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Effect of gluten protein fractions on oil uptake of fried Mahua

Wei Yaxuan Lian Xijun Yang Wen Min Jiankang Lai Yanxin Liu Tianmu Zhang Rui
(School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: [ Objective] To reduce the oil content in fried Mahua. [ Methods] Four gluten protein fractions, including w-gliadin, afBy-gliadin,
alkali-soluble glutenin, and urea-soluble glutenin, are incorporated into the dough. The effects of protein addition amounts, mixing
temperatures, frying temperatures and frying time on oil uptake are systematically investigated. Furthermore, the underlying mechanisms by
which these protein fractions reduce oil content are explored using Fourier transform infrared spectroscopy (FT-IR), "*C solid-state nuclear
magnetic resonance (*C solid-state NMR), X-ray diffraction (XRD), and differential scanning calorimetry (DSC). [ Results ] The addition of
individual protein fractions significantly reduces the oil content of Mahua under appropriate conditions, with urea-soluble glutenin
exhibiting the greatest reduction. Under optimal conditions for urea-soluble glutenin (addition level of 4%, mixing temperature of 45 °C,
frying temperature of 160 “C, and frying time of 8 min), the oil content of Mahua decreases from 20.51% in the control group to 9.20%. In
the combination test, the minimum oil content of 8.91% is achieved with a mass ratio of afy-gliadin to alkali-soluble glutenin of 8:2 and a
total protein addition level of 8%. FT-IR and “C solid-state NMR analyses indicate that the addition of a@y -gliadin and alkali-soluble
glutenin may promote the formation of hydrogen bonds between the C6 hydroxyl groups of starch and the amide oxygen atoms of proteins,
thereby altering the spatial structures of both proteins and starch, enhancing the hydration capacity of endogenous proteins, and impeding oil
penetration during the cooling process. XRD results show that protein supplementation does not change the crystal form of Mahua (with a
characteristic peak at 20~20°), and the sample with the lowest oil content exhibits the lowest crystallinity. [ Conclusion] The combined
addition of afy-gliadin and alkali-soluble glutenin effectively reduces the oil content of fried Mahua.
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Table 1  Effects of protein types and addition levels on the oil content of Mahua %
BB
HAMAE
2% 4% 6% 8% 10%
w-FHRE A 14.95+0.07" 13.26+0.16" 14.77+0.317 17.66+0.10" 12.5140.10"
afy-BEA R 21.354+0.27 12.864+0.12" 12.48+0.32" 14.86+0.24" 13.2140.14™
R EREA 19.70+0.25 16.84+0.02" 20.05+0.04" 17.89+0.317 16.9240.32"
IREBEAENA 13.724+0.18™ 10.70+0.02" 14.164+0.16™ 16.93+0.407 24.13+0.43"

TR SORUSINR 1789 25 FURE A L 22 55

I3 (P<C0.05) , ** 78 5 A IR AR 11025 FRE A A LG 22 54 3 (P<<0.01) .
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Table 2 Effects of mixing temperatures on the oil content of Mahua %
B T K TR
GHERLES - - - - -
25°C 30 °C 35°C 40 °C 45°C
w-BEH R 16.45+0.73" 17.71+0.28" 24.81+0.15" 20.3540.74 19.3740.64
afy-FER A 20.52+0.19 20.66+0.99 20.51+0.31 14.36+0.14" 11.9140.01""
IR Z A EA 15.7740.327" 14.5740.61" 16.0540.327" 9.25+0.42"" 12.4140.33"
IREBE A HEA 15.614+0.317" 15.46+0.10" 16.36+0.28" 17.6740.03™ 9.7340.04™"

T RN HARIINR 005 PR R 22 5 .35 (P<C0.05) KR 5 AR IR IR 1109 2 R AR B 22 5 .35 (P<<0.01)
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Table 3  Effects of frying temperatures on the oil content of Mahua %
. TR IR
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w-FE S A 15.28+0.07" 13.5740.43™

afBy - M 18.84-£0.15" 15.284+0.16"
T Eai | 19.6240.04° 18.0140.27"
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13.5740.13 11.83+0.13" 14.88+0.01"
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Table 4 Effects of frying time on the oil content of Mahua %
T K B )
EARRUES
8 min 9 min 10 min 11 min 12 min
w-MER R A 14.92+0.117" 12.6040.447" 14.8440.07" 11.7340.39" 16.2940.05™
afy-BEA A 14.40+0.20" 13.9440.02" 16.314+0.01" 14.37+0.19" 20.84+0.26
BRI 22 4 R 9.2040.03™" 9.9940.017" 14.0940.90" 12.1540.07" 13.660.39"
IREWENEA 16.57+0.13" 18.81+0.23" 21.00+0.32 16.58+0.10" 22.89+0.42"

T RN HARBSINGE A AR A L2 5 3 (P<20.05) , + R R R SR USINGR 11 i A R A LE 22 S B 3 (P<C0.01) .
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Table 5 Effects of pairwise protein combinations on the oil content of Mahua %
SR
AKiE| FihE
2% 4% 6% 8% 10%
w-FE TR —aBy-BEl 1:9 15.35+1.56 17.804+0.12" 122940317 11.524+0.04™  15.56+0.08"
2:8 15.524+1.38 15.024+0.08" 14354044  10.23+0.52"  13.834+0.34™"
3:7 18.9840.56 16.2140.58" 15.8940.79° 14.3140.60"  17.67+£0.52°
4:6 17.634+0.43" 16.834+0.39° 12.7440.58"  12.88+0.13"  14.24+0.02"
1:1 13.7340.16™  16.88+0.04™  10.89+0.81""  12.84+0.13"  13.58+0.30"
6:4 16.0240.22"  13.3940.04"  11.45+0.36"  13.90+0.15"  14.79+0.19"
7:3 11.5940.06"  12.4140.00"  12.034£0.25"  12.5940.09"  15.1640.38"
8:2 15.2240.36"  13.88+0.07"  11.37£025"  11.94+0.55" 13.8740.05™
9:1 20.08+0.58 17.35+0.78 13.02+0.60"  10.29+0.317  17.45+0.31
w-FEF R 1 — A £ R R A 1:9 14.46+£0.44"  27.58+0.52"  18.73%£0.90 16.0540.12"  15.6240.04"
2:8 14.464+0.05"  16.96+0.10"  20.58+0.09 16.2140.06"  18.67+0.14"
3:7 16.34+0.23"  11.76+£0.05"  16.58+0.57 16.42+0.14"  16.38+0.26"
4:6 14.4240.16"  15.24+0.83" 11.714£0.65"  17.124£0.10"  18.0240.00""
1:1 15.944£0.09"  20.78+1.07 16.10£0.16™  16.07£0.09"  17.12+0.17"
6:4 12.3340.96 16.2640.15"  12.46+0.22"  15.63+0.49 14.9440.29™
7:3 14.53+0.03"  17.38+0.13"  14.70£0.24"  16.56+0.18"  17.30£0.24""
8:2 15.2540.04"  15.8840.297  14.79+0.157  14.92+0.15" 15.2640.15™
9:1 11.62+0.06™  18.38+0.02"  12.86+0.76"  18.2040.04™" 11.53+0.20"
w-TEEEA—IRAZEEZFRA 1:9 18.6620.56 14.70+0.72" 14.784£0.15"  12.124£0.30" 9.8540.13"
2:8 14.2040.05"  1536+0.40"  12.98+0.78" 9.014+0.04"  13.56+0.26"
3:7 13.9940.02”  15.81+£0.13"  12.394037"  10.75£0.01"  10.74£0.17"
4:6 14.054+0.07"  15.41£0.69" 12.7940.05"  10.78+£0.16"  14.76+0.15"
1:1 15.00£0.03"  15.41+£0.11" 9.34+0.23"  11.254£039"  13.3240.03"
6:4 15.9140.23"  14.43+£0.07"  13.06+0.04" 9.5940.30" 14.1940.05™
7:3 16.004+0.09"  19.60+0.17" 13.494+0.59"  15.90+0.07" 9.3940.18™"
8:2 16.034£0.24"  18.4820.85 9.6440.477  15.1240.69" 15.0840.17""
9:1 13.884+0.12"  15.57+0.01"  13.03+0.317  10.60+0.15"  12.81+0.13"
afy-BEHE A —A Z A EE 1:9 16.87+0.19"  17.88+0.55 13.3140.05"  13.2240.04™  11.15+0.04"
2:8 14.0340.24"  18.02+0.32" 16.8540.20"  13.93+£0.06"  10.88+0.45"
3:7 14.0940.22" 15640207  15.924£0.02"  13.31£0.167  10.30£0.14""
4:6 15.8241.05" 18.654+0.20° 15.3840.02"  10.62+£0.12"" 12.2940.017
1:1 15.2940.35"  20.02+0.86 12.43+0.077  10.63+£0.04"  12.00+0.05"
6:4 17.5340.18"  17.44£0.06"  11.84:£0.28"  12.124+0.05" 10.5840.30""
7:3 14.9240.13™  12.68+0.00"  11.83+0.03"  12.254+0.09" 9.6440.48™"
8:2 13.324£0.05"  13.45+£0.24" 9.18+£0.217" 8.91+0.18" 9.50+£0.27""
9:1 16.7740.14™  14.14+0.12" 9.0740.05"  11.62+0.09"  12.78+0.17"
afy- BRI — R R E G EN 1:9 15.96+0.08"  13.83+£0.30"  14.90+£0.38"  16.51£0.70 19.23+0.13
2:8 13.964+0.38"  15.9240.32"  13.50£0.34"  10.37+0.23" 19.4340.00™
3:7 13.734£0.247 12954064  16.05£0.33"  10.52+0.457  17.79+0.48"
4:6 15.5840.117  16.6540.02" 143120367  13.61+0.67" 17.2640.04™
1:1 14.2140.22" 15574036  12.28+0.117  13.794+0.007  15.81+0.22"
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43R5
- ~ SR
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Figure 1 The FT-IR spectra of Mahua samples
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