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Abstract

In spite of the fact that the majority of registered wheats (Triticum aestivum L.) belonging to cultivars suitable for
baking applications, more than 60% of annual Czech wheat production is utilized for feeding. Regarding this fact, a
proper extrusion process may offer an improvement of grain feeding quality. The study was aimed at monitoring of
grain quality parameter changes in extruded wholemeal from three technologically contrasting cultivars (Elixier,
Bodyc¢ek, Cimrmanova rand) obtained after 8 different combinations of extrusion processes with variation in water
dosage and insertion diameter. Technologically different wheat cultivars significantly changed extrusion
temperature. Simultaneously, the extrusion process significantly increased RDS content in starch (from 36 to 86%).
On the contrary, the parameters CP and ADF content showed minimal changes after extrusion. The mild reduction of
CF and NDF after extrusion probably included hemicellulose degradation. It is possible to conclude that the applied
extrusion processes showed comparable effect in all 3 contrasting wheat cultivars on the one hand. On the other
hand, the selection of a proper wheat cultivar with suitable grain composition can also bring a further progress in the
final quality of extrudates.
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1. Introduction

The main aims of wheat breeding are permanently
focused on vyield efficiency, abiotic and biotic
resistance and grain quality optimizing. The grain
guality in the case of wheat includes the group of
parameters generally aimed at baking applicability
of wheat. In spite of this fact, common wheat in
north-western Europe (42%) including the Czech
Republic (even 60%) is predominantly used for
farm animal feeding [1, 2]. The explanation of this
situation is connected with strict demands of
baking industry on wheat grain quality which in
combination with instable weather conditions
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conduce to the reduction of proper wheat cultivars
for baking. These cultivars are further used for
feeding only. It is evident that this fact doesn’t
increase quality of a final feeding rate especially
for monogastric animals (poultry and pigs) where
wheat can be represented by more than 50% in
their feeding rate.

Therefore, new progressive and economically
efficient  procedures are  developed for
improvement of feed digestibility and a total
weight gain of animals on basis of enzymatic
supplements and a physical treatment including
grinding pelletizing and thermal modifications [3].
In recent years, the extrusion technique is
extensively used in feed of animals, because this
technology has numerous advantages, including
the possibility of wide application, high
productivity, energy efficiency and high quality of
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the resulting product [4, 5]. Gelatinization of
starch, structural changes in protein and amino
acid, denaturation of anti-nutritional factors along
with sterilization of ingredients are the main
features of extrusion process which should lead to
the better digestibility, intake, feed conversion
ratio and production especially in poultry birds
[6]. On the other hand, extruded ingredients may
not have any effect or they even have adverse
effect on performance of the chicken [7] or piglets
[8]. There are a lot of factors which may influence
the extrusion process and its final impact on the
feeding quality of grain. Animal related factors are
breed, age, sex, feed intake and passage rate of
feed in gastrointestinal tract of the animal. The
great influences on starch and protein structures of
grain are achieved by a different extrusion
processing as well (input moisture, screw speed,
temperature and pressure, retention time etc.). The
individual chemical composition of the ingredients
(grain) is the next factor affecting on final feeding
value. For example, a fast retrogradation of
amylose or starch-lipid interactions have been
described after extrusion of cereal mixtures and
significantly decreased starch digestibility [6].

It must be said that there is still a lack of
information about the use of extruded wheat in
monogaster diets and information especially about
reaction of individual wheat cultivars on
individual extrusion procedures are not known us
yet. Therefore, the aim of our work focused on the
specific effect of extrusion procedures on selected
chemical and technological parameters in three
wheat cultivars contrasting in baking quality.

2. Materials and methods

The certified seeds of three contrasting wheat
cultivars—Triticum aestivum L. registered in the
Czech Republic (Elixier, Body¢ek, Cimrmanova
rana) were obtained and used for 8 combinations
of extrusion processes with 4 variations in water
dosage and 2 diameters of final insertion. The
cultivar Elixier is classified as wheat of C-
category (poor baking quality) suitable for animal
feeding. The next cultivars Bodycek (A-category)
and Cimrmanova rana (E-category) are baking
wheats, where the last one is declared as the best
baking (elite) material.

The selected wheat cultivars (1000 kg) were
grinded using the hammer mill (Taurus VM 4,

screen 2 mm) and wheat meal was extruded using
pilot extruder device (Farmet FE 100). The four
input water dosages 6, 8, 10 and 12 I. 100 kg-1
and two diameters of final insertions (80.5 and
82.5mm) in the extrusive chambers were applied
for each of wheat cultivars. Other extrusion
parameters such as screw speed (615 rpm) and
mass flow rate (82 kg/h) stayed constant.

The following grain parameters were tested in
wheat meal as well as in final extrudates in two
repetitions: content of dry matter (DM) according
to CSN 56 0512-7, crude protein content (CP)-
Kjeldahl method according to CSN EN ISO 5983-
1 and content of starch (ST)-Ewers polarimetric
methods according to CSN EN ISO 10520. Fiber
analyses included assessment of contents of crude
fiber (CF) according to Commision Regulation No
152/2009, neutral detergent fiber according to
Commission Regulation No 152/2009 and acid
detergent fiber (ADF) according to Commission
Regulation No 152/20009.

The determination of rapidly digestible starch
(RDS) was carried out according to the method
developed by Englyst et al. (1999) [9] with a
slight ~ simplification. = The  method was
miniaturized with a sample weight 50 mg only and
the enzymatic digestion was stopped after 20
minutes. In this way, the rapidly available glucose
(RAG) is detected, that includes a major ratio of
RDS and typically (in case of wheat) very low
contents of free glucose (FG) and the glucose
moiety of sucrose [10]. Regarding this fact both
free saccharides were ignored and results were
expressed as content of RDS.

The bulk weight of extrudates was assessed in 3
repetitions using a standard grain tester
determined for the test weight of seeds CSN ISO
7971-2.

Statistica 9.0 CZ was used for statistical analyses
of variance (ANOVA) and Tukey post-hoc
comparison.

3. Results and discussion

The summary of specific extrusion characteristics
measured during individual extrusion
combinations are presented in the Table 1.
Whereas a rising of water doses regularly
increased outlet humidity of extrudates, the
achieved temperature in the last chamber 3 was
more varietal dependent. The cultivar Bodyéek
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showed evidently lower temperature in the all
extrusion combinations compared to both next

cultivars (Cimrmanova rana and Elixier). It seems
to be evident that the lower extrusion temperature

Table 1. Extrusion characteristics during processing of individual wheat cultivars

Engine load  Power input Chamber Chamber Chamber Outlet
Combinations [N.m] [kW] temp.1 temp.2 temp.3 humidity
[°C] [°C] [°C] [%]
Elixier 1 169.3 14.6 23 38 108 9.3
Elixier 2 183.2 15.7 25 42 132 9.8
Elixier 3 169.3 14.5 26 45 131 11.5
Elixier 4 166.3 14.6 26 45 134 12.8
Elixier 5 166.3 14.3 30 44 126 8.9
Elixier 6 159.4 13.7 30 44 128 9.4
Elixier 7 167.3 14.4 29 46 130 11.1
Elixier 8 160.4 13.8 28 46 133 12.8
Bodycek 1 174.2 15.0 30 46 124 9.3
Bodycek 2 174.2 15.0 33 46 116 8.9
Bodycek 3 168.3 14.5 33 48 111 9.9
Bodycek 4 156.4 13.5 32 47 109 10.2
Bodycek 5 194.0 16.7 28 45 120 8.2
Bodycek 6 189.1 16.3 28 45 117 8.4
Bodycek 7 169.3 14.6 28 45 111 10.0
Bodycek 8 165.3 14.2 29 44 108 10.3
Cimrmanovar. 1 171.3 14.7 28 47 129 6.6
Cimrmanovar. 2 1535 13.2 31 48 112 9.7
Cimrmanovar. 3 160.4 13.8 33 49 133 11.4
Cimrmanovar. 4 155.4 13.3 33 44 134 12.1
Cimrmanovar. 5 166.3 14.3 33 47 115 8.7
Cimrmanovar. 6 160.4 13.8 33 47 110 9.2
Cimrmanovar. 7 167.3 14.4 31 45 131 11.1
Cimrmanovar. 8 161.4 13.9 31 48 127 12.2

Combinations 1 — 4: insertion diameter 80.5 mm with gradual input of water 6, 8, 10 and 12 1.100kg™ of seed
Combinations 5 — 8: insertion diameter 82.5 mm with gradual input of water 6, 8, 10 and 12 1.100kg™ of seed

in the case of cv. Body¢ek (chamber 3) increased
dimension parameters of final extrudates and
showed (except the two extrusion combinations 1
and 5) the lowest bulk density (Figure 1).
Simultaneously, cv. Bodycek showed the lowest
dimension changes (bulk density) depending on
the particular extrusion combinations. The lower
effect of water dosage can be connected with a
higher ability of the Bodycek flour to bind water
compared to cv. Cimrmanova rand and Elixier.
The water absorption is significantly influenced
by interactions of the genotype and external
factors as reported by e.g. Zecevic et al. (2013)
[11] and it seems to be one of the important input
flour parameters, which can influence efficiency
of extrusion.

The detected changes of tested grain parameters
after extrusion were also specific (Table 2). The
extrusion process (especially high temperature)
significantly increased RDS content in all
cultivars. The significant decrease of the

parameters CF and NDF was detected after
extrusion as well. On the other hand, the
significant changes of CP, ST and ADF contents
were not detected.

The extrusion process confirmed the essential
effect on content of rapidly digestible starch
(RDS) which increased after extrusion more than
2 times compared to the initial whole meal (Table
2). The particular extrusion combinations did not
play a significant role in RDS changes. The
insignificant trend of a mild decrease of RDS
content was detected in the extrusion
combinations with higher water doses (10 and 12 |
. 100 kg™ of seed) only. The ratio of RDS in starch
varied among the individual extrusion
combinations in the close range 82-86 %. It is in
accordance with results of many authors who also
confirmed digestibility increase of starch by starch
gelatinization, melting, fragmentation and making
starch easily accessible to digestive enzymes [12-
14].The fiber changes after extrusion can be
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connected with hemicellulose degradation, which
is additionally included in NDF compared to ADF
including lignin and cellulose predominantly [15].
The frequent detection of unfavorable viscosity

640

increase in extrudates, which is caused by
increasing of pentosans, can support this fact as
well [8], because xyloses and arabinoses are just
basic components of hemicellulose chains in
cereals [15].
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Figure 1. The bulk density of extrudates depending on tested cultivars and extrusion combinations

Table 2. Effects of extrusion procedures on tested parameters of selected wheat cultivars

Factor RDS (%) ST (%) CP(%) CF (%) NDF (%) ADF (%)

Elixer 527.4% 66.3° 13.0° 2.3 12.2° 2.0°
Cultivars Bodygek 506.4° 66.5 13.1° 2.4° 13.4% 2.1°
Cimrmanova rana 526.1° 67.7° 13.7° 2.0 10.0° 1.7%
Native wheat meal 2432°  67.0™ 13.3° 2.8° 15.5 1.82
El 574.9" 66.2° 13.3 2.0° 11.3° 2.0°
E2 573.8"°  67.0" 13.2% 2.1%® 11.0° 1.8%
E3 552.0° 67.3" 13.3 2.1%® 10.8%®° 2.0°
Extrusion E4 547.9" 67.5° 13.2% 2.1%® 12.0® 2.0°
combinations E5 559.4" 66.1% 13.3 2.1%® 12.4%® 1.9°
E6 546.2" 67.4° 13.3 2.20%® 10.9° 2.0°
E7 542.0°  66.7% 13.3 2.3® 10.9° 2.0°
E8 540.1° 66.2% 13.3 2.3° 10.5° 2.0°

Parameter Cultivar (%) 0.9* 38.1%*  76.1**  39.3**  26.7**  53.0**
variability Extrusion (%) 95.0%*  30.0** 1.3™ 44.8%*  27.7** 8.8"™
depending on Interactions (%) 0.8™ 31.7%* 2.9" 9.9%* 37.8** 21.7*

Combinations E1-E4: insertion diameter 80.5 mm with gradual dose of water 6, 8, 10 and 12 1.100 kg™ of seed
Combinations E5-E8: insertion diameter 82.5 mm with gradual dose of water 6, 8, 10 and 12 1.100kg™ of seed
*Statistically significant at p<0.05; ** Statistically significant at p<0.01
Values with different letter indexes are statistically significant at p<0.05

Regarding these facts and declared effect of the
wheat cultivar on arabinoxylans content [16],
input monitoring of arabinoxylans in wheat grains
with a further selection of proper wheat cultivars
could also improve the final quality of extrudates.
On the contrary, the high genotype stability and
low extrusion effect were mainly found in the

parameter CP (Table 2 and Figure 2). It was the
expected result, because the extrusion process
mainly changes the protein structure by
denaturation of protein, modification of side
chains of amino acids and subsequently protein
digestibility [6], which the Kjeldahl mineralization
method cannot reveal. The adverse extrusion
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effect on protein quality is often connected with
lysine loss caused by the maillard condensation. It
is reaction between NH2 groups of lysine residues
and C=0 groups of reducing sugars (>3% glucose,
fructose, maltose, lactose) [8]. Nevertheless, the
very low concentration of free reducing sugars
declared in wheat should eliminate the risk [10].

The final graphical result specified the above
discussed  relationship  between a lower
temperature effect of extrusion and a lower RDS
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content detected in cv. Bodycek (Figure 3). It is
evident that this insignificant trend showed the
extrusion with the size insertion 80.5 mm only. On
the contrary, the trend of RDS reduction
depending on a water dose increasing was found
out in both insertion sizes.

Insertion: 80.5mm
142+

CP (%)

<> Elixier
| -1 Body&ek
~$- Cimrmanova rana
vertical bars denote 0.95 confidence intervals

Insertion: 82.5mm

6 8 10 12
Water dose (1. 100 kg™ of seed)

Figure 2.

180

6 8 10 12
Water dose (1. 100 kg™ of seed)

Variability of crude protein depending on cultivar, water dose and size of insertions

=5+ Elixier
-[T- Bodyg&ek

%>+ Cimrmanova rana

vertical bars denote 0.95 confidence intervals

oy
;o

&

Bulk density (g.I"")

7 5 .", ,r‘

100 : I -

! i %5
90 ooy ‘ i
80 % ,L' i "+

AN e E
60 Eed , T L e
(ﬁ\_]y!?- £ \f% I. S ‘% i]_—.',- :%%]

50 1 % I
40

SA

Combination of extrusion

Figure 3. Variability of rapidly digestible starch depending on cultivar, water dose and size of insertions

10



Dvoidcéek V. et al./Scientific Papers: Animal Science and Biotechnologies, 2016, 49 (1)

4. Conclusions

It was confirmed that technologically different
wheat cultivars significantly changed extrusion
temperature, which is the critical factor especially
for starch gelatinization and digestibility. The
parameters CP and ADF showed a minimal
change after extrusion and the mutual differences
of extrudates reflected the parameter values
detected in whole meal of the cultivars.
Simultaneously, the high extrusion effect was
confirmed on starch composition and high
increasing of RDS content was found out. The
further results also indicated reduction of fiber
content after extrusion, which was probably
caused by hemicellulose degradation. It is possible
to conclude that the applied extrusion processes
showed comparable effect in all 3 contrasting
wheat cultivars on the one hand. On the other
hand, the initial chemical differences among
cultivars were also significantly manifested in the
extrudate compositions. Thus, a proper wheat
cultivar selection can bring further progress in the
final quality of extrudates as well.

Acknowledgements

The study was supported by the Ministry of
Agriculture: NAZV QJ1510163

References

1. Willems, E., World Wheat Market Situation and
Outlook. 2015, 16, 1-10., http://www.amis-outlook.org
2. Vaculova, K., Horackova, S., Neskrobové
polysacharidy v zrn€ pSenice ozimé. (Nonstarch
polysaccharides in grain of winter wheat) — in Czech,
Obilnaiské listy, 2007, 15(2), 25-31.

3. Cutlip, S. E., Hott J. M.,, Buchanan N. P.,, Rack, A.
L., Latshaw, J. D., Moritz, J. S., The Effect of Steam-
Conditioning Practices on Pellet Quality and Growing
Broiler Nutritional Value, J. Appl. Poult., Res. 2008,
17, 249-261.

4. Brenes, A., Viveros, A., Centeno, C., Arija, I,
Marzo, F., Nutritional value of raw and extruded
chickpeas (Cicer arietinum L.) for growing chickens,
Span J. Agric. Res., 2008, 6, 537-545.

5. Moritz, J. S., Parsons, A. S., Buchanan, N. P.,
Calvalcanti, W. B., Cramer, K. R., Beyer, R. S., Effect

11

of gelatinizing dietary starch through feed processing
on zero- to three week broiler performance and
metabolism, J. Appl. Poultry Res., 2005, 14, 47-54.

6. Rahman, M. A. U., Rehman, A., Chuangi, X., Long,
Z. X., Binghai, C., Linbao, J. Huawei S., Extrusion of
Feed/Feed Ingredients and Its Effect on Digestibility
and Performance of Poultry: A Review, Int. J. Curr.
Microbiol. App. Sci, 2015, 4(4), 48-61.

7. Ljubojevic, D. B., Milosevi¢, N., Bjedov, S.,
Stanacev, V., The nutritive value of extruded corn in
nutrition of broiler chickens, Biotechnol. Anim.
Husbandry, 2011, 27, 1733-1740.

8. Serrano, X., The extrusion-cooking process in
animal feeding. Nutritional implications. In Morand-
Fehr P. (ed). Feed manufacturing in Southern Europe:
New challenges. 1997, 107-114. (available on
http://om.ciheam.org/om/pdf/c26/97605976.pdf).

9. Englyst, K. N., Englyst, H. N., Hudson, G. J., Cole,
T. J., Cummings, J. H., Rapidly available glucose in
foods: an in vitro measurement that reflects the
glycemic response, The American Journal of Clinical
Nutrition, 1999, 69(3), 448-454.

10. Henry, R. J., Saini, H. S., Characterization of
Cereal Sugars and Oligosacharides. Cereal Chem.,
1989, 66(5), 362-365.

11. Zecevic, V., Boskovic, J., Knezevic, D., Micanovic,
D., Milenkovic, S., Influence of cultivar and growing
season on quality properties of winter wheat (Triticum
aestivum L.), African Journal of Agricultural, 2013,
8(21), 2545-2550.

12. El-Khalek, A. E., Janssens, G. P. J., Effect of
extrusion processing on starch gelatinisation and
performance in poultry, World Poult. Sci., J., 2010, 66,
53-63.

13. Dust, J. M., Gajda, A. M., Flickinger, E. A,
Burkhalter, T. M., Merchen, N. R., Fahey, G. C,
Extrusion conditions affect chemical composition and
in vitro digestion of select food ingredients. J. Agr.
Food Chem., 2004, 52, 2989-2996.

14. Liu, S. Y., Selle, P. H., Cowieson , A. J., Strategies
to enhance the performance of pigs and poultry on
sorghum-based diets, Anim. Feed Sci. Tech., 2013,
181, 1-14.

15. Pérez-Hidalgo, M., Guerra-Hernandez, E., Garcia-
Villanova, B., Determination of insoluble dietary fiber
compounds: cellulose, hemicellulose and lignin in
legumes, Ars Pharmaceutica, 1997, 38(4), 357-364.

16. Saulnier, L., Peneau, N., Thibault, J. F., Variability
in grain extract viscosity and water-soluble
arabinoxylan content in wheat, Journal of Cereal
Science, 1995, 22(3), 259-264.


http://www.amis-outlook.org/
http://om.ciheam.org/om/pdf/c26/97605976.pdf
http://www.sciencedirect.com/science/article/pii/S0733521085700628
http://www.sciencedirect.com/science/article/pii/S0733521085700628
http://www.sciencedirect.com/science/journal/07335210
http://www.sciencedirect.com/science/journal/07335210
http://www.sciencedirect.com/science/journal/07335210/22/3

