifying 

stability (ES) (%) of low-lipid flour (a, c, e) and high-lipid (b, d, f) pecan flour. 
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4 Conclusions 
We investigated the impact of lipid content, pH, and NaCl concentration on the techno-functional 

properties of walnut flour, focusing on water absorption capacity (WAC) and emulsifying properties. The 
defatting process significantly altered the flour's properties, with low-lipid flour demonstrating superior 
WAC and emulsifying activity (EA) and stability (ES) compared to high-lipid flour. The WAC of low-lipid 
flour was consistently higher across different pH and NaCl concentrations, particularly at high pH and low 
NaCl levels. Conversely, high-lipid flour required higher NaCl concentrations to reach optimal WAC. The 
results suggest that low-lipid flour may be more suitable for applications requiring high water retention, such 
as dough-based products, as its enhanced WAC supports improved texture and moisture retention. 
Emulsifying properties varied significantly with pH and NaCl concentration. Both flours showed minimum 
EA and ES near their isoelectric point (pH 4.5) and improved properties at pH levels farther from this point. 
Low-lipid flour outperformed high-lipid flour in emulsifying properties, particularly at intermediate NaCl 
concentrations. These results highlight the critical role of NaCl in stabilizing emulsions. Low-lipid flour's 
superior hydrophilic-hydrophobic balance likely contributes to its better emulsion stability, making it more 
suitable for dressings, beverages, and meat analogues. Overall, the findings emphasize the importance of 
lipid content, pH, and NaCl concentration in determining walnut flour's functional performance. This study 
provides valuable insights for optimizing walnut flour’s incorporation into diverse food systems, addressing 
its potential to improve water retention and emulsion stability in various applications. 
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