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Sunflower De-Oiled Cake as a Protein Source: Extraction and Evaluation of Functional and Colour Properties
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ABSTRACT 
	Proteins from sunflower de-oiled cake are considered a valuable alternative as food ingredients, since they are low in anti-nutritional compounds and devoid of toxic substances containing around 30- 40% of protein that can be extracted and used in the development of value -added food products. An attempt was made to extract the protein from cold pressed de-oiled cake using common salt solution. Three levels of pH (8-10) and NaCl% (8-10) at a sunflower meal to solvent ratio of 1:10 were selected and evaluated. Extraction was carried out at 30°C for 60mins. The extracts were centrifuged at 5000 x g for 30mins and then the extracted protein was precipitated at pH 3.5 with 1.0N HCl, further collected by centrifugation. The extracted sunflower protein isolate was washed and adjusted to pH 7.0 with 1.0N NaOH prior to being dried. Protein isolate yield was recorded and the protein content of the isolates was determined by Micro-Kjeldahl method. The resulting sunflower protein isolate exhibited favourable functional characteristics, including water-holding capacity (2.38 g/g), oil-holding capacity (1.49 g/g), emulsion capacity (45.27%), emulsion stability (44.46%), foaming capacity (104%), and foaming stability (53.83%). Particle size analysis indicated that the majority of particles ranged between 250 and 499 μm, and the isolate showed a bulk density of 1.003 g/cm³. Among the treated samples, lightness (L*) increased with higher pH, especially at pH 10 with 8 and 9% salt. The result indicated that the colour attributes improved with increasing pH, with the highest lightness (L*) value at pH 10 and 9% salt. These findings demonstrate the potential of sunflower protein isolate as a functional ingredient for incorporation into food systems.
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Abbreviations:
Sunflower de-oiled cake (SDC) 
Sunflower Protein Isolate (SPI)
Chlorogenic acid (CGA)
Photodiode array (PDA)
Ultraviolet (UV)
Water holding capacity (WHC)
Oil holding capacity (OHC)
Emulsion capacity (EC) 
Emulsion stability (ES)
Foaming capacity (FC)
Foaming stability (FS)

1. INTRODUCTION 
With the growing population and consumer preferences shifting, there is a high demand for plant-based proteins. These proteins are increasingly recognized for their health and nutritional benefits (Amagliani et al., 2016; Egerton et al., 2018).  Despite soy and dairy are still the main protein sources in the food industry, there are also commercial options available from wheat, rice, corn, pea, canola, and potato. Importantly, food processing by-products can contain substantial protein levels, offering valuable nutritional, functional, and technological benefits to the food industry (Pickardt et al., 2015). For example, after sunflower seeds are processed for oil, the leftover material cake or meal, is a rich source of protein (Ivanova et al., 2012). According to Gonzalez-Perez & Vireijken, 2007, these raw materials are considered promising protein sources for food because they contain minimal antinutritive compounds and are free from toxic substances.
Although sunflower seed by-products are meant for animal feed or as fertilizer in the soil (Teh & Bekhit, 2015), the high production of sunflower oil and the resulting by-products have sparked researchers' interest in finding alternatives for using these raw materials in food production for human consumption (Salgado et al., 2012).  In sunflower seeds, 11S globulin is the dominant protein fraction, representing 40% to 90% of the total protein, and its functional properties are similar to those of soy and other legumes (Gonzalez-Perez & Vireijken, 2007). One major issue in the sunflower seed is the presence of high level of phenolic compounds that range from 1 to 4% in sunflower seeds. These compounds can easily oxidize during traditional alkaline protein extraction lead to change in colour, resulting in an undesirable green to brown hue and reduced nutritional and functional properties. Thus, removing phenolic substances from protein extracts of de-oiled sunflower press cakes could yield a high-quality protein ingredient intended for improving the functional properties of food products. For its application in food system, it is essential to assess the functional properties of sunflower proteins, like emulsifying capacity, solubility, and oil binding ability. This will help us understand their potential uses in food products (Romero et al., 2012). 	Comment by USER: This statement is not clear.
You need to rephrase in order to convey the intented meaning.
Thus, this study aimed to examine the possibility of producing protein isolate from de-oiled sunflower seed cake. The protein isolated by isoelectric precipitation was evaluated for physico-chemical properties, particle size distribution and functional properties for assessing its suitability for utilizing in food products as functional ingredient.

2. material and methods 

2.1 MATERIAL

2.1.1 Raw material and Chemicals

 Sunflower seed de-oiled cake (SDC) was sourced from a local oil mill in Bengaluru. The samples collected are cold-pressed oil cakes from Ghaana. This oil cake was sun-dried for 24 h. The dried oil cake was ground into powder, packed in an air tight seal container and stored at 4°C until further use. The chemicals utilized in the study are of laboratory reagent (LR) and Analytical reagent (AR) grade.	Comment by USER: Do you mean to write de-oiled?	Comment by USER: Do you mean to write de-oiled?
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 Fig. 1. Sunflower seed and Sunflower seed de-oiled cake
2.2 METHODS

2.2.1 Extraction of Sunflower protein isolate
 
Sunflower protein isolate (SPI) was obtained from SDC using a standard method of Shchekoldina and Aider (2012) with minor adjustments. An initial experiment on protein extraction was conducted at three different levels of NaCl ranging from 8-10% and pH levels of  8, 9, 10 (adjusted using 1.0 N NaOH) at a solvent ratio of 1:10. The extraction process was performed at 30 °C for 60 minutes. Subsequently, the extracts were centrifuged at 5000 x g for 30 minutes. The extracted protein was precipitated at pH 3.5 by adding 1.0 N HCl and then collected through centrifugation at 5000 x g for 30 minutes. The sunflower protein isolate (SPI) was rinsed with distilled water and the pH was adjusted to 7.0 using 1.0 N NaOH before drying (Fig.2). The yield was recorded, and the protein content of the isolate was determined using the Micro-Kjeldahl method (AOAC, 2000). The formula used for calculating protein yield is as follows:
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Fig. 2. Sunflower de-oiled cake, Sunflower de-oiled powder, Sunflower protein isolate


2.3 Sieve Analysis
The particle size distribution of the sample (50 g) was evaluated by means of the analytical/vibratory sieve shaker Digital (Retsch, AS 200 control., Germany), equipped with eight certified sieves (openings: 45 μm, 63 μm, 125 μm, 250 μm, 500 μm, 1mm, 2mm, 4mm).  The powder was sifted at 2 ± 0.01 mm vibration amplitude for 10 min (Cappa et al., 2013). Eight granulometric fractions were collected, weighed, packed in air tight containers and stored at 4 °C until required for further use. The measurements were done in triplicate, and reported as g/100 g. 
2.4 Bulk density

 For the determination of bulk density, 10 g of sample was quantitatively transferred to a 100 mL measuring cylinder and tapped to a constant volume. The bulk density was obtained from the weight-to-volume ratio and expressed as g/cm3. The measurement was carried out in triplicate (Girotto et al., 2024).

2.5 Determination of chlorogenic acid using HPLC 

Chlorogenic acid (CGA) present in defatted sunflower oil cake was determined using HPLC by following method of Vinson et al. (2019).

Aliquots of 30-50 mg were weighed on an analytical balance and extracted with 100 mL of methanol on a wrist shaker for 5min and then centrifuged for 10 min. Aliquots of the solutions were then stored at -80 0C until assayed. 

The HPLC system utilized a Shimadzu LC-20AD with photodiode array (PDA) detection (Shimadzu SPD-M20A) at 325 nm for CGA. Chromatographic separation was achieved with an Agilent Zorbax RX C-18 column (4.6mm· 250 mm) with a pore size of 5µm. The 5-CGA standard was analyzed with a 12.5-min gradient using the following conditions: (A) 0.1% formic acid in water; (B) 0.1% formic acid in acetonitrile; gradient elution, time 0 at 5% B to 12.5 min at 10% B then hold for 10 min at a flow rate of 1 mL/min. The retention time of the 5-CGa standard was 12.29 min. All CGA had a similar ultraviolet (UV)-visible spectrum by PDA detection. For the HPLC/UV studies, the samples were analyzed using a batch analysis program at a flow rate of 1mL/min using 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) with gradient elution as follows: 0min (5% B), 12.5min (10% B), 22.5min (10% B), and 60 min (30% B).	Comment by USER: Separate figures and units as separate words.

2.6 Colour measurements

 The L*, a*, b* colour values of the sunflower meal and extracted protein isolate were measured using Konica Minolta (Model CM-5) spectrophotometer. The instrument was calibrated with black and white reference tiles. The colour values were expressed as L* (whiteness or brightness/darkness), a* value indicates greenness (-) or redness (+) of the sample and b* value indicates blueness (-) or yellowness (+) of the sample. The ΔE expressed the total colour difference. Three readings were taken for each sample and the mean value was recorded.

2.7 Functional properties

2.7.1 Water/Oil Holding Capacity (WHC / OHC)

The water/oil holding capacity of sunflower protein isolate was assessed following the method outlined by Shchekoldina and Aider (2012) with minor modifications. One gram of protein isolate was mixed with 10 ml of distilled water and stirred for five minutes. After allowing the mixture to sit for 30 minutes, it was centrifuged at 4500 x g for 30 minutes. The supernatant was removed, and the tubes were tilted at a 45° angle for 25 minutes to drain any remaining liquid from the protein sediment.	Comment by USER: You need to be consistent with your pattern of writting time.
Be consistent with either ‘min’ or ‘minutes’.
The water/oil holding capacity was calculated as:
 

               Where  
a is the mass of the tube with the protein isolate and absorbed water or oil
b is the mass of the tube and protein isolate
c is the mass of the protein isolate

2.7.2 Emulsifying capacity & Stability

The emulsifying capacity (EC) and emulsion stability (ES) of sunflower protein isolates were assessed using the procedure outlined by Lawal et al, (2012). Two percent protein solution, measuring five millilitres, was mixed with an equal volume of soybean oil. The resulting emulsion underwent centrifugation at 3500 x g for five minutes. The heights of both the emulsified layer and the total contents in the tube were subsequently measured.
 The emulsifying capacity (EC) was calculated as:




Emulsion stability was determined by heating the emulsion at 80 °C for 30 min before centrifuging at 3500 x g for 5 min and was calculated as:


2.7.3 Foaming capacity & Stability
 The foaming capacity (FC) and foam stability (FS) of sunflower protein isolates were assessed following the procedure outlined by Fekria et al. (2012). A protein solution with a concentration of 3% w/v was vigorously whipped in a mixer blender for 5 minutes. The entire mixture was then poured into a measuring cylinder, and the foam volume was recorded immediately. The foam volume was subsequently measured at intervals of 15, 30, 45, and 60 minutes, with each measurement providing an indication of the foam's stability at that specific time.


Foam stability was calculated after allowing the foam to stand for 10min and up to 90min. Their volumes were measured that is total volume minus the volume of the solution.



2.8 Statistical analysis
The data are presented as the average of three repeated analyses, along with their standard deviation. Statistical analysis was conducted using OPSTAT software, employing a one-way analysis of variance (ANOVA) and Duncan's multiple range test, with the significance level set at P < 0.05.
3. results and discussion

3.1 Extraction of Sunflower protein isolate from Sunflower de-oiled cake (SDC)

3.1.1 Effect of pH and salt concentration on yield (% weight) of protein isolate from SDC
 
The effect of different concentrations of salt (8, 9, 10 %) and pH (8, 9, 10) on the yield of the protein isolate was evaluated and the results are depicted in Fig 3. When the salt concentration increased from 8 to 9 %, there was a significant (P<0.05) increase in the protein yield was observed as pH increased from 8 to 9, while further increase in salt percentage (10%) showed a significant decrease in the yield. Also increase in the pH from 9 to 10, there was a significant decrease in the protein yield was observed. However, there was no significant (P<0.05) difference between yield at pH 8 and 9 with 10 % salt concentration. It is evident from the results that higher yield of 24.40±0.300 % was obtained at pH 9 with 9 % salt concentration. Lowest yield of 15.46±0.225% was obtained at pH 10 with both 8 and 10 % salt concentration. The results obtained from the study revealed that both pH and concentration of addition of salt affected the yield of the protein concentration during isolation. The lower yield of precipitated proteins from SDC extracts could be due to a reduction in protein solubility from denaturation that occurs during the oil extraction process (Ivanova et al., 2012). According to Pickardt et al. (2015), the washing of precipitated proteins with water can result in losses of up to 17% of those proteins. Ermis & Karasu (2020) reported similar results for spray dried de-oiled sunflower protein extracts.
	Comment by USER: The error bars are having the length, which is normal.
Does it mean that the mean/average values have the same value(s) for standard deviation? Cross check you raw data.
Fig. 3. Effect of pH and salt concentration on yield (% weight) of protein isolate from SDC
The data were analysed using one
way ANOVA, and the treatment means were
compared by Duncan multiple range test
The data were analysed using one
way ANOVA, and the treatment means were
compared by Duncan multiple range tes


3.1.2 Effect of pH and salt concentration on protein content (%) of protein isolate from SDC
The effect of different concentration of salt (8, 9, 10%) and pH (8, 9, 10) on the protein content (%) of the isolate was evaluated and the results are depicted in Fig 4. When the salt concentration increased from 8 to 10%, significant (P<0.05) increase in the protein per cent was observed at all the pH levels. Higher protein content of 89.41±0.300 % was obtained at pH 10 and 9% salt concentration. Lowest yield of 74.43±0.252 % was obtained at pH 8 and 10% salt concentration. However, increase in the pH from 8 to 9 and salt concentration at 10%, did not affect the protein content in the isolate as statistical analysis revealed no significant difference in the protein per cent. It was evident from the results that both pH and concentration of addition of salt affected the protein content of the sunflower protein isolate during extraction. Even with the reduction of proteins during the processes of precipitation and purification, the proportion of protein in the precipitated protein fraction remained notably high (approximately 89% on a dry basis) and aligned with the results from earlier studies conducted by researchers (Pickardt et al., 2015; Shchekoldina and aider, 2012; Martinez et al., 2005). Also, the studies reported similar findings in which protein extraction of flax and hemp seed cakes prepared by isoelectric precipitation or salt extraction resulted in enrichment of protein and removal of moisture, ash, lipid and carbohydrate contents (Teh & Bekhit  et al., 2015).
	Comment by USER: Cross check your raw data. The equal length of the error bars is not statistically accurate.
Fig. 4. Effect of pH and salt concentration on protein content (%) of protein isolate from SDC

3.2 Sieve Analysis 

Flour particle size distribution greatly impacts functionality and performance in different food applications, especially in beverages. It influences mixing characteristics, water adsorption, retention, and the moisture content of the final products (Giratto et al., 2024). In the sunflower protein isolate examined (Fig. 6), most particles (70.30 g/100 g) measured between 250 μm and 499 μm. Specifically, 62% and 20% of the sample were retained by 249 μm and 125 μm sieves, while the remaining 17% was held by 999 μm and 499 μm sieves, respectively. Particle size is the main determinant of flour bulk density, with an inverse relationship. The bulk density of sunflower cake flour was 0.555 g/cm3, and for sunflower protein isolate, it was 1.003 g/cm3 (Table 1), aligning with literature values for defatted sunflower seed flour of similar particle size (Bhise & Kaur, 2015; Petraru et al., 2021). Furthermore, bulk density is affected by moisture and lipid content, where higher amounts lead to increased density (Joshi et al., 2015). The bulk density of flour influences handling requirements and packaging design; higher density reduces packaging costs, while lower density facilitates transportation. Additionally, bulk density is crucial for determining flour applications in the food industry. Flours with low bulk density are often used in infant and weaning foods, whereas those with high bulk density serve as thickeners and stabilizers in processed foods (David et al., 2015). Given the bulk density of 1.003 g/cm3, the micronized SPI seems appropriate for complementary food preparations (Eke-Ejiofor et al., 2021).


Fig. 5. Particle size fractions (%) of Sunflower protein isolate (SPI)
The particle size distribution of SPI exhibits a distinctly unimodal pattern, with most particles concentrated within a single size range (Fig 5). Dominant particle size with sieve e (250-499µm). This category contains the largest portion (~70%) of particles, indicating that the sunflower protein isolate mainly consists of medium-sized particles. Secondary fraction with sieve size f (125-249µm). Approximately, 20% of the particles are in this slightly smaller range, suggesting a notable presence of small particles, yet still close to the dominant size class. About 17% of the material is found in this coarser size range, sieve size d (500-999µm) showing that the sample includes some larger particles, though significantly fewer than the main fraction. Negligible very fine or very coarse particles sieve sizes >3999 µm, 2000-3999 µm, 1000–1999 µm, 63–124 µm, 45–62 µm, and <45 µm show 0%, indicating no extremely large particles no dust-like or ultra-fine particle. Overall, the sample demonstrated a predominantly uniform and medium-sized particle profile, reflecting consistent size-reduction during processing.
Table 1. Bulk density and pH of Sunflower meal and Sunflower protein isolate
	
	Bulk Density (g/cm3)
	pH

	Sunflower de-oiled cake
	0.553± 0.015
	5.43

	Sunflower protein isolate
	1.007± 0.025
	9.00



3.3 Detection of presence of chlorogenic acid in defatted Sunflower oil cake
 
The commercial 5-CGA standards obtained from Sigma product were similar in purity as evaluated by HPLC. A typical HPLC chromatogram of sunflower oil cake and sunflower protein isolate samples are shown in Fig 6 & 7. The retention time of the major CGA 5-CGA was 12.29 min using the gradient HPLC system. Sunflower oil cake extract showed CGA content of 2.778mg/L while SPI extract showed 1.277mg/L. From the chromatogram it is evident that CGA content in SPI is reduced by 50% compared to oil cake extract. The isolate had CGA content lower than 0.127% and does not have the intense green colour. On the other hand antioxidant activity of CGA are considered to protect membranes against oxidative damage. The observed values are well within the readings obtained by other researchers (Pedrosa et al., 2000; Wildermuth et al., 2016).
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	Peak#
	Ret. Time
	Area
	Height
	Conc.
	Unit
	Name

	1
	2.732
	4489
	789
	0.000
	
	

	2
	12.298
	89221
	2433
	2.778
	mg/L
	CGA

	3
	13.467
	5817
	400
	0.000
	
	

	4
	14.028
	12602
	465
	0.000
	
	

	Total
	
	112129
	4088
	
	
	



Fig. 6. HPLC Chromatogram of CGA from SDC extract at 325nm
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	Peak#
	Ret. Time
	Area
	Height
	Conc.
	Unit
	Name

	1
	2.733
	3557
	753
	0.000
	
	

	2
	2.963
	1699
	220
	0.000
	
	

	3
	11.872
	5757
	298
	0.000
	
	

	4
	12.254
	13406
	812
	1.277
	mg/L
	CGA

	5
	13.420
	2259
	169
	0.000
	
	

	Total
	
	26678
	2252
	
	
	



Fig. 7. HPLC Chromatogram of CGA of SPI extract at 325nm

3.4 Tristimulus Colour measurements
The tristimulus colour of Sunflower meal and sunflower protein isolates obtained with varying salt concentration and pH in terms of L* a* b* & ΔE* values are presented in Table 2. 

Table 2. Tristimulus colour of sunflower protein isolate at various treatments

	Treatments
	Tri-stimulus colour
	

	Salt (% NaCl))
	pH
	L*
	a*
	b*
	ΔE*

	Sunflower de-oiled cake
	-
	36.00±0.032g
	2.44±0.006a
	8.56±0.042h
	0

	8
	8
	45.53±0.036d
	1.87±0.010b
	13.99±0.021a
	10.986±0.041d

	
	9
	46.72±0.031c
	-0.70±0.010h
	12.52±0.026c
	11.854±0.032c

	
	10
	51.68±0.025b
	-1.71±0.002c
	11.16±0.015e
	16.432±0.025b

	9
	8
	41.42±0.031e
	1.62±0.002d
	13.13±0.021b
	7.181±0.014e

	
	9
	42.38±0.227f
	-0.67±0.005h
	12.28±0.015d
	5.458±0.003g

	
	10
	53.34±0.020a
	-1.28±0.010f
	11.15±0.015e
	17.923±0.017a

	10
	8
	35.35±0.017h
	1.55±0.012e
	10.91±0.035f
	2.595±0.036i

	
	9
	34.08±0.040i
	-0.86±0.005g
	10.47±0.023g
	4.271±0.011h

	
	10
	29.74±0.032j
	-0.54±0.005i
	7.23±0.006i
	7.05±0.027f


L* indicates lightness
a* positive value indicates colour redness and negative value indicates greenness
b* value indicates yellowness 
Values expressed are mean ± standard deviation
Means in the rows with different superscripts are significantly different at P≤0.05
[bookmark: _Hlk205988148]The tristimulus colour values (L*, a*, b*) of sunflower de-oiled cake and sunflower protein isolate samples varied significantly with changes in salt concentration and pH. The untreated sunflower de-oiled cake exhibited a relatively low lightness (L* = 36.00), moderate redness (a* = 2.44), and noticeable yellowness (b* = 8.56), reflecting its inherently darker and slightly reddish-brown appearance. Across the treated samples, lightness (L) increased with rising pH*, particularly at pH 10 with respect to 8 and 9% salt, indicating a progressive lightening of colour while for 10% salt there is decrease in lightness as pH increased. The highest L* values were recorded at 9% salt and pH 10 (L* = 53.34), suggesting that alkaline conditions coupled with moderate salinity enhanced protein solubilization and reduced pigment intensity. As pH increased, especially at pH 9 and 10, the a values shifted from positive to negative, indicating a transition from slight redness to a greener hue. Similarly, b values decreased with increasing pH, moving from strong yellowness (≈14 at low pH) to lower b* values (≈11 at pH 10), demonstrating diminished yellowness at higher alkalinity. The lowest b* (7.23) was observed at 10% salt and pH 10, reflecting substantial removal or modification of colour-contributing components. Overall, the results indicate that higher pH levels consistently enhanced lightness and reduced both redness and yellowness showing on the green side irrespective of salt concentration. These trends suggest that alkaline extraction improves the visual quality and colour uniformity of sunflower protein ingredients by lightening the matrix and minimizing residual pigments (Girotto et al., 2024).
3.5 Functional properties

3.5.1 Water holding capacity 
Water-holding capacity (WHC) refers to a protein's ability to retain water against gravitational forces (Kinsella, 1979). As shown in Table 3, SPI exhibited WHC of 2.38±0.02 g/g of protein, which is lower than that of Soy protein Isolate (3.5 g/g) (Nazareth et al., 2009) and dehulled walnut protein (5.6g/g) (Jin et al., 2020). The decline in WHC as compared to soy protein isolate could be linked to a reduction in hydrophilic groups on the surface of sunflower protein isolate, potentially due to the increased presence of hydrophobic groups (Wouters et al., 2016) or due to less availability of polar amino acids. Withana-Gamage et al. (2011) reported a comparable water-holding capacity (WHC) of 2.34 g/g protein for chickpea protein isolate. Similarly, Li et al., 2010) found a WHC of 2.78 g/g protein for mung bean protein isolate.


3.5.2 Oil holding capacity 
The oil-holding capacity (OHC) of proteins is also a crucial functional attribute as it enhances mouthfeel and preserves flavor in food (Kinsella, 1976). The OHC of SPI was found to be 1.493±0.009 g/g of protein (Table 3). This value is lower than that of lupin protein isolate (2.7g/g) (EI-Adawy et al., 2000) and higher than that of mung bean protein isolate (1.38g/g) (Li et al., 2010). The lower capacity for holding oil might be attributed to a higher concentration of hydrophilic groups and polar amino acids on the surfaces of protein molecules. The OHC of proteins plays a significant role in determining the functional characteristics and taste of food products, especially in meat and confectionery items (Pickardt et al., 2015). Moreover, OHC is strongly related to the texture of food products and is affected by the bulk density of the protein powder (Tanuja et al., 2012).

3.5.3 Emulsifying properties (EC & ES)
Due to the variety of methods employed and pre-treatment techniques utilized in existing literature, it was challenging to quantitatively compare emulsifying properties with other studies. Previous research has indicated that proteins from sunflower can create stable emulsions (Gonzalez-Perez et al., 2005). Furthermore, sunflower proteins have demonstrated comparable or superior emulsifying capabilities when compared to soy proteins, skim milk powder, and egg powder (Shchekoldina and Aider, 2012; Sila et al., 2014). The emulsifying properties of SPI were recorded at 74% and 43.3% respectively (Ren et al., 2012). In this investigation, those values (EC & ES) were found to be approximately 45.27±2.056 % and 44.46±1.904 % (Table 3). Although the emulsifying capacity of SPI was lower than that of soy protein isolate, the findings from this study suggest that SPI could be effectively utilized in food formulations.

3.5.4 Foaming properties (FC & FS)
The foaming capacity of SPI (104±2.00) was lesser compared to soy protein isolate (110%) (Ren et al., 2012) and mungbean protein isolate (110%), while its stability was greater (53.3± 0.885 %) in comparison to soy protein isolate (43.3%) (Table 3). According to Dalgalarrondo et al. (1984), sunflower 11S globulins are thought to be hexamers formed from pairs of subunits, consisting of a α-polypeptide and a smaller β-polypeptide linked by disulfide bonds. Lower foaming capacity might result from insufficient electrostatic repulsions, reduced solubility and excessive protein-protein interactions (Masood Sadiq Butt and Rizwana Batool, 2010). This information suggests that the foaming ability of sunflower protein isolates is attributed to sunflower globulins. Sunflower protein isolates contain a higher quantity of globulins than soybean protein isolates, which explains why they exhibit greater foaming capacity and stability.

Table 3. Functional property of Sunflower protein isolate (SPI)

	Functional property
	Sunflower protein isolate*

	Water Holding Capacity (g/g of protein)
	2.38 ± 0.02

	Oil Holding Capacity (g/g of protein)
	1.493 ± 0.009

	Emulsion Capacity (%)
	45.27 ± 2.056

	Emulsion Stability (%)
	44.46 ± 1.904

	Foaming Capacity (%)
	104 ± 2.00

	Foaming Stability (%)
	53.83 ± 0.885


            *Data represent the Mean± SD of three independent determinations (n=3)

4. Conclusion

Sunflower oil cake, a by-product of the oil industry, has a relatively high protein content. This makes it an appealing option for producing protein-rich products with high value. The procedures developed in this work successfully produced sunflower protein isolates with high water holding capacity. They also featured moderate oil absorption, good emulsifying properties, and various physico-chemical properties. However, complete removal of phenolic compounds was not possible due to their association with proteins. The remaining phenolic compounds gave the protein products antioxidant properties while not impacting water solubility. Additionally, the protein showed excellent foaming ability along with moderate foam stability, which underscored its capacity to create and partially maintain aerated structures. Overall, these functional qualities support the potential use of sunflower protein isolate in various food formulations. In addition, the protein demonstrated excellent foaming capacity with moderate foam stability, highlighting its ability to form and partially maintain aerated structures. Overall, these functional attributes support the potential use of sunflower protein isolate in a range of food formulations.
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