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Abstract

The objective of this study was to determine chemical compositions affecting the physical and thermal properties
of the textured vegetable protein (TVP). The 14 commercial TVPs were pulverized, followed by analyzing their
morphology, chemical composition, water absorption index (WAI) and water solubility index (WSI) (for the pulver-
ized and original TVPs), solubility, swelling power, melting property, and hardness. All TVPs showed the rough sur-
face with irregular cracks and pores and the porous structure with varied pore sizes. WAI was positively correlated
to moisture and crude protein contents and negatively correlated to the total carbohydrate content. WSI and solu-
bility were directly and reversely influenced by the crude ash and total carbohydrate contents and the crude protein
and total starch contents, respectively. The swelling power and melting temperature of TVPs did not significantly
affect chemical compositions. Melting enthalpies increased with crude ash content, while decreased with the total
starch content. The hardness of the rehydrated TVPs was enhanced with their crude ash and total carbohydrate con-
tents, whereas reduced with their crude protein and total starch contents. Overall, the yield and texture of the rehy-
drated TVP could be modulated with the crude protein and ash contents of TVP.
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Table 1. Appearance, sample code, and country of origin of

textured vegetable proteins used in this study

Appearance Sample code Country of origin
n TVP-A Thailand
TVP-B Thailand
- TVP-C Thailand
TVP-D Thailand
- TVP-E Thailand
. TVP-F Spain
- TVP-G Korea
u TVP-H Korea
- TVP-1 Korea
TVP-] Korea
TVP-K Korea
. TVP-L Korea
n TVP-M Japan
TVP-N Japan
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Fig. 1. SEM images of the surface and cross-section of commercial textured vegetable proteins. The suffixes of 1 and 2 in the denoted
sample codes indicate the surface and cross-section images of the commercial textured vegetable proteins, respectively.
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Table 2. Chemical compositions” of commercial products of textured vegetable protein (TVP)

TVP Moisture Crude protein Crude fat Crude ash Carbohydrate Total starch
(%) (%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b)

TVP-A 8.38+0.33% 47.48+0.78¢ 4.08+0.01° 7.13+0.01¢ 41.31+0.80" 1.08+0.08%"
TVP-B 7.80+£0.11* 52.84+0.37° 0.30+0.01°¢ 6.69+0.018 40.16+0.372" 1.92+0.00¢
TVP-C 5.9940.27¢ 52.56+0.01° 0.52+0.00% 6.97+0.01° 39.95+0.00" 0.52+0.028
TVP-D 5.97+0.19° 52.84+0.40° 0.55+0.02°¢ 7.08+0.01¢ 39.53+0.39 0.33+0.10¢
TVP-E 8.12+0.13° 51.13+£0.01° 0.20+0.01° 6.39+0.02" 42.27+0.01%" 1.7240.04%
TVP-F 5.9940.14° 49.01£0.17 0.48+0.01¢ 6.84+0.01F 43.67+0.15 1.36+0.09'
TVP-G 8.41+0.08° 49.07+0.01¢ 0.19+0.03f 8.94+0.01° 41.80+0.03°" 1.2440.01"%
TVP-H 8.33+0.30° 49.27+0.45° 0.28+0.03°¢ 7.28+0.01°¢ 43.18+0.41% 5.13+0.04¢
TVP-1 5.58+0.04° 36.4620.75 7.21+0.00° 5.99+0.02 50.33%£0.737 1.47+0.13¢
TVP-J 7.20+0.11° 58.60+0.01° 0.27+0.00° 4.160.02" 36.97+0.04! 10.92+0.19°
TVP-K 7.83+0.36™ 58.51%£0.007 0.16+0.01° 4.30+0.03* 37.03+0.02 17.76+0.07%
TVP-L 7.09+0.02° 48.49+0.21% 0.30+0.00° 6.79+0.01° 44.43+0.21° 0.45+0.11"
TVP-M 2.58+0.15¢ 51.52+0.37° 0.47+0.00° 6.18+0.00 41.82+0.36° 0.75+0.06"
TVP-N 3.34+0.12¢ 44.76+0.89° 0.57+0.01¢ 7.49+0.01° 47.18+0.88° 0.67+0.078

YMean values of three replicate measurements; values sharing the same lowercase letters are not significantly different at p<0.05.
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Table 3. Water absorption index (WAI)" and water solubility index (WSI)” of the pulverized and original products of the

commercial textured vegetable protein (TVP)

TVP WAT? (g/g) WSI? (%, d.b) WAI(0)? (g/2) WSI(0)? (%, d.b)
TVP-A 5.12+0.02* 26.2240.29° 4.29+0.26" 6.17£0.47¢
TVP-B 4.03+0.00° 20.35+0.00¢ 4.96+0.19* 3.56+0.32f
TVP-C 3.69+0.11" 23.68+0.16° 3.38+0.06°" 6.52+0.05¢
TVP-D 4.19£0.01% 23.96+0.08¢ 2.93+0.06%" 13.39+0.29¢
TVP-E 4.49+0.01% 27.58+0.01° 4.07+0.47% 14.38+0.91°
TVP-F 4.36£0.01 27.38+0.00" 2.76£0.00%" 21.9240.11°
TVP-G 4.42+0.02° 25.29+0.04¢ 3.60:£0.08%" 8.90+0.12¢
TVP-H 4.02+0.06° 21.8240.09" 2.93+0.36%" 8.43+0.76¢
TVP-I 3.140.04¢ 27.29+0.05° 2.54+0.17¢" 19.89+0.48"
TVP-J 4.65+0.02° 11.10£0.12" 5.59+0.10° 2.34+0.25"%
TVP-K 4.54£0.16™ 7.07+0.10' 4.71£0.35% 0.87+0.18¢
TVP-L 4.63+0.01° 25.2240.04¢ 4.15£0.05%% 18.60+0.73°
TVP-M 4.02+0.05¢ 21.48+0.02" 3.04£0.13% 7.49+0.32%
TVP-N 3.66+0.03" 28.36+0.00* 2.49£0.17" 18.94+0.03°

YMean values of three replicate measurements; values sharing the same lowercase letters are not significantly different at p<0.05.
JBoth WAI and WSI are obtained from the pulverized textured vegetable proteins, and both WAI(O) and WSI(O) are obtained from the original (non-

pulverized) textured vegetable proteins.
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Table 4. Solubility” and swelling power” of commercial products
of textured vegetable protein (TVP)

TVP Solubility (%, d.b) Swelling power (g/g)
TVP-A 33.60+0.05° 13.64+0.09
TVP-B 26.03+0.04¢ 8.00+0.02f
TVP-C 29.06+0.06 8.18+0.01°
TVP-D 30.84+0.14¢ 9.22+0.05¢
TVP-E 34.08+0.15° 10.10£0.23°¢
TVP-F 35.00+0.03? 10.88+0.01°
TVP-G 34.97+0.04° 10.85+0.05°
TVP-H 29.80+0.32° 8.19+0.10f
TVP-1 33.96+0.04" 6.82+0.20°
TVP-] 20.21+0.02" 8.91+0.16%
TVP-K 14.95+0.06' 8.24+0.02f
TVP-L 33.78+0.07" 10.03£0.05°¢
TVP-M 28.68+0.041 8.69+0.00°
TVP-N 35.08+0.06° 8.74+0.05°

YMean values of three replicate measurements; values sharing the same
lowercase letters are not significantly different at p<0.05.
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Table 5. Melting temperature” and enthalpy” of commercial products of textured vegetable protein (TVP)

Melting temperature (°C)

TVP Onset Peak End Melting enthalpy (J/g)
TVP-A 73.96+0.93" 113.96+0.65" 144.78+0.04* 17.29+0.69°
TVP-B 74.61+0.00* 114.74+0.00° 144.83+0.00* 25.85+0.00*
TVP-C 74.50+0.37* 115.7542.48%® 144.82+0.08* 20.02+0.77®
TVP-D 74.77£1.29* 114.58+1.32° 144.62+0.21° 18.80+4.20®
TVP-E 74.57+0.86" 115.82+0.59* 144.83+0.01° 18.89+4.74
TVP-F 72.55+3.50* 117.4042.83™ 144.82+0.01° 18.61+5.29%
TVP-G 72.24+3.13* 114.83+0.68" 144.79+0.03* 15.69+2.46%
TVP-H 71.76+1.78* 111.004.12% 144.75+0.01° 21.34+£3.25%
TVP-1 73.48+0.00° 114.15+0.00° 144.83+0.00° 24.78+0.00°
TVP-J 72.42+0.00* 110.89+0.00™ 144.82+0.00* 20.7620.00®
TVP-K 72.18+0.00* 110.3240.00" 143.77+0.00° 24.13+0.00*
TVP-L 74.93+0.96" 112.10+4.30" 144.68+0.18" 17.24+7.29®
TVP-M 74.28+0.00° 122.73+0.00° 144.83+0.00° 17.60+0.00°°
TVP-N 75.23+0.00* 105.82+0.00° 144.82+0.00* 11.47+0.00°

"Mean values of three replicate measurements; values sharing the same lowercase letters are not significantly different at p<0.05.
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Table 6. Pearson’s correlation coefficients among chemical composition, physical property, thermal property, and hardness of
commercial products of textured vegetable proteins

Water Protein Lipid

Ash  Carb” Starch WAIY

WAI  WSI

©)"  (0)" Sol”  SP”  MO" MP” MC" ME"

wsI”

Protein  0.262

Lipid -0.063 -0.736"

Ash 0.023 -0.456" -0.048
Carb  -0.371 -0.955" 0.577"
Starch 0312 0.595"-0.189
WAI 0.551"" 0.524™-0.328
WSI  -0221 -0.755" 0.304
WAI(O) 0.555" 0.654 -0.253
WSI(0) -0.360 -0.708" 0.272
Sol -0.166 -0.749" 0.279
SP 0335 0.025 -0.029
MO -0.338 -0.157 0.018
MP -0.189  0.030 0.030
MC -0.224 -0.435" 0.164
ME 0311 0.145 0.220
Hard” -0.294 -0.567" 0.083

0.382°

-0.753" -0.545™

-0.115 -0.574™ 0.275

0.760 0.722"-0.916™ -0.271

-0.516™ -0.678™ 0.540" 0.613" -0.650"

0.364 0.8017-0.574" -0.333
0.785™ 0.719™ -0.882"" -0.177
0358 -0.142 -0242 0.777"
0.154 0.176 -0.447 -0.134
0.090 -0.092 -0.357 -0.003
0.470° 0.411" -0.767" -0.239

0.754™ -0.669™

0.981" -0.627" 0.768"

0307 0.154 0.055 0.386

0.350 -0.096 0.234 0.275 -0.006

0.184 -0.123 -0.020 0.158 0.115 0.152
0.668" 0270 0354 0.6617 0.134 0240 0292

-0.457° -0.188  0.375" -0.158 -0.422° 0319 -0.338 -0.484" -0.427° -0.455" 0.089 -0.241

0.802" 0.545™ -0.890" -0.393"

0.8717" -0.605™ 0.569™ 0.808™ 0.128 0.449" 0.139 0.548" -0.368

"p<0.05, “p<0.01.

DCarb: total carbohydrate, WAI: water absorption index, WSI: water solubility index, WAI(O): water absorption index of the original textured vegetable
protein, WAI(O): water solubility index of the original textured vegetable index, Sol: solubility, SP: swelling power, MO: melting onset temperature,
MP: melting peak temperature, MC: melting completion temperature, ME: melting enthalpy, Hard: hardness.
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