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1999a) 
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(Martin Tanguy et al., 
1976; Boisen et al., 1981; 
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Figure 2.1 Factors that may influence the available energy values of feed-grains to animals.  
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Figure 2.2 The hypothetical effects of variable starch digestibility on the ratio of animal enzyme 

to microbial enzyme digestion activities, and the consequence on the ratio of glucose and organic 

acid production in the small intestine of monogastric animals.  S=Stomach, D=Duodenum, J= 

Jejunum, I=Ileum, G=Glucose absorption by portal vein, O=Organic acid absorption by portal 

vein, P= Pancreas. 
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Figure 2.3 Longitudinal section of a wheat grain.  Reproduced from Pomeranz (1987). 
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Figure 2.4 Schematic representation of starch granule structure: (a) a single granule with alternating amorphous and semicrystalline 

layers, representing growth rings; (b) expanded view of the semicrystalline layer of a growth ring, consisting of alternating crystalline and 

amorphous lamellae; (c) the cluster of amylopectin within the semicrystalline layer of the growth ring. From Jenkins et al., (1994)
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Figure 3.1 The rate of starch hydrolysis in vitro from high and low AME wheat samples.  

Adapted from (Wiseman, et.al 2000). 
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Figure 3.2 A representative diagram showing a comparison of the rate of in vitro starch 

digestion that is typical when using the MegazymeTM total starch assay (      ) and the desirable 

rate for determining differences in starch digestibility of grains (      .). 
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Figure 3.4 The distribution of the glucose release index (GRI) within the barley samples, bars 

with different superscripts differ significantly (P<0.001), error bars indicate standard error. 
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Figure 3.5 The distribution of the glucose release index (GRI) within the sorghum samples, 

bars with different superscripts differ significantly (P<0.001), error bars indicate standard 

error. 
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Figure 3.6 The distribution of the glucose release index (GRI) within the wheat samples, bars 

with different superscripts differ significantly (P<0.001), error bars indicate standard error. 
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Figure 3.7 The distribution of the glucose release index (GRI) across sorghum, barley and 

wheat samples (bars with different superscripts differ significantly, barley n=36, sorghum 

n=32, and wheat n=21, P<0.001), error bars indicate standard error. 
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b) Sorghum 
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c) Wheat 
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Figure 3.8 The relationship between the glucose release index (GRI) values of barley, 

sorghum and wheat with their corresponding total and digestible starch content, (P>0.05).  

(♦=Total starch   ■=Digestible starch) 
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Figure 4.1 Surface area distribution pattern of A-type starch granules (µm2) in the barley 

samples. 
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Figure 4.2 Surface area distribution pattern of B-type starch granules (µm2) in the barley 

samples. 
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Figure 4.3 The variation of the total area of A-type starch granules (1000 x µm2) between the 

barley samples.  Bars with different superscripts differ significantly (P<0.008), error bars 

indicate standard error.  
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Figure 4.4 The variation of the mean area of A type starch granules (µm2) between the barley 

samples.  Bars with different superscripts differ significantly (P<0.001), error bars indicate 

standard error. 
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Figure 4.5 The variation in the number of B type : A type starch granules between the barley 

samples.  Bars with different superscripts differ significantly (P=0.05), error bars indicate 

standard error.  
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Figure 4.6 Surface area distribution pattern of A-type starch granules (µm2) in the sorghum 

samples. 
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Figure 4.7 Surface area distribution pattern of B-type starch granules (µm2) in the sorghum 

samples. 
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Figure 4.8 The variation of the mean area of A-type starch granules (µm2) between the sorghum 

samples.  Bars with different superscripts differ significantly (p<0.005), error bars indicate 

standard error. 
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Figure 4.9 Surface area distribution patterns of A-type starch granules (µm2) in the wheat 

samples. 
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Figure 4.10 Surface area distribution patterns of B-type starch granules (µm2) in the wheat 

samples. 
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Figure 4.11 The mean area of A type starch granules (µm2) between wheat samples. Bars with 

different superscripts differ significantly (P<0.05), error bars indicate standard error. 
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Figure 4.12 The variation in peak viscosity between barley, sorghum and wheat cereal grains.  

Bars with different superscripts differ significantly (P<0.001), error bars indicate the standard 

error. 
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Figure 4.13 The variation in holding viscosity between barley, sorghum and wheat cereal grains.  

Bars with different superscripts differ significantly (P<0.001), error bars indicate the standard 

error. 
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Figure 4.14 The variation in final viscosity between barley, sorghum and wheat cereal grains.  

Bars with different superscripts differ significantly (P<0.001), error bars indicate  the standard 

error. 
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Figure 4.15 The positive relationship between the mean area of A-type starch granules (SGs) 

and the percentage of amylose content for the wheat samples (dry matter basis =DM), (P<0.05). 
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Figure 5.1 The relationship between total insoluble non-starch polysaccharides (NSP) 

(determined by using the standard acetate alditol method) and their glucose release 

index (GRI) values in sorghum.  The two outlier samples (boxed in red) were removed 

prior to stepwise linear regression analysis. 
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Figure 5.2 The positive linear relationship between the cellulose content and the glucose 

release index (GRI) in wheat.  The relationship between cellulose and GRI (P=0.052) 

was significant only when to the Janz-frosted sample (boxed in red) was included in the 

linear regression analysis. 
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Figure 5.3 The range in viscosity values for water and acid extracts in barley grains.  

The acid extract viscosity values with different superscripts vary significantly (P<0.001), 

error bars indicate standard error. 
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Figure 5.4 The range in viscosity values for water and acid extracts in sorghum.  Error 

bars indicate standard error. 
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Figure 5.5 The range in the viscosity values for water and acid extracts in wheat.  The acid 

and water extract viscosity values with different superscripts vary significantly (P<0.001), 

error bars indicate standard error. 
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Figure 5.6 The average viscosity values of water and acid extracts in barley, sorghum and 

wheat.  For each grain type, the acid and water extract viscosity values with different 

superscripts vary significantly (P<0.001), error bars indicate standard error. 
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Figure 5.7 The positive trend between the viscosity values of the acid extract residue and the 

total non-starch polysaccharides (NSP) in barley (P=0.065). 
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Figure 5.8 The positive relationship between the viscosity values of the acid extract and the 

total insoluble non-starch polysaccharides (NSP) in barley (P=0.002). 
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b) Sorghum 
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c) Wheat 
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Figure 6.1 The glucose release index (GRI) values for selected 2mm-milled barley, sorghum 

and wheat cultivars reported as the proportional difference (% ∆ between 0.5mm-milled GRI 

values. Error bars indicate standard error.  Bars with different alphabetical superscripts are 

significantly different from each other (P<0.001). 
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b) Sorghum 
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c) Wheat 
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Figure 6.2 The glucose release index values (GRI) values for selected roller-milled barley, 

sorghum and wheat cultivars, reported as the proportional difference (% ∆) between 0.5mm-

milled GRI values. Error bars indicate standard error.  Bars with a different alphabetical 

superscripts are significantly different from each other (P<0.001). 
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Figure 6.3 The average comparison of grain hardness index values within the grain types 

(barley n=18, sorghum n=15 and wheat n=10). The bars with different superscripts are 

significantly different from each other (P<0.05). 
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Figure 6.4 The positive linear relationship between the proportion of GRI values for the 

roller milled samples in comparison to their corresponding GRI values for 0.5mm (∆GRI) 

with their hardness index values (a=barley, n=17, P<0.05), (b= sorghum, n=16, P<0.05) and 

(c=wheat, P>0.05, n=10). 
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Figure 6.5 The positive linear relationship between the proportional of GRI values for the 

2mm milled samples in comparison to their corresponding GRI values for 0.5mm (∆GRI) 

with their hardness index values (a=barley, n=18, P<0.05), (b= sorghum, n=16, P>0.05) and 

(c=wheat, P>0.05, n=10). 
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 Hydrate 0.1g of milled grain sample with 0.2ml ethanol 
(80% v/v) and disperse by vortexing.  

 
 
 

Digest with 14 units (70µl) of amyloglucosidase for 15 minutes 
at 40ºC. 

Centrifuge 5ml of sample for 10 minutes at 3200rpm.  Incubate 0.1 ml 
of supernatant with 3 ml GOPOD3 for 20 min at 50ºC. 

Digest protein with 210 units of thermostable α-amylase contained in 
3ml of 50 mM MOPS2 buffer, pH 7 for 2 minutes at 50ºC

Add 4ml of 0.2 M sodium acetate buffer, pH 4.5 

Adjust volume of each tube to 100 ml with distilled water by a volumetric flask 

Stop reaction by adding 3 ml of 0.5 M Tris pH 7.0 + 0.5% (v/v) Triton X-100

Adjust each sample to pH 7.0 with 1.1ml 50mM NaOH per sample 

Digest protein with 3 ml of freshly prepared pepsin (0.67% w/v) in 
buffer containing 8.5% (v/v) HCl and 0.74% (w/v) KCl, pH 2.0 for 60 

minutes at 39ºC 

Determine the absorbance at 510 nm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.1 A flow diagram of the glucose release index assay in cereal grains pre-treated with 

pepsin1. 

 
- 1 The glucose release index for the non-pepsin treated samples was similarly determined 

except that pepsin was omitted from the incubation buffer. 
- 2 MOPS buffer=also contains calcium chloride (5 mM) and sodium azide (0.02%). 
- 3 GOPOD= glucose determination reagent = Glucose Oxidase + Peroxidase + 4-

Aminoantipyrine. 
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Figure 7.2 A comparison of the glucose release index (GRI) with or without pepsin treatment of barley, wheat and sorghum.  Bars with different 
superscripts differ significantly (P<0.01), error bars indicate standard errors. 
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Figure 7.3 A comparison of the difference in the glucose release index (GRI) values in barley, sorghum and wheat  treated with and without pepsin to the 
percentage of crude protein content.  
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igure 7.4 Scanning electron microscopy of barley, sorghum and wheat showing endosperm cells 

hape of endosperm cells and starch granules are visible between the 

Wheat

Endosperm 
cell wall 

Starch 
granules  

Endosperm cell 
wall 

Starch 
granules  

Sorghum 

 

 
F

filled with starch granules.   

Differences in the size and s
different grain types. Starch granules are surrounded by protein matrix appearing as a white amorphous 
substance. 
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 With pepsin treatment  

Starch granules: 
A-type (large), 
B-type (small) 

Visibly reduced 
appearance of 
protein matrix 
surrounding 
starch granules 

 
 
 
 
Figure 7.5 Scanning electron microscopy of the endosperm region in barley, prior to and 

following pepsin digestion. 

The quantity of protein matrix surrounding starch granules in the endosperm region is visibly reduced 
following pepsin digestion.  
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Figure 7.6 Scanning electron microscopy of the endosperm region in wheat, prior to and 

following pepsin digestion.   

The quantity of protein matrix surrounding starch granules in the endosperm region is visibly reduced 
following pepsin digestion. 
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Figure 7.7 Scanning electron microscopy of the corneous endosperm region in sorghum, prior to 

and following pepsin digestion.   

The quantity of protein matrix surrounding starch granules in the corneous endosperm region is visibly 
reduced but not completely digested following pepsin treatment. 
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Figure 7.8 Scanning electron microscopy of the floury endosperm region in sorghum, prior to 

and following pepsin digestion.   

Starch granules are polygonal in shape and are tightly cemented together by the surrounding protein 
matrix.  The quantity of the surrounding protein matrix in the floury endosperm region is visibly 
reduced following pepsin treatment. 
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Figure 7.9 Pores on the surface of starch granules in the endosperm region of sorghum following 

digestion by pepsin. 
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Appendix  3.1. The source, location and cultivars of the selected barley, sorghum and wheat 

samples sourced from the Premium Grains for Livestock Program. 

 
Grain type Unique ID Sample Source Location Cultivar 
BARLEY FG96B.3801 3801 LADLOW HORSHAM ARAPILES 
BARLEY FG96B.3804 3804 GOLDER BRIM CHEBEC 
BARLEY FG96B.3807 3807 LADLOW HORSHAM GALLEON 
BARLEY FG96B.3808 3808 PBI NARRABRI GRIMMET  
BARLEY FG96B.3811 3811 HART JUNEE SCHOONER 
BARLEY FG96B.3814 3814 HART JUNEE SKIFF 
BARLEY FG96B.3815 3815.1 HART JUNEE TANTANGARA 
BARLEY FG97B.3817 3817 ESDAILE MOREE LINDWALL 
BARLEY FG97B.3818 3818 NOKES FORBES MUNDAH 
BARLEY FG97B.3819 3819 NOKES FORBES SCHOONER 
BARLEY FG97B.3820 3820 NOKES FORBES SLOOP 
BARLEY INC98NB.3702 3702 UNKNOWN NARRABRI REINETTE 
BARLEY LSF97B.3904 3904 1997 FORBES SCHOONER 
BARLEY LSF97B.3906 3906 1997 FORBES TANTANGARA 
BARLEY LSJ97B.3909 3909 1997 JUNEE TANTANGARA 
BARLEY LSN97B.3902 3902 1997 NARRABRI GALLEON 
BARLEY LSN98B.3912 3912 1998 NARRABRI TANTANGARA 
BARLEY NT98B+N.3951 3951 200 KG/HA NARRABRI GILBERT 

SORGHUM FG97S.7801 7801 ALAN McTAGGART BILOELA BUSTER 
SORGHUM FG97S.7802 7802 HERMITAGE WARWICK BUSTER 
SORGHUM FG97S.7804 7804 HERMITAGE WARWICK MR 31 
SORGHUM FG97S.7805 7805 HERMITAGE WARWICK THUNDER 
SORGHUM FG97S.7811 7811 ALAN McTAGGART BILOELA BOOMER 
SORGHUM FG97S.7812 7812 RATHIE BELLATA BOOMER 
SORGHUM FG98S.7814 7814 ESDAILE MOREE GOLD RUSH 
SORGHUM FG98S.7815 7815 RATHIE BELLATA MR 31 
SORGHUM FG98S.7816 7816 PHILIP BRODIE GRAINS TOOWOOMBA MR 31 
SORGHUM FG98S.7817 7817 TONY McCOSKER HERMITAGE MR 31 
SORGHUM FG98S.7818 7818 RATHIE BELLATA PAC 2391 
SORGHUM FG98S.7819 7819 RATHIE BELLATA SUCCESS 42 
SORGHUM FG98S.7820 7820 ALAN McTAGGART BILOELA THUNDER 
SORGHUM FG98S.7827 7827 B.HENSELL BILOELA NORMAL ISOLINE
SORGHUM FG99S.7830 7830 P.BARDSLEY MOREE MR MAXI 

WHEAT FG97W.1810 1810 HOFFMAN LOCKHART JANZ 
WHEAT FG98W.1809 1809 GOLLASCH WALLACETOWN JANZ (FROSTED)
WHEAT FG99W.1818 1818 SARDI ROSEDALE KUKARI 
WHEAT LSF97W.1906 1906 1997 FORBES CURRAWONG 
WHEAT LSF98W.1913 1913 1998 FORBES SUNSTATE 
WHEAT LSF98W.1914 1914 1998 FORBES JANZ 
WHEAT LSJ97W.1909 1909 1997 JUNEE CURRAWONG 
WHEAT LSN97W.1901 1901 1997 NARRABRI SUNSTATE 
WHEAT LSN97W.1902 1902 1997 NARRABRI JANZ 
WHEAT LSN97W.1903 1903 1997 NARRABRI CURRAWONG 

 



Appendix 3.2 The glucose release index of the selected barley, sorghum and wheat samples 

sourced from the Premium Grains for Livestock Program. 

Id Cultivars % Released Glucose1
%Total released 

Glucose2 % GRI3

FG96B.3801 Arapiles 21.0 56.2 37.3 
FG96B.3804 Chebec 20.2 54.9 36.9 
FG96B.3807 Galleon-H 21.2 55.7 38.0 
FG96B.3808 Grimmet  16.5 48.8 33.7 
FG96B.3811 Schooner-J 17.8 52.8 33.8 
FG96B.3814 Skiff 18.9 51.9 36.3 
FG96B.3815 Tantangara-J2 19.2 53.1 37.1 
FG97B.3817 Lindwall 15.9 52.9 29.6 
FG97B.3818 Mundah 15.8 50.0 31.5 
FG97B.3819 Schooner-F 13.7 49.7 27.5 
FG97B.3820 Sloop 13.7 51.8 27.2 
INC98NB.3702 Reinette 14.8 54.3 27.3 
LSF97B.3904 Schooner-F2 17.0 52.6 32.2 
LSF97B.3906 Tantangara-F 18.6 52.8 35.2 
LSJ97B.3909 Tantangara-J 17.7 52.8 33.5 
LSN97B.3902 Galleon-N 15.8 53.5 29.4 
LSN98B.3912 Tantangara-N 23.7 53.0 44.8 
NT98B+N.3951 Gilbert 22.8 51.2 44.6 
FG97S.7801 Buster-B 21.9 69.7 31.5 
FG97S.7802 Buster-W 20.5 72.0 28.5 
FG97S.7804 MR 31 19.0 69.1 27.5 
FG97S.7805 Thunder 21.7 68.8 31.5 
FG97S.7811 Boomer-BI 19.6 68.8 28.4 
FG97S.7812 Boomer-BE 12.9 66.6 24.4 
FG98S.7814 Gold rush 17.1 65.7 26.0 
FG98S.7815 MR 31-B 20.3 70.3 28.8 
FG98S.7816 MR 31-T 18.5 65.7 28.2 
FG98S.7817 MR 31-H 19.9 65.1 30.5 
FG98S.7818 PAC 2391 16.9 66.0 25.6 
FG98S.7819 Success 42 21.2 65.8 32.2 
FG98S.7820 Thunder 17.5 64.3 27.2 
FG98S.7827 Normal isoline 35.4 65.5 54.0 
FG99S.7830 Mr maxi 36.9 67.7 54.5 
FG97W.1810 Janz-L 17.9 56.1 31.9 
FG98W.1809 Janz (frosted) 23.9 47.1 50.7 
FG99W.1818 Kukari 22.4 55.1 40.6 
LSF97W.1906 Currawong-F 24.5 58.3 42.1 
LSF97W.1909 Currawong-J 20.5 59.7 34.3 
LSF98W.1913 Sunstate-F 29.2 62.4 46.9 
LSF98W.1914 Janz-F 25.4 60.7 41.9 
LSN97W.1901 Sunstate-N 24.2 60.8 39.8 
LSN97W.1902  Janz-N 30.9 58.3 52.9 
LSN97W.1903 Currawong-N 21.7 58.1 37.4 
1% released glucose from starch, defined using the enzymic conditions described in section 3.2.3 
2 % total glucose released from the complete hydrolysis of starch using the standard enzymic 
conditions described in section 3.2.2 
3 GRI = Glucose Release Index: is the proportion of the released glucose1 to the total glucose2. 



Appendix 3.3 The proportion of dry mater, total starch, resistant starch and total digestible 

starch content.  Data sourced from the Premium Grains for Livestock Program. 

 

Type Id Cultivars % DM1 %Total 
Starch2

%Resistant 
Starch3  

%Digestible 
Starch4

Barley FG96B.3801 Arapiles 89.0 63.2 2.9 60.3 
Barley FG96B.3804 Chebec 89.2 61.6 0.2 61.4 
Barley FG96B.3807 Galleon-H 88.4 63.0 2.4 60.7 
Barley FG96B.3808 Grimmet  88.7 55.0 2.3 52.7 
Barley FG96B.3811 Schooner-J 88.9 59.3 2.3 57.0 
Barley FG96B.3814 Skiff 88.9 58.3 1.3 57.0 
Barley FG96B.3815 Tantangara-J2 88.9 59.7 1.3 58.4 
Barley FG97B.3817 Lindwall 89.0 59.5 2.7 56.8 
Barley FG97B.3818 Mundah 90.0 55.6 1.9 53.6 
Barley FG97B.3819 Schooner-F 90.9 54.7 0.4 54.3 
Barley FG97B.3820 Sloop 89.9 57.7 3.3 54.4 
Barley INC98NB.3702 Reinette 89.7 60.5 2.8 57.7 
Barley LSF97B.3904 Schooner-F2 90.2 58.3 0.0 58.3 
Barley LSF97B.3906 Tantangara-F 90.1 58.6 0.4 58.1 
Barley LSJ97B.3909 Tantangara-J 90.0 58.6 0.0 58.6 
Barley LSN97B.3902 Galleon-N 90.3 59.3 2.6 56.7 
Barley LSN98B.3912 Tantangara-N 90.1 58.8 1.9 56.9 
Barley NT98B+N.3951 Gilbert 89.4 57.3 2.6 54.7 
Sorghum FG97S.7801 Buster-B 87.4 79.7 3.7 76.0 
Sorghum FG97S.7802 Buster-W 88.2 81.6 2.8 78.9 
Sorghum FG97S.7804 MR 31 88.0 78.5 2.2 76.3 
Sorghum FG97S.7805 Thunder 88.2 78.0 0.6 77.4 
Sorghum FG97S.7811 Boomer-BI 88.1 78.1 4.7 73.4 
Sorghum FG97S.7812 Boomer-BE 89.3 74.5 3.7 70.8 
Sorghum FG98S.7814 Gold rush 89.0 73.9 1.8 72.1 
Sorghum FG98S.7815 MR 31-B 89.5 78.6 3.5 75.1 
Sorghum FG98S.7816 MR 31-T 88.6 74.2 0.5 73.7 
Sorghum FG98S.7817 MR 31-H 88.3 73.7 3.1 70.7 
Sorghum FG98S.7818 PAC 2391 89.7 73.5 3.2 70.4 
Sorghum FG98S.7819 Success 42 89.7 73.3 3.2 70.1 
Sorghum FG98S.7820 Thunder 88.0 73.1 0.1 73.0 
Sorghum FG98S.7827 Normal isoline 89.0 73.6 1.3 72.4 
Sorghum FG99S.7830 Mr maxi 89.5 75.7 0.0 75.7 
Wheat FG97W.1810 Janz-L 89.9 62.5 4.9 57.6 
Wheat FG98W.1809 Janz (frosted) 90.6 52.0 0.0 52.0 
Wheat FG99W.1818 Kukari 89.0 61.9 5.4 56.5 
Wheat LSF97W.1906 Currawong-F 89.9 64.9 8.6 56.3 
Wheat LSF97W.1909 Currawong-J 90.1 66.3 2.6 63.7 
Wheat LSF98W.1913 Sunstate-F 90.0 69.3 3.2 66.1 
Wheat LSF98W.1914 Janz-F 90.1 67.3 3.7 63.6 
Wheat LSN97W.1901 Sunstate-N 89.4 68.1 4.2 63.9 
Wheat LSN97W.1902  Janz-N 89.5 65.1 3.3 61.8 
Wheat LSN97W.1903 Currawong-N 90.0 64.6 7.3 57.3 
1 Dry Matter 
2 3 4 Data reported as a proportion of dry matter 



Appendix 4.1 The physical characteristics of A-type and B-type starch granules in selected barley samples. 

 

 

 
Unique ID Barley 

Cultivars 
Total area of A-
type SGs1 (µm2) 

Mean area of A-
type SGs1 (µm2) 

Median of A-type 
SGs1 (µm2) 

Total area of B-
type SGs1 (µm2) 

Mean area of B-
type SGs1 (µm2)

Median of B-
type SGs1 (µm2)

Ratio of A-type to 
B-type SGs1

FG96B.3801         Arapiles 48879 239.4 213.95 20226 8.5 5.36 9.7
FG96B.3804         

         
          
         
        
         

        
         
         
        

         
        

         
         
        
         

  

Chebec 55540 271.5 231.10 17026 7.0 4.43 9.9
FG96B.3807 Galleon-H 139048 268.6 245.2 17598 10.1 6.2 3.8
FG96B.3808 Grimmet 75989 279.5 243.70 18901 8.2 5.13 6.8
FG96B.3811 Schooner-J

 
36210 217.8 192.85 16616 6.7 3.50 12.1

FG96B.3814 Skiff 72717 347.1 316.65 20884 8.7 5.83 11.9
FG96B.3815 Tantangara-J2 35791 306.2 262.90 19724 7.8 5.83 17.0
FG97B.3817 Lindwall 85981 310.7 274.30 17400 7.5 4.43 6.5
FG97B.3818 Mundah 29357 310.0 299.55 19653 7.6 5.60 21.6
FG97B.3819 Schooner-F

 
73013 224.9 201.95 17561 7.9 4.20 6.4

FG97B.3820 Sloop 159172 313.3 295.00 16294 8.1 4.90 4.0
INC98NB.3702

 
Reinette 110286 353.5 340.00 15649 8.8 5.10 5.7

LSF97B.3904 Schooner-F2 64191 210.8 189.45 17214 7.7 3.96 8.4
LSF97B.3906 Tantangara-F 46353 303.3 260.25 20589 8.4 5.60 13.5
LSJ97B.3909 Tantangara-J

 
35095 287.2 261.15 19702 7.8 5.60 21.9

LSN97B.3902 Galleon-N 34575 228.6 199.45 17381 6.9 4.90 13.6
LSN98B.3912 Tantangara-N

 
60873 299.7 266.15 20250 8.5 5.83 9.2

NT98B+N.3951 Gilbert 91979 288.2 260.45 22237 10.3 6.76 6.4
1 starch granules 



Appendix 4.2 The physical characteristics of A-type and B-type starch granules in selected sorghum samples. 

 

 

 
Unique ID Barley 

Cultivars 
Total area of A-
type SGs1 (µm2) 

Mean area of A-
type SGs1 (µm2)

Median of A-type 
SGs1 (µm2) 

Total area of B-
type SGs1 (µm2) 

Mean area of B-
type SGs1 (µm2)

Median of B-type 
SGs1 (µm2) 

Ratio of A-type to 
B-type SGs1

FG97S.7801         Buster-B 244071.3 277.3 253.0 38250.1 28.3 18.6 1.6
FG97S.7802         

         
         

       
  

        
         
         
         
         
         
         

       

Buster-W 174273.9 240.0 219.8 38876.9 29.3 20.1 1.9
FG97S.7804 MR 31 222411.8 225.1 210.8 36803.8 33.4 24.3 1.2
FG97S.7805 Thunder 227675.2 239.4 225.6 31779.6 28.9 19.2 1.3
FG97S.7811 Boomer-BI 311668.1 300.8 281.9 33208.2 32.0 22.3 1.0
FG97S.7812 Boomer-BE 

 
344049.9 256.2 241.3 29178.2 34.4 26.4 0.7 

FG98S.7814 Gold rush 250879.5 222.2 205.2 40505.1 33.6 26.5 1.1
FG98S.7815 MR 31-B 251063.7 253.7 240.7 28365.1 27.5 16.4 1.1
FG98S.7816 MR 31-T 195682.3 241.2 228.0 31392.6 25.3 14.9 1.6
FG98S.7817 MR 31-H 169361.1 213.3 192.2 38530.3 30.4 21.0 2.3
FG98S.7818 PAC 2391 138950.8 218.3 196.6 39911.7 24.3 12.6 3.3
FG98S.7819 Success 42 182271.2 230.3 210.9 39855.9 26.3 15.7 1.7
FG98S.7820 Thunder 235600.8 234.1 216.7 35489.4 32.0 23.1 1.0
FG98S.7827 Normal isoline 

  
245556.7 255.3 219.9 33484.8 29.8 17.5 1.2 

FG99S.7830 Mr maxi 253370.6 283.8 248.0 30236.1 25.9 13.8 1.3
1 starch granules 
 



 

 

Appendix 4.3 The physical characteristics of A-type and B-type starch granules in selected wheat samples. 

 
 
 
 
 

Unique ID Barley 
Cultivars 

Total area of A-
type SGs1 (µm2) 

Mean area of A-
type SGs1 (µm2) 

Median of A-type 
SGs1 (µm2) 

Total area of B-
type SGs1 (µm2) 

Mean area of B-
type SGs1 (µm2)

Median of B-
type SGs1 (µm2)

Ratio of A-type to 
B-type SGs1

FG97W.1810      Janz-L 41565.8 241.5 204.50 165543.1 14.3 8.63 11.8
FG98W.1809 Janz (frosted) 

  
61495.2 255.5 207.95 33832.2 15.9 10.26 9.0 

FG99W.1818 Kukari 24931.6       

       

       

304.0 250.40 26660.1 13.6 17.49 26.6
LSF97W.1906 Currawong-F 46966.1 302.2 240.35 30671.9 15.0 9.76 14.0 
LSF97W.1909 Currawong-J 

  
42626.1 307.9 242.85 34297.1 15.8 10.50 

 
15.7 

LSF98W.1913 Sunstate-F
  

49882.5 320.3 258.00 25544.0 13.4 8.86 12.4 
LSF98W.1914 Janz-F 33929.7 317.8 273.05 38655.1 18.1 14.23 18.1
LSN97W.1901 Sunstate-N 

  
54317.9 280.6 231.50 28947.8 15.0 18.89 11.2 

LSN97W.1902  Janz-N 51413.5 351.3 265.10 30125.4 14.8 10.03 16.2
LSN97W.1903 Currawong-N 79287.2 384.5 301.75 28328.2 15.5 10.50 9.3 
1 starch granules 
 
 



Appendix 4.4 The amylose/amylopectin ratio, and viscoelasticity properties of starch in barley, 

sorghum and wheat samples.  Data sourced from the Premium Grains for Livestock Program 
 

Unique ID Cultivar Amlyose / 
amylopectin

Peak Viscosity 
(RVU1) 

Peak time 
(minute) 

Holding viscosity 
(RVU1)r 

Final viscosity 
(RVU1) 

FG96B.3801 Arapiles 0.50 86 5.9 71 116 
FG96B.3804 Chebec 0.55 87 5.9 63 110 
FG96B.3807 Galleon-H 0.54 117 5.8 83 138 
FG96B.3808 Grimmet  0.54 89 6.1 66 96 
FG96B.3811 Schooner-J 0.54 102 5.9 73 145 
FG96B.3814 Skiff 0.52 139 6.1 102 163 
FG96B.3815 Tantangara-J2 0.50 128 6.2 94 138 
FG97B.3817 Lindwall 0.55 94 5.7 57 111 
FG97B.3818 Mundah 0.56 95 6.0 70 124 
FG97B.3819 Schooner-F 0.62 51 6.5 45 70 
FG97B.3820 Sloop 0.62 64 6.4 52 70 
INC98NB.3702 Reinette 0.54 116 6.4 93 139 
LSF97B.3904 Schooner-F2 0.60 66 5.9 52 92 
LSF97B.3906 Tantangara-F 0.61 59 6.0 48 72 
LSJ97B.3909 Tantangara-J 0.55 104 5.9 73 120 
LSN97B.3902 Galleon-N 0.55 125 6.2 87 165 
LSN98B.3912 Tantangara-N 0.51 130 6.2 99 165 
NT98B+N.3951 Gilbert 0.52 119 6.3 91 137 
FG97S.7801 Buster-B 0.49 142 5.4 112 152 
FG97S.7802 Buster-W 0.53 138 5.5 112 143 
FG97S.7804 MR 31 0.52 138 5.4 109 147 
FG97S.7805 Thunder 0.47 137 5.3 104 141 
FG97S.7811 Boomer-BI 0.55 127 5.4 106 146 
FG97S.7812 Boomer-BE 0.56 143 5.3 105 146 
FG98S.7814 Gold rush 0.55 137 5.4 110 146 
FG98S.7815 MR 31-B 0.57 134 5.4 103 138 
FG98S.7816 MR 31-T 0.52 138 5.6 112 158 
FG98S.7817 MR 31-H 0.53 139 5.4 112 161 
FG98S.7818 PAC 2391 0.56 140 5.2 106 158 
FG98S.7819 Success 42 0.53 137 5.3 106 161 
FG98S.7820 Thunder 0.51 136 5.3 106 152 
FG98S.7827 Normal isoline 0.46 154 6.1 103 157 
FG99S.7830 Mr maxi 0.56 160 5.5 123 179 
FG97W.1810 Janz-L 0.52 97 5.8 68 145 
FG98W.1809 Janz (frosted) 0.50 149 5.7 95 195 
FG99W.1818 Kukari 0.52 114 5.9 84 177 
LSF97W.1906 Currawong-F 0.60 88 5.8 62 126 
LSF97W.1909 Currawong-J 0.59 98 6.1 75 130 
LSF98W.1913 Sunstate-F 0.54 160 6.3 119 201 
LSF98W.1914 Janz-F 0.53 84 5.8 62 121 
LSN97W.1901 Sunstate-N 0.50 134 6.1 95 179 
LSN97W.1902  Janz-N 0.56 82 6.1 68 115 
LSN97W.1903 Currawong-N 0.58 78 6.1 63 108 
1 Rapid Visco Analyser Units: 1RVU=10 mPa s 



Appendix 5.1 The percent of soluble and insoluble non starch polysaccharides (NSP) in barley samples based on dry matter (DM) of 

grains.  Data sourced from the Premium Grains for Livestock Program 

 
% Insoluble NSP (DM) % Soluble NSP (DM) 

Unique ID Cultivar 
Arabinoxylan Cellulose Other1 In2-Total 

           
Arabinoxylan  B-Glucan Other1 So3 Total 

% Total (DM) 

FG96B.3801 Arapiles 6.9 3.8 0.61 11.3 0.5 0.0 0.2 0.8 12.0
FG96B.3804           

           
           
           
          
           
          
           
           
          

          
           
           
          
           

Chebec 7.4 4.2 0.6 12.2 0.6 3.0 0.2 3.8 16.0
FG96B.3807 Galleon-H

 
8.1 4.9 0.6 13.6 0.5 4.5 0.2 5.2 18.7

FG96B.3808 Grimmet 7.7 4.8 0.7 13.2 0.6 5.4 0.2 6.2 19.4
FG96B.3811 Schooner-J

 
7.1 4.3 0.6 12.1 0.1 4.0 0.1 4.2 16.3

FG96B.3814 Skiff 5.7 3.5 0.5 9.7 0.1 4.2 0.1 4.5 14.2
FG96B.3815 Tantangara-J2

 
6.5 4.4 0.5 11.4 0.4 4.1 0.2 4.8 16.1

FG97B.3817 Lindwall 6.9 3.9 0.5 11.4 0.5 4.8 0.2 5.5 16.9
FG97B.3818 Mundah 7.8 5.6 0.6 14.0 0.2 5.3 0.1 5.6 19.6
FG97B.3819 Schooner-F

 
7.9 5.3 0.6 13.9 0.1 3.6 0.2 4.0 17.9

FG97B.3820 Sloop 7.9 5.7 0.6 14.2 0.2 2.9 0.3 3.3 17.5
INC98NB.3702 

 
Reinette 6.8 4.2 0.8 11.8 0.6 4.4 0.2 5.2 17.0 

LSF97B.3904 Schooner-F2 6.6 3.8 0.7 11.1 0.5 4.2 0.3 5.0 16.1
LSF97B.3906 Tantangara-F 7.5 3.7 0.8 12.0 0.5 4.3 0.3 5.1 17.0
LSJ97B.3909 Tantangara-J

 
7.4 4.0 0.8 12.2 0.5 4.0 0.3 4.8 17.0

LSN97B.3902 Galleon-N 5.5 3.2 0.8 9.5 0.6 4.2 0.2 5.0 14.5
LSN98B.3912 Tantangara-N 6.2 3.5 0.6 10.3 0.5 4.1 0.2 4.8 15.1
NT98B+N.3951 Gilbert 6.8 4.0 0.7 11.5 0.6 5.7 0.2 6.6 18.1 
1NSP components exist as minor heteropolyers like xyluglucans, arabinogalactans etc. 
2 insoluble 
3 soluble 



Appendix 5.2 The percent of soluble and insoluble non starch polysaccharide (NSP) content in sorghum samples based on dry matter 

(DM) of grains.  Data sourced from the Premium Grains for Livestock Program 

 
% Insoluble NSP (DM) % Soluble NSP (DM) 

Unique ID Cultivar 
Arabinoxylan 

 
Cellulose Other1 In2-Total  

        
Arabinoxylan

 
B-Glucan

 
Other1 So3 Total

% Total (DM) 

FG98S.7815 MR 31-B 2.58 2.66 0.42 5.66 0.09 0.26 0.15 0.49 6.15
FG98S.7818 PAC 2391          

          
          

         
           

          
           
           

          
           
           

          
          
          

1.48 1.71 0.76 3.96 0.08 0.28 0.11 0.47 4.42
FG97S.7811 Boomer-BI 2.94 1.50 8.33 12.77 0.09 0.25 0.15 0.49 13.26
FG97S.7812 Boomer-BE

  
2.57 2.58 0.30 5.45 0.08 0.20 0.15 0.42 5.88

FG97S.7804 MR 31 1.90 2.19 0.32 4.41 0.08 0.20 0.15 0.43 4.85
FG97S.7802 Buster-W 2.34 2.36 0.39 5.09 0.08 0.24 0.15 0.47 5.56
FG97S.7805 Thunder 2.58 2.14 0.29 5.01 0.07 0.22 0.12 0.41 5.41
FG97S.7801 Buster-B 2.53 2.78 0.31 5.62 0.10 0.10 0.21 0.41 6.03
FG98S.7819 Success 42

 
2.66 2.34 0.38 5.38 0.03 0.23 0.06 0.32 5.70

FG99S.7830 Mr maxi 2.30 2.19 0.45 4.94 0.07 0.09 0.14 0.30 5.24
FG98S.7816 MR 31-T 2.31 2.87 0.35 5.53 0.07 0.20 0.15 0.42 5.95
FG98S.7817 MR 31-H 2.70 2.75 0.34 5.78 0.09 0.31 0.20 0.59 6.38
FG98S.7827 Normal isoline 2.11 1.89 0.43 4.43 0.06 0.11 0.13 0.30 4.74
FG98S.7820 Thunder 3.08 2.48 0.31 5.86 0.04 0.28 0.11 0.43 6.30
FG98S.7814 Gold rush 3.45 3.79 0.49 7.72 0.08 0.25 0.17 0.50 8.23

1NSP components exist as minor heteropolyers like xyluglucans, arabinogalactans etc. 
2 insoluble 
3 soluble 



Appendix 5.3 The percent of soluble and insoluble non starch polysaccharide (NSP) content in wheat samples based on dry matter 

(DM) of grains.  Data sourced from the Premium Grains for Livestock Program 

 
% Insoluble NSP (DM) % Soluble NSP (DM) 

Unique ID cultivar 
Arabinoxylan Cellulose Other1 In2 Total Arabinoxylan 

  
B-Glucan Other1 So3 Total

 

% Total (DM)

FG97W.1810      Janz-L 7.23 2.76 0.39 10.38 0.46 0.69 0.30 1.45 11.84
FG98W.1809          

           
         

          
           
           
           
           

         

Janz (frosted) 8.94 3.45 0.74 13.13 0.67 0.91 0.30 1.88 15.00
FG99W.1818 Kukari 5.94 2.50 0.40 8.84 0.65 0.67 0.27 1.59 10.43
LSF97W.1906 Currawong-F

 
6.27 2.45 0.37 9.10 0.50 0.73 0.29 1.52 10.62

LSF98W.1913 Sunstate-F 5.95 2.59 0.41 8.94 0.56 0.84 0.32 1.72 10.65
LSF98W.1914 Janz-F 6.41 2.48 0.39 9.28 0.50 0.73 0.28 1.52 10.79
LSJ97W.1909 Currawong-J 4.65 2.10 0.49 7.24 0.79 0.68 0.26 1.72 8.97
LSN97W.1901 Sunstate-N 5.20 2.08 0.40 7.68 0.54 1.04 0.29 1.87 9.55
LSN97W.1902  Janz-N 6.59 3.01 0.46 10.06 0.50 0.75 0.33 1.58 11.64
LSN97W.1903 Currawong-N 5.82 2.57 0.43 8.82 0.45 0.81 0.31 1.58 10.40

1NSP components exist as minor heteropolyers like xyluglucans, arabinogalactans etc. 
2 insoluble 
3 soluble 
 



Appendix 6.1 The glucose release index (GRI) for 0.5mm-milled, 2mm-milled and roller-milled 

barley, sorghum and wheat. 

 
Grain types Id Cultivar GRI for 0.5 mm GRI for Roller GRI for 2mm 
Barley FG96B.3801 Arapiles 37.3 33.5 19.9 
Barley FG96B.3804 Chebec 36.9 29.1 21.5 
Barley FG96B.3807 Galleon-H 38.0 29.5 23.2 
Barley FG96B.3808 Grimmet  33.7 28.2 23.3 
Barley FG96B.3811 Schooner-J 33.8 33.0 17.7 
Barley FG96B.3814 Skiff 36.3 40.5 18.0 
Barley FG96B.3815 Tantangara-J2 37.1 27.1 18.0 
Barley FG97B.3817 Lindwall 29.6 30.1 16.4 
Barley FG97B.3818 Mundah 31.5 Not available 24.9 
Barley FG97B.3819 Schooner-F 27.5 30.6 17.5 
Barley FG97B.3820 Sloop 27.2 31.7 17.8 
Barley INC98NB.3702 Reinette 27.3 21.6 15.7 
Barley LSF97B.3904 Schooner-F2 32.2 21.6 18.1 
Barley LSF97B.3906 Tantangara-F 35.2 25.8 15.2 
Barley LSJ97B.3909 Tantangara-J 33.5 26.5 16.4 
Barley LSN97B.3902 Galleon-N 29.4 23.4 17.1 
Barley LSN98B.3912 Tantangara-N 44.8 23.3 15.7 
Barley NT98B+N.3951 Gilbert 44.6 35.9 15.4 
Sorghum FG97S.7801 Buster-B 31.5 22.3 14.3 
Sorghum FG97S.7802 Buster-W 28.5 27.6 14.2 
Sorghum FG97S.7804 MR 31 27.5 27.5 15.2 
Sorghum FG97S.7805 Thunder 31.5 26.4 14.4 
Sorghum FG97S.7811 Boomer-BI 29.2 40.9 16.0 
Sorghum FG97S.7812 Boomer-BE 29.4 29.0 14.0 
Sorghum FG98S.7814 Gold rush 26.0 40.0 11.1 
Sorghum FG98S.7815 MR 31-B 28.8 27.4 12.0 
Sorghum FG98S.7816 MR 31-T 28.2 27.0 13.2 
Sorghum FG98S.7817 MR 31-H 30.5 27.3 14.0 
Sorghum FG98S.7818 PAC 2391 25.6 35.6 15.1 
Sorghum FG98S.7819 Success 42 32.2 25.8 13.4 
Sorghum FG98S.7820 Thunder 27.2 24.9 11.8 
Sorghum FG98S.7827 Normal isoline 54.0 26.6 13.1 
Sorghum FG99S.7830 Mr maxi 54.5 28.1 15.9 
Wheat FG97W.1810 Janz-L 31.9 30.0 18.3 
Wheat FG98W.1809 Janz (frosted) 50.7 34.6 22.9 
Wheat FG99W.1818 Kukari 40.6 35.0 18.7 
Wheat LSF97W.1906 Currawong-F 42.1 30.7 14.2 
Wheat LSF97W.1909 Currawong-J 34.3 32.0 16.2 
Wheat LSF98W.1913 Sunstate-F 46.9 37.4 21.6 
Wheat LSF98W.1914 Janz-F 41.9 32.3 18.8 
Wheat LSN97W.1901 Sunstate-N 39.8 26.6 18.2 
Wheat LSN97W.1902  Janz-N 52.9 39.7 16.3 
Wheat LSN97W.1903 Currawong-N 37.4 31.3 18.7 

 



Appendix 6.2 The grain harness index in barley, sorghum and wheat samples.  Data sourced 

from the Premium Grains for Livestock Program. 

 
Grain type Unique ID Cultivars Grain hardness index SD1

Barley FG97B.3820 Sloop 31.27 12.74 
Barley FG97B.3819 Schooner-F 38.26 15.28 
Barley FG97B.3818 Mundah 38.53 13.24 
Barley FG96B.3814 Skiff 42.63 14.18 
Barley LSF97B.3904 Schooner-F2 45.78 14.33 
Barley LSN97B.3902 Galleon-N 47.49 15.75 
Barley FG96B.3811 Schooner-J 49.27 16.33 
Barley LSN98B.3912 Tantangara-N 52.95 14.29 
Barley LSF97B.3906 Tantangara-F 53.86 15.55 
Barley INC98NB.3702 Reinette 56.19 18.39 
Barley FG96B.3807 Galleon-H 57.03 12.45 
Barley FG96B.3815 Tantangara-J2 57.18 15.1 
Barley FG96B.3808 Grimmet  57.44 10.56 
Barley FG96B.3804 Chebec 57.51 11.45 
Barley LSJ97B.3909 Tantangara-J 57.85 14.88 
Barley FG96B.3801 Arapiles 59.95 11.6 
Barley FG97B.3817 Lindwall 64.77 17.15 
Barley NT98B.N.3951 Gilbert 67.99 17.44 
Sorghum FG97S.7802 Buster-W 70.74 17.07 
Sorghum FG97S.7801 Buster-B 71.9 21.1 
Sorghum FG98S.7814 Gold rush 73.06 21.52 
Sorghum FG98S.7817 MR 31-H 73.31 19.8 
Sorghum FG97S.7812 Boomer-BE 73.44 21.63 
Sorghum FG97S.7811 Boomer-BI 73.5 20.11 
Sorghum FG98S.7816 MR 31-T 74.1 14.55 
Sorghum FG98S.7819 Success 42 76.25 18.08 
Sorghum FG98S.7815 MR 31-B 80.19 19.83 
Sorghum FG97S.7804 MR 31 81.12 18.77 
Sorghum FG98S.7818 PAC 2391 82.4 19.55 
Sorghum FG98S.7820 Thunder 83.98 19.81 
Sorghum FG98S.7827 Normal isoline 85.97 21.75 
Sorghum FG97S.7805 Thunder 87.36 15.36 
Sorghum FG99S.7830 Mr maxi 90.03 20.02 
Wheat FG98W.1809 Janz (frosted) 48.16 21.05 
Wheat FG99W.1818 Kukari 52.35 17.43 
Wheat LSF98W.1914 Janz-F 71.46 16.93 
Wheat LSN97W.1902  Janz-N 71.58 17.45 
Wheat FG97W.1810 Janz-L 74.91 16.22 
Wheat LSF98W.1913 Sunstate-F 78.66 17.23 
Wheat LSN97W.1903 Currawong-N 85.79 16.25 
Wheat LSN97W.1901 Sunstate-N 86.04 16.74 
Wheat LSF97W.1909 Currawong-J 91.21 17.21 
Wheat LSF97W.1906 Currawong-F 95.53 17.66 

1 Standard deviation 
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