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2. Internal diffusion mechanisms
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4.Water holding capacity (WHC)
5. Oil holding capacity (OHC)

6. Foaming capacity (FC)

7. Foam stability (FS)
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10. Lack-of-fit test
11. Numerical optimization
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8. Emulsion stability (ES)
9. Emulsion thermal stability (ETS)
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Table 1 Box-Behnken experimental design for detemination of ultrasound-assisted Fenugreek seed
protein extraction yield

. Levels
Independent variables 1 0 1
Ultrasonic power(W) 40 70 100
Sonication time (Min) 10 20 30
No ;Jéif]aesr(()&(): Som(gzli(;g time Experln(l;)n)tal yield Predicted yield (%)
1 40 10 44 4.08
2 100 10 6.1 6.00
3 40 30 5.0 493
4 100 30 8.0 8.15
5 40 20 4.6 4.98
6 100 20 7.6 7.55
7 70 10 6.4 6.81
8 70 30 8.4 8.31
9 70 20 8.2 8.03
10 70 20 8.0 8.03
11 70 20 8.0 8.03
12 70 20 8.1 8.03
13 70 20 8.2 8.03
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Table 2 Analysis of variance (ANOVA) for effect of independent variables on ultrasound-assisted
extraction yield of Fenugreek seedprotein

Source Sum of df Mean square  F-value p-value prob> F
square
Model 26.58 5 5.32 71.01 <0.0001 Significant
A- Ultrasonic power 9.88 1 9.88 132.02 <0.0001
B- Sonication time 3.37 1 3.37 45.09 0.0003
AB 0.42 1 0.42 5.64 0.0492
A’ 8.66 1 8.66 115.69 <0.0001
B? 0.61 1 0.61 8.18 0.0244
Residual 0.52 7 0.07
Lack-of-Fit 0.48 3 0.16 16.13 0.0106 Significant
Pure error 0.04 4 1.00E-002
Cor total 27.10 12
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Fig 2 Perturbation plot of (A) ultrasonic power and (b) sonication time on extraction yield of Fenugreek seed
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Table 3 Optimized conditions for ultrasound-assited extraction of Fenugreek seed protein

Ultrasonic power Sonication time Predicted extraction Experimental Desirabilit
(W) (min) yield (%) extraction yield (%) Y
80 28.39 8.65 8.57+0.10 1.00
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Table 4 Functional properties of ultrasound-assisted extracted Fenugreek seed protein
Functional properties

Protein Water holding capacity Oil holding capacity
solubility (mg/mL) (mL/g) (mL/g)
8.9240.48®
4.26+0.31
7.89+0.51°¢ 6.24+0.18 2.7240.10
8.14+0.24"
9.41+0.19°
“Values represent protein solubility at pH of 2, 4.5, 6, 8 and 10, respectively.The values with different
superscript letters are significantly different (p<0.05).
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Fig 5 (a) Effect of pH changes on foaming
capacity, (b) Effect of pH changes and time on
foam stability of ultrasound - assisted extracted
Fenugreek seed protein under optimized
conditions.

The values with different superscript letters are
significantly different (p<0.05).
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Fig 6 (a) Effect of pH changes on emulsion
capacity, (b) Effect of pH changes and time on
emulsion stability of ultrasound - assisted extracted
Fenugreek seed protein under optimized
conditions.

The values with different superscript letters are
significantly different (p<0.05).
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Table 5 DPPHradical scavenging activity (%) of Fenugreek seed protein and ascorbic acid

Concentration (mg/mL)

Source
1 0.5 0.25
63.28+1.00 54.37£1.18 52.85£1.34  Fenugreek seed protein
98.05+0.89 92.15+1.02 90.05+0.91 Ascorbic acid
[2] Sikorski, Z. E. 2006. Chemical and

functional properties of food components.
CRC press.
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Functional ~ properties  of  fenugreek
(Trigonella  foenum  graecum)  protein
concentrate. Food Chemistry. 103: 582-589.

[4] Oshodi, A.A. and Ojokan, E.O. 1997.
Effect of salts on some of the functional
properties of bovine plasma protein
concentrate. Food Chemistry. 59(3): 333-
338.

[S] Arogundade, L. A. 2006. Functional
characterization of Tef (Eragosticstef)
protein concentrate: Influence of altered
chemical environment on its gelation,
foaming, and water hydration properties.
Food Hydrocolloids. 20: 831-838.

[6] Bakhshi. M.F., Milani, E., Mortazavi,
S.A.andMeshkani, S.M. 2013. Effect of
extraction methods on functional properties
of chickpea protein isolated. Iranian Journal
of Food Science and Technology. 10(38):
11-20.
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W., Li, X, Li, C.andXie, M. 2018.
Extraction, physicochemical characteristics
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ABSTRACT

ARTICLE INFO

Proteins are one of the most important food constituents due to their
unique functional properties and health benefits. Among plant proteins,
fenugreek seed protein is of great interest due to its high content of
essential amino acids. The current study was carried out to optimize
ultrasound-assisted extraction of fenugreek seed protein and evaluation
of its functional, structural and antioxidant properties. The optimal
conditions for protein extraction were ultrasonic power of 80 W and
sonication time of 28.39 min which under these conditions, the
predicted extraction yield was 8.65% which was in good agreement
with the experimental value (8.57%). Amide A, amides type L, II, and
IIT bands were observed in Fourier transform infrared spectrum. The
solubility was pH-dependent. The water and oil absorption capacity was
6.24 and 2.72 mL/g, respectively. The lowest (44.66%) and highest
(92.49%) foaming capacities were observed at pH 4.5 and 10,
respectively. The highest emulsifying capacity (84.53%) was observed
at pH 10, while the lowest (54.82%) was at isoelectric point. At the
constant pH, the foam and emulsion stability decreased over time. The
results revealed that ultrasound can be applied effectively to reduce the
time of protein extraction process from fenugreek seeds. In addition, the
fenugreek seeds extracted by using ultrasound have desirable functional
and antioxidant properties that make it feasible for utilization in the
food industry.
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