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Effects of Zein-Highland Barley Flour Composite Gel Network
on the Quality of Gluten-free Highland Barley Noodles
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Abstract: To enhance the sensory quality of gluten-free highland barley flour products, this study investigated the effects of
incorporating a highland barley flour-zein composite gel (at levels of 0%, 10%, 20%, 30%, 40% and 50%, mass fractions)
on the dough processing characteristics and noodle quality. The results showed that with the increase of the addition amount
from 0% to 50%, the peak gelatinization temperature of dough freeze-dried powder increased from 76.57 °C to 83.58 °C,
the breakdown value decreased from 876.00 cP to 349.67 cP, and the setback value decreased from 1141.00 cP to
816.67 cP. After adding composite gel, the viscoelasticity of the dough was enhanced, and the microstructure also
confirmed that zein formed a continuous network structure, and the composite gel network could provide structural support
for highland barley dough. Compared with the 0% addition of composite gel, the highland barley noodles with 40%
compound gel had good cooking quality and texture characteristics, and the cooking loss of highland barley noodles was
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reduced by 55.75%, the breakage rate was reduced by 76.67%, the hardness was increased by 58.09 N, and the sensory

score was higher than that of the other noodles. In conclusion, the highland barley flour-zein gel network serves as a

structural support mechanism in gluten-free highland barley doughs and significantly improves cooking quality in highland

barley noodles.
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Table 1 Sensory evaluation criteria for highland barley noodles
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Fig.l1 SEM images of highland barley dough with different
compound gel additions
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Table 2  Effect of different composite gel additions on the relaxation time (T,) and the proportion
of peak area (A,) of highland barley doughs

T,(ms) A,(%)
BEBRA NG (%)
T21 T22 T23 A21 A22 A23
0 0.23+0.05* 4.66+0.16° 130.57+4.53% 0.68+0.16° 95.68+0.24° 3.64+0.12°
10 0.21£0.02° 4.66+0.16° 130.57+4.53% 0.72+0.10° 95.78+0.11™ 3.50+0.03°
20 0.20+0.02° 4.560.10™ 121.81+4.23° 0.77+0.10® 95.74+0.13¢ 3.48+0.04°
30 0.21£0.02° 3.07£0.11° 110.73+1.78°¢ 0.83+0.11% 95.84+0.10™ 3.34+0.02°
40 0.23+0.02° 4.800.05° 130.57+4.53% 0.910.12* 96.08+0.18" 3.01£0.11¢
50 0.22+0.01° 4.35+0.15° 135.43+9.39" 1.00:£0.23" 96.49+0.22° 2.51+0.03°

TE: Ty, o T FIT, S0 (U LRI (Y 571 RE IS A BE- | BERLTR IR 165 Ay, o Ay FIIA, 5 20 IR 5 0 1 e 2 ) T RSURF X 7 ) TR T Lo ) — B vl

AN F SRS 2R 7 (P<0.05 ), $23~25.

= 0%G"  °0%G"

A ¢ 10%G' ° 10% G" B
20% G' ~ 20% G"
v 30%G' v 30%G" 0.5
— 40% G' < 40% G"
S 100} < S0%G < 50%G', Ly uxngztE ., S5ag99
T lammmsm AR R OTY Y] G 04 sess‘evvvvvv
S hapapriiiiiitioest ¢ o 3
O frrrasdiifdiiiiaciige o Laged”
0988686889 w¥ o
SO T T LALAR N ST PEEL LA
O pslzgseediss 03fse°°
o 0% v 30%
° 10% 40%
0.2 20% < 50%
0.1 1 10 0.1 1 10 0 200 400 600 800
HF (Hz) iz (Hz) FFIE] (s)

P4 TR S RS TN AN e 75 R AT P A e
Fig.4 Rheological properties of highland barley dough with different compound gel additions
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Table 3 Pasting properties of freeze-dried powder of highland barley dough with different compound gel additions
AN (%) W R (cP) BHEREE (cP) Hf#AE(cP) ZAEFE (cP) [l A4={H (cP) WITLIELEE (°C)

0 2284.50+8.50° 1408.50+157.50* 876.00+149.00° 2549.50+1.50° 1141.00+156.00° 91.05+0.00°

10 1931.50+30.50° 1195.00+3.00° 736.50+27.50° 2398.50+31.50° 1203.50+28.50" 91.43+0.38"

20 1241.00+134.61° 783.33+142.82° 457.67+34.96° 1735.67+104.99° 952.33+£78.49" 94.47+1.11°

30 1171.67+38.89° 699.00+£10.82° 454.67+26.10° 1686.33+35.92¢ 981.67+23.71° 93.53+1.19°

40 1002.00+15.00¢ 620.00+12.00¢ 406.00+9.00° 1485.00:£96.00° 936.50+34.50% 93.54+0.34°

50 937.00+37.40¢ 587.33+5.69¢ 349.67+41.96° 1404.00+86.88¢ 816.67+90.69° 94.47+0.51°
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Table 4 Thermal properties of freeze-dried powder of highland
barley dough with different compound gel additions

BEER JGEHAH  RIBIRET, VHERET, ZIREET.
N (%) (J/g) (c) (c) (cc)
0 0.38+0.12"  70.20+£0.48"  76.57+1.28°  78.16%£1.69"
10 0.24+£0.09°  70.29£0.54°  77.19+0.43°  79.78+0.98%
20 0.1940.05*  71.759+0.80°  77.55+0.87° 80.53+1.07*
30 0.08+0.01°  74.66+1.43*  79.29+1.18"  82.33£1.72°
40 0.08£0.01°  75.74£0.06"°  81.95+0.74°  84.58+0.48"
50 0.07£0.00°  75.02+£1.52°  83.58+0.82°  86.27+0.37"
#£5

TS, FoKEEA R I INAE e & T HRIE M ik, LEiR
IR, SRBLN T, A1 T, B3, M AERn 15
A, A ETATAR T S (E AR . 5 S8R
InELEERL 40% J5, WAL EEFEARAS - 25 T e, BRI
SEAAE TN R TRMA 3R AR IR B, SR b
FERVE AN 3

23 EEEERME ERE &R

2.3.1 ZEZBNEME HRRMAMZEBE T WKER
FIWT 2RI 3 5 Iron . B 2 A BEIR S I 10 3
R, THI SR W 7K S5 B Il S T A A (P<0.05), Z5 &
RN S5 5 5 AR (P<0.05) . B A BERC TN
HoR 10% B EIAZEE IR MW AR BERRNINE &
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Table 5 Effect of different compound gel additions on cooking qualities, strip breakage rate and texture properties

of highland barley noodles

BB (%) ZEFEMIR(%) WK (%) Wi 2%2%(%) fERE(N) fiiile3 NEL I (N-s)
0 75.00+£4.37° 109.20£2.84¢ 95.00+5.00° 23.0442.15° 0.45+0.03° 6.99+0.09°
10 36.42+3.36" 113.63+2.73¢ 51.67+2.89° 44.23+2.07¢ 0.55+0.01° 20.82+1.29¢
20 29.53+4.97% 119.02+2.22° 38.33+2.89° 69.58+3.78° 0.73+0.03" 31.61x2.27°
30 25.15+5.71% 120.97+2.35%® 25.00+5.00° 73.92+4.82° 0.72+0.04° 33.69+4.40°
40 19.25+5.37¢ 124.68+2.10" 18.334+2.89° 81.13+3.57° 0.77+0.07° 39.33+1.69°
50 18.00+1.10¢ 126.09+4.68" 21.67+2.89% 93.21+2.68" 0.91+0.11* 52.14£3.97°
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Fig.5 Effects of different compound gel additions on
the sensory properties of highland barley noodles
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