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Effect of Tiger Nut Protein on the Gelatinization and Gelling
Properties of Wheat Starch

QIN Jingwen', LI Zhiqi', YUE Qinghua"", DUAN Jiezhen', XIE Tianmeng', WANG Enyu', ZHAO Renyong'*

(1.College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China;
2.Zhongyuan Food Laboratory, Luohe 462300, China)

Abstract: This study investigated the effects of tiger nut protein on the properties and gel quality of wheat starch. Mixtures
of wheat starch with different mass fractions of tiger nut protein (0%, 1%, 3%, 5%, 7%, 9%, 11%) were prepared and ana-
lyzed using a rapid visco-analyzer, differential scanning calorimetry, rheometer, texture analyzer, Fourier transform infrared
spectroscopy (FT-IR), and scanning electron microscopy (SEM). The results demonstrated that the solubility and swelling
power of wheat starch were increased with higher tiger nut protein content. With the addition of 11% protein, the peak vis-
cosity, trough viscosity, breakdown value, final viscosity, setback value, and gelatinization enthalpy (AH) were reduced by
46.72%, 43.68%, 56.86%, 37.17%, 25.19%, and 17.57%, respectively, while the completion temperature (Tc) was increased
by 2.03%. The strength of the composite gels was reduced by tiger nut protein, as evidenced by decreases in the storage
modulus (G'), loss modulus (G"), gumminess, and chewiness. Regarding freeze-thaw stability, it was found that stability
decreased when the protein addition level exceeded 5%. FT-IR indicated that the extent of intramolecular hydrogen bonds

RS EHEE: 2025-08-22

HEEWH: BRaARAFALFFAFLELAA (32101985) ;7 d 4 E XA EA (221100110700,231100110300) 5 77 dg Tk K S H £ KL A7 A
(2023BS107) ; T Lk X FHHAPIEFT AR (31421000 ) ; ¥ BAHEAIHAREAL AR (254200510031 )

TEEEIN: 28F (2002-) , %, MR A, BRI & 4R %5 & F, E-mail: qinjingwen02@163.com.

*BEMEE: BF4 (1988-) %, i, 3R, BF 5 @): 544 % 5 &, E-mail: yqhlst1208@126.com.,


https://doi.org/10.13386/j.issn1002-0306.2025080233
https://doi.org/10.13386/j.issn1002-0306.2025080233
https://doi.org/10.13386/j.issn1002-0306.2025080233
mailto:qinjingwen02@163.com
mailto:yqhlst1208@126.com

- 142 - £ Tl B4

2026 4F 9 A

in starch was reduced by tiger nut protein. The SEM results showed that at lower protein concentrations (<3%), the com-

posite exhibited a relatively uniform, layered structure. However, excessive protein addition (>3%) resulted in the forma-

tion of larger pores with thinner pore walls, reflecting structural discontinuity and reduced gel homogeneity. Overall, starch

properties and gel quality are effectively modified by tiger nut protein, thereby establishing a scientific foundation for its

application in gel-type food systems.
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Fig.1 Effect of tiger nut protein on the swelling characteristics
of wheat starch
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Table 1  Effect of tiger nut protein on pasting property of wheat starch

TIE (%) WE(EFIE (cP) BHEFEEE (cP) HAfEAE (cP) BAFE (cP) AE (cP) WL (°C)
0 2897.33+34.50° 2229.67+34.02° 667.67+1.53° 3449.33+63.50° 1218.67+29.67° 90.07+0.38°
1 2897.00+£29.00° 2229.67+£16.26* 667.33+13.32% 3381.33+4.04% 1152.33+£19.22° 89.38+1.22%®
3 2791.67+40.02° 2195.67+42.03* 596.00+£7.94° 3301.00+53.11° 1105.33+£22.03% 88.52+0.42%
5 2689.00+32.74° 2098.33+50.05° 590.67+18.58" 3165.67+£50.65¢ 1067.33+18.58¢ 87.23+1.41%®
7 2391.33+54.98¢ 1801.00+64.21°¢ 590.33+10.97° 2876.00+89.60¢ 1075.00+42.93¢ 86.95+2.34°
9 1916.67+11.85°¢ 1512.00+5.29¢ 404.67+6.81° 2477.00+9.54° 965.00+12.12¢ 87.48+1.88%®

11 1543.67+19.50" 1255.67+8.33°

288.00£19.16"

2167.33+54.24" 911.67+54.65¢ 89.12+0.92%

T RS R NG FRER R 22 5 135 (P<0.05); 322, 3R3[H].
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Table 2  Effect of tiger nut protein on thermal properties
of wheat starch

WMPEEN RAIRET, EERET, ZIRRET,  #sAH

(%) (cc) (c) (c) (Jg)
0 60.78+0.04*  66.76+0.17°  77.47+0.04°  10.87+0.10°
1 60.82+0.16°  66.95+£0.22*  77.91+0.16% 10.62+0.07°
3 60.88+0.46"  67.02+£0.57°  78.29+0.46" 10.26+0.07°
5 60.88+0.21°  67.07+0.21™  78.76£0.21*>  10.09+0.08°
7 60.91£0.20°  67.27+0.15"  78.85+0.20"  9.81+0.12¢
9 60.92+0.01°  67.5240.06°  79.02+0.01*  8.95+0.17°
11 60.98+0.59"  67.53+0.05°  79.04+0.59"  8.96+0.17°
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Fig.2 Frequency sweep curves of tiger nut protein on wheat starch
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Table 3  Effect of tiger nut protein on the texture of wheat starch gels

H B (%) W (g) il MERE(gs) [ el [l 52
0 317.18+2.52° 0.93+0.00° 0.61+0.02* 194.65+6.18" 181.80+5.27° 0.36+0.02°
1 314.20+3.45° 0.93+0.02* 0.61+0.03* 192.39+£9.27% 179.75+7.30° 0.36+0.04°
3 310.43+3.68° 0.92+0.01* 0.59+0.02* 182.82+5.05° 169.09+7.14° 0.32+0.06™
5 256.59+7.31° 0.91+0.02* 0.59+0.02 152.42+9.32° 137.91+6.66° 0.31£0.01"
7 228.36+1.20° 0.89+0.01° 0.58+0.01® 132.44+2.97¢ 117.40+3.47¢ 0.27+0.01°
9 220.62+2.61¢ 0.89+0.01° 0.58+0.01® 127.80+1.36¢ 113.24+2.8¢ 0.28+0.02°
11 186.60+1.96° 0.89+0.03° 0.57+0.01° 107.2543.19° 94.86+0.56° 0.27+0.01°
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