NSP concentration was the highest in the wheat batches from Austria (89.3 g/kg DM) and

Ireland (86.9 g/kg DM).

Correlation analysis between different wheat characteristics

The results of the Pearson’s correlation analysis between the different parameters for all
wheat samples are shown in Table 4. Highly significant (P < 0.001) positive correlations (r >
0.80) were obtained between for example WU-AX and WU-NSP because the former constitutes
a large part of the latter. Lower, but also highly significant (P < 0.001) positive correlations were
obtained between for example WE-GLU and WE-NSP (r = 0.37). Because WE-GLU
(presumably B-glucan) is part of the WE-NSP, these kinds of correlations were also evident.

Relatively high positive correlations (r > 0.5) were found between different fractions of the
NSP, i.e. between WU-AX and WU-GLU (r = 0.69; P < 0.001) or between the total amount
(TOT) of AX and TOT-GLU (r = 0.57; P < 0.001). For the WE fraction of the NSP, no
significant correlation (P > 0.05) was detected between WE-AX and WE-GLU.

A relatively high negative correlation was obtained between the starch and protein content (r
=-0.63; P < 0.001). In addition, a relatively high positive relation was found between the extract
viscosity and WE-AX (r = 0.59; P < 0.001), while lower correlations were noted between extract
viscosity and WE-NSP (r = 0.46; P < 0.001), TOT-AX (r = 0.40, P < 0.01) and TOT-NSP (r =
0.33; P <0.01).

Low (r > -0.5), but highly significant negative correlations were found between starch and
TOT-NSP (r = -0.36; P < 0.001) and between starch and the individual WU- and TOT-NSP
fractions.

DISCUSSION
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The ranges found for total NSP in the current study are comparable to literature data. Taking into
consideration the variability in analytical techniques employed for the determination of NSP,
values between 74.5 g/kg DM (Dusel et al., 1997) and 143.9 g/kg DM (McCracken et al., 2002)
have been reported before for European wheats (Table 1) and even higher values, as high as
156.8 g/kg DM for Australian wheats (Choct et al., 1999) or 166 g/kg DM for Canadian wheats
(Zijlstra et al., 1999). Furthermore, the ranges found for total AX were comparable to ranges
reported in literature data, which were between 35 g/kg DM (Dusel et al., 1997) and 81 g/kg DM
(Austin et al., 1999). The concentration of AX was, however, slightly overestimated due to the
presence of an arabinogalactan-peptide in the endosperm (Loosveld et al., 1997). The study
described by Dornez et al. (2008) took into account this variation by correcting the arabinose
level for the presence of the arabinogalactan-peptide. For the current study this would mean that
on average 0.84 g/kg DM of arabinose originated from the arabinogalactan-peptide rather than
from AX (assuming that all WE-NSP originates from the endosperm and considering an
arabinose to galactose ratio of 0.7 (Loosveld et al., 1997)). This is only a small concentration
compared to the total concentration of AX. The small concentrations of mannose and galactose
are comparable to other studies reporting individual sugar levels (Austin et al., 1999; Bach
Knudsen, 1997; Jha et al., 2011; Zijlstra et al., 1999). Values between 14 and 22 g/kg DM have
been reported for cellulose (Jha et al., 2011; Steenfeldt, 2001) and between 2.2 and 11.8 g/kg DM
for B-glucan (Pritchard et al., 2011). This corresponds to the total GLU concentration in the
current study.

It is difficult to compare WE-NSP concentrations between different studies. As mentioned
before, most researchers utilize procedures based on the method described by Englyst et al.

(1994) or the Uppsala method (Theander et al., 1995). In these methods, the concentration of
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WE-NSP is calculated from the difference between concentration of total NSP and the
concentration of WU-NSP. On the other hand, various extraction procedures have been used for
the isolation of the WE-NSP fraction. For example, Saulnier et al. (1995) employed an extraction
with distilled water whereas Carré et al. (2002) used a boiling ethanol:water treatment before
aqueous extraction. In the current study, the concentrations of WE-NSP and WU-NSP were
separated according to the dietary fiber method (AACC 32-07), which uses an aqueous
extraction of WE-NSP and subsequent precipitation with ethanol after an enzymatic removal of
starch. A study by Steenfeldt (2001) for 16 Danish wheat samples showed an even larger range
(between 10 and 38 g/kg) for WE-NSP than the one reported in the present study. Regarding
WE-AX, literature data report concentrations between 3.6 (Saulnier et al., 1995) and 16.4 g/kg
DM (Dusel et al., 1997). AX consists of a linear backbone of (1—4) linked f-D-xylose to which
single L-arabinose residues (on the O-2 or O-3 positions or both) are attached (Saulnier et al.,
2007). Hence, the arabinose to xylose (A/X) ratio can be used for a rough characterisation of the
structure of AX. The A/X ratios in the current study were within the ranges reported by Carré et
al. (2002) and Kim et al. (2003). These researchers found ranges between 0.7 and 1.2 for WE-AX
and between 0.5 and 1.2 for WU-AX.

The method for the determination of the protein content is more universal than for NSP. Values
for European wheat have been reported between 72 g/kg DM (Yasar, 2002) and 144 (Nicol et al.,
1993) (Table 1). Most researchers apply Kjeldahl-based methods to assess the nitrogen
concentration, although combustion methods are also used (Dornez et al., 2008; Losada et al.,
2009). There was, however, a difference in the conversion factor employed for the calculation of
protein concentration from nitrogen concentration. Generally, a lower factor (i.e. 5.7 instead of

6.25) is preferred for the estimation of wheat protein, based on the presence of the proteins
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gliadin and gluten in in wheat which have a high amount of nitrogen (Jones, 1931). Therefore,
protein concentrations obtained from literature were recalculated to a conversion factor of 5.7
(Table 1).

As for protein, the method for the determination of starch is fairly common. Starch content is
typically measured enzymatically, involving hydrolysis with a-amylase and amyloglucosidase.
After this, the glucose released can be determined by a glucose oxidase and peroxidase method.
This assay is provided as a commercial kit by Megazyme, as described for the current study.

The obtained ranges in the present study were comparable to literature data, which report values
between 541 g/kg DM (Jha et al., 2011) and 744 g/kg DM (Nicol et al., 1993), or even higher for
Australian wheats (769 g/kg DM) (Choct et al., 1999).

In contrast to the analysis of protein and starch, many different methods exist for the
determination of extract viscosity. Bedford and Classen (1993) described a procedure involving a
pretreatment with pepsin and pancreatin, whereas Carré et al. (2002) proposed a protocol using a
boiling ethanol:water pretreatment. Other researchers tested the viscosity of aqueous extracts
without pretreatment (Dusel et al., 1997; Pirgozliev et al., 2003; Rose et al., 2001; Saulnier et al.,
1995; Svihus and Gullord, 2002). But even then, there are differences in wheat:water ratio,
temperature during extraction, extraction time and centrifuging conditions (time, speed) prior to
measuring the viscosity. This makes comparisons between literature data very difficult. Some
results from other research are shown in Table 1. One of the hypotheses for the anti-nutritional
effect of wheat NSP in broiler chickens is related to their ability to increase the viscosity of the
intestinal content and thereby disturbing nutrient digestibility (Choct and Annison, 1992b). In
this respect, several studies have found a negative correlation between the viscosity of a wheat

extract and the AME (Barteczko et al., 2009; Carré et al., 2002; Dusel et al., 1997; McCracken et



13

al., 2002). This shows the importance of the extract viscosity and the consequences of its
variation.

Currently, the NSP concentration of wheat is not analysed in the practice of feed formulation,
because its analysis is costly and time-consuming. The current dataset was used to make
correlations between the NSP and some more simple characteristics like the concentration of
protein and starch or extract viscosity. The correlation analysis between the different wheat
characteristics showed that a high concentration of AX is accompanied by a high concentration
of B-glucan and cellulose or in general a higher concentration of fibre in these wheat samples.
This can be expected because AX, B-glucan and cellulose are all important constituents of the
plant cell wall. Correlations between different NSP fractions from wheat are rather scarce in
literature and no other study was found that reports these correlations. In practice, this could
mean that a measurement of total WE- or WU-NSP might be sufficient, instead of analysing the
monosaccharide composition of these fractions. For the WE fraction of the NSP, however, no
significant correlation (P > 0.05) was detected between WE-AX and WE-GLU. During storage
of wheat, grain-associated glycanases can cause changes in its chemical composition (Choct and
Hughes, 2000; Dornez et al., 2009; Rowe et al., 1999). For example grain-associated xylanases
can degrade the NSP, resulting in a release of WU-NSP from the cell walls and an increase in the
WE-NSP fraction. The WE-NSP can also be further degraded to smaller fragments or to free
sugars which can no longer be precipitated by ethanol treatment. This was demonstrated in a
study by Kim et al. (2003), who observed a decrease in WE-NSP and an increase in free sugar
concentration in wheat grains stored for six months (in sealed metal bins in a grain shed at
ambient temperature). In the current study, the wheat samples were analysed as quickly as

possible after reception of the samples (within one month), to minimise changes during storage
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in the lab (stored in sealed plastic containers at ambient temperature). Nevertheless, the samples
were obtained from the feed mills all over the year so some samples were stored at the feed
mills. No information was available about the storage conditions at the feed mills, but it can be
that the WE-NSP concentration had changed during storage, which can be an explanation for the

lack of correlation between the different fractions of WE-NSP.

The correlation between starch and protein concentration was observed before by Choct et al.
(1999) and Kim et al. (2003) and could be expected because they are both the major components
of the wheat endosperm. The current research also confirmed the positive correlation between
extract viscosity and WE-AX. The correlation was, however, too small to make any predictions
about the NSP concentration of wheat. Carré et al. (2002) and Dusel et al. (1997) obtained
positive correlations between WE-AX and viscosity with a correlation coefficient close to 0.90,
whereas Rose et al. (2001) found a correlation coefficient of 0.73 with WE-NSP. Positive
correlations with TOT-NSP (r = 0.43), TOT-AX (r = 0.54) and WE-NSP (r = 0.79) were
reported by Gebruers et al. (2010). A positive correlation was therefore expected, although a
negative correlation was also reported by Austin et al. (1999).

In the current study, negative correlations were found between starch and TOT-NSP and
between starch and the individual WU- and TOT-NSP fractions. Although the relationships
between NSP and starch was too small to make any predictions about the NSP concentration of
wheat, a negative relationship between NSP and starch has also been observed by Coles et al.
(1997) (for TOT-AX), Parsaie et al. (2006) (for WU-NSP and TOT-NSP), Pritchard et al. (2011)
(for WU-NSP, WU-AX and WU-GLU) or Gebruers et al. (2010) (for TOT-NSP and TOT-AX).

Part of this relation can be explained by the dilution of starch concentration with NSP. But, as
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noticed by Coles et al. (1997), the total variation in NSP concentration is small compared to the
variation in starch concentration (i.e. 36% in the present study), so it cannot solely be due to
starch dilution. Coles et al. (1997) observed that starch (negative relation) and AX (positive
relation) both responded to the same environmental effect, namely drought conditions. The latter
was controlled by the use of a mobile rainshelter. In a study by Zhang et al. (2010), the increase
in AX concentration and the reduction in starch concentration due to high temperature and water-
deficit conditions were accompanied by a reduction in endosperm volume. They suggested that
the increase in AX content can be explained by the shrinkage of the wheat kernel and the
increase in the relative amount of seed coat. The seed coat contains most of the AX. The
susceptibility of TOT-NSP and TOT-AX to environmental conditions was confirmed in an
extensive study by Gebruers et al. (2010), who found that 30% of the variability in TOT-NSP
and TOT-AX could be explained by environment, while 30% was explained by genotype. The
interaction between genotype and environment explained another 20% of the variability.

Based on the data described in the current paper, three wheat batches which were
representative for NSP rich and NSP poor wheat in Europe were selected for a broiler
digestibility trial (Smeets et al., 2015). The data confirm the relationship between the
concentration of NSP and the nutritional value of wheat and highlight the need for considering
the concentration of NSP in the practice of feed formulation.

In general, the variations in chemical composition reported here are in accordance with the
data described by other researchers for individual countries in Europe. By including wheat
samples from 15 different European countries over five different years of harvest no larger
ranges were observed. Nevertheless, the present study confirms the wide variability in wheat

NSP in European wheats used for broiler diets, even when one single method was used. This
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variability in NSP can affect the nutritional value of wheat as observed by several researchers
(Annison, 1991; Choct et al., 1992; Choct et al. 1999; Dusel et al., 1997; Smeets et al., 2015) and

should be considered in the practice of feed formulation.

ACKNOWLEDGEMENTS
The authors wish to acknowledge the ‘Belgian Institution for the Promotion of Innovation
through Science and Technology’ (IWT, project number 100226, Brussels, Belgium) for

financial support.

REFERENCES
AACC, 2000. Approved Methods of the AACC (10" edn). American Association of Cereal
Chemists, St Paul, MN.
Annison, G., 1991. Relationship between the levels of soluble nonstarch polysaccharides and
the apparent metabolizable energy of wheats assayed in broiler chickens. J. Agric. Food
Chem. 39,1252-1256.
Austin, S.C., Wiseman, J., Chesson, A., 1999. Influence of non-starch polysaccharides
structure on the metabolisable energy of U.K. wheat fed to poultry. J. Cereal Sci. 29, 77-88.
Bach Knudsen, K.E., 1997. Carbohydrate and lignin contents of plant materials used in
animal feeding. Anim. Feed Sci. Technol. 67, 319-338.
Barteczko, J., Augustyn, R., Lasek, O., Smulikowka, S., 2009. Chemical composition and
nutritional value of different wheat cultivars for broiler chickens. Journal of Animal and Feed

Sciences 18, 124-131.



17

Bedford, M.R., Classen, H.L., 1993. An in vitro assay for prediction of broiler intestinal
viscosity and growth when fed rye-based diets in the presence of exogenous enzymes. Poult.
Sci. 72, 137-143.

Bedford, M.R., Scott, T.A., Silversides, F.G., Classen, H.L., Swift, M.L., Pack, M., 1998.
The effect of wheat cultivar, growing environment, and enzyme supplementation on
digestibility of amino acids by broilers. Can. J. Anim. Sci. 78, 335-342.

Carré, B, Idi, A., Maisonnier, S., Melcion, J.-P., Oury, F.-X., Gomez, J., Pluchard, P., 2002.
Relationships between digestibilities of food components and characteristics of wheats
(Triticum aestivum) introduced as the only cereal source in a broiler chicken diet. Br. Poult.
Sci. 43, 404-415.

Choct, M., Annison, G., 1992. Anti-nutritive effect of wheat pentosans in broiler chickens:
roles of viscosity and gut microflora. Br. Poult. Sci. 33, 821-834.

Choct, M., Annison, G., Trimble, R.P., 1992. Soluble wheat pentosans exhibit different anti-
nutritive activities in intact and cecectomized broiler chickens. J. Nutr. 122, 2457-2465.
Choct, M., Hughes, R.J., Annison, G., 1999. Apparent metabolisable energy and chemical
composition of Australian wheat in relation to environmental factors. Aust. J. Agric. Res. 50,
447-451.

Choct, M., Hughes, B., 2000. The new season grain phenomenon: the role of endogenous
glycanases in the nutritive value of cereal grains in broiler chickens. A report for the Rural
Industries Research and Development Corporation, Project No UNE-53A, RIRDC

Publication No 00/143, Kingston, Australia.



18

Coles, G.D., Hartunian-Sowa, S.M., Jamieson, P.D., Hay, A.J., Atwell, W.A., Fulcher, R.G.,
1997. Environmentally-induced variation in starch and non-starch polysaccharide content in
wheat. J. Cereal Sci. 26, 47-54.

Dornez, E., Gebruers, K., Joye, 1.J., De Ketelaere, B., Lenartz, J., Massau, C., Bodson, B.,
Delcour, J.A., Courtin, C.M., 2008. Effects of genotype, harvest year and genotype-by-
harvest year interactions on arabinoxylan, endoxylanase activity and endoxylanase inhibitor
levels in wheat kernels. J. Cereal Sci. 47, 180-189.

Dornez, E., Gebruers, K., Delcour, J.A., Courtin, C.M., 2009. Grain-associated xylanases:
occurrence, variability, and implications for cereal processing. Trends Food Sci. Technol. 20,
495-510.

Dusel, G., Kluge, H., Glaser, K., Simon, O., Hartmann, G., Lengerken, J.V., Jeroch, H.,
1997. An investigation into the variability of extract viscosity of wheat - relationship with
the content of non-starch-polysaccharide fractions and metabolisable energy for broiler
chickens. Arch. Anim. Nutr. 50, 121-135.

Englyst, H.N., Quigley, M.E., Hudson, G.J., 1994. Determination of dietary fibre as non-
starch polysaccharides with gas-liquid chromatographic, high-performance liquid
chromatographic or spectrophotometric measurement of constituent sugars. Analyst 119,
1497-1509.

Eurostat, 2012. Agriculture, fishery and forestry statistics: main results 2010-11. Eurostat,
Luxembourg. http://epp.eurostat.ec.europa.eu [16 July 2013].

Gebruers, K., Dornez, E., Bedo, Z., Rakszegi, M., Fras, A., Boros, D., Courtin, C.M.,

Delcour, J.A., 2010. Environment and genotype effects on the content of dietary fiber and its


http://epp.eurostat.ec.europa.eu/

19

components in wheat in the HEALTHGRAIN diversity screen. J. Agric. Food Chem. 58,
9353-9361.

Global Agricultural Information Network, 2013. EU-27 Grain and Feed Annual 2013. United
States  Department of  Agriculture’s Foreign  Agricultural ~ Service, London.
http://gain.fas.usda.gov [16 July 2013].

Gutierrez del Alamo, A., Verstegen, M.\W.A, Den Hartog, L.A., Pérez de Ayala, P.,
Villamide, M.J., 2008. Effect of wheat cultivar and enzyme addition to broiler chicken diets
on nutrient digestibility, performance, and apparent metabolizable energy content. Poult. Sci.
87, 759-767.

Hetland, H., Uhlen, A.K., Viken, K.H.K., Krekling, T., Svihus, B., 2007. Hagberg falling
number and the nutritional value of wheat in broiler chicken diets. Br. Poult. Sci. 48, 12-20.
Jha, R., Overend, D.N., Simmins, P.H., Hickling, D., Zijlstra, R.T., 2011. Chemical
characteristics, feed processing quality, growth performance and energy digestibility among
wheat classes in pelleted diets fed to weaned pigs. Anim. Feed Sci. Technol. 170, 78-90.
Jones, D.B.,1931. Factors for converting percentages of nitrogen in foods and feeds into
percentages of proteins. U.S. dep Agric Circular No. 183, USDA, Washington, DC.

Kim, J.C., Mullan, B.P., Simmins, P.H., Pluske, J.R., 2003. Variation in the chemical
composition of wheats grown in Western Australia as influenced by variety, growing region,
season, and post-harvest storage. Aust. J. Agric. Res. 54, 541-550.

Loosveld, A.-M.A., Grobet, P.J., Delcour, J.A., 1997. Contents and structural features of
water-extractable arabinogalactan in wheat flour fractions. J. Agric. Food Chem. 45, 1998-

2002.


http://gain.fas.usda.gov/

20

Losada, B., Garcia-Rebollar, P., Cachaldora, P., Alvarez, C., Mendez, J., de Blas, J.C., 20009.
A comparison of the prediction of apparent metabolisable energy content of starchy grains
and cereal by-products for poultry from its chemical components, in vitro analysis or near-
infrared reflectance spectroscopy. Span. J. Agric. Res. 7, 813-823.

McCracken, K.J., Preston, C.M., Butler, C., 2002. Effects of wheat variety and specific
weight on dietary apparent metabolisable energy concentration and performance of broiler
chicks. Br. Poult. Sci. 43, 253-260.

Mollah, Y., Bryden, W.L., Wallis, I.R., Balnave, D., Annison, E.F., 1983. Studies on low
metabolisable energy wheats for poultry using conventional and rapid assay procedures and
the effects of processing. Br. Poult. Sci. 24, 81-89.

Nicol, N.T., Wiseman, J., Norton, G., 1993. Factors determining the nutritional value of
wheat varieties for poultry. Carbohydr. Polym. 21, 211-215.

NRC (National Research Council), 1994. Nutrient Requirements of Poultry, 9th ed. National
Academy Press, Washington, DC.

Parsaie, S., Shariatmadari, F., Zamiri, M.J., Khajeh, K. 2006. Evaluation of starch, soluble
and insoluble non-starch polysaccharides and metabolizable energy of 15 cultivars of Iranian
wheat. Journal of Agriculture and Social Science 2, 260-263.

Pirgozliev, V.R., Birch, C.L., Rose, S.P., Kettlewell, P.S., Bedford, M.R., 2003. Chemical
composition and the nutritive quality of different wheat cultivars for broiler chickens. Br.
Poult. Sci. 44, 464-475.

Pritchard, J.R., Lawrence, G.J.,, Larroque, O., Li, Z., Laidlaw, H.K.C., Morell, M.K.,
Rahman, S., 2011. A survey of B-glucan and arabinoxylan content in wheat. J. Sci. Food

Agric. 91, 1298-1303.



21

Prosky, L., Asp, N.-G., Schweizer, T.F., De Vries, JW., Furda, 1., 1992. Determination of
insoluble and soluble dietary fiber in foods and food products-Collaborative study. J. AOAC
Int. 75, 360-367.

Rose, S.P., Tucker, L.A., Kettlewell, P.S., Collier, J.D.A., 2001. Rapid tests of wheat
nutritive value for growing chickens. J. Cereal Sci. 34, 181-190.

Rowe, J.B., Choct, M., Pethick, D.W., 1999. Processing cereal grains for animal feeding.
Aust. J. Agric. Res. 50, 721-736.

Saulnier, L., Peneau, N., Thibault, J.F., 1995. Variability in grain extract viscosity and water-
soluble arabinoxylan content in wheat. J. Cereal Sci. 22, 259-264.

Saulnier, L., Sado, P.-E., Branlard, G., Charmet, G., Guillon, F., 2007. Wheat arabinoxylans:
exploiting variation in amount and composition to develop enhanced varieties. J. Cereal Sci.
46, 261-281.

Schmitz, J.F., McDonald, C.E., Gilles, K.A., Medcalf, D.G., 1974. Arabinoxylanases and
cellulases of wheat. Cereal Chem. 51, 809-820.

Scott, T.A., Silversides, F.G., Classen, H.L., Swift, M.L., Bedford, M.R., 1998. Effect of
cultivar and environment on the feeding value of western Canadian wheat and barley samples
with and without enzyme supplementation. Can. J. Anim. Sci. 78, 649-656.

Sibbald, I.R., Price, K., 1976. Relationships between metabolizable energy values for poultry
and some physical and chemical data describing Canadian wheats, oats and barleys. Can. J.
Anim. Sci. 56, 255-268.

Smeets, N., Nuyens, F., Van Campenhout, L., Delezie, E., Pannecoucque, J., Niewold, T.

(2015). Relationship between wheat characteristics and nutrient digestibility in broilers:



22

comparison between total collection and tracer (titanium dioxide) technique. Poult. Sci. 94,
1584-1591.

Steenfeldt, S., 2001. The dietary effect of different wheat cultivars for broiler chickens. Br.
Poult. Sci. 42, 595-609.

Steenfeldt, S., Mullertz, A., Jensen, J.F., 1998. Enzyme supplementation of wheat-based diets
for broilers 1. Effect on growth performance and intestinal viscosity. Anim. Feed Sci.
Technol. 75, 27-43.

Svihus, B., Gullord, M., 2002. Effect of chemical content and physical characteristics on
nutritional value of wheat, barley and oats for poultry. Anim. Feed Sci. Technol. 102, 71-92.
Theander, O., Aman, P., Westerlund, E., Andersson, R., Pettersson, D., 1995. Total dietary
fiber determined as neutral sugar residues, uronic acid residues and klason lignin (the uppsala
method): collaborative study. J. AOAC Int. 78, 1030-1043.

Van Soest, P.J., Robertson, J.B., Lewis, B.A., 1991. Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. J. Dairy Sci.
74, 3583-3597.

Wiseman, J., 2000. Correlation between physical measurements and dietary energy values of
wheat for poultry and pigs. Anim. Feed Sci. Technol. 84, 1-11.

Yasar, S., 2002. In vitro and in vivo variability in the nutritional compositions of wheat
varieties. Pak. J. Nutr. 1, 248-256.

Zhang, B., Liu, W., Chang, S.X., Anyia, A.O., 2010. Water-deficit and high temperature
affected water use efficiency and arabinoxylan concentration in spring wheat. J. Cereal Sci.

52, 263-269.



ACCEPTED MANUSCRIPT

23

Zijlstra, R.T., de Lange, C.F.M., Patience, J.F., 1999. Nutritional value of wheat for growing

pigs: chemical composition and digestible energy content. Can. J. Anim. Sci. 79, 187-194.



24

Table 1. Within country variation in chemical composition (total arabinoxylan (AX), total non-
starch polysaccharide (NSP), starch and protein content) and extract viscosity in wheat.

Chemical composition (g kg™ dry matter)

Extract
Source n Origin Total Total Starch Protein a Vir?]?;i;y
AX NSP (N x5.7)
Austin et al. 1999 12 UK 37-81 55-104 - - 2.1-8.4°
Barteczko et al. 2009 9 Poland - - - 93-120 -
Carré et al. 2002 22 France - 98-117 688-725 88-122 1.0-3.8°
Dornez et al. 2008 42 Belgium 58-76 - - - -
Dusel et al. 1997 170 Germany 35-64 - - - 1.1-52
outierrez del Alamoetal. 4 spain : . 667-685  82-125 4565
Hetland et al. 2007 20 Norway - 85-128 536-648 08-126 -
Losada et al. 2009 13 Spain - 98-112 550-611 93-124 -
McCracken et al. 2002 12 UK - 83-129 612-656 106-134 5.2-17.5°
Nicol et al. 1993 10 UK - 92-105 608-744 94-144 -
Parsaie et al. 2006 15 Iran - 75-115 704-734 93-137 -
Pirgozliev et al. 2003 23 UK - 106-144 594-732 78-129 2.0-7.1
Rose et al. 2001 6 UK - 85-128 629-662 108-120 4.1-8.2
Saulnier et al. 1995 22 France 55-78 - - - 1.2-2.3
Steenfeldt 2001 16  Denmark - - 658-722 102-116 -
Svihus and Gullord 2002 20 Norway - - 614-712 99-140 0.9-3.1
Yasar et al. 2002 15 Turkey - - - 72-129 1.8-2.7°

*The protein content from the different sources was recalculated to a conversion factor of 5.7
(AACC 46-10, specific factor for wheat). If no factor was mentioned, a factor of 6.25 was
assumed (AACC 46-10, average conversion factor).

®in vitro viscosity

‘Real Applied Viscosity
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Table 2. Variation in non-starch polysaccharide (NSP) composition®, arabinose to xylose (A/X)
ratio, starch and protein content and extract viscosity in wheat originating from different
European countries.

Composition (g/kg dry matter)  MINIMUM MEAN MAXIMUM CV%°®
Water-extractable NSPP
Arabinose 2.1 3.3 49 18.2
Xylose 2.9 4.9 8.7 21.8
Mannose 1.2 2.0 2.9 13.7
Galactose 0.6 1.2 1.6 18.6
Glucose 0.6 1.6 3.5 34.0
Arabinoxylan 5.1 8.2 13.1 20.0
A/X-ratio 0.49 0.66 0.83 8.5
NSP 8.7 13.1 18.3 14.3
Water-unextractable NSPP
Arabinose 13.0 18.8 24.8 11.0
Xylose 24.9 324 41.3 9.4
Mannose 0.9 1.4 2.5 18.5
Galactose 1.1 1.7 3.1 22.2
Glucose 17.6 24.9 33.2 14.0
Arabinoxylan 37.9 51.5 65.1 94
A/X-ratio 0.49 0.58 0.70 6.9
NSP 58.1 79.5 99.6 10.0
Total NSP”
Arabinose 15.2 22.3 29.3 10.3
Xylose 28.2 37.7 46.3 9.0
Mannose 2.5 3.4 4.8 11.8
Galactose 1.8 2.9 4.3 15.5
Glucose 19.3 26.7 35.0 13.2
Arabinoxylan 43.4 59.9 73.6 9.0
A/X-ratio 0.51 0.59 0.71 6.5
NSP 68.4 93.2 112.2 8.8
Starch® 558 634 680 3.8
Crude protein (N x 5.7)° 92 124 173 11.3
Extract viscosity (mPa-s)" 1.26 1.61 3.22 21.0

#Values shown as anhydrosugars.

® Number of samples included in the analysis (n) = 153 (15 countries, 5 years of harvest).
“n =122 (13 countries, 3 years of harvest).

9h = 69 (12 countries, 2 years of harvest).

® Coefficient of variation.
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Table 3. Variation in the concentration of water-extractable (WE) and water-unextractable (WU) non-starch polysaccharides (NSP,
shown as anhydrosugars), concentration of starch and protein and extract viscosity in wheat originating from different European
countries over different years of harvest. Numbers shown are mean values and the coefficients of variation (in parentheses). Glu:
glucose, AX: arabinoxylan, n: number of wheat samples.

Composition (g/kg dry matter) Extract
WE-NSP WU- NSP Total NSP Crude viscosity
n Glu AX NSP Glu AX NSP Glu AX NSP n Starch protein n (mPas)
Origin
Austria 2 11 110 142 269 590 893 280 70.0 1034 2 610 130 2 1.69
67 (7)) (50 (1790 (72)  (109) (17.0) (74)  (10.2) (2.4) (9.8) (13.4)
Belgium 35 1.8 77 125 235 496 762 253 573 887 27 633 122 10 159
(288) (202)  (134) (158) (133) (133) (149 (129 (123) (4.0) (10.5) (12.1)
Czech Republic 8 1.2 92 132 250 505 791 262 596 923 8 658 116 8 2.02
(19.9) (16.0) (134) (11.0) (75)  (84)  (108) (78 (82 (1.2) 8.2) (15.0)
Germany 21 1.7 78 127 248 522 800 265 600 927 11 631 132 3 1.48
(19.0) (192) (138) (150) (690  (83) (1420 (49  (5.8) (2.1) (8.0) (4.8)
Denmark 1 23 74 131 288 542 862 311 616 992 O - - 0 -
France 10 1.9 77 129 247 504 785 266 581 914 10 644 117 2 1.48
(21.8) (141)  (91)  (148) (74  (76)  (134) (790 (7.4) (2.5) (12.7) (2.4)
Hungary 2 22 79 136 225 457 714 247 536 850 2 642 121 O -
(129 (720 (52 88) (28 (4.9 (92 (33 (49 (0.0) (8.2)
Ireland 5 21 69 130 297 538 869 319 607 999 O - - 0 -
(134) (49 (2 @67 @B (34 84 (37 (31 - - -
Italy 9 10 84 124 245 506 781 254 59.0 905 9 633 124 9 1.61
(17.4)  (20.7) (157) (Q0.7)  (6.7)  (7.1)  (106)  (64)  (6.1) (2.4) (5.6) (13.2)
Norway 14 15 9.4 142 225 519 775 240 613 917 12 618 132 3 1.48
(25.7)  (16.0) (135 (11.2) (48  (61)  (104) (51)  (5.6) (2.2) (7.3) (L7
Poland 8 1.0 94 134 242 503 774 252 596 908 8 636 133 8 1.61
(183)  (165)  (10.3) (136) (104) (11.1) (131 (790 (87) (2.9) (8.6) (19.4)
Portugal 4 14 112 161 258 434 829 271 646 9.0 4 622 126 4 2.26
(19.1)  (10.7) (108) (56) (6.0) (57 (5.0)  (48)  (45) (2.5) (11.2) (11.4)
Russia 18 15 80 127 282 546 863 297 626 99.0 15 607 135 6 2.04
(21.6) (123) (92) (7.8) (716)  (7.1) 67 (71 (6.0 (4.3) (12.5) (28.9)
Sweden 3 11 81 125 250 500 777 261 580 901 3 652 124 3 1.46



(54)
UK 13 1.6
(34.3)
Year of harvest
2009 9 1.2
26.4
2010 52 14
51.4
2011 70 1.8
20.2
2012 16 1.6
25.2
2013 6 2.1

13.1

(13.0)

(16.5)

8.3
26.4
9.3
17.2
8.0
19.1

7.8
15.8

7.3
13.4

(7.2)
154
(14.7)

12.2
20.0
13.8
145
13.0
125

12.4
136

13.3
6.6

(2.8)
24.0
(9.5)

25.0
175
25.2
10.9
23.5
14.9

27.5
8.3

28.9
10.7

(6.1)
48.9
(6.4)

50.8
7.3
51.3
8.4
50.0
10.2

55.6
6.5

53.6
3.6

(5.3)
76.0
(10.0)

79.2
10.6

79.9
8.9
7.7
10.3

8.6
6.0

8.6
4.3

(2.5)

26.3
8.7)

26.2
17.2
26.6
10.1
25.3
14.0

29.1
8.5

31.0
10.4

(6.6)
58.8
6.7)

50.8
73
51.3
8.4
50.0
10.2

55.6
6.5

53.6
3.6

(5.0)
91.4
(7.0)

7.9
10.6
8.0
8.9
7.7
103

8.6
6.0

8.6
43

11

52

62

(1.5)
660
(2.4)

643
5.0
640
3.7
626
3.4

(2.5)
106
(6.6)

129
16.2
121
12.1

126
9.6

27

(20.8)

1.67
(20.5)

1.73
217
1.75
216

1.52
11.8




28

Table 4. Pearson correlation coefficients for different fractions from all wheat samples?

WE WE WE wu wu wu TOT TOT TOT . . 4
GLU" AX" NSP® GLU® AX®  NSP® GLU® Ax"  nNspb Starch”  Prott o Visc

WE

cLu 00

WE

Ax 003 100

WE

Nep 037 0.90 1.00

wu

oLy 004 009 -0.08 1.00

WU

Ax 013 0.13 0.06 0.69 1.00

wu

Nop 011 0.05 0.01 0.90 0.94 1.00

TOT

GLu 012 009  -0.02 0.99 0.67 0.87 1.00

TiI( -0.13 043™ 034™ 060" 0957 0877 0577 1.00

TOT ke - - - — i -

Nsp 002 0.25 0.24 0.85 0.93 0.97 0.84 0.92 1.00

Starch 0.05 -0.08 -0.08 -0.22" -043"™ -0.36"" -021" -0.39™ -0.36"" 1.00

Prot 031 0.01 -009 -0.02 0.15 0.08  -0.08 0.13 005 -063"" 1.00

Visc  -0.11 059" 046 0.14 0.23 0.22 0.12 0.40™ 033" -0.22 0.14 1.00

" P<0.05,P<0.01; ,P<0.001
® Number of samples included in the analysis (n) = 153 (15 countries, 5 years of harvest).
“n =122 (13 countries, 3 years of harvest).
9h = 69 (12 countries, 2 years of harvest).

WE: water-extractable, WU: water-unextractable, TOT: total, GLU: glucose, AX: arabinoxylan, NSP:
non-starch polysaccharides, Prot: protein, Visc: extract viscosity





