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Abstract

This study investigated the physical, thermal, rheological, and binding properties of faba bean protein concentrate (FBC) and
FBC-anionic gum mixtures. The anionic gums used in this study were sodium alginate (NaA), low-methoxyl amidated pectin
(LMA), A-carrageenan (ACA), and gellan gum (GLG). The study found that FBC successfully incorporated the minced textured
vegetable protein (TVP), but the formed TVP block had a fragile and soft texture. The water absorption index decreased in
FBC-NaA and FBC-LMA mixtures but increased in FBC-ACA and FBC-GLG mixtures. The water solubility index decreased
by adding NaA, LMA, and ACA, excluding GLG, to FBC. Adding anionic gums to FBC decreased solubility, while the
swelling power was reversed in FBC-anionic gum mixtures, except for the FBC-LMA mixture. The addition of anionic gums to
FBC increased melting onset and peak temperatures compared to FBC. The G’ value of FBC and FBC-anionic gum mixtures
increased with temperature, indicating their thermogelling characteristic. The hardness of hamburger patties prepared with
minced TVP and FBC or FBC-anionic gum mixtures generally tended to increase upon reheating, refrigeration, and reheating
after refrigeration. The study concluded that the FBC-anionic gum mixtures have significant potential for binding different types

of TVPs, highlighting its practical application.
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Fig. 1. Schematic diagram for manufacturing the textured vegetable protein (TVP) block using faba bean protein concentrate
(FBC) and anionic gum (NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA, A-carrageenan; GLG, gellan gum).
ST, steaming; FF, fan-frying (reheating); RF, refrigeration.
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Fig. 2. Binding ability of faba bean protein concentrate (FBC) and soy protein isolate (SPI) on the hydrated textured vegetable

protein.
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Table 1. Water absorption index (WAI)' and water solubility
index (WSI)' of faba bean protein concentrate (FBC) and
FBC-anionic gum mixtures

Sample Anionic gum addition WAI WSI
P (%, based on dry FBC weight)  (g/g) (%, d.b)
FBC - 1.8+0.2 36.0+0.1°
5 2.0+0.1*  37.9+0.0™
FBC-NaA? 10 1.940.1%" 38.4+0.4°
20 1.5+047  26.5+0.2¢
5 1.6+0.1¢°  37.240.1¢
FBC-LMA? 10 1.74£0.0°  36.9+0.2°
20 1.540.1"  34.6+0.4"
5 2.440.0%  36.6+0.0%°
FBC-ACA’? 10 4.8+0.1° 25.0+0.2"
20 5.5£0.0"  20.5+0.1'
5 2.1+0.0* 37.9+0.7™
FBC-GLG? 10 2.7+04°  452+1.0°
20 N/D? N/D?

'Mean values of three replicate measurements; Values sharing the
same lowercase letters within columns are not significantly different
at p<0.05.

*NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA,
A-carrageenan; GLG, gellan gum.

*Not detected.
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Table 2. Solubility' and swelling power' of faba bean protein concentrate (FBC) and FBC-anionic gum mixtures

Sample Anionic gum addition Solubility Swelling power
P (%, based on dry FBC weight) (%, d.b) (g/g)

FBC - 45.240.5" 4.8+0 3¢t

5 44.440.2% 4.8+0.1°%"

FBC-NaA? 10 43.340.7>% 5.140.1°%"

20 38.4:+0.4" 5.5:0.20

5 44.7+0.0™ 4.7+0.2°%
FBC-LMA? 10 42 440 4% 4.6+0.1"
20 35.740.8" 4.6+0.2¢"

5 47.140.1° 5.5+0.1°%

FBC-ACA? 10 44.7+0.9° 6.1+0.2
20 26.340.5™ 8.6+0.1°

5 44.34+0.1% 4.7+0.1°%

FBC-GLG? 10 40.4+1.8% 4.7+0.1°%

20 27.1£0.9' 6.1+0.8>¢

'Mean values of three replicate measurements; Values sharing the same lowercase letters within columns are not significantly different at

p<0.05.

*NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA, A-carrageenan; GLG, gellan gum.
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Table 3. Thermal characteristic' of faba bean protein concentrate (FBC) and FBC-anionic gum mixtures

Anionic gum Melting temperature (°C) Melting
Sample ddition (%2 halpy (J/
addition (%) Onset Peak End enthalpy (J/g)
FBC 0 82.6+2.6"¢ 91.9+0.1"* 100.140.20¢ 244047
5 81.8+0.8>¢ 91.6+0.3% 102.140.0™ 2.8+0.7°%¢
FBC-NaA’ 10 85.242.1° 94.1+0.7* 99.941 .1 2.540.5%
20 89.842.8" 97.9+0.0° 102.91.5® 1.0£0.1%
5 82.10.7>¢ 91.4+0.7* 98.2+0. 6 2.340.3"f
FBC-LMA’ 10 83.24+0.8>¢ 92.6+0.2%" 99.5+] 2t 3.0£0.0™
20 85.3+0.2° 94.3+0.0% 100.6£0.0* 2.9+0.1%
5 82.6+0.3" 92,3028 101.6+3.2 2.4+0.6™%"
FBC-ACA’ 10 83.3+0.1%¢ 93.2+0.0%® 99,5007 3.3£0.0°
20 85.6+0.8" 95.3+0.4™ 101.540.0°4 3.540.0°
5 81.0+0.8% 91.5+0.5% 97.2+0.0°% 1.540.3%
FBC-GLG® 10 84.020.6" 93.7+0.1%" 100.120.0" 3.540.3"
20 85.3+0.4° 96.3+0.2° 105.2+0.4° 3.8+0.2°
'Mean values of three replicate measurements; Values sharing the same lowercase letters within columns are not significantly different at
p<0.05.
“Based on dry FBC weight

*NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA, A-carrageenan; GLG, gellan gum.
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Fig. 3. Changes in storage modulus (G') of faba bean protein concentrate (FBC) and FBC-anionic gum (NaA, sodium alginate;
LMA, low-methoxyl amidated pectin; ACA, A-carrageenan; GLG, gellan gum) mixtures at 20% solid content according to the

predetermined temperature profile.
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Fig. 4. Binding (A & B) and adhesion (C) tests of (A) minced textured vegetable protein (TVP), (B) TVP block, and (C) high-
moisture meat analog (HMMA) and fat replacer using faba bean protein concentrate (FBC)-anionic gum (NaA, sodium
alginate; LMA, low-methoxyl amidated pectin; ACA, A-carrageenan; GLG, gellan gum) mixtures.
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Table 4. Hardness' (by a compression test) of textured
vegetable protein (TVP) blocks prepared using FBC and
FBC-anionic gum mixtures

Hardness (N)

Sample
B (by ST) B—FF° B—RF’ B—RF-FF
Control 532+1.1°  542+1.8° 642+1.9° 1653+3.4°
FBC 8.0+£03  92+0.7° 62.8+1.0° 41.0+0.4°
FBC-NaA®  26.7+1.7° 38.9+1.5° 353+04°  33.8+1.9°
FBC-LMA®  43.442.5" 30.7+1.0° 86.844.5'  46.3+1.4°
FBC-ACA®  438+2.7° 36.2+1.1° 58.8+1.6° 48.1+1.8°
FBC-GLG® 544427 87.9+4.1° 80.9+2.8° 72.442.5°

'Mean values of three replicate measurements; Values sharing the
same lowercase letters within columns are not significantly different
at p<0.05.

’B, binding; ST, steaming; FF, fan-frying; RF, refrigeration.

*NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA,
A-carrageenan; GLG, gellan gum.

FAE - HBA

Table 5. Hardness' (by a cutting test) of textured vegetable
protein (TVP) blocks prepared using FBC and FBC-anionic
gum mixtures

Hardness (N)
Sample

B (by ST) B—FF* B—RF* B—RF-FF

Control 11.040.7* 22102 12.0£0.3*  30.9+1.8"

FBC 2240.3° 54405 135403  10.7+0.8°

FBC-NaA’® 47+404° 64408  6.1+04° 5.7+0.3¢
FBC-LMA®  4.8+02°  5.1+£1.0° 13.7£1.1° 7.841.2¢

FBC-ACA® 43402  9.1+0.8°  7.6+0.5™ 8.1+0.7°
FBC-GLG’ 5340.8°  6.5+13°  8.8+14° ¢ 6.0+0.7¢

'Mean values of three replicate measurements; Values sharing the
same lowercase letters within columns are not significantly different
at p<0.05.

’B, binding; ST, steaming; FF, fan-frying; RF, refrigeration.

*NaA, sodium alginate; LMA, low-methoxyl amidated pectin; ACA,
A-carrageenan; GLG, gellan gum.
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