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7. X-Ray Diffraction
8. Image J
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Figure 1. Surface activity of Balangu and PF-Balangu determined at different concentration (20 °C).
Different letters of each bar indicate significant differences between samples (capital letter) and different gum
concentration (small letter) at p <0.05.
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Table 1. The particle size of emulsions of Balangu and PF-Balangu at 0.3% w/w during 5 weeks storage at 25 °C

Oseed 5ol 05 o311 gl axls SIS ol
Emulsion Particle size parameters storage time
e 8L S a3 e JECIIPER (e s S) Gay)
PF- Balangu Balangu (um) (Day)
11232024 A 5.12+0.17 B MD (pm) LR
0.41 0.23 SD () After the production®
3.6£0.12 Ad 3.05+0.28 BY MD (um) T
0.45 0.32 SD (-) **After the production
4.50+0.13 Ac 3.39+0.36 B MD (um) RCERCS
0.81 0.52 SD () “*Week 1
4.63+0.12 A 3.6140.12 Bab MD (pm) P wci
0.93 0.68 SD () “*Week 2
5.85£0.11 A® 3.84:0.34 Ba MD (um) o aain
1.92 0.77 SD (-) “*Week 3
6.4120.12 A 3.8940.42 Ba MD (um) Pl ais
2.65 0.91 SD () “*Week 4

Particle size analyzer®

Image processing technique (MDz SD) **

053 Il o 5 4 oK™
(a5 SD £eys b - Kla) ogeas J33ls, 2™

(P<0.05 (- Sils &3505D) Aab o (S S G ) (IS b 5 (S o) bajles o Lls ime sl sdias Olis Cilises oy >

Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Figure 2. Microstructure of emulsions containing Balangu and PF-Balangu during storage for 5 weeks
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Table 2- Stability of emulsions stabilized with Balangu and PF-Balangu at 0.3% w/w during 5 weeks storage period

at25°‘C*.
SIS e SIS e SIS e SIS e SIS e Skl
S(a «xis) S(f «xis) S(v «xis) S(v «xis) S(\ wis) e et ol
torage torage torage torage torage . Emulsion
stability stability stability stability stability S?:;}ﬁ;fu(%;)
(Week 5) (Week 4) (Week 3) (Week 2) (Week 1) y (7o
)ﬁb $ls C:o..p
99.1+0.05*  100.00+0.00*  100.00+0.00*  100.00+0.00*  100.00+0.00*  72.5+0.25%
Balangu
S wls oo
77.50+0.25*  79.35+0.37° 80.41+0.25*  88.21+£0.47°  98.51+0.41° 61.4+0.22% RRYRIRELE
PF- Balangu

(P<0.05 SSls 05031) A3b o bk ga5 (I3 sime Ssli5 sdins iy Cileses Loy ="

“Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Figure 3. Effect of different concentrations of Balangu and PF-Balangu on foaming capacity of 0.3% albumin
solutions. Different letters of each bar indicate significant differences between samples (capital letter) and gum
concentrations (small letter) at p < 0.05.
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Figure 4. Effect of different concentrations of Balangu and PF-Balangu on foaming stability of 0.3% albumin
solutions. Different letters of each bar indicate significant differences between samples (capital letter) and gum
concentrations (small letter) at p <0.05.
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Figure 5. DPPH free- radical scavenging activity in different concentrations of Balangu and PF-Balangu gums
*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Abstract

Background and objectives: Proteins and polysaccharides are common compounds in many
food formulations. They are responsible for some food characteristic, such as texture and
controlled release of flavor. They can modify phase stability in colloidal food systems. These
biopolymers play an important role in structuration and stabilization of food through their
gelling, thickening and surface activity properties. The products of this reaction are new
materials that have different functional properties in comparison with reactants. The aim of this
study was to investigate the structural, functional and antioxidant properties of protein-free
balangu seed (Lallemantia royleana) gum.

Materials and methods: Balangu seeds were purchased from a local market in Bojnord.
Protein-free Balangu was achieved by protease hydrolysis (by proteinase enzyme K). To
inactivate the enzyme, ethanol added at ratio of 3 to 1 on the system and kept for 6 h. Then,
polysaccharide was separated and resolubilized in water and the resultant solution was
centrifuged at 15,000 x g for 15 min and the supernatant was named as protein-free fraction.
The samples were dried in an air forced oven at 38 C. To evaluate the functional properties of
the gum, different parameters such as surface tension (using a Wilhelmy plate technique with a
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platinum-iridum plate), emulsifying properties (particle size distribution in emulsion, light
microscopy, emulsion stability in storage period and emulsion stability test centrifuges) and
foaming properties (foaming capacity and foaming stability). Moreover, the antioxidant activity
balangu gum and protein-free balangu were measured by two methods, DPPH free radical
scavenging and FRAP assay. Butylated Hydroxy Toluene (BHT) was used as positive control
for comparison. A completely randomized design was used for statistical analysis. The data was
statically analyzed by Analysis of Variance (ANOVA) and Duncan Multiple Range Test. The P
level of <0.05 was considered statistically significant.

Results: The results showed that a decrease in protein content of balangu seed gum by protease
enzyme led to significant reduction in surface activity and weakened emulsion and foam
stabilization properties of balangu seed gum, which presents the importance of protein in
emulsifying and foaming properties of balangu seed. Antioxidant activity of the gum and
protein-free fraction in the both methods were less than standard BHT. Protein-free fraction had
the lowest protein content which caused a sharp reduction in its antioxidant activity compared to
the primary gum.

Conclusion: The functional properties revealed that the balangu seed can be well used as an
emulsifier and foam stabilizer.

Keywords: Balangu seed, Proteinase enzyme, Surface tension, Functional characteristics,
Antioxidant.
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