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Abstract: Highland barley is a high-quality raw material for developing nutritious and healthy foods. In order to study the
influence of various factors such as cultivars and origin on the nutritional quality and processing characteristics of highland
barley, this paper collected 30 highland barley cultivars from Qinghai and Tibet, the primary producing areas of highland
barley in China, to explore the variations in main nutritional composition and starch gelatinization characteristics. The
results revealed significant variations in the nutritional composition of different highland barley samples. The contents of

vital functional factors such as f-glucan, arabinoxylan (AX), and total phenols ranged from 3.74% to 6.54%, 5.63% to
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11.51%, and 1.90 to 4.24 mg/g, respectively. Additionally, a highly significant negative correlation (P<0.01) was observed

between the content of f-glucan and the total phenols. Furthermore, the cultivars also significantly influenced the starch

gelatinization characteristics (P<0.05), with the peak viscosity of starch ranging from 468.67 to 4844.67 cP and the

gelatinization temperature ranging from 66.30 to 86.85 °C. The principal component analysis reduced the 15 indicators of

nutritional components and pasting properties to 5 principal components, revealing that pasting properties, non-starch

polysaccharides, AX, starch, and f-glucan played important roles in the quality evaluation of highland barley. Cluster
analysis identified 12 highland barley varieties with high f-glucan (ranging from 5.62% to 6.54%), 11 with high AX
(ranging from 10.37% to 11.51%), 1 with high total phenol (4.24 mg/g), and 10 with high pasting temperature (ranging
from 81.05 to 86.85 °C). Xining Chaiqing No.l with the characteristics of high S-glucan, high AX, high gelatinization

temperature, and moderate total phenolic content, may have advantages in the development of functional food with high

activity and low glycemic index (GI).

Key words: highland barley; nutritional quality; gelatinization characteristics; principal component analysis; cluster analysis
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Table 1 Information of highland barley cultivars

ih HIX AELY ih HIX AELY n HIX ANy
PG 15 il 2022 IMBER 175 Hil 2022 PG fi L Hik 2022
WHERC1SS HiG 2022 IMER 185 Hil 2022 185 g 2021
MRS 15 H i 2021 YRR H i 2022 20 LS 2021
HHEC145 H i 2022 R G145 H i 2022 25 i 2022
HrEEC1SY H i 2021 HERE155 H i 2022 320 i 2021
HrEC16% HiG 2021 P 1S HiG 2022 TR 2000 (i 2022
HrEC175 HiG 2022 P S HiG 2022 JECHF 3000 i 2022
I8 HiG 2022 FATRC14% HiG 2022 TR g3 2022
ITHRE 145 Hig 2022 ATREC15S Hig 2022 B OhiAE22 g3 2022
MREC15%5 it 2022 HTRECI18% Hig 2022 [T 2B il 2022
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JH BB GEA 1R S0 EURE DEA & R0 SR BN
F G R By RY
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Table 2  Analysis of nutritional composition of different highland barley flour

A TEM (%) HEEER (%) RAR(%) JEWI (%) AEVERZHE(%)  p-HRAE (%) AX(%) S (mg/g)
FPILEHE 1S 63.12+£1.00®  20.39+0.75%  11.36+0.04°" 1.93+0.02¢f 17.030.14° 6.41£0.11° 10.62+0.22° 1.90+0.05¢
WHRELC15% 57.09+1.35¢ 22.08+0.68 11.69+0.03° 1.64+0.03" 16.58+0.17¢ 6.00+0.04° 10.59+0.15° 2.18+0.06'
WHLEH1S 56.61£0.73% 15.26+0.81¢ 10.060.01" 1.66+0.05" 13.38+0.427 5.69+0.21°¢ 7.69+0.59¢" 2.89+0.10
WHEEC145  60.98+0.47" 17.63+0.46° 13.46+0.05° 2.05+0.03¢ 16.28+0.28% 5.78+0.06"™ 10.50+0.32° 2.49+0.07"
WHEELC15S 51.23+1.39" 15.72+0.68"® 9.90+0.02' 1.55+0.02' 13.46+0.55Y 5.44£0.11¢ 8.07+0.54% 2.87+0.17"
WHEEC16S 53.49+0.87° 17.25+0.79" 9.28+0.04¢ 1.97+0.02° 14.16+0.22" 4.95+0.12° 9.21+0.18% 3.48+0.23%
WHEEC1TS 53.44+0.93° 22.33+1.76% 7.84+0.02" 2.2040.02° 12.04+0.12% 5.24+0.29% 6.80+0.17' 3.29+0.08¢
MEILESS 54.69£0.84°  21.48+1.84% 14.34+0.02° 2.02:+0.02% 10.28+0.04' 4.65+0.09" 5.63+0.1¢ 2.65+£0.01¢"
[TREC145  61.66+0.52% 25.16+0.73° 10.39+0.078 2.39£0.07° 14.62+0.198 5.08+0.21° 9.54+0.04¢ 3.66+0.02"
[TREC15S  62.54+0.86® 27.740.27° 9.24+0.06* 2.38+0.04° 15.04+0.27" 5.62+0.21% 9.43+0.13¢ 2.38+0.06"
IMBERS175 53.48+1.02° 22.96+1.54% 10.51£0.038 1.92+0.04° 11.75+0.17% 3.74+0.20" 8.01:+0.148 3.48+0.27
ITER 185 54.71£1.11° 20.56+1.74% 9.77+0.04Y 1.77+0.04¢ 12.7740.07 4.3420.04% 8.43+0.06 3.30+0.13¢
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A TER (%) HERER (%) EAM(%) BRI (%) AETERZWE (%)  B-HIRE (%) AX(%) S (mg/g)
IR B 63.40+0.94° 18.030.73° 8.94+0.05' 1.34+0.05" 14.15+0.22" 5.29+0.02% 8.86+0.2° 2.94+0.15
RERA145  55.74+0.83% 21.23+1.14¢ 10.18+0.07" 1.67+0.01" 13.14+0.30' 4.87+0.13° 8.27+0.42% 3.56+0.03¢
RERACISE 60.85£1.47™ 19.09+0.65° 11.5040.04¢ 1.89+0.04" 16.78+0.34% 6.42+0.21° 10.37+0.18° 2.04+0.05
AT SeE 1S 59.35+0.71¢ 20.59+0.70% 11.82:0.04° 2.03£0.01% 17.43+0.14° 6.46+0.15 10.97£0.09" 3.10+0.05°
[N 4155 56.55£0.94%  24.82+0.01" 10.73+0.09 1.35+0.01% 15.64+0.29° 4.36+0.112 11.29+0.21* 3.22+0.12%
TTRA145  61.13£1.65°  22.79+0.41¢ 10.18+0.04" 1.76+0.04¢ 15.94+0.36° 4.87+0.10° 11.07+0.33 3.74+0.08"
FATREAIST  61.32+0.80°  23.77+0.52% 10.49+0.02¢ 1.4120.04* 18.05+0.18" 6.54+0.01° 11.5140.18" 3.05+0.09°"
FTRECIST  61.47+1.65 22.05+0.57 10.700.05 2.04+0.02% 15.06+0.24 4.32+0.06" 10.75+0.29" 4.24+0.09°
PO fi L 56.86+1.16% 17.5340.96°" 9.63+0.12] 2.01£0.07% 16.50+0.24¢ 5.23+0.08% 11.27+0.2%® 3.04+0.05°"
185 53.84+1.47° 21.81+1.80% 8.36+0.02™ 2.05+0.01¢ 13.12%0.16 5.70+0.09° 7.43+0.12" 2.60+0.128"
205 51.33+1.68" 22.60+1.83%¢ 7.56+0.04° 1.91£0.01° 14.79+0.05% 6.34+0.01° 8.45+0.06 2.58+0.028"
H25 60.51£0.94>  22.89+0.21% 11.45+0.04% 1.44+0.06' 13.48+0.25" 5.04+0.08°" 8.44+0.3" 2.95+0.06°"
320 54.32£1.18° 19.10+0.74° 8.84:0.03' 1.76£0.012 13.94+0.11" 5.50+0.04 8.44%0.11" 2.58+0.16="
T 72000 55.14+0.95¢ 19.86+1.41% 8.38+0.06™ 1.96+0.01¢ 13.55%0.15' 5.73+0.17° 7.82+0.13¢" 2.67+0.14¢
JEL 3000 63.42£1.68" 19.96+0.51% 11.31£0.05° 2.53+0.04° 13.10+0.23' 5.04+0.04°" 8.06+0.25% 3.31+0.08¢
HiTEE 58.00£1.40 20.82+0.56° 9.75+0.10 2.34£0.01° 15.71£0.23° 4.79+0.04" 10.92+0.22" 3.47+0.08
B hiAE22 58.37+1.34 17.46+0.59°" 9.87+0.09% 1.93+0.06° 13.44+0.09" 4.8620.04°" 8.59:+0.12°" 3.05+0.06
B R 63.21£1.57" 23.14+0.38° 9.83+0.011 2.39+0.02° 14.19+0.07" 5.95+0.16" 8.24+0.17" 3.63+0.07*
FAE 57.93 20.88 10.25 1.91 14.51 5.34 9.18 3.01
Fie:] 51.23~63.42 15.26~27.70 7.56~14.34 1.34~2.53 10.28~18.05 3.74~6.54 5.63~11.51 1.90~4.24
AR FE(CV, %) 6.76 13.92 14.41 16.58 12.47 13.41 16.59 18.01

T [ AU ) 5 BERIR 22 5 1.2 (P<0.05) , 3.

EHAETE 2 2L, BRI REE AX A ZEP,
RPN IR S BB ZIEMZ 5, =
TIHEZE (2.94%~5.13%)P1 /NFZ(0.5%~1.1%) P
2 (0.5%~1.0%)P, 30 Fp{ S BRIETE M ZHEH
S 14.51%, 534 7E 10.28%~18.05%, Hirdr p-7i S 0
YHE R 5.34%, 53 ARTE 3.74%~6.54%, CV 17 13.41%;
AX PIE K 9.18%, & 43T 7E 5.63%~11.51%, CV
EE 16.59%.

SN LYo S o AN AR E S N R e o N L
FrEEtY, 30 FMLEBLA I 2IECS 3.01 me/g,
53 AR FE 1.90~4.24 mg/g, & FiE] 25 5 K, CV ik F|
18.01%, AMFFEUEL, MHFEMRE S 17 5. BETRE
S AT, (ELREAIC T R AT AN I R i SR T R R
& 55 (4.63 mg/g); MR P T A 18 5. T 3000
ST LR & R, nT e I SRR . PR AR B
AR AR EA . FEHE ARG P,

[ — AR P AR A [R] i X 7 RS 3R B B
WHZES, RS 15 SHHRL EES 15 5&
RS hem, i 11.69%, il JIRE G 15 S-S

IS, 7 9.24%; Vi TR 15 51 -1, AX & i
=, ST BIN 6.54%. 11.51%, MR RS 15 S5k
I, 5158 5.44%. 8.07%. ZFE2KE, 30 FiEEE
FEST  BATAE— B S, X RS AFP . HLIX S,
o (UREE | Bk RO S5 5,
2.2 BERMCERS T

FHR 3 AT A0, B BB I (H 5 BE AR IE ol 468.67~
4844.67 cP, CV ik 35.47%, Z MFh A fb 2 S8 K.
ZAEAR T, ABALE & /K BE 1 B8, JE R Jo0R I AR B
A B R {E A IR S 387.67~2490.5 cP, CV ik
36.57%, ZAE L =, HA K T 25 v IR, S T
227 [ml AR {E AR S 122.00~2625.50 cP, CV &
34.26%, H S5 F R E S BOFs e A 2%, iME
T, FERPRINAEN G B8 5 Ak, WIMLIR I s B
AR 2 BRI, ZRIE A 66.30~86.85 °C, Hir g
MEC 145 BHEEC 155 THRES 155 .17
REC 18 SnMifbiR R s . B, AFSFEER
BRI U g E2E R (P<0.05), X TRIfLE BT
5T BRI RS S5 HT .

3 AFEPRES BT B e bR
Table 3  Gelatinization characteristics of different highland barley flour

A WE(EFE (cP)  AMEFNE (cP) HAfAAE (cP) ZEFE (cP) FIA(E(cP)  WEfEATE (min)  BIfEIREECC)
HIGLEHE 1S5 4844.67£2.08"  2408.33+5.86°  2436.33+15.53°  4534.00£14.73°  2125.67+5.51" 6.05£0.04 68.60+0.05"
WHRELC15S 4442.00+18.19%  2113.00+7.03¢  2339.00+15.72¢  4330.33+11.93"  2217.33+5.51° 6.02:£0.04 68.63+0.06"
MRSEH 1S 4045.00£7.07°  2141.50+4.95°  1912.00£15.56'  4767.50+2.12°  2625.50+2.12° 6.08+0.01% 69.33+0.04"
WHME 145 3076.67+4.51°  1840.33+16.92™  1343.03£9.17"  3823.67+£12.70'  2076.67+16.50’ 6.24+0.10° 86.85+0.91°
HHEC15S 2418.00+2.83°  1211.02£16.97°  1216.5+3.54" 2878.04+4.24°  1680.50+0.71¢ 5.93+0.01¢ 85.55+0.07%
HHEt165 3861.00+4.24°  1372.00+£5.66°  2490.5+7.78"  3675.00+2.83°  2269.00+4.24° 5.50+0.04" 66.85+0.07'
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it VEEFNE (cP)  AEFEE(cP) BB (cP) ZEREE(cP) [FlA:{H (cP) V(RS ] (min)  WHEIREE(C)
R 175 4630.0048.49%  2246.00+£5.66°  2383.50+£3.54°  4404.01£5.66°  2158.02+2.83¢ 5.93+0.03¢ 68.58+0.04"
[TEALE S 4067.5049.19°  2477.50+4.95°  1594.50+£3.54™  4654.02£1.41°  2122.50+3.54" 6.44+0.05° 81.05+0.57¢
[TRE£14% 678.33+2.08¢ 231.33+4.93Y 443.67+7.02" 678.67£10.60°  447.33+6.66" 5.27+0.07¢ 83.67+0.49°
ITRE&15% 1140.33+9.45¢8 696.67+7.09" 418.67+10.02°  1561.33+13.65%  857.67+6.11" 5.49+0.03" 85.53+0.06°
ITREE175 2947.00£9.90%  1543.00+7.07°  1392.50+3.54°  3177.50+4.95°  1757.00+2.83° 6.07£0.09% 83.53+0.53°
ITRE£18 2605.50+7.78¢  1328.50£6.36'  1281.00+5.66%  2744.00+2.83"  1403.50+0.71 5.97+0.05% 85.58+0.04%
IR B 1680.33£16.65¢  648.01+5.20 1102.3348.50"  1565.67£11.06%  957.67+6.11" 5.49+0.10° 82.00+0.95¢
HIER 14 468.67£6.11° 79.67+3.06 387.67+5.77" 201.67+3.51¢ 122.00+2.65" 3.71£0.03" 73.22+0.40"
HERC155 3967.67£14.98'  1876.67+14.22"  2231.00£14.02°  4380.33£19.14°  2583.67+6.03" 5.98+0.04% 71.01+0.05%
P T5eH 15 2758.00+13.75°  1568.0048.54°  1190.33£6.66°  3466.67+10.60°  1925.67+7.09' 6.22+0.04° 85.50+0.05°
TS 3643.00£12.17%  2154.67+15.53"  1585.00£7.21™  3763.33+13.65™  1638.67+2.52" 6.31£0.10™ 73.30+0.35°
TR E145 3394.67+8.96' 1862.33+9.29'  1522.33+12.90"  3669.00+8.72°  1826.67+6.51" 5.95+0.04¢ 76.60+2.82¢
MTRLC15% 4031.00£6.56™  2260.00£13.53%  1754.33£9.29  4584.00+19.08°  2320.67+7.77° 6.18+0.04" 68.55+0.05"
MTRLC18% 3017.33£2.89"  1435.67+14.57°  1648.33+9.07"  2577.67+13.32"  1158.67+17.56" 5.71£0.10° 70.48+0.94¢"
P B 3942.67+15.63°  1865.33+5.03'  2070.67+5.69"  3721.33£7.51°  1809.33+12.74" 5.93+0.07¢ 70.97+0.06%"
K185 4485.00+2.83"  2348.50+17.68°  2146.00£1.417  4226.00+2.83"  1774.50+4.95° 5.87+0.09¢ 66.30+0.28'
205 4449.00+4.24"  2136.03+5.66"  2322.50+14.85°  4140.02+4.24' 1978.00+2.83% 5.97+0.05 69.68+0.53"
25 4260.01+10.54"  2030.01£17.44"  2220.00+£11.79°  4258.67+18.93¢  2328.67+1.53¢ 5.98+0.17 69.52+1.26"
320 3451.00£2.83¢  1647.00£5.66"  1752.50£9.19%  3261.50+2.129  1541.01£7.07° 5.87+0.09¢ 71.03+0.04%"
JEL 2000 4335.03£5.66"  2275.50+4.95¢  2108.50+2.12¢  4140.50+4.95"  1859.00+1.41™ 6.00£0.10% 66.48+0.67'
3000 4371.33+16.50%  1958.67+6.50"  2426.00+6.08°  3867.33+8.39*  1985.33+11.02 5.89+0.08¢ 68.58+0.03"
IS 3 3114.67+10.97*  1120.6715.63°  2070.67+7.51"  2786.00£6.08'  1718.67+16.80° 5.53+0.07" 71.25+0.48¢
B OiE22 3848.67+13.58°  1921.67+£14.22%  1887.00£14.42  4321.67+16.50"  2360.02+14.73° 6.09:£0.08¢ 83.08+0.16%
B R 4473.67+17.62°  1982.67+8.50'  2481.01£7.94°  4072.00+16.46  2102.67+13.43' 5.85+0.04¢ 68.58+0.06"
FAE 3367.71 1666.00 1719.90 3425.65 1772.48 5.83 68.58
11 ] 468.67~4844.67  79.67~2477.5  387.67~2490.50 201.67~4767.50 122.00~2625.50 3.71~6.44 66.30~86.85
5 RE(CV, %) 35.47 3831 36.57 35.01 34.26 8.63 9.51
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Table 4 Principal component eigenvalues and contribution rate

3 1 BTG IR EE L KRR T e EASY 4 19 WS WHHE  TEFEEG)  RATREG)
SRR P R 5 09 IR R . : o - e
WS3 15 FE RS 2 STMkRR R, FRHTER ikt 3 1.645 10.967 66.938
L ARTER 22l . AX . TERS . B-HISRBE D AR T BR G 4 1413 9.418 76.336
JEVFEA T AT B T SRR, LR 16 i 5 4% > Lo 1% B
%5 FRGHAII A RE FHE M
Table 5 Vector load coefficient and eigenvector of the principal component
. T e BT R AN A 1]
F A F 52 F 53 F 4 3% 0] FRs F 52 F 53 F 54 F RS
TEH -0.109 0.696 —0.040 0.412 0.132 -0.019 0.264 -0.025 0.292 0.119
EHETEA -0.261 0.195 -0.235 0.492 0.204 —0.045 0.074 —0.143 0.348 0.184
LSl 0.101 0.353 0.677 0.328 —0.005 0.017 0.134 0.412 0.232 -0.005
IStk i 0.436 0.519 ~0.190 -0.419 0.478 0.076 0.197 -0.115 -0.296 0.432
AX -0.020 0.859 -0.139 0.037 —0.408 —0.003 0.326 —0.085 0.026 -0.368
ETER 2k 0.156 0.926 -0.193 -0.132 -0.153 0.027 0.351 -0.117 -0.093 -0.138
Y} -0.081 —0.064 —0.235 0.588 0.573 -0.014 —0.024 —0.143 0.416 0.518
hsNi -0.461 -0.239 -0.238 0.503 —0.522 —0.080 -0.091 —0.145 0.356 —0.471
[ J1ek s 0.966 -0.131 -0.138 0.135 —0.042 0.168 -0.05 -0.084 0.095 -0.038
PR 0.942 -0.080 0.082 0.138 -0.015 0.164 -0.03 0.05 0.098 -0.014
JAEAE 0.874 —0.145 -0.338 0.113 -0.076 0.152 —0.055 -0.206 0.080 -0.068
ZEFREE 0.979 —0.056 0.115 0.082 -0.035 0.170 —0.021 0.070 0.058 —0.032
[ A= f 0.930 -0.003 0.162 0.040 —0.069 0.161 -0.001 0.098 0.028 -0.062
W I i) 0.734 0.081 0.455 0.205 —0.054 0.127 0.031 0.277 0.145 —0.048
Mk IR R —0.541 0.094 0.734 0.006 0.110 -0.094 0.036 0.446 0.004 0.099
£ 6 FHERWS FHE55
Table 6 Principal component scores of highland barley
- % F A5 NN
Hi F, F, F, F, F, SRt orF He&
VLT 15 1.245 1.523 —0.245 -0.303 0.924 0.906 1
MR A15% 1.004 0.991 —0.020 —0.606 —0.039 0.594 4
R SE 1S 0.941 —0.753 0.431 -1.021 -0.319 0.187 11
R 145 0.183 1356 2.060 0.030 0.520 0.688 3
HHME 155 —0.489 —0.804 1.388 -1.988 -0.332 —0.464 26
HHE 165 0.283 -0.872 -1.023 -0.355 -1.120 -0.326 23
MBS 0.687 -1.747 -1.075 0.506 0.608 -0.082 19
TR 8% 0.572 -1.557 2.666 1.223 1.119 0.521 6
ITERE 145 —2.365 0.625 -0.232 1.004 1.028 -0.780 29
ITER 155 -1.714 1.034 —0.065 0.336 2.540 -0.316 22
ITRE175 —0.586 -1.407 1.149 1.012 -0.693 -0.361 25
ITRE£18%5 -0.798 -0.912 1.018 -0.055 -0.610 —0.484 27
I TR L 3 -1.344 0.321 0318 -1.518 -0.381 -0.712 28
SRR 145 -2.788 —0.564 -1.103 -1.396 -0.130 -1.710 30
FER 155 0.996 1315 0.144 —0.746 0.734 0.732 2
T SEH 1S -0.113 1.620 1.018 -0.063 0.330 0.443 7
i1 0.106 0.456 0.351 0.463 -2.125 0.055 14
WTRE145 -0.152 0.728 -0.101 0.948 —1.470 0.047 15
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" F, F, F, F, F, e
HTRE15S 0.843 1.786 —0.473 -0.298 —0.897 0.587 5
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185 0.700 -1.080 -0.990 —0.400 1.043 0.011 18
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ST 3000 0.453 -0.393 -0.425 1.900 0.820 0.355 8
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Fig.2 Histogram and cluster analysis of f-glucan content in highland barley
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