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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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3. Protein solubility
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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(;l; time Experln(ls/on)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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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
(mL/g)

solubility’ (mg/mL)

Oil holding capacity
(mL/g)

8.92+0.48%
4.26+0.31¢
7.89+0.51°
8.14+0.24"
9.41+0.19*

6.24+0.18

2.72+0.10

“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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The values with different superscript letters are
significantly different (p<0.05).

SUBL s Vb g dy iS L pslie 55 Y S LSS
355 ol b 563 18 e b s 5 el
=Y Jsbes PH aels 55 S (0L Ol ke oy [1Y]


http://dx.doi.org/10.22034/FSCT.19.126.39
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.14.5
https://fsct.modares.ac.ir/article-7-57065-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-10-13 ]

[ DOR: 20.1001.1.20088787.1401.19.126.14.5 ]

[ DOI: 10.22034/FSCT.19.126.39 ]

Oen 5 LS ansls Vi

Gl Osed el Il Ll (TY) 0L 5 S
GRS ) Dpol b b o 0 ST L slacnts
Ol Byt LS35555 0 5l gl B 5 oz o510
2 OFsn Fare a5 JEl Eel sl ) o5 a8
Sl sse wmS s GEas s ol o e
Ogrd 3ol SOIL e iy [OY 0V ] 558 o (SAiS Y sed 5ol
Solkl 3l ol a8 L 5w Jel- Ve il pH s
-1 Ji..':) Lo alS <+/+0) Sl oxe osb 4 O seed gal
oL Ol NG (Y0V0) 0L 5 28 (O
B S edd l il el S Sl O s 5ol
L3S S o3 Ve Issd Ol w0 1) A dolee pH
oV 5 8/0 GLpH ;5 (sl Ol o 2eS &S S 5o
b 53 Sgedsal (olLL 2alS s T V] el s
56l s e 5 DEas SRS G b SR 0L
b Sl nl et pH s Oped sl (10l 2alS s
L3S Ol B S S se (g andls Slas s ShalS
GLdlGol) Hlge Cudlad Ol ) p AT
DPPH .5

W glp s s L5 e DPPH 551 sladisl,
Jsbs Ky ol st dy DPPH il U0, S
o iy ) sl ey baDPPH T sladiSGsl, (5l
ol e gl 0V o 1 Cder Olpee 5 0l Bl s 253
L DPPHsIT cbd&sl, Sl cdled [T das e
e yleS| A S Ol gy el Sopp Sl 5 alkid 55
sk edls Ol 0 Jade jy il glackle s ab
GGl ol 55 (SauS sl Jl s bt sas plad el
e Ol e ke 2l33 b S g5k 4 L3 DPPH 551
odal s 4 @l bl L BB 5 SaS lee
boamlie 53 555 S e dled ol S S
oap ol dgpll ol Ol s Sl ke 8,
Shls ak Vpame S Olpe 4 5 Al
A3t o DPPH 53 sladiSsly Jles )3 (6 pfaiamgll s
Sk gos o 3T I3 Ll 2Uls Jlazl S 55l
O3sotes JUEh b 0 S Lasl b sl (Sas aallles 5,5
sy JoeS oo il slaes S 51T SISl «
oSy Llg e Ay 5 AL kS e Dy Jltle s

LS b gt | 3T GGl (glo i

O

Cudls el 8 Osed sl IG5 (SASO ped ol
—epnl Bl i 4 Olge bl sl (p<eee)
Loy cilone GPH s 55, cbd s s S
dhbid 8y (SHSOsdsl S b pptn ol
W GbpH s ol s 2l S 4 el 2l
L Jel Ao ALY Olne a4 O PH Losas
BUAY) LSS O g gl b b Olsge ey oS Jms
OF gl Gllanl 5 85 > 2als Ws & (Ao

(Gl = 1 S8) s etalin K, iS55 s pH

90

A
@ B
50 F
D

70 F
60 | E
50T
$0F
30T
0t
10 r
0

45 6 8 10

Emulsion capacity (%)

=

pH
120 W30Min =60Min #90Min 1120 Min
100
3
)
£
:
% 60
ERR)
3
20
0
2 45 6 8 10
pH

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).

s (008) JBY Shasy Jl Jol mls b adl ol
Sen 5 b alllan s (Shagsy ol ls GO s sl
dlid sy SSOpedsl Sk N (T0)
Y4 Ol 40 ¥ dobee PH 5 oW 255 4 0 2l szl

s (V) O 5 Slws [VV] Aal Cowdds hoyd


http://dx.doi.org/10.22034/FSCT.19.126.39
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.14.5
https://fsct.modares.ac.ir/article-7-57065-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-10-13 ]

[ DOR: 20.1001.1.20088787.1401.19.126.14.5 ]

[ DOI: 10.22034/FSCT.19.126.39 ]

Ve J\JJA N 092 A b)\.a..;

Olnl 2l mlo 5 o5l alos

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
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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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