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Abstract 
The oilcake left after mechanical sunflower oil extraction contains substantial amounts of proteins, 
minerals, and vitamins. These bioactive compounds in oilcake can be utilised for food, cosmetic, 
and pharmaceutical applications by valorising it. This study aimed to determine the optimal 
protein content and extraction yield of protein isolate obtained from enzyme-assisted alkaline 
extraction of oilcake residue from mechanical oil extraction of dehulled sunflower seeds. This was 
done by investigating the effect of extraction conditions: particle size (500µm-1000µm), 
temperature (30°C-60oC), extraction time (15-90 minutes), and pH (7-9) during extraction. 
Dehulled sunflower seeds were subjected to cold pressing in a domestic oil press. The resultant 
cake was mixed with distilled water, protease enzyme added, and extraction conducted with 
continuous stirring. The extracted proteins were centrifuged and iso-electrically precipitated (at 
pH 4.5), then re-centrifuged before being washed thrice with distilled water, pH adjusted to 7 and 
freeze-dried, in readiness for protein analysis by Kjeldahl method. Optimization by Box-Behnken 
design yielded a protein content of 73.99±1.23% and an extraction yield of 62.84±0.12%. These 
optimal responses were obtained at particle size 750µm, temperature 60 °C, time 52.5 minutes 
and pH 9 for protein content, and particle size 750µm, temperature 45 °C, time 90 minutes and 
pH 9 for extraction yield. The polynomial regression models obtained had R2 values of 0.9778 and 
0.9994 for protein content and extraction yield, respectively. These experimental results agreed 
with the predicted values by analysis of variance, with a high model fitness. The extracted protein 
isolate was light-coloured compared with that obtained without enzyme addition, indicating its 
suitability for the food industry. However, only the evaluation of its anti-nutritive components and 
techno-functional properties can confirm its use in food applications. 
 
Keywords: Enzyme-assisted alkaline extraction; Sunflower oilcake; Protein content; Extraction 
yield; Protein isolate. 
 
1.0 Introduction 
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The global population is on an upward trajectory, translating to a rapid increase in food 
requirements. Due to climate change, attaining the food production needed to meet global 
demand is becoming more challenging, and traditional agricultural methods are no longer 
sustainable or eco-friendly (Hewage et al., 2022). Animal protein sources in the form of dairy 
products and meat are predicted to increase by 74% and 58%, respectively, in developing 
countries by 2050 (Makkar, 2018). Protein is a micronutrient whose demand is forecasted to be 
limited in future (FAO et al., 2018). Additionally, protein deficiency for children and elderly people 
is projected to reach alarming levels by 2044 in low-income regions of Asia and the African 
continents (Jiang et al., 2023). This insufficient protein intake has been reported to cause the 
potential of physiological body dysfunctions characterized by physical body weakness, vascular 
dysfunction and impaired immunity (Jiang et al., 2023).  
 
Increasing protein production through animal production faces challenges of large land usage 
(globally, 33% arable land for animal-feed production and 30% terrestrial land for grazing), and 
greenhouse gas (GHG) emissions (about 39% methane emission) (Makkar, 2018). There is, 
therefore, need for innovative and technological approaches to overcome the protein-energy 
malnutrition challenge. Among the options viable for protein supply is plant extraction from 
agricultural residues. Furthermore, plant protein sources are more sustainable and have healthier 
benefits to humans as compared to animal protein sources (Hertzler et al., 2020).  
 
Sunflower oilcake contains high nutritional constituents (Petraru et al., 2021). It contains close to 
40% proteins, polyphenols, vitamins and minerals (Yegorov et al., 2019; Petraru et al., 2021; 
Vasudha et al., 2021). The polyphenols in the oilcake are in the form of phenolic acids, caffeic, 
chlorogenic and phytic acids, which are anti-nutritive components. Interestingly, it has been 
reported that during oil extraction, some elements (such as Calcium, Cobalt, Strontium, Cadmium 
and Antimony) are transferred fully to the cake despite being present in the original seeds (Ancuţa 
et al., 2020; Petraru et al., 2021). The usefulness of proteins from sunflower oilcake for food 
applications, however, like in other plant protein isolates, depends on its techno-functional 
properties and anti-nutritive constituents (Yao et al., 2023).  
      
The challenges faced in plant protein extraction are an unbalanced amino acid profile, poor 
techno-functional properties and unfavourable flavour (Nasrabadi et al., 2021). These drawbacks 
can be minimized by the proper selection of extraction solvent and dehulling of seeds before oil 
extraction (Ancuţa et al., 2020; Petraru et al.,  2021; Vasudha et al., 2021). Apart from protein 
isolates, other products that can be processed from sunflower oilcakes are edible packaging 
materials and multi-component emulsifiers (Ancuţa et al., 2020; Singh et al., 2022). 
 
Various techniques can be used for plant protein extraction, among which are acidic, alkaline, 
saline or enzymatic hydrolysis methods. Each of these methods has its drawbacks. For instance, 
alkaline extraction is at its optimum at a pH of above 10. However, at such high pH values, 
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polyphenols and chlorogenic acid are oxidized, leading to the formation of dark-coloured products 
(Baurin et al., 2022). It is due to this problem of alkaline extraction that enzymes are used to lower 
the pH value.  
 
Extraction conditions influence the quality and functionality of protein extract.  Parameters such 
as particle size, temperature, extraction time and pH significantly affect the protein extraction 
capacity (Santos-silva et al., 2024). The interactive effects of these extraction parameters on the 
desired response can be investigated using response surface methodology (RSM). Through Box 
Behnken Design (BBD), which is a variant of RSM, optimal extraction parameters can be identified. 
Once the optimal protein conditions are determined, the extraction process can be up-scaled to a 
biorefinery for extracting proteins for human consumption in an attempt to ensure food and 
nutritional security. 
 
Though sunflower oilcake has traditionally been used for animal feeds, circular economic 
principles advocate for the valorization of food waste that prioritizes usage for human 
consumption. Moreover, this conventional use of oilcake underutilizes the cake due to low 
digestibility caused by its anti-nutritional polyphenolic contents. Considering that the supply of 
proteins for human consumption has been forecasted to diminish in future (Grasso et al., 2021), 
there is a need to come up with a sustainable protein supply source.  
 
This study, attempts to address the United Nations Sustainability Goals numbers 2 (on zero hunger 
and malnutrition), number 9 (on sustainable industrial development and technological progress), 
number 12 (on reduction of food loss and wastage) and 13 (on climate change, in reducing 
emission of greenhouse gases (CH4 and CO2)) (Osborn, et al., 2015). Furthermore, Kenya’s Vision 
2030 and Africa Union Agenda 2063 advocate for value addition through agro-processing of 
agricultural residues, (Government of Kenya (GOK), 2007; African Union Commission, 2015), which 
is the key focus of this study. 
 
2.0 Materials and methods 
2.1 Materials and chemicals 
Sunflower seeds from the same ecological zone in central Kenya were purchased from a local 
supplier, and 5kgs of the seeds were mechanically dehulled and stored in a cool, dry surface 
awaiting oil extraction. The seed were deoiled using a domestic oil press at temperatures not 
exceeding 80oC, (oil extraction at temperature ≪ 100oC is cold-pressing (Albe Slabi et al., 2020)), 
to obtain residual oilcake. All other chemical reagents used were of analytical grade. 
 
2.2 Sample preparation and particle size determination 
The oilcake residue left after de-oiling dehulled sunflower seeds by cold pressing was ground into 
fine particles using a laboratory mortar and pestle. Particle size determination was done using 
screens of 500µm, 750µm and 1000µm aperture. Agglomeration of the particles was minimized 
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by ensuring that surfaces were dry, and the screens were earthed (the screen was hand-held) to 
reduce electrostatic charges between particles. Prolonged storage of ground particles was also 
avoided. 
 
2.2 Proximate analysis of the oilcake 
Proximate analysis is important in protein extraction because it gives an overview of the quantity 
of macronutrients present in a sample (Bello et al., 2023). Standard analytical procedures, as 
reported by the Association of Official Analytical Chemists (AOAC), were followed in the proximate 
profiling of the oilcake (AOAC, 1990). All experiments were done in triplicate. 
 
2.2.1 Moisture content determination 
Moisture content was determined by the oven-drying method, where 2g of sample was dried in a 
Mitamula MRK oven at 105oC for three hours according to AOAC methods 1995 – 930.01. After 
allowing it to cool in a desiccator, the weight of the dried sample was measured. Equation 1 gave 
the value of the percentage moisture content of the sample.  
 
Moisture content (%) = ூ௡௜௧௜௔௟ ௪௘௜௚௛௧ ௢௙ ௦௔௠௣௟௘ ି ௪௘௜௚௛௧ ௢௙ ௦௔௠௣௟௘ ௔௙௧௘௥ ௗ௥௬௜௡௚

ௐ௘௜௚௛௧ ௢௙ ௧௛௘ ௌ௔௠௣௟௘
 x 100                  (1) 

 
2.2.2 Total ash content 
Ash content was determined according to AOAC methods 1995-923.05, through incineration in a 
muffle oven at 550oC for five hours. The sample was weighed into empty crucibles and placed in 
the muffle oven. After allowing it to cool in a desiccator, the weight of the ash was measured, and 
Equation 2 used to determine the ash content.  
 
% Ash content = ௐ௘௜௚  ௢௙ ௔௦௛

ௐ௘௜௚௛  ௢௙ ௧௛௘ ௦௔௠௣௟௘
  x 100                                                (2) 

 
2.2.3 Total fat content 
The fat content of the sunflower oilcake was extracted by the Soxhlet extraction method. A 5g 
sample was placed into a cellulose thimble, then flagged with defatted cotton wool, and inserted 
in the Soxhlet extraction apparatus. A cleaned, dried and weighed 300 ml receiver flask was half-
filled with analytical-grade Petroleum ether and connected to the Soxhlet extraction apparatus.  
The apparatus was then connected to a condenser, and the whole assembly was heated at the 
flask base on an electric heating mantle, and extraction was carried out for 16 hours. The 
petroleum ether was then evaporated from the receiver flask using a rotary evaporator, and the 
flask dried for 1 hour at 105 ° C in a hot air circulation oven. The flasks were then cooled in a 
desiccator, and the final weight (w1) recorded. Equation 3 gave the fat content. 
 
% Crude fat content = ௐ௘௜௚௛  ௗ௜௙௙௘௥௘௡௖௘ ௢௙ ௙௟௔௦௞ ௕௘௙௢௥௘ ௔௡ௗ ௔௙௧௘௥ ௘௫௧௥௔௖௧௜௢௡ ௔௡ௗ ௗ௥௬௜௡௚

ௐ௘௜௚௛  ௢௙ ௧௛௘ ௦௔௠௣௟௘
  𝑥 100     (3) 



 
Journal of Agriculture Science & Technology                                                 JAGST SPECIAL ISSUE, 94 - 112 

 

                                             Optimization of Enzyme-Assisted Alkaline Protein Extraction                                               

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   98 
ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v25i4.6 

2.2.4 Total protein content 
Protein content was estimated based on the determination of nitrogen present in the sample by 
the Kjeldahl method (AOAC, 1990).  A Sample of 1.00 g was transferred into 300 ml Kjeldahl 
digestion flasks, and 5g of potassium sulphate and 0.5g of copper sulphate were added. 
Subsequently, 15 ml of concentrated sulphuric acid was carefully added to the digestion flask, and 
digestion was carried out at 420°C in a fume hood until the sample became clear blue (after 
approximately one hour). The sulphuric acid digests the proteins, releasing nitrogen from the 
sample, which is converted into ammonium ions. The digest was then diluted to 100 volumes with 
distilled water, from which 10 ml of the diluted digest was transferred to the Pannas and Wagner 
distillation apparatus, and 15 ml of 40% sodium hydroxide solution added. Steam distillation was 
done, and about 70 ml of distillate was received in a 4% boric acid solution containing several 
drops of mixed indicator (Alcoholic solution bromocresol green, methyl red, and phenol blue). A 
blank was set by using the same procedure with the absence of a sample. The received aliquot 
was titrated with standard hydrochloric acid 0.02N, and crude protein content was calculated 
using Equation 4.  
 
% crude protein (CP) = [(V-B) × 0.02 × 0.014 × 100/v× 100/s] × 6.25                       (4) 
 
    where V= = titre volume of 0.02N HCl 
               B = Blank titre volume of 0.02N HCl 
               v = volume of the diluted digest taken for distillation 
               s = sample weight taken 
               6.25 was taken as the nitrogen conversion factor 
 
2.2.5 Total carbohydrate 
The carbohydrate content was determined by subtracting the total of the other proximate 
components (moisture, protein, fat, fibre, and ash percentages) from 100%, as shown in Equation 
5. 
Percent of Carbohydrates = 100% - sum of other proximate components                           (5) 
 
2.3 Experimental design 
Box Behnken Design (BBD) of response surface methodology (RSM) was used to optimize the 
extraction process. The effect of four independent variables (Particle size, (A); Temperature (B); 
Extraction time (C); and pH (D)) at three levels was performed to determine the effect on the 
dependent response variables, protein content and protein extraction yield. The variable ranges 
were selected based on previous work done by other researchers. For statistical calculation, the 
variables were coded according to Equation 6. 
 
𝑥௖ =  

௑೔ ି ௑೚೔

௱௑
= 1,2,3,4                                     (6) 
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where xc is the coded value of an independent variable, xi is the real value of an independent 
variable, xoi is the real value of an independent variable at the centre point, and Δx is the step 
change value of an independent variable. 
 
A total of twenty-nine experimental runs for the optimization of the extraction parameters were 
carried out in a randomized order. Table 1 presents the independent variables and their codes.  
 

Table 1: Independent variables and their levels in Box Benhken Design 
Variables                                     Levels 
 Codes     -1                          0                     +1 
Particle size (µms) A 500 750 1000 
Temperature oC B 30 45 60 
Extraction time (mins) C 15 52.5 90 
pH. D 7 8 9 

 
2.4 Protein extraction 
A sample of 5g of sunflower oilcake was mixed with distilled water in a ratio of 1:10 (i.e. 5 g was 
mixed with 50 ml of distilled water).  The pH of the mixture was raised to between 7 and 9, 
depending on the experimental run. Protease enzyme (mass 0.1 g) was added to give an enzyme 
concentration of 2% by weight of the oilcake. The extraction was conducted at a temperature 
range of 30 - 60oC, while extraction time ranged between 15 and 90 minutes according to the 
experimental design adopted. Continuous stirring at 800 rpm was maintained in a magnetic hot 
plate throughout the extraction process.  After the extraction, the temperature was raised to 100 
° C for 5 minutes to deactivate the enzyme. The extract was then centrifuged at 3000 rpm for 20 
minutes, washed thrice with distilled water, re-centrifuged and dried in a freeze drier before being 
taken for protein content analysis by the Kjeldahl method with a nitrogen conversion factor of 
6.25. The protein extraction yield was determined by Equation 7, as proposed by (Albe Slabi et al., 
2020 and Mathews et al., 2022). 
 
% 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 =  
 

ቂቀ
௪௘௜௚௛௧ ௢௙  ௣௥௢௧௘௜௡ ௜௦௢௟௔௧௘ × % ௣௥௢௧௘௜௡ ௖௢௡௧௘௡௧ ௣௥௢௧௘௜௡ ௜௦௢௟௔௧௘

௪௘௜௚௛௧ ௢௙ ௢௜௟௖௔௞௘ × % ௣௥௢௧௘௜௡ ௖௢௡௧௘௡௧ ௢௙ ௢௜௟௖௔௞௘
ቁ × 100%ቃ…    (7) 

 
Figure 1 presents a flowchart of the protein extraction process adopted. 
 
2.5 Statistical analysis 
The experimental data obtained were analysed through multiple regression by Design Expert 
software version 13. An empirical second-order quadratic polynomial model was used to fit the 
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generated data. The proposed models for both protein content and extraction yield were of the 
form shown in Equation 8; 
 
𝑌 =  𝛽௢ +  𝛽ଵ𝐴 + 𝛽ଶ𝐵 + 𝛽ଷ𝐶 + 𝛽ସ𝐷 +  𝛽ଵଵ𝐴ଶ  + 𝛽ଶଶ𝐵ଶ + 𝛽ଷଷ𝐶ଶ +  𝛽ସସ𝐷ଶ + 𝛽ଵଶ𝐴𝐵 +
  𝛽ଵଷ𝐴𝐶 + 𝛽ଵସ𝐴𝐷 + 𝛽ଶଷ𝐵𝐶 +  𝛽ଶସ𝐵𝐷 +  𝛽ଷସ𝐶𝐷                                                                                         (8) 
 
where Y is response (protein content or extraction yield); 𝛽௢  is fixed response at central point; 𝛽ଵ, 
𝛽ଶ, 𝛽ଷ, and  𝛽ସ are linear term coefficients; 𝛽ଵଵ, 𝛽ଶଶ, 𝛽ଷଷ and 𝛽ସସ are coefficients of quadratic 
terms; and  𝛽ଵଶ, 𝛽ଵଷ, 𝛽ଵସ, 𝛽ଶଷ, 𝛽ଶସ and 𝛽ଷସ are coefficients of the interactive terms. The extraction 
parameters A, B, C, and D are as defined in Table 1. The experimental design, data analysis, 
optimization and contour plotting were all done using Design Expert version 13 software. 
 

 
Figure 1: Schematic flowchart for the extraction of sunflower protein isolate 

 
3.0 Results and discussion 
3.1 Proximate analysis 
The results for the proximate analysis of sunflower oilcake, shown in Table 2 reveal high amounts 
of protein and carbohydrates. This can be attributed to dehulling, which has been reported to 
increase the protein content of the resulting cake. Hulls contain very few proteins, and their 
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removal from seeds before oil extraction leaves a higher proportion of kernels which have high 
protein content (Benjamin et al., 2014). Hulls also retain a lot of crude fat in them when unhulled 
seeds are subjected to de-oiling; therefore, the low-fat content can be explained to be due to 
dehulling. 
 
These proximate results are consistent with those of other researchers, who reported moisture 
content of 7.4% - 9.23%; Ash content 5 % - 11.2%; fat content 3.0 % - 14.16%; crude fibre 12.64 % 
(de Oliveira Filho et al., 2021; Petraru et al., 2021; Vasudha et al., 2021) and protein content 19.93 
to 44.9 % (Salgado et al., 2012; Petraru et al., 2021; Petraru et al., 2022).  
 
Moisture content determines the stability of the oilcake in storage for long periods, and a value 
less than 12% is safe for storage since it inhibits the growth of moulds (Petraru et al., 2021). Since 
the moisture value obtained was less than the upper limit for storage stability, the sunflower 
oilcake obtained was judged to be stable for storage, provided it was kept in a dry place. Ash 
content represents the total mineral content in a food sample. Harris et al.(2017) explained that 
ash content is an indicator of the nutritional value of a food item and is useful in determining the 
essential nutrients and elements in an item. These authors report that ash content for food items 
varies from 0 to 12 % but rarely exceeds 5 % for fresh foods.   
          

Table 2. Proximate analysis of sunflower oilcake sample. 
Parameters  Quantity (%) 
Moisture 7.80 ± 0.63 %  
Ash 5.75 ± 0.01 % 
Protein 35.04 ± 1.08 %.  
Fat 3.73 ± 0.18 %  
Carbohydrate 35.78 ± 1.76 % 

  
Petraru et al. (2021) explain that after oil is removed from oilseeds, the residual oilcakes have a 
higher ash content. The obtained protein content was slightly higher than that obtained by other 
authors. This higher value can be attributed to the dehulling of the seeds before oil extraction and 
the sunflower variety. Benjamin et al.(2014) and Petraru et al.(2021) reported that dehulling 
sunflower seeds before oil extraction increases the protein content and reduces the crude fibre 
content of the resultant oil cake. 
 
3.2 Box-Behnken optimization 
The optimization method was aimed at maximizing protein content and extraction yield of the 
enzyme-assisted extraction process, as the effects of extraction parameters (particle size, 
temperature, extraction time, and pH) were investigated. Table 3 shows the results obtained from 
experimental runs. The results show that the maximum experimental protein content was 73.99 
%, which was reached when parameters A, B, C, and D were equal to 750 µm, 60oC, 52.5 minutes 
and 9, respectively. This protein content corresponds to an extraction yield of 62.49%. The lowest 
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protein content was 55.85%, corresponding to an extraction yield of 47.06%, obtained when A, B, 
C, and D were 750 µm, 30oC, 52.7 minutes and 7, respectively. 
 
3.2.1. Regression Models for Response Variables 
3.2.1.1 Regression Model for Protein Content (Y1) 
The experimental data shown in Table 3 were subjected to multiple regression analysis using 
quadratic interaction coefficients for sunflower oilcake protein content (Y1). The analysis of 
variance (ANOVA) of the independent variables for the extraction optimization is presented in 
Table 4. According to Table 4, F-values with p-values less than 0.05 indicate that the model terms 
are significant in quantifying the response.  Thus, A, B, C, D, AB, BD, B2 and D2 are significant model 
terms. The lack of fit F-value of 0.564 implies that the lack of fit is not significant relative to the 
pure error. There is a 78.92% chance that the lack of fit F-value is due to noise. The adequacy of 
the model, through the R2 (0.9778) and adjusted R2 (0.9556) values, suggests that the total 
variation of 95.56% in protein content was attributed to the extraction conditions. The difference 
between R2 and adjusted R2 is insignificant, reflecting that the polynomial model has practically no 
insignificant term, showing a high degree of precision and reliability between experimental values. 
 

Table 3. Responses of Box Behnken Design for protein content (Y1) and extraction yield (Y2) 
Run 

Particle 
size (A) 
(µm)  

Temperature 
(B) (oC)  

 
Extraction 
time (C)  
(mins) 

 
pH 
(D) 

Protein content (%)  
Experimental Predicted 
      Y1                         Y1 

Extraction yield (%) 
Experimental     Predicted  
Y2                              Y2                    

1 750 30 52.5 9 62.53±0.302         61.82 57.30±0.164         57.25 
2 750 30 15 8 56.72±0.044         57.31  49.32±0.632         49.32  
3 500 45 52.5 9 66.33±0.281         67.48 59.92±0.331         60.00 
4 750 45 90 9 70.02±0.151          70.77 62.84±0.121          62.92 
5 750 45 52.5 8 65.95±0.172          64.92 54.66±0.060          54.80 
6 750 45 52.5 8 64.67±0.168          64.92 55.05±0.049          54.80 
7 500 45 90 8 68.29±0.211          68.60  57.25±0.049          58.14 
8 750 45 52.5 8 66.17±0.145          64.92 54.75±0.122          54.80 
9 500 60 52.5 8 72.90±0.089          71.92 57.39±0.080          57.46 
10 750 45 15 7 54.63±0.066          54.02 46.21±0.084          46.20 
11 500 45 15 8 60.73±0.250          61.12 51.74±0.535          51.76 
12 750 45 90 7 58.96±0.362          59.22 52.34±0.130          52.34 
13 750 45 15 9 61.13±0.047          61.02 56.92±0.657          56.78 
14 1000 30 52.5 8 61.26±0.547          62.35 52.40±0.160           52.35 
15 100 60 52.5 8 66.82±0.205          67.88 57.22±0.162           56.94 
16 1000 45 90 8 68.26±0.746          67.07 57.59±0.167           57.60 
17 750 60 52.5 9 73.99±1.232         73.53 62.49±0.807           62.46 
18 1000 45 52.5 9 66.57±0.347          65.95 54.65±0.247           59.70 
19 1000 45 52.5 7 57.33±0.280          56.67 49.14±0.219           49.12 
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20 750 60 90 8 72.55±0.382          72.82 60.36±0.180            60.27 
21 750 60 15 8 65.85±0.515          65.34 54.04±0.047            54.13 
22 1000 45 15 8 68.84±0.130          59.59 54.96±0.114            54.80 
23 750 45 52.5 8 62.34±0.512          64.92 52.43±0.156            52.43 
24 500 30 52.5 8 55.84±0.373         61.38 47.07±0.176            47.06 
25 750 30 52.5 7 59.89±0.072         60.58 51.45±0.197             54.47 
26 750 60 52.5 7 65.18±0.426         64.78 47.06±0.090             47.06  
27 750 30 90 8 58.19±0.107         64.78 51.46±0.031             51.47 
28 500 45 52.5 7 58.19±0.143         58.20 55.30±0.232              55.46 
29 750 45 52.5 8 62.89±0.108         64.92 54.80±0.390              49.42 

 
The regression model equation for protein content (Y1) is shown in Equation 9. 
 
Y1 = 64.92 - 0.7658A + 4.02B +3.74C + 4.64D - 1.25AB +1.84BD + 0.965B2 - 2.84D2                (9) 
 

Table 4. Estimated regression coefficients for quadratic model and ANOVA for experimental 
results from protein content optimization. 

Source Sum of 
Squares 

Degrees of 
freedom 

Mean Square F – Value p- Value 

A-Particle size 7.04 1 7.04 6.0 0.0281* 
B-Temperature 193.6 1 193.60 165.1 < 0.0001* 
C-Extraction 
time 

167.7 1 167.7 143.01 < 0.0001* 

D-pH 258.08 1 258.08 220.08 < 0.0001* 

AB 6.28 1 6.28 5.35 0.0364* 
AC 0.4624 1 0.4624 0.3943 0.5401 
AD 0.3025 1 0.3025 0.2580 0.6194 
BC 0.7744 1 0.7744 0.6604 0.4300 
BD 13.51 1 13.51 11.52 0.0044* 
CD 5.20 1 5.20 4.43 0.0538 
A2 0.0026 1 0.0026 0.0022 0.9630 
B2 6.09 1 6.09 5.19 0.0389* 
C2 4.32 1 4.32 3.68 0.0755 
D2 52.22 1 52.22 44.53 < 0.0001* 
Residual 16.42 14 1.17 - - 
Lack of fit 9.61 10 0.9605 0.5640 0.7892 
Pure error 6.81 4 1.70 - - 
Cor Total 739.75 28 - - - 

R2    0.9778  

Adjusted R2     0.9556  

                     *Terms with significant effect (p < 0.05). 
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3.2.1.2 Regression model for extraction yield (Y2) 
Multiple regression analysis of experimental results presented in Table 3 gave a model equation 
for protein extraction yield (Y2) shown in Equation 10. 
 
Y2 = 54.8 - 0.1508A + 2.41B + 3.07C + 5.29D - 0.12AC + 0.1975BD - D2              (10) 
 
The analysis of variance (ANOVA) of the independent variable for the extraction yield is presented 
in Table 5. The significance of each term through p-values was analyzed using ANOVA. Results 
showed that the significant terms (those with p < 0.05) were all linear terms (A, B, C, and D), two 
interacting terms (AC and BD) and one quadratic term (D2). The lack of fit F-value of 0.2741 is not 
significant relative to the pure error, indicating that there is a 95.59% chance that the lack of fit 
could be due to noise. 
 

Table 5. Estimated regression model coefficients and ANOVA for experimental results for 
extraction yield. 

 Source Sum of 
squares 

Degrees 
of 
freedom 

Mean 
Squares 

F- Value p-Value 

A-Particle size 0.2730 1 0.2730 23.08 0.0003* 
B- Temperature 69.41 1 69.41 5866.49 < 0.0001* 
C-Extraction time 113.16 1 113.16 9564.47 < 0.0001* 
D -pH 336.23 1 336.23 28418.88 < 0.0001* 
AB 0.0462 1 0.0462 3.91 0.0681 
AC 0.0576 1 0.0576 4.87 0.0446* 
AD 0.0001 1 0.0001 0.0085 0.9281 
BC 0.0289 1 0.0289 2.44 0.1404 
BD 0.1560 1 0.1560 13.19 0.0027* 
CD 0.0110 1 0.0110 0.9318 0.3508 
A2 0.0105 1 0.0105 0.8845 0.3629 
B2 0.0054 1 0.0054 0.4584 0.5094 
C2 0.0059 1 0.0059 04989 0.4916 
D2 0.4019 1 0.4019 33.97 <0.0001* 
Residual 0.1656 14 0.0118   
Lack of fit 0.0674 10 0.0067 0.2741 09559 
Pure Error 0.0983 4 0.0246   
 Cor Total 519.95 28    
R2    0.9997  
Adjusted R2     0.9994  

                           *Terms are significant (p < 0.05) 
 
The optimization aimed at establishing the maximum amount of protein content and extraction 
yield. The optimal extraction parameters for protein content were particle size 750µm, 
temperature 60oC, extraction time 52.5 minutes, and pH 9 to give a protein content of 73.99%. 
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Likewise, optimal parameters for extraction yield were particle size 750µm, temperature 45oC, 
extraction time 90 minutes and pH 9 to obtain a maximum extraction yield of 62.84%. 
 
3.3 Surface plots and interactive effects 
Optimum conditions were selected using surface plots. Two of the four independent variables 
were fixed to determine the optimum yield at any point while varying the remaining two and 
predicting the response variables. 
 
3.3.1 The effect of particle size 
 Particle size did not play an important role in determining the protein content and isolate yield. 
The surface plot (Fig 2a) shows that the particle size distribution adopted did not influence the 
responses obtained. However, it was expected that a decrease in particle size would increase the 
surface area available for mass transfer of bioactive components to the solvent. This observation 
is similar to that obtained by Ferreira et al. (2023), who explained that reducing particle size did 
not always contribute to higher extraction of bioactive compounds. Likewise, Kumoro et al. (2010), 
mentioned that when the particle size distribution is narrow, it results in high viscosity of the slurry, 
which reduces the diffusivity and mass transfer coefficient.  However, other researchers have 
reported an increase in the extractability of proteins with decrease in particle size. For instance, 
Russin et al.(2007), when investigating the effect of particle size on Soy protein isolate extraction, 
reported that a decrease in particle size from 223.4 to 89.5 µm led to an increase in protein 
recovery of 30%. 
 

 
 a                                                                                              b                                                                             

Fig 2. Surface plots and interaction of enzyme-assisted extraction factors on protein content 
 
3.3.2 The effect of temperature 
 Surface plots (Fig. 2a and 2b) showed that an increase in temperature increased protein content, 
reaching a maximum of 72% at 60°C. Temperature increases the mobility of particles and diffusion 
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rate of the bioactive constituents to the solvent. High temperature promotes mass transfer, 
solubility, reduces viscosity of the solution and increases extraction rate (Kumoro et al., 2010). 
Despite the positive influence of temperature on protein extractability past research has pointed 
out that high temperatures lead to the formation of undesirable compounds and protein 
degradation (Elhag et al., 2019). Also, it has been reported that temperature increments in the 
range from 30oC to 60oC have negligible influence on the sunflower protein extractability (Ivanova 
et al., 2012).   
 
3.3.3 The effect of extraction time 
Longer extraction times resulted in increased protein content and isolate yield. The protein 
content was highest at 90 minutes (Fig 3a). Time influenced protein extractability in a pH-
dependent manner (Fig 2c).  At shorter extraction times, there was a gradual increment in protein 
content with an increase in pH. This rate of extractability rose more steadily as time increased with 
pH. 
 
Ivanova et al. (2012) reported that sunflower protein extraction mostly occurs during the first 15 
minutes, but maximum yields are achieved after 60-75 minutes of extraction. A combination of 
longer extraction time and high pH produced high protein extractability. This can be attributed to 
the effect of pH since other authors have reported a minimal effect of extraction time on protein 
content, but increased protein extractability at high pH (Ivanova et al., 2018). 
 

 
                                   a                                                                                b 
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c 

Fig 3. Surface plots and interaction of enzyme-assisted extraction factors on isolate yield 
 
3.3.4 The effect of pH 
The use of enzymes was meant to lower the pH at which extraction is carried out, since proteases 
working in an alkaline environment have an optimum pH and temperature range of 8-10 and 45 - 
60 °C, respectively (Sari et al., 2015). Enzymes also prevent the formation of complexes between 
the released proteins and the cellular component of the cell wall (Kumar et al., 2021). 
 
Among the other extraction parameters investigated, surface plots (Fig 2b,3b and 3c) revealed 
that pH had the highest effect on extraction. Protein extractability increased with an increase in 
pH, reaching a maximum at pH 9. Sunflower protein consists of albumins and globulins, which are 
alkali-soluble protein fractions (Ivanova et al., 2012). Sultan et al. (2024), when working on pH Shift 
extraction technique for plant proteins, reported that at high pH values, protein solubility is 
increased, leading to a higher protein yield. Also, past research has mentioned the optimal pH 
values for enzymatic extraction in the alkaline medium to be between 8-10 (Sari et al., 2015; 
Kumar et al., 2021)   
 
3.4. Optimum extraction conditions and validation  
The optimum extraction conditions were predicted by the Box-Behnken design to determine the 
conditions for maximization of protein content and isolate yields individually and jointly. The 
predicted optimum conditions for maximizing the protein content were particle size 750µm, 
temperature 60oC, extraction time 52.5 minutes and pH 9 with a corresponding protein content 
of 73.99%. Similarly, maximum protein extraction yield was 62.84%, obtained at extraction 
parameters of particle size 750µm, temperature 45oC, time 90 minutes and pH 9. The extraction 
process was carried out in triplicate under these optimal conditions and obtained a protein 
content of 71.57 ± 2.79% and an extraction yield of 59.28 ± 2.28%. These values replicate those 
obtained by the regression model, thus validating it. 
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 3.5 Enzyme-assisted extraction versus alkaline 
The protein isolate obtained by enzyme-assisted extraction was lighter in colour when compared 
to that obtained by alkaline extraction. Extraction at high pH values leads to the oxidation of 
polyphenols, which in turn leads to the formation of dark-coloured products (Baurin et al., 2022). 
However, the protein content and extraction yield of the two extraction processes are close to 
one another as shown in Figure 4. The alkaline extraction without enzyme assistance gave optimal 
yields at pH 12, while with the use of enzymes the optimal pH was 9. Enzymatic extraction 
therefore preserves proteins from denaturing at high pH, resulting in lighter colouration. 
n.  
 

 
Fig 4: Protein content and extraction yield for alkaline and enzyme–assisted extraction. 

 
4.0 Conclusion 
The regression model for protein content and extraction yield optimization exhibited a non-
significant lack of fit and goodness of fit (R2) of (0.564 and 0.274), and (97.78% and 99.97%), 
respectively. This result was validated in the experimental vs predicted protein content and 
extraction yield responses. After 29 experimental runs, with independent variables being particle 
size, temperature, extraction time and pH, the experimental protein content was 73.99% and the 
extraction yield 62.84%. The surface plots showed that this maximum protein content and 
extraction yield were obtained by extracting at particle size 750µm, temperature 52.5oC (45oC for 
yield), extraction time 60 minutes (90 minutes for yield) and pH 9. It was observed that at the 
optimum conditions, the experimental protein content and extraction yield varied slightly from 
the predicted values. The closeness of both data (experimental and predicted) shows that the 
predicted model is suitable for the experimental data. The optimization results suggest that 
enzyme-alkaline assisted extraction is suitable for extracting sunflower oilcake protein isolate 
without causing much protein degradation, as exhibited by the light grey colour, unlike the dark 
green colouration of pure alkaline extraction.5.0 Acknowledgments  
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