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17. Sodium alginate

18. Thickening

19. Film-formingproperty
20. Foam stabiliser

21. Suspending agent
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Chian

Chien

. Nahuati

Salvia hispanica
. Lamiaceae

. Gallic acid

. Caffeic acid

. Chlorogenic acid
. Cinnamic acid
10. Ferulic acids
11. Quercetin

12. Kaempferol

13. Epicatechin

14. Rutin

15. Apigenin

16. P-coumaric acid
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22. Emulsion stability (%ES)
23. encapsulation efficiency(EE%)
24. Scanning electron microscope (SEM)
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Table 1 Design matrix of the response surface methodology.

Run  Encapsulation Chia seed Chia seed Run Encapsulation Chia seed Chia seed
musilage (%) oil (%) musilage (%) oil (%)
1 With 0.125 2 13 Without 0.037 0.59
2 Without 0.125 2 14 With 0.125 4
3 With 0.21 0.59 15 Without 0.125 2
4 With 0.21 3.41 16 Without 0.125 2
5 With 0.037 3.41 17 Without 0.125 2
6 With 0.037 0.59 18 With 0.125 2
7 With 0.125 2 19 Without 0.125 4
8 Without 0.21 3.41 20 Without 0.125 0
9 Without 0.25 2 21 With 0 2
10 With 0.125 2 22 Without 0 2
11 With 0.25 2 23 With 0.125 0
12 Without 0.037 341 24 Without 0.21 0.59
12 Without 0.037 341 24 Without 0.21 0.59
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27. Power Law

28. Bingham

29. Herschel-Bulckly

30.. Casson

31. Vocadlo

32. Response surface methodology (RSM)
33. Central composite design( CCD)
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25. Linear viscoelastic region
26. Frequency sweep
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Fig 1 Scanning electron microscopy images from sodium alginate-chia seed mucilage containing chia seed oil

A


http://dx.doi.org/10.22034/FSCT.19.134.171
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.13.7
https://fsct.modares.ac.ir/article-7-67641-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-29 ]

[ DOR: 20.1001.1.20088787.1402.20.134.13.7 ]

[ DOI: 10.22034/FSCT.19.134.171 ]

Ve L,,:.)))J,"Bc“' o)})c\ri o)Lo...f:

als QL bl s i ) [YA] el ol =3
Sk 2 Gl U b 4ils 2, it (308 it S
Ly s Gllas «Sgosb 4 (p<t/00) 505wl 5 pH
Ohal 3 0T PH. 5 2alS e sas a ol (855l 21331
SEas s b als lwse 0353 S ol Jb sl il
Slds 2 Solsime B0 (Gl dnlp 5 edd Gl

P> +/40) 5,lu Lol

au Aol 9 pH-Y-¥
Obos e 5 Canle I3 (BL sla Sy » 4wl 5 pH
S5 Jed 5l else 36 o 5 5108 e 6 O (S
Slas St el 5 b baspl wnlp Luls b sleed
PH (b & ax s U VAT sl S5 pass o o Skl
weg PH g e 8/ =8/ o 8 Cnls sladssal
N Cle Sl e s S5y 4 olaws sl

44 4.4 LI
AT T
z L W T
Z P
...-\ 341422 ........... [ Y ; ,;)>
42
2.70711 2.70711
2 2
Dzlaapy A: Chiaseed oil 0213389 A: Chia seed oil
0.169194
y 1.20289 1.29289
0.0808057 0.0808057
0.0366114  0.585783 0.0366114  0.585783
B: Chia seed mucilage B: Chia seed mucilage
Encapsulated chia seed oil Free chia seed oil
L1 11
09 1%

= 2

g ]

E 2

0.213389

0.169194

B: Chia seed mucilage
0.0808057
1.29289

0.0366114 ~ 0.585783
A: Chia seed oil

Encapsulated chia seed oil

B: Chia seed mucilage

0.213389

0.0808057
1.29289

0.0366114  0.585783 " .
A: Chia seed oil

Free chia seed oil

Fig 2 The change in pH and acidity of yogurt vs. independent variables.
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Fig 3 The perturbation plot of the changes in pH and acidity of yogurt.
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Fig 4 The change in dry matter and syneresis of yogurt vs. independent variables.
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37. Shear thinning behavior
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Table 2 Multi-response numerical prediction

results.
. Experimental
Predicted values

values
pH 4.57 04.52+0.11
Acidity 0.77 0.74+0.13
Dry matter 16.43 16.51+0.25
Syneresis 33.56 34.02+0.79

Peroxide value 0.2 0.1+0.1
Color differences 0.84 0.80+0.09
Omega 3 1.33 1.39+0.12
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Fig 10 Shear stress-shear rate and consistency- shear plots for optimum and blank samples.
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Table 4 Shear stress-shear rate parameters and consistency- shear plots for optimum and blank samples.

Blank sample
Power-law model

Optimum sample

K (Pa.s") 4.58+0.29 8.72+0.61
n 0.57+0.016 0.44+0.018
R? 0.993 0.982
RMSE 1.51 2.56
Herschel-Bulkley model
1, (Pa) 3.04+0.17 5.75+0.69
K (Pa.s") 2.79+0.10 4.31+0.49
n 0.67+0.008 0.5840.02
R? 0.999 0.995
RMSE 0.38 1.1
Bingham model
1o (Pa) 6.71+0.82 11.41£1.19
P (Pa.s") 0.65+0.02 0.66+0.03
R? 0.971 0.943
RMSE 3.13 4.54
Vocadlo model
1o (Pa) 3.74+0.21 7.22+0.55
K (Pa.s") 7.37+0.64 35.16£9.20
n 0.63+0.008 0.51+0.01
R? 0.999 0.995
RMSE 0.51 1.19
Casson model
1, (Pa) 3.79+2.55 5.39+1.00
K (Pa.s") 109.12+36.9 205.19+39.85
R? 0.660 0.805
RMSE 10.76 8.45
Storage modulus Loss modulus 03 gdows 3 Lkl b Szl J ke polie das e OL2S Y JQJ
Y O i i o 3 e 3y dade S VL sdsdlasl 0S8
mEEE

storage and loss modulus (Pa)
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Fig 11 Storage and loss modulus-frequency plot in
optimum and blank samples.
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The aim of the present study was to optimization of enriched yogurt with chia
seed oil and mucilage. This purpose was done with the aim of maximizing
omega-3 level and minimizing changes in physical and chemical properties
(pH, titrate acidity, syneresis, dry matter, peroxide values and color changes)
compared to the control sample. First, in order to increase the oxidative
stability, chia seed oil was encapsulated with sodium alginate and chia seed
mucilage using emulsification/ internal gelation method. The physical
characteristics results showed that the enrichment caused a decrease in the
syneresis, an increase in the water holding capacity and viscosity. Then,
yogurt was enriched and optimized with free and encapsulated chia seed oil (0
to 4%) and chia seed mucilage (0 to 0.25%). The sample without chia seed
mucilage and oil used as a control sample. The results of scanning electron
microscopy images showed that the successful alginate-sodium-mucilage
microfiber coating of chia seeds has been made with a uniform structure.
Yogurt contained 3.41% encapsulated chia seed oil and 0.213% chia seed
mucilage was selected as an optimum treatment. The results showed that the
number of starter bacteria of optimum sample were not significantly different
from the control (p>0.05). The texture of the yogurts was found to be
viscoelastic. The flow behavior index in all samples was less than one, which
indicates the non-Newtonian (pseudoplastic) behavior of the samples.
Herschel Balky model had R* and lowest RMSE in both samples, which
indicates the suitability of this model to investigate the shear flow behavior in
terms of shear velocity of samples.
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