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Abstract Flour particle size is an important factor affecting the quality of flour and its products. However, few
studies have been conducted on highland barley flour and its products. Here we investigated differences in
quality of flour and noodles with four based on flour particle size: 90-, 100-, 110-, and 120-mesh. The barley
varieties tested were waxy barley variety Zangqing 18 and two normal varieties, Zangqing 2000 and Zangging
3000. There were significant differences in the nutritional quality of barley flours with different flour particle sizes.
The total starch and amylose contents increased with decreasing flour particle size, whereas the total starch
and amylose content of 120-mesh flour increased by 15%—-18% compared to 90-mesh flour. Protein and 8-glucan
contents decreased with the decreasing flour particle size, and the protein content of 120-mesh flour decreased
by 15%-20% compared to 90-mesh flour, 8-glucan decreased by approximately 50%. The total flavonoid content

WFis H Y Received: 2024-01-29  $:52 H ] Accepted: 2024-04-03

PR XA B S AEAE S E (2021YFQO0019) 28 R s i 28 & FH 2 B R AT L H (2019QZKK0303) 7 F} £ /T Wi H
(XZ202201ZDO0001TN) FTH s i &L H: 7 H (RKZ2021KJ11) %85  Supported by the Sichuan Provincial Region Innovation Cooperation

Project (2021YFQO0019), Second Tibetan Plateau Scientific Expedition and Research Program (2019QZKK0303), Project of the Science

and Technology Department of Xizang Autonomous Region (XZ202201ZD0001N), and Project of Science and Technology of Shigatse

(RKZ2021KJ11)

»43B1E1E#% Corresponding author (E-mail: panzf@cib.ac.cn)



3N T AR P AL FE T A7 R I 2% 114 7 o3 22 55 Vol. 30 No.6 Dec 2024

1199/

in flour with different particle sizes was lower than that in whole-grain flour, and the total flavonoid content in
flour with 100-mesh size was the lowest, only approximately half of that in flour of other particle sizes. The total
phenolic content gradually decreased with decreasing flour particle size in the two normal barley varieties,
decreasing from 100.17 and 122.20 mg/100 g in 90-mesh flour to 74.43 and 91.77 mg/100 g in 120-mesh flour,
respectively. However, phenolic content was lowest in the 100-mesh flour of waxy barley at 160.47 mg/100 g,
although this value was higher than that of normal barley flour. The B-glucan content of noodles significantly
decreased with the decreasing flour particle size, and the 8-glucan content of the noodle made with 120-mesh
flour is only half or even lower than that of 90-mesh noodles, but total flavonoids and total phenols showed the
opposite trend. The optimal cooking time for normal barley noodles increased with decreasing flour particle
size, whereas the cooking loss rate decreased. However, noodles made from waxy barley Zangqing18 are not
suitable for steaming. The hardness, resilience, gumminess, and chewiness of noodle texture increased with
decreasing flour particle size and were significantly correlated with flour particle size. In the sensory evaluation,
color, smoothness, and total score were significantly correlated with the flour particle size, and the score
increased with decreasing particle size. In summary, the results of this study indicate that flour particle size has
a significant impact on the nutritional quality of flour and its corresponding noodles, such as nutritional, cooking,
textural, and sensory qualities. The smaller the flour particle size, the more nutrients were lost, but the better the

cooking quality, textural characteristics, and sensory quality of noodles.

Keywords highland barley; flour particle size; flour quality; noodle; cooking quality
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Table 1 The sensory evaluation for barley noodles
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Fig. 1 The contents of nutrients in hull-less barley flour with different particle sizes. Different lowercase letters in the figure indicate

significant differences (P < 0.05).
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Table 2 Pasting properties of hull-less barley flour with different particle sizes

VA A I S

1201/

B pem VAR Ponk VB BARFE R A EER
Material Sample Peak time temperature Peak viscosity Trough viscosity  Final viscosity =~ Breakdown value Setback
(t/min) 6IC) (ulcP) (ulcP) (ulcP) (ulcP) (ulcP)

. FP1 3.97+0.04c 85.38+0.03d 4514.50 + 10.50bc 2064.50 + 17.50c  3295.50 +8.50d  2450.00 + 28.00de 1231.00 * 26.00d
52%?91q8ing FP2 3.84+0.04b 84.33+0.38c 4493.50+13.50b 1758.00 + 12.00ab 2526.00 + 16.00b 2735.50 + 1.50f 768.00 + 4.00b
18 FP3 3.73+£0.00a 83.10+0.05a 4000.50 +4.50a 1807.00 + 7.00b 2672.50+2.50c  2193.50 + 11.50c 865.50 + 9.50c

FP4  3.80+0.00ab 83.90 +0.00b 4694.50 +41.50d 1665.50 + 25.50a 2344.00 + 15.00a 3029.00 + 16.00g 678.50 + 10.50a

o FP1 6.37+0.04e 95.03+0.03d 5258.00+3.00f  2953.50 + 9.50i 5126.50 + 1.50h  2304.50 + 12.50c  2173.00 + 8.00h
Zar?gzq(?r?g FP2  6.50+0.03f 95.05+0.00d 4643.00+29.00cd 2793.00+2.00h  4566.00 +£20.00f 1850.00 +27.00a  1773.00 + 18.00e
2000 FP3 6.27+0.00d 95.03+0.03d 4716.50+19.50d 2674.00 +30.00g 4544.00 +65.00f 2042.50+49.50b 1870.00 * 35.00f

FP4  6.37 £0.04e 95.03+0.03d 4707.00+8.00d 2788.50+55.50h 4507.00 + 20.00f 1918.50 + 63.50ab 1718.50 + 35.50e

FP1 6.37+0.04e 95.05+0.00d 4954.00+30.00e 2621.50 +54.50fg 4916.00 +£55.00g 2332.50 +24.5cd 2294.50 + 0.50i
Zﬁang:iq?r?g FP2  6.50+0.03f 95.03+0.03d 4603.00 +76.00bcd 2411.50 + 26.50d 4309.00+6.00e  2191.50 + 102.50c  1897.50 + 20.50f
3000 FP3 6.40+0.00e 95.05+0.00d 5020.50+94.50e 2546.50 + 37.50ef 4560.50 +6.50f 2474.00 +57.00e  2014.00 + 44.00g

FP4  6.57+£0.04f 95.05+0.00d 4731.00+33.00d 2501.00 +38.00de 4486.00 + 12.00f 2230.00 + 5.00c 1985.00 + 50.00g

RTINS FRER R ZE 553 (P <0.05) .

Different lowercase letters in the same column in the table indicate significant differences (P < 0.05).
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Fig. 2 The contents of nutrients in hull-less barley noodles with different particle sizes of flour. Different lowercase letters in the figure

indicate significant differences (P < 0.05).
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Fig. 4 The variation of noodle cooking quality with different particle sizes of flour. Different lowercase letters in the figure indicate

significant differences (P < 0.05).
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Table 3 The texture characteristics of noodles with different particle sizes of flour

g it it B2 A P RN 55 7) A FEL g e
Material Sample Hardness Adhesiveness  Springiness Cohesiveness Resilience Gumminess Chewiness
o FP1 1263.00 + 54.00a -2.02+0.09d 0.98+0.02a 0.80+0.02abc 0.37 £0.02a 1009.32 + 17.94a 985.55 + 36.18a
Zﬁ;ﬁ;qoigg FP2  2504.00+84.00de -5.04+0.25c 0.98+0.01a 0.73+0.01a 0.45+0.04a 1827.08 +£36.28bc  1786.36 + 8.63bc
2000 FP3 1991.50+£139.50b -5.68+0.48c 0.97+0.01a 0.77 £0.02a 0.50+£0.02a 1521.41 +£76.85b 1476.71 £ 53.90b
FP4 2710.00 £ 107.00e ~ —2.34 +0.14d 0.99+0.01a 0.80+0.01ab 0.49+0.02a 2154.99+98.62cd 2134.01 + 110.99de
. FP1 2185.00 £20.00bc 2415+ 0.71a 0.95+0.04a 0.90 +0.03d 0.69+0.10b 1955.08 + 36.73c 1850.47 + 105.33cd
zﬁa ﬁg‘*qoigg FP2  212650+5.50b  17.42+0.06b 0.95+0.03a 0.89+0.00cd 0.68+0.02b 189259+4.90c  1788.94 + 69.31bc
3000 FP3 2077.00 + 128.00b -24.02+0.272a 0.94+0.03a 0.89+0.04bcd 0.71+0.09b 1842.63 £ 185.98c  1721.10 + 122.31bc
FP4 2426.67 £ 18.68cd —23.96+0.73a  0.98+0.01a  0.97 +£0.04d 0.83+0.04b 2346.50 + 105.61d  2300.55 + 114.75¢

1203/

RNFASIAFRNG FRIORZ R (P<0.05).

Different lowercase letters in the same column in the table indicate significant differences (P < 0.05).
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Fig. 5 Sensory evaluation of hull-less barley noodles. Different
lowercase letters in the figure indicate significant differences (P < 0.05).
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Fig. 6 The correlation between noodle quality and flour particle size. FLS: Flour particle size; TS: Total starch; AL: Amylose; PN: Protein;
BG: B-glucan; TF: Total flavonoids; TP: Total phenols; PT: Peak time; GT: Peak temperature; PV: Peak viscosity; MV: Trough viscosity; FV: Final
viscosity; DV: Breakdown value; RV: Setback; OCT: Optional cooking time; WAR: Water absorption rate; BBR: Broken breaking rate; CLR: Cooking
loss rate; HN: Hardness; AV: Adhesiveness; SP: Springiness; CH: Cohesiveness; RL: Resilience; GM: Gumminess; CW: Chewiness; CL: Color;
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