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Abstract

Ten high-yielding cultivars of triticale obtained from a breeding group at the University of New
England, harvested in 2008 and 2009, were assessed for nutrient composition and nutrient digestibility. The
cultivars tested were AT528, H20, H127, H128, H157, H249, H418, H426, JRCT74 and Tahara. Their
nutrient characteristics, including dry matter, crude protein, crude fat, ash and gross energy, starch content
and composition, and concentrations of non-starch polysaccharides, minerals, phytate-P content and amino
acids, were determined. The in vitro digestibility and viscosity during digestion were also measured. There
was low variability between the cultivars tested and harvest years (the difference between wet and dry
conditions) had little effect on nutrient composition.
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Introduction

Triticale (X Triticosecale Wittmack) is the product of a cross between wheat (Triticum) and rye
(Secale). It has been developed primarily as a feed grain for livestock owing to its low versatility for the
human food market compared with other conventional cereal grains such as wheat (King, 2011). The world
production of triticale has more than doubled in recent years, from 6.4 million tonnes in 2006 to 13.7 million
tonnes in 2009 (FAO, 2010). Although it is a minor cereal grain compared with wheat, barley, sorghum and
maize, the domestic use of this cereal for animal feed increased in Australia, for example from 202 200
tonnes in 2006 to 788 000 tonnes in 2010 (To et al., 2010).

Since the first commercial triticale cultivars were released in 1969, many studies have been carried out
on the development of ftriticale. Triticale demonstrates many agronomic advantages, including winter
hardiness, drought and disease tolerance and excellent productivity potential. However, they exhibit a wide
variation in nutrient content between the cultivars (Vieira et al., 1995).

Over the past 25 years, breeding and selection programmes in Australia have been active and are still
being undertaken in New South Wales, South Australia and Western Australia to improve the quality and
yield of triticale (Andrews et al., 1991). A crop breeding group at the University of New England (UNE) has
developed varieties that are higher yielding and more disease resistant and tolerant of acid soil than the
current commercial strains, as well as being high in energy content (UNE, 2008). This group has bred
cultivars that have broken the 10-tonne-per-hectare barrier for a wheat-related grain crop. In comparison,
Australia’s average wheat yield is only 2 tonnes/hectare, while in Europe, wheat yields do not exceed 6 to 8
tonnes/hectare (Scanlan, 2005). These varieties hold much promise for livestock industries, which could use
this grain as an alternative energy source. However, there have been no studies on their nutritional
composition and value as broiler feed ingredients. This study was therefore conducted to evaluate nutrient
composition and in vitro digestibility of new triticale cultivars produced by UNE’s crop breeding group.

Materials and Methods

Ten triticale cultivars were investigated. They were obtained from UNE'’s crop breeding group,
harvested from the university’s experimental plots at Armidale (30.50° S, 151.65° E; altitude, 970 m above
sea level) in 2008 and 2009 . According to the breeding group, there were marked differences in harvest

URL: http://www.sasas.co.za
ISSN 0375-1589 (print), ISSN 2221-4062 (online)
Publisher: South African Society for Animal Science http://dx.doi.org/10.4314/sajas.v45i1.8



http://creativecommons.org/licenses/by/2.5/za

Widodo et al., 2015. S. Afr. J. Anim. Sci. vol. 45 61

conditions between the two years, 2009 being wetter (816.4 mm) than 2008 (766.8 mm). The experiment
was conducted in the UNE’s field laboratory in Armidale. The 10 high-yielding triticale cultivars tested were
AT528, H20, H127, H128, H157, H249, H418, H426, JRCT74 and Tahara.

About 5 kg of each cultivar was received from the breeders and ground to pass through a 1 mm sieve.
Sub-samples were then taken from this bulk for laboratory analyses. For starch granule analysis, a sub-
sample of whole grains was collected and stored in 20 mL containers. The analyses of the samples are
described below.

The dry matter (DM) content was conducted by the following method. Approximately 2 g were weighed
in duplicate into cooled pre-weighed silica crucibles and placed in a forced-air convection oven (Qnaltex
Universal Series 2000, Watson Victor Ltd., Perth, Australia), which was preheated to 105 °C. Samples were
set at this temperature for 24 h and then cooled in the desiccator for 40 to 45 min to a constant weight. The
DM was calculated based on the water loss in weight of the sample after drying.

The nitrogen (N) content of the samples was determined according to the Dumas combustion
technique (AOAC, 2002; ID 990.03) with a LECO®FP2000 automatic N analyser (LECO Corporation, St.
Joseph, MI, USA). In order to interpret the detector response as percentage N (w/w), calibration was carried
out using a primary standard of pure ethylenediaminetetraacetic acid (EDTA). A factor of 5.76 was used to
calculate crude protein (CP) from the total N (McKenzie & Farrell, 1980). Crude fat or ether extract (EE)
content was determined on a Soxhlet apparatus (AOAC, 2002; ID 920.39). Ash content was determined
according to AOAC (2002; ID 942.05) method, and dry samples were ignited in a Carbolite CWF Furnace
1200 chamber furnace (Carbolite, Sheffield, UK). The gross energy (GE) concentration was determined for
individual samples, using IKA® WERKE bomb calorimeter (C 7000, GMBH & Co., Staufen, Germany). The
chamber was calibrated for the heat of combustion of 0.5 g of benzoic acid (26.457 kJ/g) prior to sample
analysis. Approximately 0.50 g of samples was weighed in duplicate and combusted. The GE value was
directly obtained digitally as MJ/kg.

Total starch and resistant starch in the samples were determined with the Megazyme total starch kit
(Megazyme International, Ireland), using the enzyme procedure developed by McCleary et al. (1994). The
amylose and amylopectin contents were determined with a Megazyme amylose/amylopectin assay kit
(Megazyme International Ireland, Bray Business Park, Bray, Ireland) using the selective quantitative
precipitation reaction of con-canavalin A (Con A) for amylopectin (Gibson et al., 1997) and by the colorimetric
method of iodine binding with amylose (Chrastil, 1987).

Soluble and insoluble non-starch polysaccharides (NSP) of the ground samples were measured as
described by Englyst & Hudson (1993) and Theander & Westerlund (1993). The free sugars were
determined using the supernatant kept for this purpose, by hydrolysing with 1 mL of 12 M H,SO, at 30 °C for
2 h (Saeman et al., 1963), then reducing and acetylating the sugar as per the previous two analyses. The
released sugars in all three solutions were measured on a gas chromatograph (Hewlett Packard Model 427,
Packard Instruments, Sydney, NSW, Australia) after calibration with allose as internal standard.

Quantitative amino acid (AA) analysis of the ground samples of triticale cultivars was conducted at the
Australian Proteome Analysis Facility Ltd, Macquarie University. About 100 mg of sample underwent liquid
hydrolysis in 6 M HCI at 110 °C for 24 h. After hydrolysis, all amino acids except for cysteine and tryptophan
were analysed using the Waters AccQTag Ultra Chemistry (Rydalmere NSW, Australia). The samples were
analysed in duplicate. Cysteine and tryptophan were not determined in this study because of the method
used.

The mineral contents of the ground grain samples were determined by the microwave digestion
technique (Yang, et al., 2012). The samples, 0.45 g, were weighed into a Teflon® TFM vessel. In a fume
hood, 8 mL of nitric acid (70% v/v) was added along with 2 mL of hydrogen peroxide (30% v/v). The solution
was swirled to homogenise it. The vessel was closed and introduced to the rotor segment, then tightened,
using a torque wrench. The segment was inserted into the microwave cavity and the temperature sensor
connected. The microwave programme was run to completion (about 45 min) and the rotor cooled by air until
the solution reached room temperature. The vessel was opened and the solution quantitatively transferred
into a 50-mL volumetric flask. The solution was made to 50 mL total volume with deionised water and mixed
well prior to analysis. The subsequent mineral determination was carried out by radial system Varian model
VISTA-MPX Simultaneous, Inductively Coupled Plasma-Optical Emission Spectrometer (Varian© Australia
Pty Ltd). The phytate-P content of the grain samples was determined using a sensitive method for the rapid
determination of phytate-P in cereals and cereal product as described by Haug & Lantzsch (1983).

In vitro digestibility was carried out according to the method described by Babinszky et al. (1990), with
slight modifications. Digestibility was measured for DM, CP and starch. Five hundred mg of ground samples
were digested in triplicate in 12.5 mL of 0.1 M HCI containing 4 g pepsin/L (Sigma Chemical, St. Louis. Mo,
USA) and the sample was incubated at 40 °C for 1.5 h. Then the sample was dissolved in 2 mL of 110 mg
NaHCO; and 12.5 mL of potassium phosphate buffer (pH 6.8) containing 4 g of pancreatin and 4 mL of
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amylase per litre. The mixture was incubated at 40 °C for 3 h. After the incubation period, 2.5 mL of NaCOj;
(100 g/L) were added to each tube and the contents were centrifuged at 3500 x g for 15 min. The
supernatant was collected and kept on ice until the viscosity analysis and the residue was repeatedly rinsed
with Milli-Q water. The residue then was freeze-dried and used for determination of DM, CP and starch.
Starch was calculated by converting from glucose content. The digestibility of DM, CP and starch was
calculated by the following equation:

Digestibility (%) =
Weight of samples or nutrient (mg) — Weight of dried residue or residual nutrient (mg) 100
X

Weight of DM or nutrient in samples (mg)

The supernatant collected from the in vitro analysis was used to measure viscosity of the grain as
described by Bedford & Classen (1993). The Brookfield DVIII viscometer was used, which was set at 25 °C
with a <2:P 40 spindle at 100 rpm. The values were expressed in centipoise (cP), which is 1/100 dyne second
per cm”.

Data were analysed using 2-sample t-test (o <0.05) in Minitab 16 (Minitab, 2010) to determine whether
or not the nutrients of the cultivars were different between the two different harvest years. If the P-value was
less than or equal to the a level, the null hypothesis (Ho) was rejected and it was concluded that there were
significant differences in the nutritional value of the cultivars harvested in 2008 and 2009. The variation in
nutrients within the harvest year was evaluated as coefficient of variation (CV). A correlation analysis was
conducted to determine the relationship between the parameters.

Results

The proximate composition of the cultivars in the two harvest years is shown in Table 1. The DM
content varied from 865.5 (H127; harvested in 2009) to 882.7 g/kg (H418; 2009) and the CP content ranged
between 92.0 (H128; 2009) and 127.8 g/kg (H418; 2008). The crude fat content varied from 13.9 (H128;
2008) to 27.4 g/kg (Tahara; 2008), while ash concentration was from 16.7 (Tahara; 2008) to 20.0 g/kg (H157;
2009) and GE values were between 18.1 (H128; 2009) and 18.5 MJ/kg (Tahara; 2008). The DM, CP, ash
content and GE were more uniform (P >0.05; with CV <10%), regardless of harvest year, while EE (CV
>15%) was more variable.

The starch content ranged from 577.6 (H157; 2008) to 661.6 g/kg (H127; 2008) (Table 2). The values
of amylose ranged from 137.9 (Tahara; 2009) to 180.4 g/kg (H249; 2008), whereas the amylopectin content
varied from 429.1 (H157; 2008) to 499.8 g/kg (H128; 2009). In percentage terms, amylose was 23.2% -
27.8%, while amylopectin varied between 72.2% and 76.8%. The resistant starch values were between 41.8
(JRCT; 2008) and 50.9 g/kg (H128; 2009). In addition, the amylose : amylopectin ratio ranged from 0.30
(Tahara; 2009) to 0.38 (H20; 2009 and H249; 2008). The total starch, amylose, amylopectin, amylose :
amylopectin ratio and resistant starch contents were fairly uniform (CV between 3.65% and 8.47%) and were
not different (P >0.05) between the harvest years.

The total free sugar values varied from 19.74 (H157; 2009) to 32.75 g/kg DM (H426; 2008) (Table 3).
Total soluble NSP content ranged between 8.34 (H157; 2009) and 15.09 g/kg DM (AT528; 2008) while
insoluble NSP was between 79.16 (H20; 2009) and 122.06 g/kg (Tahara; 2009) (Tables 4 and 5,
respectively). The concentrations of the individual free sugars, soluble and insoluble NSP were uniform (P
>0.05) between the two harvest years. However, the galactose content of free sugars and mannose
component of soluble NSP were different (P <0.05) between cultivars harvested in 2008 and 2009.

The AA contents of the triticale cultivars are shown in Table 6. The cultivars were richest in glutamine
and proline. The major essential amino acids in the triticale cultivars were arginine, glycine, valine, leucine
and phenylalanine. There were no differences (P >0.05) in amino acid concentrations between the cultivars
between the two harvest years as shown by the low CV (from 3.47% to 12.93%).

Considerable variation was observed for the mineral contents of triticale cultivars across the two
harvest years as shown in Table 7. Calcium content ranged from 0.31 (H128; 2009, H418; 2009 and H426;
in 2008) to 0.46 g/kg (Tahara; 2008), while the P content varied from 3.50 (H418; 2009) to 4.42 g/kg (H157;
2008). The values for K content were between 4.0 (H418; 2009) and 6.1 g/kg (H157; 2009). Sulphur content
varied from 1.2 (H128; 2009) to 1.7 g/kg (H249; 2009) and the Mg content ranged from 1.4 (H127; 2009) to
1.9 g/kg (H418; 2008). The concentrations of Ca, K, S and Mg were similar (P >0.05, CV <30%) between the
two harvest years; however, P content was different (P = 0.07) between 2008 and 2009, but it had a low
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Table 1 Proximate composition (g/kg DM) of 10 triticale cultivars in two harvest years
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AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%'
Item
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009

Dry matter 8734 8749 8726 8722 8734 8655 873.1 8763 8733 8756 8736 8749 8791 8827 8712 8779 8732 8791 8731 8780 | 024 052 0.210
Crude protein 1154 106.0 120.8 1242 1154 1244 1247 920 1253 1151 1180 1251 1278 1142 1217 1188 1227 1278 1161 108.2 | 3.67 958 0.195
Crude fat 159 206 184 163 159 188 139 204 146 193 139 175 185 173 191 267 198 185 274 236 | 2272 1583 0.202
Ash 174 185 198 181 192 183 181 198 187 200 172 175 174 179 175 181 199 192 167 1849 | 622 445 0.39
Gross energy” 182 182 183 184 182 182 182 181 184 183 183 184 184 183 184 183 184 184 185 183 | 050 055 0.371
"' CV: coefficient of variation.
2 MJ/kg DM.
Table 2 Total starch, amylose, amylopectin, resistant starch contents (g/kg DM) and amylose : amylopectin ratio of 10 triticale cultivars in two harvest years
It AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%'

em

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009

Total starch 653.7 6346 6223 6123 6616 6537 6389 657.0 5776 6136 6525 6068 5923 6123 626.1 590.0 6040 6123 5923 5954 | 475 365 0.780
Amylose 1712 1555 1621 1702 1684 1701 1697 157.3 1485 1612 1804 1631 1448 159.8 1465 1466 1501 1481 1429 1379 |847 659 0.786
Amylopectin 4825 4791 4602 4421 4932 4835 4692 499.8 4291 4523 4721 4437 4475 4525 4796 4434 4539 4642 4494 4575 | 416 425  0.833
Stg‘:‘fhta”t 47.8 480 461 455 484 472 484 509 463 441 497 438 445 457 453 441 418 442 453 471 | 497 491 0772
Am : Ap 035 032 035 038 034 035 036 031 035 036 038 037 032 035 031 033 033 032 032 030 |666 775 0916

TCV: coefficient of variation; Am : Ap = amylose : amylopectin ratio.
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Table 3 Available free sugar contents (g/kg DM) of 10 triticale cultivars in two harvest years
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AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CVo%!

Item P

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009
Arabinose 057 047 038 043 058 049 043 0.61 0.37 038 043 036 058 045 044 051 046 055 042 053 |17.47 1586 0.759
Xylose 0.21 0.00 0.15 0.19 0.28 0.21 022 025 017 000 019 0.15 029 0.00 0.21 0.19 0.00 0.00 0.00 0.19 | 58.34 88.59 0.256
Mannose 4.3 4.1 5.7 4.8 3.7 3.0 4.2 3.3 3.6 3.3 4.0 4.1 4.9 2.7 4.7 5.5 4.1 5.3 3.4 4.8 15.66 24.24 0.639
Galactose 1.3 2.0 1.7 2.3 1.5 1.7 1.3 1.9 1.3 1.9 1.5 2.6 1.7 1.8 1.6 2.3 1.2 1.7 1.9 2.3 15.07 14.95 0.000
Glucose 16.6 178 185 232 212 151 231 158 179 142 143 200 229 149 256 222 179 206 16.5 18.6 | 18.39 17.59 0.444
Total 231 244 265 31.0 272 204 294 217 234 19.7 205 272 309 199 328 306 236 281 222 264 | 1565 17.59 0.591
TCV: coefficient of variation.
Table 4  Soluble non-starch polysaccharides contents (g/kg DM) of 10 triticale cultivars in two harvest years

AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CVo%!

Item P

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009
Arabinose 5.2 5.4 4.3 3.4 4.4 3.9 3.6 4.1 3.2 2.9 3.8 3.0 3.0 3.3 2.9 3.4 3.9 3.8 5.1 41 20.78 19.42 0.570
Xylose 6.9 6.9 5.7 4.5 5.8 5.0 5.1 5.4 4.3 4.0 4.7 3.7 4.1 4.5 3.6 4.4 4.7 4.9 6.3 51 20.31 18.73 0.500
Mannose 1.2 0.5 1.1 1.2 1.1 0.4 0.9 0.5 1.0 0.4 1.1 1.1 1.2 0.4 1.3 0.4 0.4 0.4 0.4 0.5 | 32.98 5255 0.013
Galactose 1.3 1.2 1.3 1.2 1.1 1.1 0.9 1.1 1.2 1.2 1.2 1.3 1.0 1.1 1.2 1.2 1.1 1.0 1.3 1.2 11.64 7.27 1.000
Glucose 2.4 1.8 2.5 2.0 1.6 1.7 1.4 1.8 1.2 1.0 1.8 1.4 1.8 2.1 2.2 1.7 1.5 1.6 2.1 2.0 | 23.92 19.80 0.436
Total 15.1 140 133 109 123 10.7 105 115 9.7 8.3 1.2 9.2 9.8 10.1 10.0 10.0 10.3 105 135 115 |16.22 14.35 0.256

T CV: coefficient of variation.
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Table 5 Insoluble non-starch polysaccharides contents (g/kg DM) of 10 triticale cultivars in two harvest years
AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%'
Item P
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009

Arabinose 307 310 288 239 276 306 297 306 342 410 307 270 292 381 277 342 359 378 384 431 | 11.70 18.37 0.302
Xylose 423 391 382 309 366 384 366 369 447 500 382 326 360 483 366 437 440 472 485 501 | 10.90 17.09 0.567
Mannose 2.8 4.2 3.4 47 4.1 46 5.1 44 43 43 29 4.2 4.0 46 5.1 55 4.2 43 48 49 | 2081 876 0.110
Galactose 2.6 23 2.6 2.6 2.8 24 32 23 37 29 29 2.8 35 3.4 32 2.8 3.2 29 3.4 36 | 1263 1561 0.124
Glucose 336 304 275 274 317 264 263 239 366 334 285 315 314 351 289 286 304 306 339 36.0 | 1037 1273 0.738
Total 995 954 894 792 913 911 894 873 1095 1170 918 87.0 923 1149 902 1024 1047 1091 1148 1221 | 958 1463 0.563

T CV: coefficient of variation.
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Table 6 Amino acid concentrations (g/kg DM) of triticale harvested in different years

AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%*
Item
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 |2008 2009
Alanine 5.7 5.0 5.6 5.8 5.8 5.7 5.1 4.5 5.6 5.1 5.5 6.0 5.6 6.0 5.3 5.6 5.6 6.0 5.4 5.2 3.70 9.22 0.821
Arginine 7.6 6.6 7.5 7.4 7.7 71 6.6 54 7.6 6.6 7.4 7.9 7.0 7.6 6.9 7.4 7.5 7.5 7.4 7.0 489 10.04 0.283

Aspartic acid 8.8 7.5 8.0 8.4 9.0 8.9 7.7 6.3 8.3 7.3 8.2 8.6 7.8 8.5 7.7 8.1 8.2 8.5 8.1 76 | 510 9.92 0.491
Glutamic acid 36.6 308 355 349 37.0 378 303 247 347 331 364 369 434 378 350 329 344 375 332 289 | 939 1310 0.242

Glycine 6.1 5.7 6.3 6.2 6.1 5.8 5.7 4.6 6.2 5.7 6.3 6.4 6.1 6.3 5.7 6.0 6.2 6.3 6.1 59 | 3.56 8.86 0.333
Histidine 3.5 29 3.5 3.4 3.5 3.3 29 25 3.5 3.1 3.4 3.6 3.6 3.4 3.2 3.4 3.3 3.4 3.2 3.1 6.17 10.01 0.265
Isoleucine 4.8 4.2 4.7 4.7 4.9 4.9 4.1 3.6 4.8 4.3 4.8 5.0 5.0 4.9 4.5 4.6 4.6 4.9 4.5 42 | 553 9.88 0.406
Leucine 9.3 8.1 9.0 8.9 9.4 9.3 8.1 6.9 9.0 8.4 9.2 9.5 9.8 9.2 8.7 8.7 8.9 9.2 8.8 8.0 | 532 912 0.191
Lysine 4.8 4.3 4.7 4.7 4.8 4.7 4.3 3.8 4.7 4.3 4.6 4.9 4.4 4.6 4.4 4.7 4.6 4.6 4.6 48 | 3.77 6.89 0.488
Methionine 1.8 1.7 2.0 2.0 1.8 1.9 1.6 1.4 2.0 1.5 1.9 2.0 1.8 1.9 1.9 1.7 2.0 1.9 1.8 18 | 584 250 0.173
Phenylalanine 6.6 5.6 6.3 6.0 6.6 6.5 5.6 4.7 6.4 5.7 6.4 6.5 7.1 6.3 6.1 6.0 6.1 6.2 6.1 6.6 | 6.32 9.49 0.060
Proline 133 115 134 127 134 131 113 93 131 122 137 137 155 136 131 121 129 135 120 133 | 828 11.93 0.118
Serine 6.5 5.7 6.6 6.3 6.6 6.4 5.7 4.8 6.5 6.0 6.6 6.7 7.1 6.7 6.2 6.2 6.5 6.7 6.5 6.5 | 545 942 0.185
Threonine 4.6 3.9 4.4 4.4 4.6 4.5 3.9 3.4 4.4 3.9 4.4 4.7 4.6 4.4 4.3 4.2 4.4 4.4 4.5 46 | 471 894 0.111
Tyrosine 3.0 25 2.8 2.7 3.1 25 25 1.9 2.7 2.7 29 3.0 2.8 2.8 2.8 2.6 2.9 2.8 2.6 3.0 | 6.38 11.58 0.066
Valine 6.5 5.6 6.4 6.4 6.6 6.4 5.5 4.9 6.4 5.8 6.4 6.8 6.5 6.5 6.1 6.2 6.3 6.5 6.1 57 | 5.08 9.39 0.350

T CV: coefficient of variation.
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Table 7 Concentrations of macro and trace minerals of triticale cultivars (DM) harvested in different years
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AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%'
Item
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 |2008 2009
Ca 0.4 0.3 0.4 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.4 0.4 0.5 0.4 |11.79 15.06 0.039
P 4.0 3.9 4.0 3.5 4.1 3.7 4.1 3.6 4.4 4.1 3.9 3.6 4.2 3.5 4.0 3.7 4.2 4.1 3.7 3.9 455 5.93 0.005
K a’kg 5.5 54 6.1 5.9 5.6 4.7 5.8 5.8 5.7 6.1 5.2 5.4 5.7 4.0 5.7 5.8 5.4 5.7 5.0 5.2 5.62 11.58 0.405
S 1.3 1.5 1.5 1.7 1.5 1.4 1.5 1.2 1.5 1.3 1.5 1.7 1.5 1.4 1.6 1.2 1.6 1.5 1.4 1.3 588 12.77 0.293
Mg 1.7 1.7 1.8 1.8 1.7 1.4 1.8 1.4 1.8 1.7 1.6 1.7 1.9 1.6 1.7 1.7 1.8 1.9 1.7 1.7 486 9.50 0.136
Na 166 189 264 177 268 350 331 264 350 271 242 388 267 214 138 139 246 265 301 214 |2562 31.29 0.755
Fe K 40.3 423 423 425 408 320 429 305 444 418 399 376 409 30.0 463 433 397 407 411 428 | 510 14.18 0.083
m
Mn 99 506 539 535 535 603 380 441 386 59.7 533 479 494 460 420 459 421 514 457 473 525 |12.28 13.63 0.119
Zn 305 272 333 357 308 200 319 252 349 239 303 323 241 300 338 281 289 240 299 291 | 9.80 16.51 0.078
'CV: coefficient of variation.
Table 8 In vitro dry matter, crude protein and starch digestibility (%) and viscosity (cP)" of triticale cultivars harvested in different years
It AT528 H20 H127 H128 H157 H249 H418 H426 JRCT74 Tahara CV%® P
em
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 | 2008 2009
Dry matter 76.95 7420 7528 7538 76.30 7544 7750 76.79 74.01 76.47 7647 77.34 7763 7623 77.36 7456 76.86 7441 7538 7548 | 1.52 140 0.154
Crude protein  57.12 55.85 57.54 5217 49.38 5222 5311 49.98 51.81 3973 4215 60.72 4873 4270 37.87 43.86 42.67 4892 40.79 5046 |14.44 12.65 0.609
Starch 83.83 87.80 84.11 83.97 87.18 8541 8509 8751 8541 8459 8461 8350 8475 8743 87.81 86.81 8654 84.01 8584 8524 | 1.54 1.89 0.861
Viscosity 104 103 109 101 108 104 103 103 102 102 104 109 108 105 102 106 103 104 101 103 | 275 217 0734

' cP (in centipoises) = 1 mPa s (milliPascal second) = 1/100 dyne-second per square centimetre (dyn-s/cm?);

2 CV: coefficient of variation.
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variance between cultivars in each harvest year. For Na, the content ranged from 13.8 (H426; 2008) to 38.8
mg/kg (H249; 2009), whereas Fe content varied from 30.0 (H418; 2009) to 46.3 mg/kg (H426; 2008). The
concentration of Mn was between 38.0 (H127; 2009) and 60.3 mg/kg (H127; 2008) and Zn content was from
20.0 (H127; 2008) to 35.7 mg/kg (H20; 2008). The concentrations of Na, Fe, Mn and Zn were not different
between the two harvest years or between cultivars in each harvest year.

Table 8 shows the in vitro digestibility of DM, ranging from 74.0% (H157; 2008) to 77.6% (H418;
2008), digestibility of CP values was between 37.9% (H426; 2008) and 60.7% (H429; 2009) and digestibility
of starch varied between 83.6% (AT528; 2009) to 87.8% (AT528; 2008). In vitro digestibility of DM, CP and
starch was similar (P >0.05) between the two harvest years. The difference in digestibility between the
cultivars was also low (CV <15%). In addition, the viscosity of the digesta ranged from 1.01 to 1.09 cP.
Viscosity of the same cultivars harvested in 2008 was about the same (P >0.05) as that of samples
harvested in 2009, with a CV less than 3%.
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Figure 1 Proportion of phytate-P to total phosphorus (P) in triticale cultivars harvested in 2008.
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Figure 2 Proportion of phytate-P to total phosphorus (P) in triticale cultivars harvested in 2009.

The phytate-P content of the triticale cultivars harvested in 2008 and 2009 are presented in Figures 1
and 2, respectively. The proportion of phytate-P to total P in the samples harvested in 2008 ranged from
47.2% to 60.4%, whereas for the samples harvested in 2009 was between 40.8% and 62.6%. Similar to P



Widodo et al., 2015. S. Afr. J. Anim. Sci. vol. 45 69

content, the phytate-P concrentration was different (P = 0.08) between the two harvest years, although the
variability of phytate-P concentration was relatively low in each year (6.67% and 13.88%, in year 2008 and
2009, respectively). Furthermore, the concentration of phytate-P varied between 1.96 (H418) and 2.48 g/kg
(H157) in 2008 and 1.80 (H418) and 2.54 g/kg (H157) in 2009.

A sufficient number of representative granules was not measured to enable detailed statistical
analysis, but there appeared to be little difference between the cultivars in starch granular structure. The
shape of the starch granules was also similar to that of the parent grains, wheat and rye, which tend to show
a bimodal distribution of granule sizes in the mature endosperm of the seed, corresponding with large A- and
small B-type starch granules.

Discussion

The nutrient composition of grains is affected by many factors, including grain variety (genetic factors),
growing location (agronomic conditions) and the season or environmental factors (O'Brien, 1999). However,
in this study, nutrient composition was similar between the triticale cultivars in two consecutive harvesting
years. Such similarities between grain batches have been reported by researchers working at different
locations on different cultivars of triticale (Radcliffe et al., 1983 Adeola et al., 1986; Heger & Eggum, 1991;
Salmon et al., 2002; Brand et al., 2003). Triticale appears to have genetic uniformity between the cultivars,
although breeding programmes are still keen to improve their quality.

The DM content of triticale in the current study was less than values reported by Radcliffe et al.
(1983), Salmon et al. (2002) and Brand et al. (2003), which was about 890 g/kg DM or more, but this may be
the result of differences in varieties as well as the growth location of the triticale used in the studies. The
triticale cultivars used in the current study were the spring varieties, popular in Australia (Cooper et al., 2004)
whereas the results reported by Heger & Eggum (1991) and Brand et al. (2003) were for winter varieties
studied in Czechoslovakia and South Africa, respectively, as well as Adeola et al. (1986) and Salmon et al.
(2002) in Canada. Other factors that can possibly affect the nutrient composition are weather, management,
postharvest storage, pathogens and pests (Morris, 2004).

The protein content of triticale cultivars in this study was about 92 to 128 g/kg DM, lower than that
reported by Brand et al. (2003) and Salmon et al. (2002), which was 132 to 159 g/kg DM, but relatively
similar to Radcliffe et al. (1983) and Adeola et al. (1986). In comparison to wheat, McKenzie & Farrell (1980)
and Flores et al. (1994) have reported that triticale has a higher protein value. The crude fat and ash
contents of the triticale cultivars in the current study were relatively more variable than those in other studies,
which were ranging from 13.9 to 27.4 g/kg DM and 16.7 to 20.0 g/kg DM, respectively. With regard to the GE
content, there was only a minor variation between the cultivars as well as between the years of harvest. The
values are also similar to those obtained in South Africa and Canada (Adeola et al., 1986; Brand et al.,
2003), which were ranging from 18.1 to 18.5 MJ/kg DM.

In previous studies, starch contents of triticale varied from 630 to 730 g/kg DM (Leon et al., 1996;
Hughes & Cooper, 2002; Ciftci et al., 2003). The contents found in the current study were lower than these
values, the highest starch content being in cultivar H127, a trial name of triticale cultivar that was later
commercialised as ‘Bogong’. Although all the triticale samples from the two harvest years contained less
total starch than was found in earlier studies, the lower content of resistant starch found in the triticale
samples demonstrated that a large proportion of starch fraction may be digestible.

Moran (1982) and Tester et al. (2004) defined a ‘normal’ amylose content as being between 160 and
350 g/kg, and the starch is regarded as ‘waxy’ or ‘amylo-* when the amylose content exceeds 350 g/kg.
Based on these definitions, the composition of amylose and amylopectin of the cultivars of H249, AT528,
H20, H127, H128 and H157 can be categorised as ‘normal’ while H418, JRCT74, H426, and Tahara
cultivars, which contained less than 160 g/kg amylose are ‘waxy’ cultivars. Cultivar H418 is a trial name of a
cultivar that is now commercialised as ‘Canobolas’. In terms of amylose content, all the cultivars are
potentially of high digestibility in view of their ‘low amylose contents. Oates (1997) and Carré (2004)
postulated that starch with high amylose content (>40%) is often considered to be of lower digestibility, i.e.
the starch becomes more resistant.

Triticale is more similar to wheat than rye in terms of NSP content. The major fraction of cereal NSP is
arabinoxylans (O'Brien, 1999; Dervilly-Pinel et al., 2001). The NSP level has a negative correlation with
carbohydrate digestibility (Leeson & Summers, 2001). Austin et al. (1999) stated that water-insoluble NSP
are indigestible by birds whereas soluble NSP are potentially digestible. However, Graham et al. (1993)
reported that soluble NSP increase digesta viscosity, which can affect the growth and performance of birds.
The new high-yielding ftriticale cultivars tested in the current study might have less problems of viscosity
owing to their low percentage of water-soluble NSP. In addition, the NSP found in the triticale cultivars was
mostly insoluble. Data obtained in this study suggest that the concentration of soluble NSP was five times
less than that of insoluble NSP. Cultivar AT528 and Tahara had the highest soluble NSP of the cultivars,
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whereas H128 and H20 contained the highest level of insoluble NSP. In comparison with NSP content of
conventional ingredients used in poultry diets, such as maize and soybean meal, reported by Meng &
Slominski (2005), four of triticale cultivars (H426, H418, H157 and H249) can be classified as low water-
soluble NSP cultivars, whereas the other cultivars were slightly higher in NSP content than maize and
soybean meal. Based on the total NSP found in the current study, the most common sugars were arabinose
and xylose. Digestibility of triticale by birds therefore would likely be beneficial if they were supplemented
with microbial enzymes targeting arabinans and xylans, which are the polymers of arabinose and xylose,
respectively.

The AA profiles of ingredients are important in formulating poultry diets because supplemental AA are
relatively expensive (D'Mello, 2003) and a balanced AA profile in the final diet will have a protein-sparing
effect (Brandt et al., 2000). The concentrations of all AA found in the current study were higher than those
reported by Sikka et al. (1978), Huet et al. (1988) and Mosse et al. (1988). In addition, the AA concentrations
found in these triticale cultivars were also higher than those reported by NRC (1994).

In most cereal grains, lysine is the ‘first limiting’ AA (Brown, 1989). These results showed that the
lysine content of triticale cultivars (3.8 to 4.8 g/kg DM) was higher than for wheat or rye. This finding is in
agreement with the results reported by Stallknecht et al. (1996). Moreover, Heger & Eggum (1991) and
Mosse et al. (1988) reported that lysine levels did not decrease with decreasing protein content and have
been reported to be proportionally higher when the protein content of grain was low. Furthermore, the
content of lysine in some ftriticale cultivars was higher in the current study than reported by Flores et al.
(1994) and Van Barneveld (2002). In the present study, the highest lysine concentration was in the H249
cultivar, while the lowest was in H128. Elliot (1995) concluded that, after lysine; methionine, threonine,
tryptophan, isoleucine and arginine are the next limiting AA in most poultry diets. Tryptophan was not
quantified in this study but the concentrations of other potentially limiting AA were high in cultivars H157,
H127, H418 and H249.

With regard to the major elements, K content was the highest in the triticale cultivars investigated,
followed by P, Mg, S, Ca and Na. The concentration of Mn was the highest among the trace elements,
followed by Fe and Zn. The similarity in mineral composition between the cultivars as well as between
triticale harvested in different years confirms the consistency of the cultivars tested. The difference in P
between 2008 and 2009 may be due to external factors during the growing period, such as water supply, soil
type and fertiliser. However, there was low variability in P content between the cultivars. In comparison with
previous studies, the range of individual mineral contents corresponded with values reported by Lorenz et al.
(1974) and Sehgal et al. (1983). Variations in concentration of mineral elements can be attributed to the
effects of soil, water supply, time of sowing, fertilisers, as well as varietal differences. The values in this study
indicate that triticale contains relatively higher amounts of the major elements K, P and Na than wheat. The
Ca content, on the other hand, is relatively similar to wheat. In the same way, the important minor elements
such as Zn, Cu, Fe and Mn were found to be present in higher amounts in triticale than in wheat as also
reported by Lorenz et al. (1974).

The concentrations of phytate-P of triticale cultivars harvested in 2008 and 2009 were relatively
similar. The levels of phytate-P were lower than those reported by Singh & Sedeh (1979) in a study of 14
cultivars of triticale, but they were in the range reported by Singh & Reddy (1977). In comparison, Kim et al.
(2002) reported that the proportion of phytate-P to total P in wheat ranged from 55% to 79% in two harvest
years. Extra attention should be paid to H157 cultivar when it is included in diets due to its high phytate-P
content.

In the present study, in vitro digestibility of DM, starch and CP as well as the digesta viscosity were not
different between the cultivars, or between the harvest years. These findings are positive for the rapid
selection and use of the cultivars in diet formulation. However, the digestibility of starch is relatively lower
than that in the study reported by Flores et al. (1994). The presence of anti-nutritive factors, particularly NSP,
may be responsible for the low digestibility of starch and protein. The inclusion of exogenous enzymes such
as phytase and/or carbohydrase could help to increase the digestibility of these nutrients. Viscosity values
during digestion were relatively similar between the cultivars and this was mainly the result of the similarity in
content and types of the NSP.

Conclusion

It may be concluded from the present study that the nutrient compositions of the 10 cultivars of
triticale, harvested in two different years, were generally similar. Phosphorus content was the most variable
between the two harvest years. The cultivars were superior, in terms of concentration of key nutrients such
as protein and amino acids, to wheat and rye, the cereals from which triticale was bred.



Widodo et al., 2015. S. Afr. J. Anim. Sci. vol. 45 4

Acknowledgement
The triticale grains were provided by the University New England’s crop breeding group, led by
R. Jessop.

References

Adeola, O., Young, L.G., McMillan, E.G. & Moran, E.T., 1986. Comparative protein and energy value of OAC
Wintri triticale and corn for pigs. J. Anim. Sci. 63, 1854-1861.

Andrews, A.C., Wright, R., Simpson, P.G., Jessop, R., Reeves, S. & Wheeler, J., 1991. Evaluation of new
cultivars of triticale as dual-purpose forage and grain crops. Aust. J. Exp. Agr. 31, 769-775.

Association of Official Analytical Chemists 2002. Official Methods of Analysis of AOAC International 17th
Edition. AOAC International, Maryland, US.

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.

Babinszky, L., Van Der Meer, J.M., Boer, H. & Den Hartog, L.A., 1990. An in-vitro method for prediction of
the digestible crude protein content in pig feeds. J. Sci. Food Agr. 50, 173-178.

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.

Brand, T.S., Cruywagen, C.W., Brandt, D.A., Viljoen, M. & Burger, W.W., 2003. Variation in the chemical
composition, physical characteristics and energy values of cereal grains produced in the Western
Cape area of South Africa. S. Afr. J. Anim. Sci. 33, 117-126.

Brandt, D.A., Brand, T.S. & Cruywagen, C.W., 2000. The use of crude protein content to predict
concentrations of lysine and methionine in grain harvested from selected cultivars of wheat, barley and
triticale grown in the Western Cape region of South Africa. S. Afr. J. Anim. Sci. 30, 22-25.

Brown, W.L., 1989. Triticale: A Promising Addition to the World's Cereal Grains. Panel on Triticale, National
Research Council, Washington, D.C., USA. pp. 116.

Carré, B., 2004. Causes for variation in digestibility of starch among feedstuffs. Wid. Poult. Sci. J. 60, 76-89.

Chrastil, J., 1987. Improved colorimetric determination of amylose in starches or flours. Carbohyd. Res. 159,
154-158.

Ciftci, 1., Yenice, E. & Eleroglu, H., 2003. Use of triticale alone and in combination with wheat or maize:
effects of diet type and enzyme supplementation on hen performance, egg quality, organ weights,
intestinal viscosity and digestive system characteristics. Anim. Feed. Sci. Tech. 105, 149-161.

Cooper, K.V., Jessop, R.S. & Darvey, N.L., 2004. Triticale in Australia. In: Triticale Improvement and
Production, Eds: Mergoum, M. & Gomez, M.H., Food and Agriculture Organization of the United
Nations, Rome. pp. 87-92.

D'Mello, J.P.F., 2003. Amino Acids in Animal Nutrition. (2nd ed.). CABI Publishing, Wallingford, UK. pp. 519.

Dervilly-Pinel, G., Rimsten, L., Saulnier, L., Andersson, R. & Aman, P., 2001. Water-extractable arabinoxylan
from pearled flours of wheat, barley, rye and triticale. Evidence for the presence of ferulic acid dimers
and their involvement in gel formation. J. Cereal. Sci. 34, 207-214.

Elliot, M.A., 1995. Feeding and managing pullets to optimize genetic potential. Paper presented at the
California Nutritional Conference, (Proceedings Vol. pp. 149-175), California, US.

Englyst, H.N. & Hudson, G.J., 1993. Dietary fiber and starch: Classification and measurement. In: CRC
Handbook of Dietary Fiber and Human Nutrition. (2nd ed.). Ed: Spiller, G., CRC Press Boca Raton,
Florida, US. pp. 53-71.

FAO, 2010. Food and Agriculture Organizaton of the United Nations. Retrieved from
http://faostat.fao.org/site/339/default.aspx

Flores, M.P., Castanon, J.I.R. & McNab, J.M., 1994. Nutritive-value of triticale fed to cockerels and chicks.
Br. Poult. Sci. 35, 527-536.

Gibson, T.S., Solah, V.A. & McCleary, B.V., 1997. A procedure to measure amylose in cereal starches and
flours with concanavalin A. J. Cereal Sci. 25, 111-119.

Graham, H., Bedford, M. & Choct, M., 1993. High gut viscosity can reduce poultry performance. Feedstuffs
and Poultry International 65, 1-4.

Haug, W. & Lantzsch, H.J., 1983. Sensitive method for the rapid determination of phytate in cereals and
cereal products. J. Sci. Food Agr. 34, 1423-1426.

Heger, J. & Eggum, B.O., 1991. The nutritional values of some high-yielding cultivars of triticale. J. Cereal
Sci. 14, 63-71.

Huet, J., Baudet, J., Kaab, L.B.B. & Mosse, J., 1988. Variation of the amino acid scores and of the nitrogen-
to protein conversion factors in barley grain as a function of nitrogen content as compared with wheat
and rye. Plant Foods Hum. Nutr. 38, 175-188.



72 Widodo et al., 2015. S. Afr. J. Anim. Sci. vol. 45

Hughes, R.J. & Cooper, K.V., 2002. Nutritive value of triticale for broiler chickens is affected by variety,
weather conditions and growth site. Paper presented at the Australian Poultry Science Symposium,
(Proceedings Vol. 14, pp. 131-134), Sydney, New South Wales Australia.

Kim, J.C., Mullan, B.P., Selle, P.H. & Pluske, J.R., 2002. Levels of total phosphorus, phytate-phosphorus,
and phytase activity in three varieties of Western Australian wheats in response to growing region,
growing season, and storage. Aust. J. Agric. Res. 53, 1361-1366.

King, R., 2011. Triticale: stock feed guide. Retrieved from www.waratahseeds.com.au/content/Triticale-
guide-stockfeed.pdf.

Leeson, S. & Summers, J.D., 2001. Scott's Nutrition of the Chicken.(4th ed.). Nottingham University Press,
Nottingham, England. pp. 601.

Leon, A.E., Rubiolo, A. & Anon, M.C., 1996. Use of triticale flours in cookies: Quality factors. Cereal Chem.
73, 779-784.

Lorenz, K., Reuter, F.W. & Sizer, C., 1974. The mineral composition of triticales and triticale milling fractions
by x-ray fluorescence and atomic absorption. Cereal Chem. 51, 534-541.

McCleary, B.V., Gibson, T.S., Solah, V. & Mugford, D.C., 1994. Total starch measurement in cereal
products: Interlaboratory evaluation of a rapid enzymic test procedure. Cereal Chem. 71, 501-505.

McKenzie, R.J. & Farrell, D.J., 1980. How useful is triticale for pigs and poultry? In: Recent Advances in
Animal Nutrition in Australia, Ed: Farrell, D.J., University of New England, Armidale, NSW Australia.
pp. 91-110.

Meng, X. & Slominski, B., 2005. Nutritive values of corn, soybean meal, canola meal, and peas for broiler
chickens as affected by a multicarbohydrase preparation of cell wall degrading enzymes. Poult. Sci.
84, 1242-1251.

Moran, E.T., 1982. Starch digestion in fowl. Poult. Sci. 61, 1257-1267.

Morris, C.F., 2004. Cereals/Grain - Quality attributes In: Encyclopedia of Grain Science, Eds: Wrigley, C.,
Corke, H. & Walker, C.E., Elsevier Science, London, UK. pp. 238-254.

Mosse, J., Huet, J.C. & Baudet, J., 1988. The amino acid composition of triticale grain as a function of
nitrogen content: comparison with wheat and rye. J. Cereal Sci. 7, 49-60.

NRC, 1994. National Research Council; Nutrient Requirements of Poultry: Ninth Revised Edition. The
National Academies Press, Washington, US. pp. 176.

O'Brien, L., 1999. Genotype and environment effects on feed grain quality. Aust. J. Agr. Res. 50, 703-719.

Oates, C.G., 1997. Towards an understanding of starch granule structure and hydrolysis. Trends Food Sci
Tech. 8, 375-382.

Radcliffe, B.C., Egan, A.R. & Driscoll, C.J., 1983. Nutritional evaluation of triticale grain as an animal feed.
Aust. J. Exp. Agr. 23, 419-425.

Saeman, J.F., Moore, W.E. & Millet, M.A., 1963. Sugar unit presents. Hydrolysis and quantitative paper
chromatography. In: Methods in Carbohydrate Chemistry. Ed: Whristler, R.L., Vol. 03, Academic
Press, New York. pp. 54-69.

Salmon, D., Temelli, F. & Spence, S., 2002. Chemical composition of Western Canadian triticale varieties.
Paper presented at the The 5th International Triticale Symposium, 30 June - 5 July, (Proceedings Vol.
I, pp. 445-450), Radzikow, Poland.

Scanlan, J., 2005. More than 100 varieties of triticale on display at field day. Retrieved from
http://www.une.edu.au/news/archives/000395.html.

Sehgal, K.L., Bajaj, S. & Sekhon, K.S., 1983. Studies on the composition, quality and processing of triticale;
Part 1l. Mineral composition of grain and flour. Die Nahrung 27, 39-44.

Sikka, K.C., Duggal, S.K., Singh, R., Gupta, D.P. & Joshi, M.G., 1978. Comparative nutritive value and
amino acid content of triticale, wheat, and rye. J. Agric. Food Chem. 26, 788-791.

Singh, B. & Reddy, N.R., 1977. Phytic acid and mineral compositions of triticales. J. Food Sci. 42,
1077-1083.

Singh, B. & Sedeh, H.G., 1979. Characteristics of phytase and its relationship to acid phosphates and certain
minerals in triticale. Cereal Chem. 56, 267-272.

Stallknecht, G.F., Gilbertson, K.M. & Ranney, J.E., 1996. Alternative wheat cereals as food grains: Einkorn,
emmer, spelt, kamut, and triticale. In: Progress in New Crops: Proceedings of the Third National
Symposium, Ed. Janick, J., ASHS Press, Alexandria, US. pp. 156-170.

Tester, R.F., Karkalas, J. & Qi, X., 2004. Starch structure and digestibility Enzyme-Substrate relationship.
Wrld Poult. Sci. J. 60, 186-195.

Theander, O. & Westerlund, E., 1993. Determination of individual component of dietary fibre. In: CRC
Handbook of Dietary Fiber and Human Nutrition. (2nd ed.). Ed: Spiller, G., pp. 77-98. CRC Press Boca
Raton, Florida, US.



Widodo et al., 2015. S. Afr. J. Anim. Sci. vol. 45 73

To, H., Brown, A,, Fell, J., Moloney, J. & Georgeson, L., 2010. Australian Crop Report. ABARES (Australian
Bureau of Agricultural and Resource Economics and Sciences), Canberra.

UNE, 2008. Research Highlight 2008. Retrieved from www.une.edu.au/research-
services/researchhighlights2008.pdf.

Van Barneveld, R.J., 2002. Triticale: A Guide to the use of triticale in livestock feeds. Grains Research
Development Corporation, Kingston, Australia. pp. 12.

Vieira, S.L., Penz Jr., A.M., Kessler, A.M. & Catellan Jr., E.V., 1995. A nutritional evaluation of triticale in
broiler diets. J. Appl. Poultry Res. 4, 352-355.

Yang, L., Yan, Q., Cao, Y. & Zhang, H., 2012. Determination of mineral elements of some coarse grains by
microwave digestion with Inductively Coupled Plasma Atomic Emission Spectrometry. E-Journal of
Chemistry 9, 93-98.



