Influence of k-Carrageenan on whey protein isolate cold-set emulsion filled

gel: A rheological and mechanical study

Mohammad Reza Salahi?, Seyed Mohammad Ali Razavi %", Mohebbat Mohebbi 3

1- PhD Graduated, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
2- Center of Excellence in Native Natural Hydrocolloids of Iran, Ferdowsi University of Mashhad
(FUM), Mashhad, Iran

3- Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran

* Corresponding author (s.razavi@um.ac.ir)

N\

Introduction: Emulsion-filled gel is a sort of gel system that traps oil droplets as a filler and contains a wide range of semi-solid
to solid food products. They can also be utilized as a dual system to distribute and control théirelease of both lipophilic and
hydrophilic bioactive and micronutrient substances. The main polymers involvedhin gel formation in food products are proteins
and polysaccharides. Using molecular interactions between biopolymers, a wide range{ rheological and physicochemical
properties of gels can be methodically created. As aresult, the interaction between‘proteinsand polysaccharides has received a lot
of attention in order to generate novel products. Because of their functionahqualities and high nutritional value, whey proteins are
frequently used in the food industry. As a result, mixed'gelsibased crwhey pretein have gained a lot of attention. k-Carrageenan
is commonly utilized in the food industry as a gelling and“firming agent.\Because k-Carrageenan, like whey protein isolate, can
form a gel independently, its interaction with whey protein isolate in emuls%n gel systems appears appealing. Therefore, in this
study, the effect of k-Carrageenan gum (0.0, 0.1, 0.3, 0.5, and @:7%) on the textural (umiaxial compression test), rheological (steady
shear, strain sweep, and frequency sweep tests), and water holdingicapacity of cold-set emulsion-filled gel based on whey protein
isolate was investigated.

Materials and Methods: Whey proteinisolate(VWPI) (98.9%,protein, dry basis) was given as a gift by Agropur Ingredients Co.
(Le Sueur, Minnesota, USA). k-Carrageenanand €aCl, (m,,: 147.01 gr/mol) were purchased from Sigma Aldrich Co. (USA)
and Merck Co. (Darmstadt, Germany), respectively. Sunflower oil was bought from a local supermarket. Stock dispersions of
WPI and k-€arrageenan were made:by dissblying sufficient amounts of their powders in deionized water. To prepare uniform oil
in water emulsion, sunflower oil WaSQQded to the WPI dispersion and the obtained mixture homogenized first using a
laboratory rotor-stator homegenizer (15000 rpm, 3 min), then by an ultrasonic homogenizer (20 kHz, 5 min). The
prepared emulsion and, k-Carrageenan dispersions were poured into Schott bottles and heated in a water bath (90
°C, 40 min). WPI emulsiorﬁnd AG dispersion were mixed in a cylindrical container on a stirring plate at a speed
of 600 rpm for 6-8 min te,obtain a homogeneous mixture. After decreasing the temperature to 60 °C for the ion-
induced gelation, the mixtures were charged with CaCl, (10 mM). The prepared samples were incubated in a
refrigerator overnight to stabilize the 3D network. The final mixed EFG samples contained 5.5% WPI, 20% oil,
and 0, 0.1, 0.3, 0.5, and Q7% (w/w) of k-carrageenan. The tests performed on emulsion-filled gel samples were:
1) steady shear (0.01-10 s%), 2) strain sweep (strain: 0.1-1000%, frequency: 1 Hz), 3) frequency sweep (frequency:
0.1-100 Hz, strain: 0.5%), 4) uniaxial compression (target strain: 80%, deformation speed:1 mm/s), and 5) water
holding capacity (by utilizing a microcentrifuge, 600xg for 10 min).

Results and Discussion: According to the steady shear test, all samples had a shear thinning behavior, and based
on the power-law model, this behavior was intensified in the presence of k-Carrageenan; and with increasing the
gum concentration from 0 to 0.7%, the consistency coefficient increased from 339.9 to 545.7 Pa.s. In the strain
sweep test, with the increase in the gum concentration, the values of the elastic and viscous modulus in the linear
region and the modulus at the crossover point increased, and Tan 8.ve decreased from 0.17 to 0.13, which indicated
an increase in the strength of the emulsion gel network structure. Based on the frequency sweep test, with the
increase in k-Carrageenan concentration, the parameters K’ and K", network strength and network expansion,
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respectively, increased from 5311.8 Pa, 939.9 Pa, 1.5380 Pa.s¥ and 10.05 in the control sample to 25080 Pa,
3574.9 Pa, 16097.7 Pa.s? and 16.41 in the sample containing 0.7% k-Carrageenan, respectively. Moreover, the
frequency dependency of elastic modulus decreased from 0.095 in the control sample to 0.050 in the 0.7% k-
Carrageenan contained sample. According to the large deformation test, in general, in the composite emulsion-
filled gels, the values of apparent modulus of elasticity and fracture stress were higher and fracture strain and
fracture energy were lower than in the control sample. Also, the results showed that different k-Carrageenan
concentrations had no significant effect on the water holding capacity.

The obtained results showed that k-Carrageenan had considerable influence on the rheo-mechanical features of
cold-set emulsion-filled gels based on whey protein which can add to the knowledge base for the production of
new functional foods.
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2- k-Carrageenan
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1- Heat-set
2- Cold-set
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Table 1. Steady shear rheological parameters of emulsion-filled gels at different concentrations of k-Carrageenan

based on the power-law model

k-Carrageenan (%) k (Pa.s™) n(-) R?
0.0 339.9+24.03° 0.064 + 0.005 2 \ 0.999
0.1 468.4+19.9 2 0.019.+ o.oc& g 0.999
0.3 4975+ 3522 0.023 +0.003 0.999
\
0.5 513.2 +36.3°2 0.038+0.005 ° 0.994
0.7 545.7 4+40.1 ? 0.032 +0.004 ™ 0.995
N
N\
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Different superscripts in eachieolumn represent a significant difference at P < 0.05. Data are means + standard

deviation. \
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Table 2. Dynamic rheological parameters of emulsion-filled gels determined by the test
k-Carrageenan (%) Giyr) (P2) Givey (Pa) Tan 6y yg (-) »(%) ¢ (Pa) vr (%)

0.0 4438.3+313.8¢ 751.4+53.1¢9 0.17+0.012 . 53.4+59.6°¢ 327.76+1530¢ 22.08+0.942

0.1 8875.3+313.8¢ 1512.8+59.9°¢ 0.17+0.01 1.51+0.10" 1364.2+77.2%  407.23+16.13° 22.93+0.65%
a
A

0.3 11426.7 + 646.4 ¢ 1736.1+61.4 ¢ 0.15+ .24i‘0.08 be 1447.9+92.1°  454.39+15.42% 22.85+0.972

A\
0.5 13548.9 £ 574.8" 18 143 +0.09bc 1706.2+72.4°  475.82+2355% 17.52+0.62°
0.7 15883.5+629.0 2 0.86+0.05°¢ 2790.1+125.32% 34437+9.74¢ 9.73+0.48¢

Different superscripts in each colu
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Table 3. Dynamic rheological parameters of emulsion-filled gels detekmined by the frequencyMep test

GI — K! X (w)n’ GH — KH X (w)’n.” \ KII/KI(_)
k-Carrageenan (%)
K'(Pa) n'(-) R? K'(Pa) n' (=) R?
\
0.0 5311.8+187.8 ¢ 0.095 £ 0.005 %@ 0.988 9399 +£33.2°¢ 0.116 £0.009*  0.934 0.18+0.01 *
0.1 8767.2 £248.0° 0.079 £0.004°  0.986 1626.6 +69.0° 0.117+0.007°  0.941 0.18+0.01°
N\
0.3 11212.7 £412.3% 0970 +0.003 >  0.983 1865WA+92.3°%  0.120+0.005*  0.913 0.17+0.01%®
0.5 12298.5 + 434.8 " 0.060 + Q03 < (0995 1922.1 +682° 0.110+£0.003%  0.888 0.16+0.01®
0.7 15939.4 + 7213  0.050:=0.002 ¢  0.996 2388.7+94.6*  0.090+0.004°  0.863 0.15+0.01°
N\
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Table 4. The parameters of strength of network (A) and the network extension (z) ofwulsion-filled gels

k-Carrageenan (%) A (Pa. s*?) z(-) R?
0.0 5380.1 +228.3 ¢ 10.05 + 0.38.° 0.977
0.1 8929.4 + 315.7 - 12.14 + 0. 0.994
0.3 11313.3+480.5° 0.997
0.5 12446.7 + 352.0 ° 0.994
0.7 160969 + 63 16.41 + 0.56 2 0.995
i e Blpol £ ke baosls .l p?m ey ,L&so‘.\;m Ol gt o > Gilise Lo iYL

Different superscripts in each column represent a sig renp‘t“)S. Data are means + standard

A\

deviation.
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Table 5. Mechanical properties of emulsion-filled gels measured by the uniaxial compression test

Initial tangent modulus ~ True fracture stress True fracture Fracture energy
k-Carrageenan (kPa) (kPa) strain (-) (mJ)
(%) Cimil] 520 oo FBlg CanSs T RBly CanSS )5 oSS (6543
0.0 23.22+1.16° 10.39+0.83 @ 0.58 + 0.04‘ 22.65+2.97°

0.1 30.58+2.62°¢ 11.17+0.57°¢ 0.56 + 0.03 ® o7 +£2.42°
0.3 46,51+ 259" 9.67+0.76 ¢
0.5 49.29 +3.72° 12.99+1.17° 3.60+1.29¢

0.24+0.03°¢

0.7 62.96 + 2.76 ° 16.78 +1.22 2 . . 19.70+2.71°

standard deviation. A )
A N
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