




























































































































































































































































































































































































































































































5.8.2 Pasta a* value

The effect of N application on pasta a* values, or redness, differed among cultivars

and sites (Figures 4.22, 4.23).

The lack of conformity among pasta a* results may have been due to the browning of
pasta samples by LOX activity. The drying process may have triggered browning to
occur in the pasta samples which would be detected as increased redness, and would

explain the inconsistencies in the pasta a* values.

5.8.3 Pasta L* value

The effect of N treatments on pasta L* results was also inconsistent. For example, at
Darfield early N application alone decreased the mean pasta L* value by about 1
unit. In contrast, at Lincoln, the mean pasta L* was decreased by early N application
to ‘CRDW17’ but it was slightly increased for ‘Waitohi’. The inconsistent results
might be due to the effect of any LOX activity that may have caused bleaching or
browning during pasta processing. LOX catalyses the addition of molecular oxygen
to fatty acids. The fatty acid radicals produced from this addition are responsible for
the oxidative degradation of pigments such as xanthophylls, B-carotene and
chlorophylls (Borrelli et al. 1999), resulting in an overall bleadﬁing of durum
products. The extent of carotenoid loss during pasta making differs among cultivars

and may range from 30% to 60% in some cultivars (Irvine and Anderson 1953).
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5.9 Colour relationships

5.9.1 Grain and pasta colour

There was a weak negative correlation between pasta and grain b* values (r = -
0.065). This was expected as a result of the negative correlation between grain and
flour b* values, and pasta b* values followed trends similar to the flour b* values. In
addition, the correlation between pasta and grain a* values was weak (r = 0.053),
indicating that grain redness has little effect on the overall pasta redness (Figure-
4.24).

Howevef, the cd;élation between grain and pasta L* values was the strongest of the
three colour components (r = 0.484). However, in general, grain colour was not a
good predictor of pasta colour. This was expected as the aleurone (bran) layer of the

grain is not present in the final pasta product.

5.9.2 Flour and pasta colour

The lack of correlation between pasta and flour b* values may have been due to the
LOX enzyme generating variability in pasta yellowness by ble'a'ching the pasta
products. This activity may also explain the lack of correlation between pasta and
flour L* values. In addition, there was no correlation between pasta and flour a*
values (Figure 4.25) which is probably due to the browning that is often encountered

with pasta making,.
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Apart from the significant difference between cultivars for the b* values, other flour
colour differences between them did not translate into pasta colour. It may be that
one cultivar has a higher concentration of LOX enzyme in its dough than the other. If
this was the case then the paler colour of “Waitohi’ flour and pasta might be due to a
higher amount of carotenoid pigment degradation from LOX bleaching reactions. In
addition, the redder colour of “Waitohi’ pasta may also be a function of the increased
browning initiated by LOX during pasta processing. This may also be cultivar

specific.
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5.10 Conclusions

e N applied at tillering increased yield the most when the soil was N deficient.
There was no yield difference between cultivars at any site. However, the
cultivars differed in the way that their yield components responded to N fertiliser
application. In both cases, the number of grains/m” was the most stable
component of grain yield. All other yield components exhibited substantial
plasticity.

e Durum wheat had larger TGW and more ears/m” than most bread wheat cultivars.
Both of these components responded to environmental influences buf; they weré
also strongly genetically Aetennined.

e In general, both early and late N applications increased grain and flour protein
contents when the soil was N deficient.

e ‘Waitohi’ consistently had a higher mean protein content than ‘CRDW17’.

o ‘Waitohi’ consistently had higher falling number values than ‘CRDW17’ at all
sites and in hand and combined samples.

e N treatments did not consistently influence falling number values.

e Optimum N management to achieve high yield was not detrimental to flour/pasta
colour. There was evidence that it can enhance colour as the highest flour and
pasta b* values were achieved in the treatments where N was applied early.
These treatments also increased yield and produced acceptéble protein content.

e Selection of a cultivar with enhanced flour and pasta yellowness, such as
‘CRDWI17’ is the most direct way to improve pasta yellowness.

e The lack of correlation between grain, flour and pasta colour variables means that

grain colour testing cannot be used as an accurate predictor of pasta colour.
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¢ The pasta yellowness difference between cultivars was related best to the flour b*
values. Therefore, flour b* is a more appropriate measure of final pasta

yellowness than grain b*.
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CHAPTER 6 General Discussion

A major problem facing the New Zealand pasta industry is the inconsistent yield and
quality of durum wheat grown in New Zealand. Consumers associate high quality
pasta with enhanced yellowness. However, New Zealand pasta is paler in colour than
similar imported products and, in some cases, is considered undesirable by
consumers. In this study, high quality durum flour was defined as having a high
(>11.5%) protein content (Figure 4.11), high (>250 s) falling number (Table 4.8) and
a high (>18) b* value (Figure 4.12). Acceptable crops would also have qesifable
rheological properties such as a water absorption between 70 to 74%. Tﬁé main |
research objective of the study was to determine if the two main management options
available to growers, namely N management and cultivar selection, could be used to
produce high yielding durum wheat that met the desired quality characteristics,
including acceptable flour and pasta yellowness. The results from the field and
laboratory testing were used to determine differences between N management
treatments and cultivars. From these results, management strategies for growers to

achieve high yields of high quality can be developed.

To investigate yield and quality differences between N treatments and cultivars, three
field experiments were established at locations with varying yield potentials. These
sites were selected with the intention of generating variability in ﬁnal grain yield and
protein results. A dryland site at Darfield was selected along with two irrigated sites,
Lincoln and Wakanui. The lowest yield potential was estimated at the dryland
Darfield (3 to 4 t/ha) site with higher yield potentials estimated at Lincoln (4 to 5
t/ha) and Wakanui (6 to 8 t/ha) sites. The yield potential of each site was estimated

by taking into consideration the water availability and initial soil N content prior to
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sowing. Soil N testing was useful in determining the N fertiliser treatments required
at each site to achieve the optimum yield potential. Both Darfield and Wakanui sites
had higher initial soil N content (Table 3.2) than the Lincoln site. Despite the
diversity between sites, crops of adequate yield were achieved at each site through

the use of appropriate N management.

N management allows growers to obtain maximum profit from the payment schedule
for durum wheat by producing high yielding crops of at least 11.5% protein with
bonus payments for higher levels. In this experiment, optimal yields were achieved at
each site by applying N at tillering. In addition, N applied at tillering increased grain
protein to at least 11.5% at all sites, so all crops of wheat with early N would have
beén acceptable for pasta production regardless of whether late N was applied.
However, a further N application at flag leaf emergence, following early N,
continued to increase protein content. As well as increasing grain yield and protein
content, N management also generated variability in grain and flour colour. In most
cases, early N application decreased grain b* values, or grain yellowness, for both
cultivars. Fortunately, there was a negative relationship between grain and flour b";
values which resulted in early N application tending to enhance flour yellowness. In
general, early N application also increased pasta yellowness. Despite an inconclusive
relationship between flour and pasta colour, it is likely that a greater number of
replicates would have established a positive effect of early N ai)plication on pasta
yellowness. Overall it appears that early N was the N treatment that generated the
greatest yield increase, achieved the minimum protein content required, and

enhanced flour yellowness. This suggests that the current N management used by
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growers to achieve optimal yields is also the N management that achieves optimal

quality.

The application of only N at flag leaf emergence failed to compensate for the yield
loss where early N had been withheld. However, late N application was successful in
increasing the grain protein content by about 1% for both cultivars at each site. There
was no consistent effect of late N application on the grain or flour yellowness of
either cultivar. Therefore, late N application was an effective N management tool for

increasing grain protein content but had little effect on other quality parameters.

The other main management tool available to growers to achieve high yields and
protein content is cultivar selection. Across the diverse sites used in this study there
was no yield advantage to be obtained from selecting one cultivar over the other.
This suggests that growers could select the durum cultivar they sow based on solely
on the quality attributes of each cultivar. The results for protein content illustrated
that “Waitohi’ consistently achieved a higher protein content than ‘CRDW17°.
Because growers are paid on yield and protein content, ‘Waitohi’ would be the
cultivar of choice, ‘Waitohi’ achieved similar yields to ‘CRDW17’ but, under the

same N management, was more efficient at partitioning available N to protein.

Other favourable quality results for “Waitohi’ included enhancéd sprout resistance,
with the mean falling number value about 20 to 70 s higher than ‘CRDW17’. The
combination of increased protein content and less sprout damage may be the
explanation for the preferred flour rheological properties of “Waitohi’ compared with

‘CRDW17°.
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‘Waitohi’ had increased grain yellowness. However, enhanced grain yellowness did
not relate to flour or pasta colour and thus was not advantageous to millers or
processors. In fact, the opposite was true with lower b* values for ‘Waitohi’ flour
and pasta. This significant cultivar effect showed ‘CRDW17’ had yellower flour and
pasta b* values at all sites and across all N treatments. In addition to lower b* values,
“Waitohi’ had higher corresponding flour a* values than ‘CRDW17°, This may be an
indication that there is a relationship between a* and b* values. It could be that
instead of increasing b* values a decrease in a* value is required to achieve the .
preferred colour. This supports results from Penno (1996) who reported a negative
relationship between the colour of preference and the redness of the sample in oat
groat colour. It could be that use of solely b* values is not an appropriate measure for
colour preference in the pasta industry, but at this stage it is a useful screening test.

In future, the red colour of a sample may also need to be evaluated.

The higher flour b* was due to the higher carotenoid concentration in the flour for
‘CRDW17° compared with ‘Waitohi’. The implication of these results was that the
preferred yellow colour for flour and hence pasta production can be obtained by

cultivar selection, namely using ‘CRDW17°.

Despite the positive colour attributes of ‘CRDW17’, the increésed sprout
susceptibility and lower protein grain values compared with ‘Waitohi’, may
discourage growers from selecting ‘CRDW17’ if they were not paid a higher
premium to grow it. Consideration should be given, by industry, to the other

attributes of ‘CRDW17’ besides colour. Caution should be taken if industry decides
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to promote the use of only ‘CRDW17°. If the entire durum growing area was sown in
‘CRDW17’ the risk of loss of product through sprout damage would be increased.
The use of ‘Waitohi’ could be thought of as an ‘insurance policy’ due to it being less
likely to sprout in a wet growing season in comparison with ‘CRDW17’. Similarly,
the erratic nature of late season rainfall in Canterbury could result in complete crop
failure in one area. It seems prudent to continue to have durum wheat grown in
several distinct regions in Canterbury to decrease the risk of crop failure. The
combination of yield, grain, flour and pasta quality results from this study indicates
that a compromise may be required in cultivar selection, if processors are to.meet the
consumer demands for pasta of golden colour. ‘CRDW17’ consistently had higher
flour and pasta yellowness. However, the negative agronomic attributes of may
discourage growers from selecting ‘CRDW 17 if they were not paid a higher

premium to grow it.

Finally, for the industry to progress the onus must be on breeders to develop a
cultivar that has the positive agronomic traits found in ‘Waitohi’ coupled with the
positive colour attributes of ‘CRDW17’. Essentially, this project has determined that
greater colour improvement is likely to come from plant breeding than can be
achieved agronomically through N management. Of relief was the result that current

N management practices do not adversely affect flour or pasta colour.

6.1 Future research

Further research into establishing why different wheat cultivars have different colour
properties, for example to determine if it an increase in carotenoid synthesis or a

difference in the partitioning of pigments in the grain would be beneficial to the pasta
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industry. Also, the effect of different extraction rates on the colour of the resulting

flour also needs to be investigated.

In addition, the use of a* values in measuring preferred pasta colour needs to be
investigated further. There may be a link between most preferred pasta and flour
colour and a move away from the red region of the colour chart which would imply

that the a* measurement may be a more accurate measure than the b* component.

6.2 Conclusions

e Growers can produce high yielding crops of preferred quality durum wheat by

~using N management and cultivar selection.

. Cufrént N mz;l;agement used to increase yield, application of N at tillering,
produced crops of required protein content and also generated variability in four
and pasta yellowness, with early N having a tendency to enhance flour
yellowness.

e ‘Waitohi’ had more favourabie agronomic traits than ‘CRDW17’, including
higher protein content, falling number value and more preferred rheological
properties.

e Durum breeding must focus on positive agronomic traits of “Waitohi’ coupled

with ‘CRDW17’ as it could not be achieved by agronomic tieatments.
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Appendix

Appendix 1. Mean water absorption, stability and development time values for two
durum wheat cultivars (‘\CRDW17’ and ‘Waitohi’) grown at Wakanui with
different late N applications (0, 50 and 100 kg N/ha) and with either 150 kg
N/ha applied at tillering or not at all.

Wakanui
Cultivar Early N | Late N | Water absorption | Stability time | Develop. time
(kg/ha) | (kg/ha) (%) (minutes) (minutes)
‘CRDW17° 0 0 67.2 1.5 2.0
0 50 68.5 1.4 1.9
0 100 69.2 1.7 . _ 2.2
150 0 68.8 1.9 2.2
150 50 68.5 1.9 2.4
150 100 66.6 2.5 2.3
Mean - - 68.1 1.8 2.2
‘Waitohi’ 0 0 68.5 2.4 2.5
a 0 50 69.4 2.5 2.5
0 100 70.4 2.7 2.8
150 0 70.4 2.2 2.4
150 50 69.5 1.9 2.6
150 100 70.1 1.8 2.6
Mean - - 69.7 2.3 2.6
SEmax - - 0.90 0.20 0.17
Significance cV’ CcvV’ cv”
*=0.05 CV * Early N™
** = (.01
Rk =(.001
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