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The Effect of Environmental Variation on the Content of Heat-
Stabilized Protein and Protein Z in Hulless Barley
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Abstract: Heat-stabilized protein is an important index to measure the quality of malt. In order to explore
the content of heat-stabilized protein, the composition characteristics of protein Z and the influencing conditions
in barley grains and malt, three hulless barleys ( Liulengzi changmang baigingke, Qingpi gingke and 9820 ) and
one hulled barley ( Gairdner ) were used to analyze and identify the heat-stabilized protein of hulless barley grains
and malt. Then the content of the heat-stabilized protein of hulless barley and the composition characteristics of
protein Z were studied in different ecological environments. The barley lines with excellent brewing quality were
selected. The results showed that the optimal barley germination conditions ( 20 °C, 72 h and PH 5 ) enabled the
accumulation of heat-stabilized protein and protein Z in germination and kinling. The hulless barleys, which were
planted and harvested at three locations ( Xining, Huangyuan and Haiyan ) with different climatic conditions,
were tested for the content of grain. A lowest bud heat-stabilized protein, but the highest heat-stabilized protein

and protein Z after kinling, were observed from the grains in Xining. Meanwhile, fifteen excellent resources with
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high content of heat-stable protein were identified by testing 150 hulless barley germplasm resources. Thus, the

results gained from this study will provide theoretical basis in breeding for hulless malting barley varieties with

the qualified indexes.

Key words: Hulless barley; heat-stabilized protein; protein Z; SDS-PAGE
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Fig.1 The heat-stable protein content of four hulless barley lines at different germination time



362 Mo om L

wOW o 21 4%

FAYSVE SIRIR GRS S dEib]ing U

212 EEARZWEWN wiE 2 ol BEE SRS
TR ZFI ] A, 7 BR AR R RS VR E B
A BB AL TR, JUHE 43 kD ZE A Y ER R

A B

Z i B HR A RS (96~120 h) 22 28K
FEIEPFEE LR RE ., GEPREENRS
wARETE O K 72 hikE M E A S B RS 3R
A 1]

1 2 M 3 4 5 6 7 8 9 1 2 M 3 4 5 6 7 8 9
- -431(1)
C D

1 2 M 3 4 5 6 7 8 9 1 2 M 3 4 5 6 7 8 9
- -43kD

M: marker; 1: Jf22;2: K2F 48 h; 4: K2F 72h; 6: K2F 96 h; 8: K2F 120 h; 3: K4 48 h k54 5: KA 72 h I 7. KA 96 h K 9. K4
120 h A 5 BEKIEEE BT EAEESY 10 pg, T )
M: marker, 1: raw grain, 2: germinating for 48 h, 4: germinating for 72 h, 6: germinating for 96 h, 8: germinating for 120 h, 3: kinling for 48 h, 5:

kinling for 96 h, 7: kinling for 96 h, 9: kinling for 120 h, Sampling protein amount of every land was 10 pg, the same below

& 2

REFRTEIX 4 BAREEEE AR BN

Fig.2 The protein Z content of four hulless barley lines at different germination time
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Fig.3 The heat-stable protein content of four hulless barley lines at different temperature
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Fig.4 The protein Z content of four hulless barley lines at different temperature
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Fig.5 The heat stable protein content of four hulless barley lines with different pH
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Fig.6 The protein Z content of four hulless barley liens with different pH
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Fig.7 The heat stable protein content of four hulless barley lines harvested from different ecology areas
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M: marker, 1: raw grains, 2: germinating ( Huangyuan ), 3: kinling ( Huangyuan ), 4: germinating ( Xining ),
5: kinling ( Xining ), 6: germinating ( Haiyan ), 7: kinling ( Haiyan )
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Fig.8 The protein Z content of four hulless barley lines harvested from different ecology areas
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Table 1 Fifteen hulless barley screened with excellent brewing quality germplasm resources

el A T2 E & i (mg/L ) The content of bud heat-stable protein

Number Name JFiZZ Raw grains “f Buds Jii 4 Kinling

39 NS 999.55 + 69.17 ABC 1396.77 + 55.74 sF 1532.14 + 124.36 ABC
41 ToRH R 1095.26 = 12437 A 1417.37 = 84.59 EF 1681.53 + 71.78 AB
44 KETHH 831.33 +32.05 DE 1588.48 + 105.22 CDE 1751.36 = 129.69 A

45 HHR 975.03 + 25.60 ABCD 112037 +124.71 G 174931 £207.18 A

46 AEFREAER 840.79 + 39.06 DE 1703.07 + 159.46 BCD 1746.75 £ 111.69 A

47 INEINER 1042.77 = 85.06 AB 1263.12 = 118.28 FG 1439.88 + 113.49 BCD
49 Sk R 1017.21 + 63.73 ABC 1314.02 = 88.53 FG 1519.37 + 176.35 ABC
51 BRI 728.88 +28.38 E 1966.58 +94.1 A 1407.66 + 66.81 BCD
54 H35 1049.78 + 53.50 AB 1478.41 + 24.59 DEF 1754.16 +51.07 A

57 9642 934.10 +29.36 BCD 1636.51 + 185.46 CDE 1419.32 + 23.93 BCD
59 9828 1017.22 + 78.44 ABC 1400.63 + 94.13 EF 1591.53 +39.22 ABC
62 35-40 933.19 +28.90 BCD 1441.99 + 49.85 EF 1369.15 + 103.84 CD
141 [ 3 1021.14 + 78.40 ABC 1796.18 + 100.53 ABC 1462.58 + 121.52 ABC
143 T2 TE R 875.13 +20.22 CD 1217.64 + 103.97 FG 1548.70 + 51.84 ABC
150 EERR 994.88 +29.83 ABC 1291.11 + 70.83 FG 1555.87 + 99.94 ABC
151 Gairdner ( K% ) 907.72 + 15.10 BCD 1937.65 + 84.7 AB 1172.11 £ 137.91 D

RN KE FREFR P<0.01 /K25 8%

Different capital letters in the same column showed significant difference in <0.01 level

43kD—q'. —ﬁnn 1

151 (CK)

M

1 2 3

—

rm

TR u""

M: marker; 1: JfZ2, 2: A2, 3: Kifk
M: marker, 1: raw grains, 2: germinating, 3: kinling
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Fig.9 The variation on protein Z content of elite hulless barley germplasm resources
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