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Figure 1- Extraction of protein concentrate by alkaline-acid precipitation method
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Table 1 - Actual and coded values of independent variables used for experimental design of hazelnut meal
protein extraction
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233) O g0l b ale= Obo
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Table 2 - Central composite design (CCD) for determining the oil and water absorption capacity of hazelnut
meal protein using ultrasound

Slolr s b b odr ik ’ ol plem gy DrelAplem b5 s S s L
(5119 e P o) (s co
Wg;gai?f&;%;) n Oil absorption pH Ultrasound bath Ultrasound bath Centrifuge RUN
Capacity(g/g) temperature(°C) time(min) temperature(°C)
0.81 3.44 11 30 15 14 1
0.61 3.49 10 30 15 14 2
1.4 291 12 20 25 24 3
0.64 3.81 10 40 5 24 4
1.22 3.29 12 30 15 14 5
0.67 3.71 10 30 15 14 6
0.91 3.9 10 20 25 4 7
0.89 3.24 11 30 15 14 8
1.18 2.82 11 30 5 14 9
0.85 3.47 11 30 15 14 10
0.51 3.58 10 40 25 24 11
0.75 29 11 20 15 14 12
0.91 3.45 11 30 15 14 13
0.85 3.36 11 30 15 24 14
0.5 2.84 10 40 5 4 15
1.43 3.37 12 20 25 4 16
1.06 2.66 11 30 5 14 17
1.52 3.35 12 40 5 24 18
0.8 3.37 11 30 15 4 19
0.94 3.56 11 30 15 24 20
1.45 2.68 12 20 5 4 21
0.62 2.48 10 20 5 24 22
0.96 3.35 11 30 25 14 23
0.92 2.76 10 20 5 4 24
0.84 3.11 11 30 15 14 25
1.6 2.39 12 20 5 24 26
0.68 3.08 11 20 15 14 27
0.98 3.16 12 40 25 4 28
0.91 3.45 11 30 15 14 29
0.88 3.57 11 30 15 4 30
0.44 2.93 10 20 25 24 31
1.34 3.49 12 30 15 14 32



0.48 3.48 11 40 15 14 33

1.06 3.15 11 30 25 14 34
0.49 3.68 10 40 25 4 35
0.99 2.79 12 40 5 4 36
121 3.45 12 40 25 24 37
0.53 3.28 11 40 15 14 38

gl p KaS 4y G5 S 55 ST 5 B, ol S b Jies gla e 3T (ANOVA) byl oo 5 458 - Jgr
Table 3- Analysis of variance (ANOVA) of the effect of independent variables on the oil and water absorption
capacity of hazelnut meal protein using ultrasound

b o b REEBRRC JUNC el
Water absorption QOil absorption @slyl
Capacity Capacity of &
3y dsles ol Sl o f sares s doles ol Sla o g o Source
Actual Equation Sum of Squares Actual Equation Sum of Squares
coefficients coefficients
10.40829"" 3.57 19.74019™ 4.95 14 Jda
-0.128925" 0.0072 -0.101030"™ 0.0218 1 5okl gl = A
-0.049197" 0.0594 0.200078""" 1.38 1 Syl bl 03 -B
0.145824""" 0.2761 0.145856""" 0.6698 1 ol ol slea-C
-2.20828™" 2.33 -3.50811" 0.1882 1 pH- D
-0.000481"" 0.0371 -0.001600" 0.4096 1 AB
0.000981"" 0.1541 0.002550""" 1.04 1 AC
0.009312"" 0.1388 0.000750 " 0.0009 1 AD
-0.000031"™ 0.0002 -0.001300" 0.2704 1 BC
-0.001312" 0.0028 -0.001000 " 0.0016 1 BD
-0.002688" 0.0116 -0.005000 " 0.0400 1 CD
0.000220" 0.0025 0.001321" 0.0885 1 A2
0.002195%* 0.2445 -0.003379** 0.5792 1 B2
-0.002355%** 0.2812 -0.001479* 0.1110 1 Cc2?
0.114533** 0.0665 0.162073** 0.1332 1 D2
0.0575 0.3600 23 s Xle3ly
ns 0.0169 ns 0.0952 10 il pde
0.0406 0.2648 13 oo s
3.63 5.31 37 Js
0.9841 0.9322 R?
0.9745 0.8909 R? Adjusted
0.9535 0.7935 R? Predicted
5.46 3.86 % C.V.
35.7161 18.5229 Adeq Precision

(4530 Szl el 3 (63 ime pde =) (P <2/202%) (P <o/ N (< /o))
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Figure 2 - Single factor effect of ultrasonic bath temperature (a) and time (b), and alkaline pH (c) on the oil
absorption capacity of hazelnut meal protein
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Figure 3 - Interaction effect of independent variables on oil absorption capacity of hazelnut meal protein
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Figure 4- Single factor effect of ultrasonic bath temperature (a), time (b), and alkaline pH (c) on the water
absorption capacity of hazelnut meal protein
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Figure 5 - Interaction effect of independent variables on water absorption capacity of hazelnut meal protein
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Effect of Ultrasonic Technique on the Functional Properties of Hazelnut Press Cake
Protein

Abstract

Background and Objective: Food security is one of the fundamental global challenges, and
addressing protein deficiency in nutrition is especially critical in developing countries. Plant-based
proteins have garnered significant attention due to their environmental sustainability and the reduction of
dependence on animal sources. Extracting protein from plant by-products, such as oilseed meals, not only
reduces resource waste but also minimizes environmental impacts. Hazelnut meal, as an agricultural by-
product, can serve as a sustainable high-quality protein source. In this study, protein was extracted from
hazelnut meal using ultrasound pretreatment, alkaline extraction, and acid precipitation. The functional
properties of the extracted protein were evaluated to enhance its applicability in the food industry.



Materials and Methods: To extract protein from hazelnut meal, a defatting process was first carried
out. Subsequently, a mixture of defatted hazelnut meal and deionized water was prepared and subjected to
ultrasound pretreatment to facilitate protein release. The pH of the mixture was adjusted using sodium
hydroxide solution based on the optimal values suggested by the experimental design software. After the
initial centrifugation, the supernatant was collected and adjusted to the isoelectric point by adding
hydrochloric acid solution. At this stage, a secondary centrifugation was performed, and the resulting
precipitates were washed, neutralized, and dried using a freeze dryer. The experiments were conducted
using the Response Surface Methodology (RSM). The independent variables in this study included
alkaline pH (10 to 12), centrifugation temperature (4 to 24°C), ultrasound bath time (5 to 25 minutes), and
temperature (20 to 40°C). The dependent variables were water and oil absorption capacities. The
experimental design was performed using Design Expert software with a Central Composite Design
(CCD), consisting of 38 different treatments with 6 replications at the central point and a significance
level of 5%. To validate the model and compare the predicted results with the experimental data at the
optimal point, the t-student test was used.

Results: Results of the Analysis of Variance for the dependent variables showed that the quadratic
model was statistically significant (p < 0.05). The analysis indicated that increasing the ultrasound time
up to 16 minutes initially decreased the water absorption capacity and then increased this parameter.
Similarly, increasing the ultrasound temperature up to 26 °C led to an initial increase followed by a
decrease in water absorption capacity. Moreover, increasing the pH from 10 to 12 resulted in a significant
increase in water absorption capacity. According to the findings, increasing ultrasound time up to 20
minutes initially increased and then decreased the oil absorption capacity. Additionally, increasing the
ultrasound temperature up to 36 °C resulted in an initial increase followed by a slight decrease in oil
absorption capacity. Furthermore, increasing the pH up to 11.4 initially caused a decrease, followed by a
slight increase in oil absorption capacity.

Conclusion: The results showed that ultrasonic pretreatment improved the water and oil absorption
capacities of hazelnut meal protein. For numerical optimization, the values of the independent variables
were adjusted within the defined range, and the dependent variables were evaluated with the aim of
achieving the highest possible values. Under optimal conditions, the process involved an ultrasonic
temperature of 23.840 °C, an ultrasonic time of 25 minutes, a centrifuge temperature of 4.001 °C, and a
pH of 12. Under these conditions, the water holding capacity (1.481 grams of water per gram of protein)
and oil absorption (3.739 grams of oil per gram of protein) were determined. All experiments were
performed in triplicate. There was no significant difference between the predicted results by the model
and the experimental values under optimal conditions. These findings confirm the accuracy and reliability
of the proposed model.

Keywords: Hazelnut meal protein, Optimization, Oil absorption capacity, Water absorption capacity.



