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Abstract

1. Traditiondly, the nutritive value of wheat for ruminants has been described dmost entirely
in terms of an energy and protein value and the former in particular has been regarded as
more or less constant. In wheat, the greatest proportion of its dry matter is starch. The
role of starch in the diets of ruminants has become the subject of considerable debate
because it appears to have arole in enhancing milk protein content. It is vital to know not
only how much starch a feed provides but aso the proportion of that starch which is likely

to be fermented in the rumen.

2. The extent to which wheat varies in starch content and nature, together with the factors
which affect these is not known with any certainty. The objective of this study was
therefore to examine the effect of year, Ste and variety on chemica composition,

endosperm texture and nutritive value of wheat for ruminants.

3. A total d 66 wheats harvested in 1997, 1998 and 1999 from six RL sites (Cockle Park,
Cambridge, Norfolk, Bridgets, Harper Adams and Cornwall) with six different varieties
(Hereward, Reaper, Riato, Consort, Madrigal and Riband) were obtained and studied. An
in vitro gas production (GP) system was used to simulate rumen fermentation to assess
the proportion of the starch in the wheat fermented in the rumen (RDS). Near infrared
reflectance spectroscopy (NIRS) was examined as a possible rapid means of predicting
starch quality and other factors.

4. The wheats showed a wide range of nitrogen and starch contents and notably, these two
fractions were negatively related. Sinceit is known that nitrogen content can be influenced
by nitrogen fertiliser this offers the possibility that starch content may be manipulated by

agronomic management.

5. RDS disappearance for whesat grains is an important characteristic of the nutritive value of
wheat for ruminants. This value is influenced by year of harvest, site of growth and
variety. There was no site x variety interaction. The varieties were ranked in 1997 as
Hereward<Consort<Reaper, in 1998 there were no variety effects and in 1999 as
Riband<Riato< Hereward<M adrigal<Consort<Reaper.



6. There were no significant correlations between any of the GP parameters and either the
chemical composition or the grain quality parameters. Nitrogen content was highly
negatively correlated with starch content (r = "0.55). NIRS was able to predict grain
hardness, N content and endosperm texture, but was unable to reliably predict any of the in

vitro parameters.

7. This work has highlighted the fact that the ability to supply starch to the rumen or post-
ruminaly is akey aspect of the nutritional quality of wheat and that it can vary substantialy
with variety and dte of growth. It was not possble to develop a rapid method of
assessment for the nutritive value of wheat. It is recommended that RDS determined using
the in vitro GP technique is carried out for samples from the RL variety testing
programme and this parameter aong with starch content and endosperm texture be

incorporated into the Recommended Variety lists.



1.0 Introduction

Current HGCA-funded UK Recommended Ligs for cereds include gran qudity
parameters for each variety, by region, indicating their potentid vaue to millers, matgers,
bakers and exporters. However, the information provided in the UK Ligts provide relatively
little indication of the nutritive vaue of whest as a feed for ruminant livestock. MAFF
datistics indicate that whest often congtitutes less than 10% of raw materials used in the
manufacture of animd feeding duffs for ruminants, aleve which iswel beow the maximum
that may safely be incorporated into ruminant diets. A better description of the nutritiond
vaue of wheat would identify grester opportunities for the incorporaion of wheet into
ruminant diets, at the expense of dternative ingredients, many of which are imported.

UK ruminant livestock farmers are facing increasing economic and environmertal pressures.
To counter these pressures, feed formulation needs to focus on maximising the utilisation of
dietary nutrients. To this end, whest is increasingly being looked to as a means both of
improving dietary nitrogen capture by rumen micro-organisms and providing additiona
energy (in the form of rumen by-pass starch) to high yielding dairy cows.

Recent HGCA-funded studies (Factors Affecting the Nutritive Vaue of Whesat for
Ruminants, Project Report No. 182) undertaken at the then ADAS Feed Evauation and
Nutritional Sciences (FENS) examined the nutritive value of wheat and maize using an in
vitro gas production technique. These studies demondtrated that:
Current measures of energy and protein do not adequately describe the nutritiona value
of whest in ruminant diets

The in vitro gas production technique can differentiate between wheeat samples in terms

of the amount of starch available for rumen fermentation, asillustrated b ow:



The difference in the in vitrogas production profile
of wheats with different rumen fermentability
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As illustrated below, the studies dso demondrated the ability of the gas production
technique to predict the rumen degradability of whesat starch.

Relationship between rumen dearadable starch

and direct gas both estimated in vitro for wheat
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Mogt of the grain comprises starch.  The amount of starch present, coupled with extent
of garch fermentation in the rumen are critical determinants of darch ‘qudity’ and

largely determine the nutritive value of whest for ruminants,

Nuitritive value measured was not related to any of the grain quality parameters routingly
reported for wheet e.g. specific weight, thousand grain weight, Hagberg faling number,
Zdeny.



The nutritive value of wheet for ruminants (defined as sarch fermentability in the rumen)
was related to starch content, grain hardness and endosperm texture. The figure below
illugtrates the reationship observed between the texture of the endosperm and
degradability of the garch in the rumen. The low correation reflects the rdatively smdl

number of samples.

Relationship between rumen dearadable starch (8h)
estimated in vitro and mealiness of wheat
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Specific weight is a poor measure of nutritive vaue and is highly variety dependent.

Starch content can be chemicdly determined while grain hardness, which is manly
geneticdly determined, can be determined usng near infra-red reflectance spectroscopy
(NIRS). These studies have further confirmed that endosperm texture can be determined
using light transflectance, but this currently only provides a subjective assessment of texture,
and additional work is required to provide a more objective and quantifiable measure of

texture.

A key finding of the HGCA funded study “Factors Affecting the Nutritive Vaue of Wheat
for Ruminants’ (Project Report No. 182) was, that the rumen degradable starch content of
wheat could be estimated from in vitro gas production directly and that this relationship was
improved when grain hardness and/or endosperm texture were included. Because of the

nature of the sample s&t, which did not come from specificaly designed experiments, the



effect of variety per se on nutritive vaue could not be examined. There is alarge volume of
literature reporting chemica composition of grains and variation in the nutritive vaue, but the
effects due to genotype and environment from which the samples were sourced can not be
differentiated (O'Brien, 1999). Opatpatanakit et al. (1994) showed sgnificant veriety

effects usng the gas production technique for tota gas production and significant Site effects
and no interaction. Garnsworthy and Wiseman (1999) used near-isogenic lines of whesat
that varied in only one or two known characterigtics and grown under the same agronomic
conditions. There was no effect on the rumen digestion of starch when only one
characterigtic differed (i.e. Hard v Soft, 1B/1R v non-1B/1R) but rumen starch degradability
was sgnificantly lower for Soft non-1B/1R and Hard 1B/1R. For many farmers, variety is
the single most important factor in deciding which wheet to grow and therefore it is essentia

that the effect of variety on nutritive vaue is understood, and how this may be influenced by
harvest year. Additiondly, because of the effects of variety on hardness and environment on
endosperm texture, the dojective of the project is to sudy the effects of variety, Ste and
harvest year on the nutritive value of whest.



2.0 Materialsand Methods

21  Samples

2.1.1 Invitro gas production

A totd of 66 samples was obtained from existing from HGCA/NIAB Recommended List

trids, from the 1997, 1998 and 1999 harvest. The material was sdected to cover a wide

range in terms of both genotype (varieties) and environments (Ste). Detalls of the samples

collected are shown in Table 1. Samples were stored fresh in artight containers at room

temperature.
Table 1. Y ear, Ste, variety and identification number of whesats used.
Year: 1997 1998 1999
Ste*: CP Br Coo CP Ca Br HA Nor CP Ca Br HA Nor
a)Hard wheat
Reaper AB59 AB5 AB6 CA3 CA2 CA1 CA1 CA1 CB99 CB37 CB92 CB27 CC43
1 4 4 6 9 7 1
Ridto CA5 CA2 CA2 CA9 CB97 CB41 CB9% CB3l1 CC40
5 4
Hereward AB55 AB5 AB6 CA1 CA2 CA2 CAl1 CA1 CC2 CB39 CB93 CB21 CC44
0 0 7 2 5 0
b) Soft whest
Consort AB58 AB5 AB6 CA2 CA7 CA2 CAl1 CA1 CC3 CB38 CB9% CB25 C(CC42
3 3 0 8 3
Riband CA6 CA8 CA2 CAl CCl1 CB36 CB9% CB29 CC39
1 2
Madrigd CA4 CA2 CA2 CA1 CAl1 CB9 CB40 CB23 CC41

8

3

6

4

* CP = Cockle Park
Ca =Cambridge
Br =ADASBridgets
Cor =Cornwal
Nor = Norfolk
HA = Harper Adams
! Sample identification number



2.2 Measurement of gas production in vitro

A sub-sample (100g) of the 66 wheat samples was milled through a hammer mill (Christy
Norris, UK) with a3 mm screen size, to produce a particle size distribution representative
of that used in the compound feed industry and incubated for measurement of gas
production in vitro. The feedstuffs were weighed in duplicate (1g dry metter (DM)) and
pre-wetted in 10 ml of didtilled weter, prior to addition of 70 ml of buffer (Schofidd and
Pdll, 1995), inoculated with 20ml of strained rumen fluid (taken from four mature wether
sheep, two hours post feeding with a grass hay plus concentrate (60:40 DM basis) diet, and
incubated with agitation (50 rpm) for 48 h at 39°C). The number of pressure releases was
logged a 15 minute time intervas (as Cone, 1994). At 48 h, an organic matter (OM)
degradation assessment was made using ultra- centrifugation (20,000 g for 30 min a 4° C).
The model of France et al. (1993) was used to fit the gas accumulation profiles from each
of the samples. For comparison, fermentable OM (FOM) was estimated from volatile fatty
acid (VFA) production a 8h (VFOM) according to Demeyer (1991).

Additiondly, dl the wheat samples were incubated again and their gas production vaues at
8 h (equivdent to the typicd rumen retention time of wheat grain in a high yidding dairy
cow) were measured as described above and starch disappearance (by completely drying
the incubation medium and residue) determined, together with VFA production. Starch
content was determined by its enzymatic converson to glucose usng amyloglucosidase,
glucose then being measured using glucose oxidase. Voldile faity acids were determined

using a gas chromatograph fitted with a flame ionisation detector.

2.3 Chemical analysis

Sub-samples of each wheat sample were andysed for dry matter and nitrogen (MAFF,
1986), neutrd detergent fibre with an amylase pre-treatment (NDFa; Van Soest et al.,
1991) and starch by the enzymatic method. Acid ether extract was measured as described



by Alderman (1985) and neutra detergent-cdlulase plus gamannase digestible organic
matter content (NCGD) was determined as described by MAFF (1986).

2.4 Thelight transmisson method for distinguishing endosperm texture

Whole wheat grains (sub-samples of 100 grains) were assessed using the light transflectance
meter developed by Brewing Research International (Chandra et al., 2001) , whereby light
is shown onto each individua grain and the light transflected is recorded. The grains are
grouped according to absorbance bands <400, >400<800, >800 mv for medy, piebad
and sedly respectively.

2.5 Perten Single Kernel Char acterisation wheat hardnesstester

Whole whest grains (sub-samples of 300 individua grains) were assessed using the Perten
Sngle Kernd Characterisstion wheat hardness tester which determines individud grain
hardness, grain moisture, diameter and weight.

2.6 Near infrared reflectance spectroscopy (NIRS)

Three physicd forms (whole grain, 3mm grind and 1mm grind) of the 66 wheat samples
were scanned over the infrared region covering wavelengths from 1100 to 2300 nm with the
gpectra data collected aslog 1/R (reflectance) vaues and subjected to the standard normal
variate and detrending transformation (SNV-D; Barnes et al., 1989). The milled grains
were scanned using smdl reflectance cdls (capacity gpproximately 2g), whilst the whole
grans were scanned using a larger rectangular cedl (capacity approximately 50g).
Cdlibrations were developed using the modified partid least squares gpproach for dry
matter, nitrogen, starch, NDFa, effective OM disappearance, asymptote, lag, rate (8h), half
life (h) and rate a hadf life for the gas production data and endosperm texture, hardness,
weight and diameter for the quality data The maths trestment found to be optima was
1.4.4.1 (as described by Baker et al., 1994).

10



2.7 Statistical analysis

2.7.1 Experimental design

The andytica data was produced from gpparatus which was generdly nested, though not
herein, within each replicate of arandomized trial design of Sx varieties of wheet for Sx Stes
in the U.K. which was conducted for three consecutive years, though neither dl sites nor dl

varieties were complete for al years.

2.7.2 Nature of the data

Notwithstanding the unbaanced design, data were removed by the experimenter from the
dataset origindly collected on the following scientific basis that one of the gas production
vesds conggtently gave outlying measurements, one gas production run gave significantly
low readings and any OM recoveries greater than 100% were disregarded. The remaining

data were then submitted for datistical andyss.

2.7.3 Satistical analysis

The trid was unbaanced (vide supra) and could only be comprehensively analysed using
either REML or Generd Linear Moddling(GLM). To facilitate cusomer comprehension of
datigticd andyss, the GLM approach was taken as output was Smilar to ANOVA. A
datigticd analyss of asgnificant fraction of the data, manipulated to reduce the imbaance of
the tria, with concomitant loss of information, was previoudy anadysed by ANOVA to
gauge the main likely outcomes of the trid. The present andys's was conducted on a year-
by-year basis, for 1998 and 1999 combined where the data were more comprehensive. A
restricted subset of dl years combined for only those varieties investigated in 1997 was aso
undertaken. The modd used chose replicate and machine as random factors and yesr,
variety and dte as fixed factors, no intercept was used and data were analysed using
STATISTICA v5.5 (1999).

11



The interpretation of the Satistical andyssisdivided into 3 main parts as follows-

a ANOVA table

This comprised output, inter alia, in the form of the sums-of-squares, mean squares, F
ratio and attendant p-vaue for each effect, where gppropriate, and relevant interactions.

b) Tablesof Means.

These are of two categories, the weighed means (i.e. weighted for the number of
observations in each ANOVA cdl as the trid is unbalanced). Secondly, the least squares
means which are the predicted means (.e. fitted response) from which the resduds are
produced and may be plotted to judge the compatibility of the model and data. Tables of
weighted and least squares means have attendant standard errors and 95% confidence
bounds. These means are produced for al relevant main effects and interactions, the former
are usad to report overdl effects and the later for modd evauation. Thirdly, a random
digtribution of said resduals around zero when plotted againgt the predicted means indicates
agood fit of the data and appropriateness of the model and acceptability of the p-vauesfor
esch effect, and the converse. As with any analyss of variance of such a factorid type of
design, sgnificant interactions will necessitate careful interpretation of the main effects.

The data from dl the samples was used for regresson andyss, to identify predictors of
nutritive vaue. Agglomerative hierachica clustering of observations was carried out usng
Miniteb datisticd package. Agglomerative cdudgtering of observations begins with dl
observations separate, each forming its own clugter. In the first step, the two observations
closest together are joined. In the next step, elther a third observation joins the first two, or
two other observations join together into a different cluster. Each step results in one less
cluster than the step before until, at the end, dl classes are combined in one cluster. Once
two observations are combined in a cluster, they may join with other observations, but they
will dways remain together. The linkage measure used in this andyss were ‘single (the

12



disance between two clugters is the minimum distance between an observetion in one
cluster and an observation in the other cluster). The distance matrix used with this was
Euclidean method. The find grouping of clusters was determined by studying the smilarity
and distance vaues in the output for each amagamation step. The step below the one
where these vaues changed abruptly was the point where the cluster groupings were

chosen.

13



3.0 Realts

3.1 Chemical composition

The chemica composition of the grains by year, for variety and Ste as factors are shown in
Table 2a and 2b respectively. The wheat samples from the 1997, 1998 and 1999 harvest
had a mean DM content of 890, 876 and 882 g kg fresh respectively and mean nitrogen
content of 20.8, 20.3 and 20.7 g kg DM respectively. For DM content there was no
ggnificant effect of Ste or variety for the 1997 harvest, but in 1998 Harper Adams had a
sgnificantly (P<0.001) lower DM content and in 1999 Cockle Park had a sgnificantly
(P<0.01) lower DM content than the other Sites. Cambridge had the highest DM content in
1998 and Harper Adamsin 1999. There was no variety effect for DM content. There was
adgnificant (P<0.001) variety and Ste effect for nitrogen content in al years with Hereward
and Riato > Regper > Consort, Madrigad and Riband and a significant (P<0.001) ste effect
with Cambridge and Norfolk > Cockle Park and Harper Adams > Bridgets in 1998 and
Cambridge and Norfolk > Bridgets and Harper Adams > Cockle Park. The whegts had a
mean NDFa content of 93.6 g kg" DM (range 64 to 155). NDFa content was significantly
(P<0.001) lower in the 1999 harvest and there was a significant (P<0.01) Ste effect in 1999
with Cambridge, Norfolk and Harper Adams > Cockle Park and Bridgets. Starch content
ranged from 658 to 781 g kg* DM (mean 722) and was inversdy related to nitrogen
content (Figure 1). There were separate relationships for the 1997/1998 harvest years and
the 1999 harvest year. There were no dgnificant interaction for any of the chemicd

components for Ste x variety.
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Table 2a Chemica composition of wheat grain as affected by variety for three different harvest years (al as g kg* DM unless stated otherwise)

AnAdvds \arietv \arietv n Vaues
/Year Hereward Reaper Ridto Consort Madriaa Riband mean by Yr Vaiety Vaiety X Ste

DM (a kot fresh)
1997 889 891 891 890 0.500
1998 873 876 878 875 880 875 876 0.234
1999 884 884 883 880 880 883 882 0.588
Tota ash
1997
1998 15.0 15.6 175 14.4 16.0 16.0 15.8 0.011*
1999 15.4 16.6 15.8 13.4 15.0 16.6 15.5 0.023*
Nitrooer
1997 22.1° 20.8° 19.4° 20.8 0.002**
1998 22.0° 20.3° 21.8° 19.0% 19.6™ 18.9@ 20.3 0.000* **
1999 21.6° 20.2° 22.1° 20.3° 20.0° 20.0° 20.7 0.002**
Starch
1997 723 737° 754° 738 0.004**
1998 734 739% 714° 756% 764° 755% 744 0.003**
1999 712% 698* 676™ 736° 737° 714% 712 0.042**
Oil
1997
1998 22.0 23.0 26.5 26.2 23.0 26.8 24.€ 0.011*
1999 22.2 22.8 23.6 25.8 24.3 23.4 23.7 0.103
NDFa
1997 100 117 78 98 0.384
1998 100 91 101 100 101 114 101 0.368
1999 85 85 95 81 89 01 88 0.495
NCGD
1997
1998 934 045 926 942 940 940 938 0.000* **
1999 932 935 018 936 932 931 931 0.001***

Table 2b Chemica composition of whest grain as affected by site for three different harvest years (al as g kg DM unless stated otherwise)

15



Andvdgs Site Ste mear n Vaues<

/Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Site Vaigy x Ste
Park Adams

DM (a kot fresh)
1997 888 890 892 890 0.234
1998 870" 886° 879" 876> 866¢ 875 0.000* **
1999 877¢ 882 881> 884% 888° 882 0.001***
Tota ash
1997
1998 15.7 16.2 15.3 16.2 14.8 15.€ 0.434
1999 16.0 16.3 145 14.4 16.0 15.4 0.088
Nitrooer
1997 21.4° 19.8° 21.1° 20.8 0.010**
1998 19.5° 22.1° 22.0° 17.7° 20.0° 20.3 0.000* **
1999 19.0¢ 22.6° 22.1° 20.5° 19.4 20.7 0.000* **
Starch
1997 730° 758° 727 738 0.003**
1998 754° 729° 738% 755° 745% 744 0.058
1999 724 704 700 706 719 711 0.629
Oil
1997
1998 25.5 26.3 25.8 23.2 19.8 24.1 0.001***
1999 27.0 26.5 23.2 24.4 17.3 23.7 0.000* **
NDFa
1997 118 104 73 08 0.286
1998 104 95 113 93 08 101 0.151
1999 71° 101° 91* 79 O5° 87 0.001***
NCGD
1997
1998 937 936 940 937 943 939 0.425
1999 936 928 933 930 927 931 0.029*

16



Figure 1. Rdationship between the starch and nitrogen content of the wheet
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3.3  Measurement of gasproduction in vitro

The mean gas production data from the grains by year with Ste and variety as factors are
shown in Tables 3a and 3b for variety and Site respectively. (A definition of gas production
datais included in Appendix 2). The OM disappearance determined by ultracentrifugation
after 48 h incubation ranged from 77.8 to 82.8 % (mean 80.4). There was only a sSgnificant
effect of variety on OM disgppearance in 1997 with Consort having a sgnificantly
(P<0.068) higher OM disappearance than Hereward. There was a Sgnificant site effect in
both 1997 and 1999 (P<0.05 and P<0.001 respectively) with Bridgets having the lowest
OM disappearance in 1997 and Norfolk and Harper Adams having the lowest in 1999.
The ranking of the varieties for OM disgppearance was different a each ste with Ridto

17




having the highest OM disgppearance a the Bridgets Ste and the lowest a the Cambridge
and Norfolk stes. The asymptotic value for gas production from the model of France et al.
(1993) ranged from 281 to 331 ml g* DM and the lag time ranged from 0.9to 2.1 h. The
samples with the longer lag period (time to produce gas) were related to grain hardness
(correation coefficient = 0.54, “Hard” or “Soft”), with the “Soft” varieties tending to have
the longer lag times. For the asymptotic vaue of gas production, there was only a sgnificant
effect of variety in 1999. Regper and Riband had significantly (P<0.05) gresater vaues than
the other varieties. There was a sgnificant (P<0.05) dte effect in 1998 with Cambridge
having dgnificantly lower gas production than the other dtes The cdculated effective
degradability of organic matter (EOMD) and the combined fractiona rate of gas production
a 6% h* rumen outflow rate ranged from 40.9 to 48.3 % and 0.080 to 0.110 h'
repectively.  There was no sgnificant effect (P>0.05) of ether variety or Ste nor any
interactions on EOMD and the combined fractiond rate of gas production. There was a
tendency for Ridto to have the lowest EOMD and combined fractional rate of gas
production and for the Cambridge and Norfolk sSites to record the lowest vaues for dl the
varieties with the exception of Consort where the lowest vaues were recorded at Cockle
Park.

18



Table 3a Gas production and associated data of whests studied by year for variety

Andvds \arietv \/arietv n Vaues
/Year Hereward Reaper Ridto Consort Madrigd Riband mean by Yr Vaiety Vaiety X Ste
pH at 48h
1997 6.22 6.19 6.22 6.21 0.573 0.072
1998 6.20° 6.23° 6.22%* 6.18™ 6.22% 6.16% 6.20 0.030* 0.000%**
1999 6.22" 6.27° 6.26* 6.23* 6.21% 6.24% 6.24 0.078 0.233
OMD at 48h (%)
1997 79.¢° 80.1% 81.4 80.4 0.068 0.568
1998 80.5 80.7 79.3 80.C 79.¢ 80.7 80.2 0.184 0.086
1999 79.8% 80.6* 80.2%* 79.0% 80.2%* 80.8° 80.2 0.126 0.373
Asymptote (ml ¢ DM)
1997 296 309 302 302 0.440
1998 208> 310™ 208> 200% 306* 306* 303 0.116
1999 208> 309* 206™ 303* 302* 317 34 0.046*
Underlying rate ()
1997 0.16 0.15 0.17 0.16 0.314
1998 0.16 0.16 0.14 0.16 0.16 0.16 0.16 0.345
1999 0.17%* 0.16* 0.16* 0.18° 0.17%* 0.16™ 0.17 0.278
Time dependent rate (K2
1997 -0.323 -0.278 -0.319 -0.307 0.163
1998 -0.287% -0.374° -0.256>¢ -0.320™ -0.327™ -0.309% -0.312 0.121
1999 -0.343* -0.308™ -0.311™ -0.363° -0.333* -0.307™ -0.328 0.048*
Lag (h)
1997 1.7 15 1.8 1.7 0.237
1998 15* 1.4™ 1.3 1.& 1.& 1.7° 16 0.012*
1999 1.0* 1.6™ 1.6™ 2.C° 1.6% 1.7°% 1.8 0.018*
Time to half asymptote (h)
1997 94 94 9.3 94 0.848
1998 9.3 9.C 9.7 9.4 9.7 9.2 9.4 0.306
1999 9.4 9.1 9.1 9.3 9.4 9.6 9.3 0.651
Table 3a Continued
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Andvsgs \arietv \Varietv n Vaues

| Year Hereward Reaper Ridto Consort Madriod Riband mean bv Yr Vaiety Vaiety X Site

Combined rate at 8h

1997 0.106 0.104 0.109 0.106 0.591
1998 0.105 0.108 0.097 0.106 0.104 0.108 0.105 0.416
1999 0.110 0.110 0.110 0.113 0.108 0.104 0.109 0.604
Combined rate at t*2

1997 0.111 0.108 0.113 0.111 0.491
1998 0.108 0.111 0.101 0.111 0.109 0.112 0.109 0.406
1999 0.114 0.113 0.113 0.117 0.113 0.109 0.113 0.510
Combined rate at rumen outflow 0.06 * (hY)

1997 0.090 0.090 0.093 0.091 0.718
1998 0.091 0.095 0.084 0.091 0.088 0.094 0.091 0.339
1999 0.093 0.095 0.094 0.095 0.092 0.089 0.093 0.676
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Table 3b Gas production and associated data of wheats studied by year for Ste

Andvds Site dte mear n Vaues
/Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Site Vaiety x Ste
Park Adams
pH at 48h
1997 6.27° 6.21%* 6.15> 6.21 0.002** 0.072
1998 6.19 6.20 6.19 6.22 6.23 6.21 0.220 0.000%**
1999 6.20° 6.27° 6.27° 6.25° 6.23% 6.24 0.004** 0.233
OMD at 48h (%)
1997 81.% 79.8° 81.F 80.7 0.045* 0.568
1998 79.8 80.3 80.2 80.2 80.€ 80.2 0.881 0.086
1999 80.¢° 81.2° 79.5° 80.4° 79.5° ui 80.3 0.000%** 0.373
Asymptote (ml g DM)
1997 306 301 300 302 0.770
1998 305° 203 308° 30F 306° 303 0.025*
1999 307 303 303 302 34 304 0.856
Underlying rate (h™)
1997 0.17 0.17 0.15 0.16 0.092
1998 0.16 0.16 0.15 0.16 0.16 0.16 0.482
1999 0.16 0.16 0.17 0.17 0.17 0.17 0.313
Time dependent rate (*?)
1997 -0.321% -0.331° -0.269° -0.307 0.074
1998 -0.290 -0.300 -0.270 -0.306 -0.328 -0.299 0.327
1999 -0.311 -0.321 -0.353 -0.334 -0.319 -0.328 0.194
Lag (h)
1997 1.7 1.7 1.6 1.7 0.556
1998 1.4~ 1.6% 1.4” 1.6% 1.8 1.6 0.152
1999 1.7% 1.7% 1.9 1.8 1.6~ 1.7 0.083
Time to half asymptote (h)
1997 9.2 9.3 9.7 9.4 0.373
1998 9.1 9.6 9.5 9.3 9.6 9.4 0.269
1999 9.5 9.5 9.4 9.1 8.9 9.3 0.231
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Table 3b Continued

Andvsgs Site Ste mear n Vaues
/| Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Ste Vaigy x Ste
Park Adams

Combined rate at 8h

1997 0.110 0.109 0.100 0.106 0.168

1998 0.109 0.102 0.101 0.108 0.106 0.105 0411

1999 0.105 0.106 0.111 0.112 0.113 0.108 0.290

Combined rate at t*2

1997 0.114 0.113 0.104 0.110 0.139

1998 0.112 0.107 0.105 0.112 0.111 0.108 0.451

1999 0.109 0.111 0.115 0.116 0.115 0.113 0.326

Combined rate at rumen outflow 0.06 F* (h™)

1997 0.094 0.093 0.087 0.091 0.263

1998 0.095 0.088 0.088 0.093 0.090 0.091 0.320

1999 0.090 0.090 0.093 0.096 0.098 0.093 0.247
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The gas production, OM and starch disappearance, pH and VFA composition from the in
vitro incubations after 8 h are given in Tables 4a and 4b for the grain samples by year for
variety and Ste respectively. There were sgnificant effects of dte, variety, and variety x Ste
interactions on total gas production at 8h (P<0.001, P<0.001, and P<0.01 respectively).

Thetota gas for variety was ranked as Riband = Madrigal = Consort =Hereward <Reaper
=Ridto in 1998 and as Consort = Hereward = Riband = Madrigad = Ridto < Reaper in
1999. The totd gas was lowest at the Cambridge and Norfolk sites in both 1998 and 1999
and sgnificantly grester a the Bridgets Ste in both years. Cockle Park had the highest tota

gas of dl the gtesin 1997 and 1998 but had low total gasin 1999, whereas Harper Adams
had the lowest total gas in 1998 and the highest in 1999. There was a significant variety x
ste effect for total gasin 1997 and 1998 harvest years (P<0.05 and P<0.001 respectively).

There were significant dte and variety effect, for starch disappearance a 8h. Cockle Park
had sgnificantly (P<0.001) higher starch disappearance than dl the other Stesin 1998, and
there was no effect of dte in the other harvest years. Regper had sgnificantly higher starch
disappearance than Hereward and Consort in 1997, and Reaper aso had the highest starch
disgppearance in 1999, whereas in 1998 there was no sgnificant effect of variety on starch
disappearance. Overdl Riband had significantly lower starch disappearance than Ridto,
Hereward and Madriga and these were lower than Consort and Reaper.

There was a variety and variety x dte interaction for totd VFA production (P<0.001,
P<0.01, P<0.01 respectively). Consort, Madriga and Riband had the lowest total VFA
and Regper had dgnificantly higher totd VFA in dl havest years. Cockle park had
ggnificantly higher totad VFA concentration than al the other Stes in 1997 and 1998
whereas in 1999 Bridgets had sgnificantly higher totd VFA concentration than dl the other
gtes. There was a dte effect for both the molar proportion of acetate and rbutyrate
(P<0.001 and P<0.001 respectively) in both 1998 and 1999 harvest years. For the molar
proportion of acetate in 1998 Bridgets and Harper Adams had a significantly greater molar
proportion than Norfolk, whereas in 1999 dl the dtes had a dgnificantly greater molar
proportion of acetate than Cambridge. For the molar proportion of nbutyrate Cambridge
had sgnificantly higher molar proportion than al the other sites in 1998 and for 1999 both
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Cambridge and Norfolk had sgnificantly higher molar proportion of nbutyrate than the
other Sites. There was a variety effect on the molar proportion of acetate and n-butyrate
(P<0.05 and P<0.001 respectively) with Resper having sgnificantly grester molar
proportion of acetate than the other varieties in the 1999 harvest year. The opposite was
true for the molar proportion of n-butyrate. The mean volume of totdl gas a 8 h increased
with increasing degradability as defined by both OM and starch disappearance (%) at 8 h.
The tota VFA concentration increased with increasing degradability, and there was a
negative relationship between starch disgppearance and the molar proportion of n-butyrate.

The amount of OM and starch degradation a 8 h are dso given in Table 4a and 4b for the
whegt samples by year for variety and Site respectively and the responses were smilar to the
respective OM and starch disappearance. The mean OM degraded for each sample was
low compared with the starch degraded, due to the methodology used which resulted in the
microbia biomass being included in the residue for the OM measurement. The difference
between the amount of OM degraded at 8 h and the caculated FOM from the VFA
production, provides an estimation of microbia biomass generated within the system. When
more degradable carbohydrate was available for fermentation, there was a sgnificant
relaionship (P<0.001) with more being diverted into fermentation products and less directly
into microbia synthess. The starch degraded a 8 h was positively correlated with the 8 h
total gas production (r = 0.593, Figure 2),
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Figure 2. Rdationship between rumen degradable starch and total gas both estimated in

vitro for wheats from al harvest years
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34  Thelight transmisson method for distinguishing mealy grainsfrom stedly
grains

Tables 5a and 5b show the proportion of mealy and stedy grains for the wheat samples
from the 1997, 1998 and 1999 harvest years by variety and Ste respectively. There was a
sgnificant effect of variety and ste (P<0.001, P<0.001 respectively) for sedinessin dl the
harvest years. For variety Ridto had the greastest proportion of stedy grains and was
ggnificantly greater than Hereward and Regper which were dl sgnificantly greeter then
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Consort and Riband. The opposite was true for medliness. Cambridge Ste gave the
greatest proportion of stedy grains with the remaining sites ordered as follows Cockle
Park>Norfolk=Bridgets=Harper Adamsin the 1999 harvest year. The same wastruein the
1998 harvest year with the exception that Cockle Park had the lowest level of stedly grains.
Again the opposite was true for the mediness. There was a poditive correlation between
nitrogen content and stedliness (r = 0.392) and the relaionship was negative for nitrogen
content and medliness (r =-0.482).

There was a poor relationship between rumen degradable starch at 8h and the degree of

mediness (R? = 2.6%), this was improved when the samples from the 1998 harvest were

investigated separately (R=16.7%).
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Table 4a Gas production, organic matter and starch disappearance, pH and volatile fatty acid production at 8h for the wheat samples by year with the effect
of variety.

AnAvds \arietv \/arietv n Values

[ Year Hereward Reaper Ridtc Consort Madriaa Riband mean by Yr Vaiety Vaiety X Ste
Totd das (ml ¢* DM)
1997 87.2 92.3 9R.€ 90.7 0.208 0.022*
1998 9.7 96.%° 99.%° 94.7* 92.0* 88.2% 93.¢ 0.035* 0.001***
1999 90.c° 108.%F 095.2 8g.& 91.6° 91.8° 94.2 0.000%** 0.441
Organic matter disappearance at 8h (%)
1997 32.3 33.9 34.8 33.7 0.598 0.423
1998 38.0% 37.6® 42.7° 37.6% 3. 40.% 38.2 0.212 0.955
1999 34.c° 39.7 38.7 36.2% 3750 36.C%F 37.C 0.066 0.017*
Organic matter degraded at 8h* (mg)
1997 274 289 300 288 0.536 0.450
1998 321® 319® 357° 320® 386" 34 3 0.213 0.928
1999 286" 33 R7° 306 317* 305 312 0.074 0.033*
Starch disappearance at 8h (%)
1997 51.2° 66.1° 56.2° 57.¢ 0.039* 0.298
1998 65.C° 60.6% 66.C° 61.5* 61.7* 56.2% 61.8 0.082 0.186
1999 56.3% 68.1° 54.8% 61.2% 57.2% 53.2% 58.E 0.011* 0.501
Starch degraded at 8h* (mg)
1997 32(° 419 370° 370 0.027* 0.172
1998 408 383 405 398 406 363 3 0.368 0.191
1999 338> 406° 318™ 388* 360% 328> 356 0.005** 0.208
Total VFA (mmol 100 mi™?)
1997 20.63 23.66 20.30 21.53 0.007** 0.067
1998 22.05% 24.4C° 22.90% 21.62™ 21.70™ 2.81% 22,62 0.302 0.008**
1999 21.97™ 24.70° 23.11% 20.96™ 21.80™ 21,52 234 0.016* 0.094
Molar proportions of VFA - Acetate
1997 53.69 53.48 54.71 53.96 0.349 0.524
1998 53.65 53.06 53.52 53.53 52.62 53.66 53.34 0.061 0.088
1999 53.90° 55.52° 53.17" 53.64° 52.77° 5353 53.76 0.001*** 0.095

Tahle 4a Continued
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AnAvds \/arietv \/arietv n Vales<
[ Year Hereward Reaper Ridto Consort Madriga Riband mean by Yr Vaiety Vaiety X Ste

Molar proportions of VFA - Propionate

1997 3351% 3254 31.29% 3245 0.060 0.940
1998 33.67% 34.3%° 32.88% 32.42° 32.07™ 32.30° 2.9 0.004** 0.007**
1999 31.85™ 30.84* 33.44% 32.00% 33.79° 32.49% 32.74 0.081 0.065
Molar proportions of VFA - n-butyrate

1997 7.60% 7.65° 857 7.94 0.000%** 0.254
1998 7.46 7.46 8.08° 8.43° 8.48° 8.21° 8.02 0.001*** 0.043*
1999 8.01° 7.07° 7.84M 8.38% 8.23" 8.53° 8.01 0.000*** 0.028*

Table 4b Gas production and associated data of wheets studied by year for site
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AnAvds Site qte mear n Vales<
/Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Site Vaiegy x Site
Park Adams
Total gas (ml " DM)
1997 97.& 85.1° 89.2° 90.7 0.001*** 0.022*
1998 102.7 8g.& 89.8° 98.7° 88.c° 93.6 0.000*** 0.001***
1999 91.2% 92.6™ 87.6° 97.7% 103.C° 93.7 0.000%** 0.441
Organic matter disappearance at &h (%)
1997 36.4 33E 31.3 33.7 0.179 0.423
1998 40.6 38.1 35.7 384 37.C 38.C 0.394 0.955
1999 35.7 37.1 35.9 38.€ 38.C 37.1 0.243 0.017*
Organic matter degraded at 8h' (mg)
1997 311 288 267 289 0.172 0.450
1998 344 325 301 325 312 321 0.338 0.928
1999 297 316 302 328 323 313 0.166 0.326*
Starch disappearance at 8h (%)
1997 64.1° 57.6% 54,0 58.7 0.300 0.298
1998 725 545 61.4° 61.2° 58.4° 61.6 0.001*** 0.186
1999 56.5 50.6 48.3 58.4 60.C 56.6 0.235 0.501
Starch degraded at 8h* (mg)
1997 407° 378° 339° 375 0.190 0.172
1998 467° 341™ 387™ 304 371™ 392 0.001*** 0.191
1999 346 363 286 416 373 357 0.180 0.208
Tota VFA (mmol 100 mi™?)
1997 22.88 20.81 21.27 21.65 0.087 0.067
1998 24.41° 22.11% 22.55% 22.19% 20.67™ 22.39 0.025* 0.008**
1999 21.41° 22.65° 20.81° 24.97° 22.33° 2243 0.002** 0.094
Molar proportions of VFA - Acetate
1997 54.61 53.45 53.87 53.98 0.229 0.524
1998 53.46% 52.97% 52.58™ 53.95° 53.92° 53.37 0.026* 0.088
1999 53.59% 52,59 54.01° 54,52 54.39° 53.82 0.015* 0.095
Tahle 4bh Continuied
AnAdvds Site qdte mear n Values
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/Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Site Vaiegy x Ste
Park Adams

Molar proportions of VFA - Propionate

1997 32.30 P41 3281 3251 0.884 0.940
1998 33.08° 33.04° 3357° 3347° 30.94° 32.82 0.000%** 0.007**
1999 33.09 33.13 31.63 32.50 33.13 32.70 0.179 0.065
Molar proportions of VFA - n-butyrate

1997 7.72 8.08 7.89 7.90 0.408 0.254
1998 7.86% 8.33° 8.20% 7.64™ 7.99%¢ 8.02 0.039* 0.043*
1999 7.72° 8.54° 8.48° 7.77° 7.41° 7.98 0.000%** 0.028*

' mg g fresh weight
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Table 5a The proportions of medly, steely and piebald grains and the SKS vaues in the 1997, 1998 and 1999 whest samples

AnAvgs \/arietv \/arietv n Vales<
[ Year Hereward Reaper Ridto Consort Madrigd Riband mean by Yr Vaiety Vaiety X Ste

Weiaht (ma)
1997 50.3 48.7 51.€ 50.2 0.353
1998 50.1 49.9 459 49.3 48.¢ 50.C 49.C 0.879
1999 50.2 54.6 53.6 53.C 50.5 56.5 53.1 0.037*
Moisture (%)
1997 13.¢° 13.5% 13.8* 13.7 0.073
1998 14.2 14.1 13.8 13.7 13.€ 13.7 13.€ 0.633
1999 12.9 13.1 13.2 134 13.E 13.3 13.2 0.261
Diameter (mm)
1997 3.C 3.C 3.1 3.C 0.390
1998 3.1 3.C 2.9 3.C 3.0 3.C 3.C 0.748
1999 3.1 3.2 3.2 3.1 3.0 3.3 3.2 0.008**
Hardness
1997 35.6 484 47.C 43.7 0.793
1998 34.8 44 .5 41.7 447 44 38.5 41.5 0.939
1999 48.8 47.8 58.6 154 19.5 17.8 34.7 0.000***
Stedly (light transflectance, population(%6))
1997 337 37.7F 20.&° 30.E 0.036*
1998 2.7 23.6~ 49.7° 16.6™ 53.1° 14.F 31.€ 0.000%**
1999 32.4% 34.0* 43.6° 20.4% 43.9° 18.6™ 322 0.045*
Piebald (light transflectance, population(%6))
1997 30.7 23.5 25.€ 26.€ 0.350
1998 25.5 22.8 28.5 15.3 20.€ 17.7 21.7 0.248
1999 20.1 9.9 16.9 13.E 20.2 13.C 15.€ 0.369
Mealy (light transflectance, population(%c))
1997 36.C% 39.2% 53.6° 42.¢ 0.060
1998 41.6° 51.2° 22.4° 68.1° 26.% 68.C° 46.3 0.000%**
1999 39.6™ 48.6™ 57.8° 31.7% 52.0* 48.5% 46.4 0.082
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Table 5b The proportions of medly, steely and piebad grains and the SKS values in the 1997, 1998 and 1999 wheat samples

AnAvgs Ste qdte mear n\VAalles<
/| Year Cockle Cambridge Norfolk Bridget Harper Cornwall by Year Site Vaiety x Ste
Park Adams
Weiaht (ma) i
1997 50.8° 55.C° 44.¢° 50.2 0.012*
1998 42.4° 47.6% 52.¢° 52.7 49.& 49.1 0.019*
1999 54.1 494 52.8 58.1 52.3 53.2 0.002**
Moisture (%)
1997 13.7% 14.C° 13.5% 13.7 0.057
1998 13.2° 13.¢° 145 14.7° 14.% 13.¢ 0.017*
1999 14.1 12.8 13.1 12.8 13.3 13.2 0.000%**
Diameter (mm)
1997 3.C° 3.7 2.8° 3.0 0.011*
1998 2.8 2.9% 3.7 3.1 3.C° 3.0 0.017*
1999 3.2 3.0 3.1 34 3.1 3.2 0.000% **
Hardness
1997 54.1 25.6 51.3 437 0.383
1998 47.8 40.2 45.0 39.2 324 40.¢ 0.749
1999 375 50.7 27.9 34.7 25.1 35.2 0.000%**
Stedy (light transflectance, population(%o))
1997 17.¢° 3.7 39.6° 305 0.014*
1998 10.4° 50.€° 37.1° 20.1% 30.5™ 31E 0.000% **
1999 495 74.6" 11.4° 6.24° 8.c 30.2 0.000% **
Piebald (light transflectance, population(%6))
1997 26.6 25.7 27.5 26.€ 0.925
1998 122 24.6% 317 19.6™ 19.4° 215 0.015*
1999 19.2 12.9 18.8 13.¢ 12.C 15.4 0.424
Mealy (light transflectance, population(%))
1997 55.5° 40.2° 33.° 428 0.310
1998 77.58 15.¢¢ 30.C° 60.2° 50.1° 46.6 0.000% **
1999 70.%7 32.6° 8.7 35.C° 77.%F 44.8 0.000% **
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35 SK S deter minations

Tables 5a and 5b dso show the mean grain weight, moisture, grain diameter and hardness
vaue for the wheat samples from the 1997, 1998 and 1999 harvest years by variety and site
respectively. For grain weight there was a Sgnificant Ste effect (P<0.01). Grain weight was
higher in 1999 compared with 1998 (54 v 49 mg respectively) and this was a result of the
Cockle Park and Bridgets stes having greater grain weights in 1999. The Bridgets site
produced the highest grain weight in 1997 and 1998 and in 1998 grain weights at Bridgets
was =Norfolk =Cambridge =Harper Adams > Cockle Park. In 1999 Bridgets again
produced the highest grain weight and was ggnificantly higher than dl the other stes The
same was true for grain diameter as there is a sgnificant pogtive correaion between grain
weight and grain diameter (r= 0.945). There was a Sgnificant effect of year and year x Ste
interaction for grain moisture (P<0.001 and P<0.01 respectively) with lower moisture for
1999 harvest and this was a reflection of the Cambridge, Norfolk and Bridgets Sites having
lower moisture in 1999. There was a Sgnificant effect of variety on grain hardness (P<0.05)
with Hereward, Regper and Riadto having a greater hardness vaue than Consort, Madriga
and Riband.

3.6 NIR spectroscopy

Cdlibration and cross-vaidation performance data (standard error of cdibration (SEC) and
cross vdidation (SECV)) are given in Table 6 for the whole grain for dl the samples.
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Table 6. Cdlibration and cross-vaidation Satigtics for different chemicd,
quality and in vitro gas production characteristics of 66 whole whegat grain

samples.
Cdlibration Cross-vdiddation

Predicted term SEC R SECV Rlcv
Steely proportion 6.817 0.936 8.058 0.912
Mesaly proportion 10.681 0.856 11.907 0.823
Nitrogen content 0.081 0.839 0.098 0.765
Starch/Nitrogen ratio 2.068 0.815 254 0.722
Dry matter content 0.441 0.644 0.462 0.605
Mean grain diameter 0.154 0.444 0.165 0.353
Mean grain weight 4.116 0.427 4.446 0.322
Organic matter disgppearance 8h (%) 3.294 0.377 3.929 0.136
Starch 2.589 0.374 2.717 0.323
NCGD 0.682 0.373 0.707 0.335
Asymptote 6.874 0.324 7.854 0.119
NDFa content 1.405 0.309 1.575 0.145
Organic matter disappearance 8h 0.03 0.308 0.034 0.091
Combined rate of gas production 8h  0.006 0.257 0.006 0.251
Combined rate at half gas production  0.006 0.236 0.006 0.235
Gas production 8h 7.278 0.233 7.761 0.129
SKS Hardness 18.032 0.153 18.584 0.117
Starch disgppearance 8h 0.072 0.011 0.078 0

There was a good calibration and cross-vdidation for the proportions of sedy and medy
grains and nitrogen content of the grains (R%y = 0.912, 0.823 and 0.765 respectively).
This is noteworthy as it iminates the need to grind samples prior to nitrogen estimation,
which would be extremely useful for routine screening of grain samples. Prediction of starch
content was poor (R%cv = 0.323). There was however a reasonable prediction of starch to
nitrogen ratio (R%-y = 0.815). None of the gas production parameters were well predicted
by NIRS with the best prediction of combined rate of gas production at 8h (R = 0.251).
This was disgppointing but the ranges for these parameters were narrow. NIRS radiation
does not penetrate too far into the grain which may explain why the prediction of starch
content is poor as the starch is held in the endosperm.  Since darch is the main factor
influencing gas production a better prediction of starch is required before the prediction of
the gas production parameters can be improved.
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3.7 Useof NIRSto indicate hardness of wheat grains

With NIRS, the reflectance of the sample is recorded as log 1/R and the magnitude of this
depends on the concentration of the absorbing species, their absorption constants and the
degree of scattering. The scatter in turn is related to particle size of the sample, so that
coarser samples have higher log 1/R across the spectrum and finer samples have lower log
1R across the spectrum.  Consequently, if wheat samples are ground under standard
conditions the log /R vaues will be higher the harder the wheet, and log /R a any
wavelength can be used as a measure of hardness (Osborne, 1991). Since NIRS
measurement of hardness is based on the relationship between scatter and particle size and
not on the concentration of congtituents in the samples, there is no need to cdibrate againgt
another method.

Thelog /R vaues a 1680 and 2230 nm, which have previoudy been reported as optimum
wavelengths for wheat hardness measurement by NIR reflectance (Norris et al., 1989), for
al the wheat samples by year and variety are shown in Table 7 and visudly in Figure 3. The
ranking for the degree of hardness varied at the two wavelengths. The whests identified as
being Soft whests (Consort, Madrigal and Riband) tended to have the lowest log /R vaues
and the opposite was true for the Hard wheats.  Additiondly, there was a sgnificant
negative relationship between hardness as estimated by NIR and the degree of mediness
determined using light transflectance (r = -0.840). This suggests that Soft whests will tend
to be more mealy than Hard whests but that both are influenced by ste (environment). This
confirmsthe earlier work (HGCA Project Report No. 182).
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Figure 3. NIRS Log /R values for whest over the wavelength range 1100 to 2500 nm
highlighting the wavelengths for wheat hardness
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Table7. NIRSlog /R at 1680 and 2230 nm as a measurement of whest

hardness.
Vaiety Log UR at
1680 nm 2230 nm

1997

Hereward 0.723 0.940
Reaper 0.716 0.915
Consort 0.707 0.938
1998

Hereward 0.720 0.902
Reaper 0.710 0.884
Ridto 0.710 0.869
Consort 0.711 0.920
Madriga 0.720 0.893
Riband 0.670 0.860
1999

Hereward 0.696 0.885
Reaper 0.684 0.855
Ridto 0.704 0.869
Consort 0.681 0.889
Madriga 0.701 0.884
Riband 0.646 0.840

3.8  Hierachial cluster analysisusing chemical composition and grain
characteristic parameters

Hierachid cluster andysis of observations based on chemica compostion data (DM, N,
NDF (g kg" DM)) and grain characteristic parameters (mealy, stedly, piebald, grain weight,

moisture, diameter and hardness) gave rise to four clusters comprising:

Group 1 - n=31
Group 2 - n=19
Group 3- n=9
Group 4 - n=7

The cluster centroids are given in Table 8. Cluster group 1 comprised whegts from dl three
harvest years and Smilar amounts of varieties of Soft and Hard genotypes. The endosperm
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texture was equdly stedly, medy and piebadd, and the kernels had low mean weight,
medium N and NDF content and the highest starch content. Group 2 comprised whesats
from al three harvest years and two-thirds of the varieties were Hard genotypes and the rest
Soft. The endosperm texture was low stedy, low/medium piebald and mediunvhigh medly,
and the kernds had medium mean weight, medium N and starch content and high NDF
content. Group 3 comprised wheats from the 1998 and 1999 harvest years only and dl the
varieties were of the Soft genotype. The endosperm texture was both low for stedly and
piebad and the highest for mediness. The kernels had the highest weight and the lowest
measurement for hardness and they were dso low in N and NDF content with a
correspondingly high starch content. Group 4 comprised whesats from the 1998 and 1999
harvest years only and the varieties were mostly of the Hard genotype.  The endosperm
texture was the highest level of sediness, the kernds had a medium weight and had the
highest measurement for hardness. The samples had the highest N content, high NDF and

the lowest starch content.

Table8 Cluster centroids

Vaiade Cluserl Cluser2 Cluser3 Clugter 4 Grand
centroid
Dry matter (g kg* fresh) 880 879 882 886 881
Nitrogen (g kg" DM) 21 20 19 22 20.6
NDF (g kg* DM) 93 100 88 93 94.4
Starch (g kg* DM) 735 720 740 709 728.3
Stedy grains 40.1 9.6 7.0 81.5 31.23
Piebdd grains 26.2 16.7 7.2 14.1 19.60
Medy grans 33.3 73.7 85.8 4.4 49.01
Kernd weight (mg) 49.9 51.3 53.8 51.9 51.04
Kernd diameter (mm) 3.01 3.11 3.15 3.13 3.07
Kernd moisture (g kg* 13.9 13.3 13.3 13.3 13.58
fresh)
Kernd hardness 32.6 52.4 14.1 63.2 39.0

Regresson anadysis was carried out for starch disgppearance @ 8h) (Y variae) of the
population of wheets sub-divided into the four groupings againg the chemica components
and the grain characteristic parameters. Sub-dividing the population of whesats according to

both the chemical and grain derived characteristics improved the variance accounted for in

38



sarch disgppearance for al groups compared with the population as a whole. The best

derived relaionships were asfollows.

Group 1
Rumen degradable starch (mg g* fresh) = 2237 + 1.0INDF (g kg* DM) - 2.23 DM (g kg*
fresh)

SEP=53.3, R = 15.7%

Group 2
Rumen degradable starch (mg g* fresh) = 1036 - 17.8 N (g kg* DM) - 5.44 Weight (mg)
SEP=41.9, R =57.3%

Group 3
Rumen degradable starch (mg g* fresh) = 2.55 Starch (g kg* DM) - 114 Hardness
SEP = 32.5, R = 90.9%

Group 4
Rumen degradable starch (mg g* fresh) = 2298 - 508 Diameter (mm) - 3.84 NDF (g kg*
DM)

SEP =50.0, R = 66.5%
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4.0 Discussion

The gx varieties investigated in this study were chosen to represent both Hard and Soft
wheats. Hereward, Reaper and Ridto are the Hard wheats and Consort, Madrigal and
Riband are the Soft wheats. Both Ridto and Madriga possess the 1B/1R gene (substituted
from Rye to increase yidd). The wheat samples chosen had a wide range in chemica

compoasition, and this was a reflection of variety (genotype) and site and year (environment)
effects. The Hard wheat varieties had higher nitrogen content than the Soft whest varieties
across dl environments. Similarly there were no environment x variety interactions for any
of the other chemical components. Therefore the ranking of varieties could be combined for
al RL stes and years but it should be noted that the absolute levels will vary from trid to
trid. With the gas production parameters there was apparently less variation between
samples than for chemicd compostion, but when it is consdered that each sample had
essentidly the same carbohydrate source then the range was acceptable and good. The
caculated EOMD at 6% H' rumen outflow ranged from 40.9 to 48.3%. There was no
significant effect of either year, site (environment) or variety on calculated EOMD at 6% h*
rumen outflow nor for the combined fractiond rete at that rumen outflow. There were no
ggnificant corrdaions between any of the gas production parameters and the chemica
compogtion. Nitrogen content was negetively corrdated with starch content (r = - 0.56).
Thisis to be expected as in under fertilised crops nitrogen accumulation will be affected to a
greater degree than starch accumulation, and in over fertilised crops there will be luxury

upteke of nitrogen. Similarly, plants growing in cool conditions may have higher garch

contents because the rate of development is more temperature dependent than the rate of

growth (HGCA, 1997). Thiswas dso noted in the previous HGCA study (Project Report
No. 182) where the relationship was stronger (r= -0.74) due to awider range in values and
that the samples came from only one harvest year. Cockle Park, Bridgets and Harper

Adams tended to have higher starch contents than Norfolk and Cambridge Sites. Therefore
athough it is possble to manipulate the relative concentrations of starch and nitrogen in the
grain through nitrogen fertiliser management, which could be of sgnificant vaue to the feed
manufacturing industry, the effectson crop yied per se must aso be considered.
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The further investigation of the samples after 8 h incubation showed that the totd gas
production was directly related to OM disappearance a 8 h (r = 0.403) and this has been
shown by other workers for barley (r = 0.95; Trel et al., 1970). Thiswas to be expected
as rumen microbes degrade plant carbohydrates, both non-sructurd and structura
polysaccharides, to provide energy. The main end-products of carbohydrate fermentation in
the rumen are VFA and gas (CO, and methane). In this study, there was aso a strong
relationship between starch degraded and gas produced (r = 0.574) which provides
confirmation that the technique can be used to reflect starch utilisation. Thisis of particular
importance as gas production was not related to starch content. A good relationship (r =
0.93) between gas production after 7 h incubation and wheat starch degraded has aso been
noted by Opatpatanakit et al. (1994).

The volume of gas produced per gram of starch degraded at 8h was 396ml. There was dso
a sgnificant but poor negative relationship between the calculated rumen degradable starch
(at 8h, mg g fresh) and the nitrogen content of the grains as follows:

Rumen degradable starch at 8h (mg g* fresh) = 566 - 9.31 N(g kg DM)
SEP=70.46 R°=5.3%

The varieties described as “Hard” in the UK Recommended list tended to require higher N
content than the “ Soft” varieties to provide the same low level of rumen degradable starch.
There was a significant relationship between rumen degradable starch at 8h and grain starch

content as follows:

Rumen degradable starch at 8h (mg g* fresh) =0.515 Starch (g kg* DM)
SEP=660 R=17.4%
this relationship was significantly improved when the Soft wheats were considered aone as

follows

Rumen degradable starch at 8h (mg ¢* fresh)= -1015+ 1.87 Starch (g kg* DM)
SEP=523 R=516%
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There was no ggnificant reationship between rumen degradable starch and starch content
when the Hard grains were consdered adone and as starch and nitrogen content were
negatively correlated for al grains, this was not expected, but indicates that N content
paticularly for Hard grains influences starch degradability in some way other han by a
purdly dilution effect.

For rumen degradable starch, Cambridge, Norfolk and Harper Adams had significantly
lower contents than Cockle Park and Bridgets and this corresponded with lower grain
nitrogen and higher grain starch contents for the last two Sites compared with the others.
The varieties were ranked for rumen degradable garch
Riband<Ridto=Hereward=Madrigal<Consort and Reaper for 1998 and 1999 harvedts

combined.

The increased level of N and NDFa in the Cambridge and Norfolk site samples may be
indicative of plant stress. Water stress during the grain filling period can lead to serious loss
of yidd, due to premature senescence of the crop canopy limiting avalability of
carbohydrates for grain filling. Water avallability can be affected by a number of factors
including; drought, soil structure and rotation. The amount of soluble carbohydrate stored in
the stem varies between varieties and, varieties with a high level of soluble carbohydrate are
better able to withstand the effects of late season drought stress (Foulkes and Scott, 1998) .
The carbohydrate stored in the stlems can act as an dternative source for grain filling when
direct supply from photosynthesis is limited by stress during grain filling. Foulkes and Scott,
(1998) reported that Ridto had the highest soluble stem carbohydrate reserves and Riband
and Spark the lowest suggesting that Riadto is a drought resstant variety. Ridto's rdative
insengtivity to drought stress gppeared to be reflected in the rumen degradable starch at 8h
which was unaffected at the Cambridge and Norfolk stes (where drought stress occurred)
relaive to the Cockle Park and Bridgets sites (unstressed).  Conversdy Riband which is
reported to be more susceptible to drought stress, had lower rumen degradable starch at 8h
at the Norfolk site compared with the Cockle Park and Bridgets Sites.
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The wheat samples were characterised by the proportion of medy and stedly grains using
the light transmission method and by degree of hardness usng NIRS. There was a positive
corrdation between nitrogen content and both sediness and hardness and these
relationships were negetively correlated with starch content. Both degree of hardness and
medliness were sgnificantly negatively corrdated (r = - 0.84) with each other. Of particular
note was the fact that different wheet grains from the same sample (and therefore the same

variety and agronomic trestment etc.) could be either mealy or stedly or intermediate.

Endosperm cdlls contain starch granules embedded in a protein matrix. In Soft whests, air
goaces and discontinuities in the matrix make it friable, whereas in Hard wheets the
endosperm cdls are tightly packed with starch granules held firmly within the matrix. In
terms of milling technology, Hard whests fracture differently to Soft wheets producing larger,
coarser starch-protein particles with a high degree of starch damage caused by disruption of
the crystaline structure (Mattern, 1988). Soft wheats produce less free-flowing, smdler
paticles, with more free starch and protein with less starch damage (Nedl and Hoseney,
1984).

From thisit can be surmised that wheet which is Hard and stedly in nature will contain larger
particles when ground, which have a sgnificant protein matrix and hence these may be more
resstant to microbid attack but the higher levd of starch damage in Hard whegts may

counteract this. Whereas Soft whest that is medly in nature contains smaler particles, within
amore open structure and lower association with the protein matrix and hence may be more
open to microbid attack, but the greater association of the cell wal with the endosperm may
counteract this. Cone et al. (1989) showed that the percentage degradation of starch from
whedat grain, Seved to provide samples of varying particle sizes prior to incubation in rumen

fluid in vitro, decreased linearly with increasing particle sze.

The amount of starch degraded after 8 h was related to total gas production a 8 h (R* =
20.5 %). The prediction of the amount of starch disappearance a 8 h was further improved
by the addition of starch content together with total gas production a 8 h. The relaionship

was asfollows,
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Starch degraded at 8 h (mg ¢* fresh) = -741 +3.71totd gas a 8h (ml g* DM) + 1.05
darch (g kg* DM)

R?=42.5%: Standard error of prediction = 54.9

It can be concluded that the year and Site of growth influence the amount of starch degraded
in the rumen (at least as determined in vitro) for different varieties of wheat. Thisimplies
that bread meking whests grown with high rates of fertiliser nitrogen will leed to a lower
garch supply to the rumen. In addition, the characterigics of the starch in terms of
medliness and stedliness and any variety effect on hardness or softness will further influence
the amount of starch available to rumen microbes. From other work (HGCA Project
Report No. 182) it gppears that mediness and stediness are predominantly an effect of
nitrogen content of the grain and hence related to the environment/crop management and

nutrition.

A recent HGCA funded study (Project report No. 253) ‘ The nutritiona value of wheet for
poultry: Andysis of gene effects udng isogenic lines reported on the nutritiona
consequences of key genetic characterigtics of wheat. The use of isogenic lines dlows the
Sudy of sngle genetic characteristics. Starch digedtibility in poultry was investigated and it
was concluded that the presence of the 1B/1R gene is associated with depressed starch
digedtibility and that Soft wheats tended to have higher sarch digetibility than Hard whests.
There was an interaction between the 1B/1R gene and grain Hardness, as follows. sarch
digestibility was ranked with 1B/1R Hard < 1B/1R Soft < no 1B/1R Soft < no 1b/1R Hard.
The effect of dough extenshility on starch digedtibility was determined in Soft wheets and
there was an increase in digedtibility with dough extenghbility. Nutritionists have identified
that poultry require wheet varieties of high starch digedtibility whereas, ruminants require
wheat which is of low rumen degradability and high whole tract digedtibility.

In this study Riato and Madrigal (Hard and Soft wheset respectively) contained the 1B/1R
gene. From the isogenic work it would be expected that Riato would have lower starch
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digestibility than Madrigd and overdl this was confirmed for rumen degradable sarch. It
would aso be expected that the varieties containing the 1B/1R gene would have lower
garch digedtibility than the non-1B/1R varieties and overal this was dso confirmed for
rumen degradable starch.

Comparing Riband and Consort within a harvest year (but regardless of Ste) the rumen
degradable starch was aways lower for Riband compared with Consort. Consort is very
closdy related to Riband (Consort's pedigree = Riband 'sb' x Fresco x Riband). However,
it is higher yidding and has a dightly different glutenin sub-unit compaosition which makes its
protein dightly more extensble. As recorded in the isogenic work dough extengbility in Soft
wheats gave rise to higher starch digedtibility as determined in poultry. This may partly
explain why Consort consstently had higher rumen degradable starch than Riband. It has
been suggested that Consort has a dightly harder endosperm and higher level of starch
damage, under identica milling conditions, but this is not likey to be a big effect. In this
sudy overdl the Hardness as determined using the SKS machine was not significantly
different between the two varieties, there may, however, have been an influence of millingon
garch damage but this was not measured in this study. Consort is thought to be higher
yielding due to longer persstence of the canopy for grain filling (Roger Sylvester-Bradley,
Personal communication). This means that the pattern of deposition of tarch granules may
be different i.e. if dlowed to go to full maturity, Consort may have more of the smaler B-
type granules than Riband which would increase the degradability of the starch in the rumen.
Overdl the starch content for Consort was 12 g kg DM higher than for Riband.

The use of NIRS to develop cdibrations for this whesat population was successful for
nitrogen content and endosperm texture on the whole grains. Garnsworthy et al. (2000)
used NIRS to accurately predict the chemical composition of wheeat (r* = 0.51 for DM,
0.90 for crude protein, 0.78 for sarch). The coefficient of determination was Smilar in the
current study for protein, but lower for starch. In the current study whole grains were
scanned as opposed to milled grain in the study of Garnsworthy et al. (2000). NIRS
radiation does not penetrate far into the grain which may explain why the prediction of starch
content is poor as the starch is held in the endosperm.  Cdibrations of NIRS with any of the
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gas production parameters were unsuccessful. This may be aresult of the insufficient spread
of data within this population. Since starch is the main factor influencing rumen degradability
a better prediction of sarch is required before the prediction of the gas production
parameters can be improved. Garnsworthy et al. (2000) were unable to successfully
predict the nutritive value of wheet for pigs and poultry usng ether NIRS or chemica

composition and agronomic characterigtics.

Rumen degradable starch disappearance for wheat grains is an important characteristic of
the nutritive vaue of wheet for ruminants. This vaue is influenced by year of harvest, Ste of
growth, agronomy and variety. There was no Site X variety interaction. The varieties were
ranked in 1997 as Hereward<Consort<Reaper, in 1998 there was no sgnificant varieta
effect detected and in 1999 as Riband<Riato< Hereward<Madriga<Consort<Reaper.
There were no sgnificant regresson relationships between smple measures of grain quality
and gas production techniques that could be recommended for routine use. Over dl three
years Regper had the highest RDS and Riband the lowest. The information from these
varieties were used in the ration formulation programme produced from the FIM consortium
to formulate dairy diets. The mode was used to formulate a ration for a 650 kg cow
producing 30 | milk per day, losing 0.5 kg liveweight per day and 15 weeks into its lactation.
The modd was offered grass slage (max. 30 kg fresh weight) rapeseed med, soya bean
meal (Hipro), molassed sugar beet feed and a minimum of 4.5 kg DM of either of the two
wheats. The FIM modd has a rumen sub-model and both diets were formulated to provide
a balanced rumen pH and to meet the nutrient requirements of the cow. The details of the
rations, the dry matter intake and the diet composition are given in the Table below:

Reaper Riband
Ration (kg DM d*)
Grassdlage 8.99 8.98
Rapeseed mesal 2.55 2.46
Soya bean med 0.24 0.00
Molassed sugar beet feed 2.33 1.80
Whest 5.30 5.87
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Dry matter intake (kg d*) 19.4 19.1

Diet composition (g kg* DM)

Crude protein 169 162
Starch 209 236
Sugar 84 76
Neutral detergent fibre 308 306
Oil 36 38
ME (MJkg* DM) 12.2 12.2

The ration contains 0.57 kg wheat DM d* more of the Riband compared with Reaper due
to its dower fermentation rate for starch. This equates to inclusion rates of 27.3 and 30.7%
for Regper and Riband respectively. For a 100 cow herd using this diet for 100 d, the
farmer would require an additiona 5700 kg of Riband compared to Regper. In monetary
terms, the diets were costed a £84.54 and £82.20 per tonne of DM, for Reaper and
Riband respectively, a differentid of £2.34 per tonne DM. This differentid is due entirely to
the differences in fermentation rate between the two varieties of whest, hence it would be
possible to increase the price of Riband wheat up to a maximum of £7.62 per tonne DM
whest.

Hierachid cluster analys's using chemica compostion and grain characteristics, sub-divided
the population of whesats into four clusers. Two smal clusters (clugters 3 and 4) were
identified to contain varieties displaying extreme characterigics of endosperm texture and
hardness. Clugter 3 contained wheat with the mgority of the endosperm as meay and
Cluster 4 stedly and respectively the two groups had the lowest and highest N content and
hardness. For the medy group rumen degradable starch was influenced most by starch
content and hardness, increasing and decreasing rumen degradable starch respectively.

Whereas for the stedly group, grain diameter and NDF content had the greatest negative
effect on rumen degradable starch and suggests that larger grains with a higher cdll wall
content help to counteract the negative effects of reduced particle Size and increased sarch

damage from stedliness, hardness and lower N content.
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The remaining two clusters contained a higher proportion of the population and differed from
the other clusters. Cluster 2 had low stedy and high mealy but differed from cluster 3 in that
the grains had a high level of hardness. This cluster had the highest mean rumen degradable
garch and this was negatively rdated to both N content and the kernd weight. The negative
relaionship of rumen degradable starch with N contert for this cluster was noted in HGCA
project No. 182. Cluster 1 contained amost equa proportions of steely, piebad and meay
grains and was intermediate for hardness. This cluster contained samples from al the variety
and Ste groups but this varied with harvest year. It isthought that it is difficult to predict the
nutritive vaue of these wheat samples due to the heterogeneous nature of the endosperm
texture. There may dso be astronger influence of milling on particle Sze digtribution in these
samples which was not determined in this study.

48



5.0 Conclusions

1. A tota of 66 contrasting wheat samples harvested in 1997, 1998 and 1999 from six RL
stes (Cockle Park, Cambridge, Norfolk, Bridgets, Harper Adams and Cornwall) with
sx different varieties (Hereward, Reaper, Ridto, Consort, Madrigd and Riband) were
obtained and studied. They were subjected to chemicad andyss, two tests of grain
hardness, tests to digtinguish stedly from meady endosperm textures. An in vitro gas
production system was used to smulate rumen fermentation to assess the proportion of
the garch in the wheat which would be fermented in the rumen. Near infrared
reflectance spectroscopy (NIRS) was examined as a possible rapid means of predicting
gtarch quaity and other factors.

2. The whests showed a wide range of nitrogen and starch contents and notably, these two
fractions were negatively rdlated. Since it is known that nitrogen content can be
influenced by nitrogen fertiliser this offers the posshility that starch content may be
manipulated by agronomic management.

3. Detaled study of the grains confirmed earlier work that gas production was a good
indicator of starch degradation. Rumen degradable starch disappearance for whesat
grains is an important characteridic of the nutritive vaue of wheat for ruminants.  This
vaue is influenced by year of harvest, Ste of growth and variety. There was no Ste x
variety interaction. The varieties were ranked in 1997 as Hereward<Consort<Regper, in
1998 there was no vaiety effect and in 1999 as Riband<Ridto<
Hereward<Madriga<Consort<Regper. There were no regresson relationships that
accounted for a Sgnificant amount of the variance that could be recommended for routine
use.

4. For chemica compostion eg. nitrogen, starch and NDFa content the year effect was
sgnificant but small in comparison to the effects of variety and Ste on these parameters.
The chemicad composition parameters were equally affected by variety and ste.

5. Endosperm texture characterised by the proportion of stedy and medy grains was
unaffected by year and was effected by variety and ste with abigger emphasis on the site
effect, with year x dte interactions which confirms that endosperm texture is strongly
linked to environmenta factors.
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6. There was a dgnificant Ste x variety effect for rumen degradable starch at 8h and for gas
production which makes the understanding of what factors influence these parameters
very difficult to interpret. Varigties which were sengtive to stress were more variable in
their rumen degradable starch than those which contain physiologica characterigtics
which buffer againgt adverse environmental conditions. Lower rumen degradable starch
was recorded in 1999 compared with 1998 which corresponds with higher grain
nitrogen. The rumen degradable starch for the samples of whesat by year of harvest are
shown in Figure 4.

7. There were no significant correlations between any of the gas production parameters and
ether the chemica compostion or the grain qudity parameters. Nitrogen content was
highly negatively corrdated with starch content (r = "0.55). NIRS was able to predict
grain hardness, N content and endosperm texture, but was unable to rdiably predict any
of the in vitro parameters.

8. Thiswork has highlighted the fact that the ability to supply starch to the rumen or post-
rumindly is a key aspect of the nutritional quaity of wheat and that it can vary
subgtantidly with variety and ste of growth. It was not possible to develop a rapid
method of assessment for the nutritive value of whet.

9. Including the low RDS variety Riband compared to the high RDS variety, in the ration of
dairy cows on a grass slage based ration alows an increased inclusion rate of 0.57 kg
DM per day and areduction in the price of the ration of £2.34 per tonne DM, equivaent
to £7.62 per tonne of wheat DM
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Figure 4 Rumen degradable starch for dl the varieties of wheset by Ste and year.
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Recommendations

Sgnificant genotype differences were shown to exist for chemicd compostion and for
nutritive value as determined in vitro by the gas production technique. Scope exidts to
enhance the nutritive value of wheat by breeding through modification of endosperm
composition, association of nitrogen with the endosperm and starch damage during milling.

Further underdanding of what determines nutritive vaue of feed wheat for ruminants is

required prior to undertaking plant breeding programmes.

It is recommended that rumen degradable starch determined using the in vitro gas
production technique is carried out for samples from the RL variety testing programme and
this parameter dong with starch content and endosperm texture be incorporated into the
Recommended Variety ligts.
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Appendix 1

The utilisation of feeds by ruminants is dependent upon microbid degradation within the
rumen and the description of feeds in terms of their degradation characteristics would
provide a useful bases for their evaduation. Kinetics of the fermentation of feedstuffs can be
determined from fermentative gas and the indirect gas rdeased from the buffering of the
short chain faty acids produced during fermentation. Kinetics of gas production is
dependent on the reative proportions of soluble, insoluble but rumen degradable and
undegradable fractions of the feed. Mathematica descriptions of gas production profiles
dlows andyss of data, evduation of substrate-related differences and fermentability of
soluble and dowly fermentable components of feeds. Various models have been used to
describe gas production models.

The mode used to fit to the gas production data from this study was that described by
France et al. (1993). The modd of France et al. (1993) is based on a generaised
Mitscherlich equation as follows:

L=b+(d (20) and =T

Where p = combined rate of gas production at time't
b = underlying rate
¢ = time dependent rate
T = lag phase prior to gas production
y=A (- exp[b(t -T)-C(Q-OT)] )
Gas production =y
A = asymptote

This information, combined with the undegraded fraction of the feed can be used to cdculate
an effective degradability of OM at a pre-stated rumen outflow rate.
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