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Abstract. The experiment was conducted to determine nutritional composition, macro-micro mineral con-
tent, phytic acid, β-glucan, total pentosans, soluble pentosans, viscosity and metabolizable energy values for 
poultry and ruminant in some wheat varieties growed Turkey. Ten wheat varieties were used and five samples 
were analyzed each variety for all parameters. Wheat varieties were ground through a 1 mm sieve for chemi-
cal analysis. Except for the differences among the acid detergent fiber (ADF) values and β-glucan values of 
wheat varietes, the difference among analyzed all other nutrient results was statistically significant (P<0.01). 
As a result, although these wheat varieties have significantly different nutrient contents, Ege-88 for poultry 
and Salihli-92 for ruminant animals may show better feeding performance in terms of energy.
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Introduction

More than two-thirds of wheat grain produced 
worldwide is used as human consumption, 20% as ani-
mal feed, while the remaining 3-5% is used for seed, 
industrial and other purposes (1). Especially in count-
ries where the cereals production is high and prices is 
low, it is a very common application to include wheat 
grain into broilers’ diets at the rates of 60-65%. The use 
of wheat as feed for animal production is projected to 
rise, while the wheat used for biofuel production only 
accounts for 1.2% of global use in 2025 (2). 

Wheat as food or feed is often taken into consi-
deration primarily as a source of energy which consists 
mainly carbohydrate such as starch and it is certainly 
important in this respect. However, it also contains sig-
nificant quantity of other important nutrient such as 
proteins, fiber, lipids, vitamins, minerals, and phytoche-
micals. Generally, wheat contains carbohydrate 78.10%, 

protein 14.70%, lipid 2.10%, minerals 2.10% and consi-
derable proportions of vitamins (thiamine and vitamin 
B complex). Also wheat is a valuable source of trace ele-
ments such as selenium and magnesium (3,4). 

The chemical composition of wheat grain can be 
highly variable especially its starch and crude protein 
content according to seed type, growing location, clima-
te, fertilization. (5,6). For instance, generally wheat con-
tains 9% protein and 50% starch, but some literatures 
has reported its protein and starch content rising up to 
23% and 80% respectivelly on dry matter bases of starch 
(6). Obviously, considerable amount of work is designed 
to evaluate variability in nutritive value of wheat. Some 
studies have indicated that variety, growing location, 
and storage time had a signicant effect on metabolizable 
energy and nutrients digestibility (7), and also on gut 
flora, structure and function (8). Other researchers have 
studied nutritive value of various type wheat as effec-
ted by their chemical composition parameters such as 
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dry matter, crude protein, ether extract, starch (9) and 
non-starch polysaccharides content and structure (10). 
Its physical and nutritional chemical composition can 
vary widely, depending on variety (11) even the energy 
value may be differ in same varieties (12). 

In wheat production in Turkey, is one of the 
major grain products. Therefore current knowledge of 
the nutrients composition of wheat grain needs to be 
investigated. The aim of this study was to determine 
nutrient composition and energy levels of some wheat 
grain varieties produced in Turkey. And also, looking 
at these explanations, the main purpose of this study is 
to evaluate the potential of using the nutritional con-
tent of wheat varieties in terms of feed value in the 
nutrition of poultry and ruminant animals.

Materials and Methods

Materials
Wheat samples were supplied from Ege Universi-

ty, Faculty of Agriculture, Department of Fields Crops, 
Bornova-İzmir, Ege Agricultural Research Institute, 
Menemen-İzmir and Bahri Daİdaİ International Agri-
cultural Research Institute, Karatay-Konya. Wheat 
varieties used in the experiment are grown in Turkey, 
commonly. Ten wheat varieties were used in total and 
for each variety five samples were analyzed including 
all parameters. All selected experimental wheat grain 
samples from each variety were ground through a 1 
mm screen in preparation for chemical analysis.

Chemical analysis
Nutrient contents of wheat samples were analyzed 

according to the methods reported in (13), and all data 
were presented on a dry matter basis. All samples were 
analyzed for dry mater (DM) (method 934.01), ash 
(method 942.05), crude protein (CP) (method 990.03), 
ether extract (EE) (method 920.39), crude fiber (CF) 
(method 962.09). The sugar content of the materials 
was determined by the Luff-Scroll method and the 
starch determination by polarimetric method. Neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) 
contents were determined using the methods by (14). 
Nitrogen-free extracts (NFE) were calculated as 100 
- % (moisture + Ash + CP + EE + CF). Estimates for 

MEP for poultry, MJ/kg were based on CP, EE, starch 
and sugar levels determined from the samples using a 
prediction equation (15);
MEP, Mcal/kg-1= (3.69 x CP + 8.18 x EE + 3.99 x 
Starch + 3.11 x Sugar) 
Estimates for crude nutrition metabolizable energy 
(MER) as MJ/kg-1 in DM for ruminant were based on 
crude nutrients (protein, fiber, and fat levels) determi-
ned from the samples using a prediction equation (15);

MER Mcal/kg-1= ((3260 + (0.455 x CP + 3.517 x 
EE - 4.037 x CF)) and CP, EE, CF quantities in OM 
(g kg-1). All nutritional parameters, mineral contents, 
and energy values of the samples are given on a dry 
matter basis. 

Atomic Absorption Spectroscopy (Ultrospec 
2100 pro UV/visible spectrophotometer) was used 
determined for potassium (K), magnesium (Mg), cal-
cium (Ca), phosphorus (P), sodium (Na), zinc (Zn), 
iron (Fe), manganese (Mn), coper (Cu) concentrati-
ons. The colorimetric method was used for the analysis 
of total phytic acid content (16). İ-glucan content was 
determined enzymatically following the wheat grains 
procedures of commercial kits from Megazyme (Me-
gazyme International Ireland Ltd. Wicklow, Ireland); 
the β-glucan protocol was AACC method 32-23. The 
total pentosans and soluble pentosans were analyzed 
according to the colorimetric methods of (17). Visco-
sity of grains was determined according to (18) using 
a Brookfield Digital Viscometer (Model DV - II + 
PRO, Brookfield Engineering Laboratories, Stough-
ton, MA) maintained at 40 °C. 

Statistical analysis
The statistical analysis of the results included a 

one-way analysis of variance ANOVA using Gener-
al Linear Models and Duncan’s multiple range test, 
which were applied to the results using the SPSS 25 
(19). The model included varieties as main effects. 

Results 

Results show that the differences among varieties 
in terms of DM, CP, EE, CF, NFE, NDF, sugar, star-
ch contents of wheat grain were significant (P<0.05) 
except for ADF contents (P>0.05) in Table 1. In this 
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NDF contents ranged from 102 to 147 g kg-1 (mean, 
117), the ADF contents ranged from 22.2 to 34.2 g 
kg-1 (mean, 30.1), MEP value ranged from 2.84 to 3.38 
Mcal/kg (mean, 3.16) and MER values ranged from 
3.18 to 3.27 Mcal/kg (mean, 3.24).

The effect of variety on the ash and mineral con-
tents of wheat grains are presented in Table 2. The va-
riety had a significant effect on the ash and mineral 
contents of wheat grains (P<0.01). The ash content of 
wheat grains ranged from 14.2 to 17.5 g kg-1 (avera-

study, the DM content of wheat varieties ranged from 
882 to 916 g kg-1 (average 900), the CP contents ran-
ged from 1.64 to 132 mg kg-1 (average 106), EE con-
tents ranged from 18.6 to 13.0 g kg-1 (average 16.1), 
the CF contents ranged from 9.0 to 24.2 g kg-1 (mean, 
16.2), the EE contents ranged from 18.6 to 13.0 g kg-1 
(mean, 16.1), the NFE contents ranged from 706 to 
801 g kg-1 (mean, 747), the starch contents ranged 
from 557 to 628 g kg-1 (mean, 597), the sugar contents 
ranged from 67.6 to 106.3 g kg-1 (mean, 83.5), the 

Table 1. Nutritional composition and metabolizable energy of some wheat varieties (g kg-1, in DM)

Varieties DM CP EE CF NFE NDF ADF Sugar  Starch MEP MER 

Menemen-88 882d 116a 18.6a 24.2a 706e 124b 33.2 67.6f 610b 3.23bcd 3.22d

Ege-88 900b 132a 14.9cd 18.5abc 718e 121bc 22.2 88.7bcd 626a 3.38a 3.24bcd

Ziya Bey 896bc 127a 16.8abc 16.4bc 725de 102e 22.3 90.4bc 605b 3.30abc 3.26abc

Kaİif Bey 890c   88bc 13.1d 13.0cd 761bc 115bcd 33.0 77.7def 576cd 2.97f 3.24bcd

Cumhuriyet-75 893bc 124a 17.6ab 16.0bc 721de 112cde 32.2 77.9def 585c 3.18de 3.26abc

İzmir-85 893c   64d 16.6abc 20.3ab 772b 113cd 34.2 106.3a 628a 3.20cd 3.18e

Basri Bey 912a   93b 16.6abc 18.3abc 769b 121bc 29.3 75.4ef 588c 3.06f 3.23cd

Gönen 911a   70cd 13.0d 12.7cd 801a 147a 32.1 70.8f 570de 2.84g 3.23cd

Gediz-75 911a 121a 18.0ab 14.0cd 742cd 111cde 29.4 83.0cde 626a 3.34ab 3.27ab

Salihli-92 916a 115a 16.1bc   9.0d 759bc 107de 31.1 97.2 ab 557e 3.08ef 3.28a

Means 900 106 16.1 16.2 747 117 30.1 83.5 597 3.16 3.24
SEM  1.6   3.9   0.3   0.8    4.7   2.0  1.1   1.9   3.7   1.0   0.2
Probability <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.213 <0.001 <0.001 <0.001  <0.001
a ,b , . , f Means within a column in each variable with no common superscript differ significantly (P<0.05), SEM Standard error of means 
(Pooled), DM dry matter, CP crude protein, EE ether extract, CF crude fiber, NFE nitrogen free extract, Sug sugar, Stc starch, NDF neutral 
detergent fiber, ADF acid detergent fiber, MEP metabolizable energy poultry (Mcal/kg) , MER metabolizable energy ruminant (Mcal/kg).

Table 2. Ash and mineral content of some wheat varieties
Varieties  Ash1   Ca1      P1    K1   Na1  Mg1    Fe2  Cu2  Mn2   Zn2

Menemen-88 16.5abc 0.47b 2.68b 6.56ab 0.11c 0.71c 66.64ab 4.45a 13.58c 25.29a

Ege-88 15.3bcd 0.44b 2.74b 5.79d 0.19b 0.49de 65.44abc 4.05ab 11.09de 10.47de

Ziya Bey 14.5cd 0.52a 2.77b 6.03bcd 0.36a 1.04a 69.47a 4.60a 22.46a   6.39f

Kaİif Bey 14.2d 0.37c 2.42d 5.82d 0.11c 0.62cd 56.51bcd 2.59cd 14.50bc   9.93e

Cumhuriyet-75 17.0ab 0.30d 3.12a 6.65a 0.10c 0.87b 59.92abcd 3.33abc 16.11b 17.03b

İzmir-85 17.5a 0.27de 3.03a 6.54ab 0.09c 0.71c 54.06cd 1.70d 12.09cd 13.04cd

Basri Bey 14.5cd 0.26de 2.42d 6.00cd 0.09c 0.48e 52.54d 2.25cd   9.71de   8.73ef

Gönen 14.7cd 0.19f 2.55c 6.43abc 0.10c 0.52de 35.93e 3.10bc 10.23de   8.56ef

Gediz-75 15.6abcd 0.24ef 2.76b 5.93cd 0.10c 0.49de 32.95e 2.62cd   8.67e 14.32c

Salihli-92 16.2abcd 0.31d 3.14a 5.98cd 0.11c 0.55de 40.63e 2.34cd 13.89bc   6.07f

Means 15.6 0.34 2.76 6.17 0.14 0.65 53.16 3.07 13.45 12.12
SEM   0.2 0.2 0.4 0.7 0.1 0.03   2.10 0.17   0.60   0.86
Probability 0.004 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
a ,b, ., f Means within a column in each variable with no common superscript differ significantly (P<0.05), SEM Standard error of means (Po-
oled). 1:g kg-1, in dry matter; 2: mg kg-1, in dry matter.
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ge 15.6), Ca content varied from 0.19 to 0.52 g kg-1 
(mean 0.34), P content varied from 2.42 to 3.14 g kg-1 
(average 2.76), the K content of wheat varieties varied 
from 5.79 to 6.65 g kg-1 (average 6.17), Na content va-
ried from 0.09 to 0.36 g kg-1 (average 0.14),  Mg con-
tent varied from 0.48 to 1.04 g kg-1 (average 0.65), Fe 
content ranged from 32.95 to 69.47 mg kg-1  (average 
53.16), Cu content ranged from 1.70 to 4.60 mg kg-1  
(mean 3.07), Mn content varied from 8.67 to 22.46 
mg kg-1 (average 13.45), Zn content varied from 6.07 
to 25.29 mg kg-1 (average 12.12). 

There were no differences among varieties in ter-
ms of İ-glucan contents of wheat grains (P>0.05) in 
Table 3. In the present study, among varieties in total 
pentosans, soluble pentosans and viscosity of wheat 
grain were significant (P<0.05). Phytic acid contents 
ranged from 0.728 to 0.933% in DM respectively 
(means, 0.832). Total pentosans,  soluble pentosans 
contents and viscosity ranged from 2.57 to 5.16, 0.78 
to1.22 and 0.97 to 1.14 respectively.

Discussion

The DM determined in this study are compatable 
with the results of relevant studies (20-24). However, 
the range reported by (25) was 96% with an excep-

tionally high value. The CP contents of wheat grains 
agree with the findings of (20,22-24,26-28), while it 
is lower than the value found by (21,25,29-31). Lipids 
are present only in a small extent in cereals but the 
have a significant effect on the quality and the texture 
of foods because of their ability to associate with star-
ch and especially proteins specific amphipatic nature 
that having both hydrophilic and hydrophobic parts, 
forming a complex structure (32). The findings about 
EE content of wheat are consistent with the findings 
of relevant studies (22,24,25) but it is lower than the 
value found by (20,26,27,31). Findings about NFE of 
some wheat varieties are largely conform with results 
of relevant studies (20,22,25,27). However, some rese-
archers have reported that lower (21,23,24,30). Starch 
is the main storage carbohydrate and rich source of 
energy and influence the level of glycaemia in whe-
at kernels (33). Results of starch content agree with 
findings of (31,34,35). Contrary, it is lower than (25). 
However, sugar contents in our study were higher 
than (25). Findings the CF determined in this study 
are consistent with the findings of relevant studies 
(22-24,20,26-28,31). Contrary (25), observed similar 
values for CF in different wheat varieties. (22) and 
(23) reported that with similar NDF content in this 
study. However, the range reported by (30) was 16% 
with a high value. Findings the ADF determined in 

Table 3.  Phytic acid, β-glucan, pentosane, soluble pentosane concantration and viscosity of some wheat varieties

Varieties  Phytic acid1 β-glucan2 Total pentosans2 Soluble pentosans Viscosity3

Menemen-88 0.802ab 0.23 3.13cd 0.89cd 1.09abc

Ege-88 0.820ab 1.97 3.84bc 1.02bc 1.06c

Ziya Bey 0.866a 0.52 2.57d 0.78d 1.06c

Kaİif Bey 0.785b 0.59 5.16a 1.22a 1.12ab

Cumhuriyet-75 0.933a 1.24 4.50ab 1.12ab 0.99d

İzmir-85 0.879a 0.65 2.98cd 0.86cd 0.99d

Basri Bey 0.728b 1.27 4.43ab 1.10ab 1.08bc

Gönen 0.775b 0.98 3.47bcd 0.95bc 1.14a

Gediz-75 0.852a 0.51 3.15cd 0.89cd 0.97d

Salihli-92 0.882a 0.57 4.44ab 1.10ab 1.12ab

Means 0.832 0.85 3.77 0.99 1.06
SEM 0.02 0.14 0.14 0.02 0.01
Probability <0.001 0.198 <0.001 <0.001   <0.001
a, b, c, d Means within a column in each variable with no common superscript differ significantly (P<0.05), SEM Standard error of means (Po-
oled). 1:%, in DM; 2:%, w/w in DM; 3: cP in DM.
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ranged from 2.57 to 5.16, 0.78 to1.22 and 0.97 to 1.14 
respectively. These results agree with those obtained by 
(25, 34, 48). Also (48) who reported that viscosity of 
wheat grain was influenced by variety. 

Phytic acid is the major phosphorous storage 
compound in plant seed and can account for up to 80% 
of seed in total phosphorous (49). Also, phytic acid has 
a strong potantial to chelate complex with multivalent 
metal ions, expecially zinc, calcium, and iron. These 
chelate bond with metal ions can show in very inso-
luble salts with poor bioavailability of minerals (50). 
Phytic acid is also easily able to form complexes with 
proteins at high pH levels in digestive system, and 
thus significintly decrease digestibility, absorbsition, 
and bioavailability of cereal proteins (51). Besides well 
known negative properties of the phytich acid with 
complexing iron, may cause a notable reduction in the 
structure of hydroxyl radicals in the gut (52). But also 
positive effect against carcinogenesis have been shown 
with in vitro cell culture systems such as mice, rats 
and guinea pigs, but the mechanism of action is not 
understood (53). Generally, in the present study total 
phytic acid contents (0.775-0.933%) agree with in a 
limited number of previous studies. (54) reported that 
phytic acid contents were obtained 0.62-1.33% for 
wheat. (55) reported that phytic acid content (mg/kg) 
were obtained 20 mg/kg for hard wheat, 9.80 mg/kg 
for hard wheat flour.

Conclusion

In conclusion, the study presents an addition to 
chemical composition database for some wheat varie-
ties. Additional information on these grains is need 
such as amino acids, vitamins, nutraceutical and bi-
oprotective substances and also digestibility should be 
obtained in future study. In addition to the economic 
importance of wheat, its contribution to humans as 
food and to animals as feed is indisputable. The results 
could be a guide for consumption of these cereals by 
animals.
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this study are consistent with the findings of relevant 
studies (22,23,30). MEP values are consistent with the 
results of (25,36), also MER values are consistent with 
the results of (20,23). 

Mineral contents of some wheat varieties obtained 
in the current study are similar with those obtained by 
(22,37). (38) also found significant varietal differences 
in the accession of Ca, P, K, Na, Mg, Mn, B, and Sr 
in twelve varieties of wheat. (39) found important va 
riation among the 175 wheat lines, exist with Fe, Zn, 
and Se concentrations in grain.

İ-glucans has low solubility properties, approxi-
mately total 10-15% of them in whole wheat grain can 
soluble in hot water (40). There is increasing evidence 
that İ-glucans are able to regulate the immune respon-
ses that are involved in fighting infection and attackig 
tumors in a variety of inflammatory conditions. While 
a high İ-glucan content in human food may be advan-
tageous, a lower İ-glucan content in animal feed may 
be recommended. There were no differences among 
varieties in terms of İ-glucan contents of wheat gra-
ins (P>0.05) in Table 3. In the present study, İ-glucan 
contents of wheat grains ranged from 0.23 to 1.97 and 
agree with previous studies (24,25,31,34,37,41-43). 
(44) reported that einkorn, emmer, and durum wheat 
types contained about half the level of mixed-linkage 
beta-glucan (0.25-0.45% of DM) present in winter, 
spring, and spelt wheats (0.50-0.95% of DM). In the 
study with wheat wholemeal, 166 samples were analy-
sed and the İ-glucan content was determined that 0.81 
(0.29-1.10) as mean.

Viscosity content of cereals is a notable indicator 
concerning feed value for poultry and single stomach 
farm animals except with ruminants. Researchers have 
determined the high correlations between viscosity of 
whole grains measured in vitro and nutritional value 
(45). On the other hand, water-soluble pentosans form 
highly viscous solutions and viscosity of different ce-
real grain fraction was closely relevant to the content 
of water-soluble pentosans (46). Since polysaccharides 
make up 80% of the wheat grain, any change in their 
composition has a significant effect on the nutritional 
value of whole wheat (47). Differences among varieties 
in total pentosans, soluble pentosans and viscosity of 
wheat grain were significant (P<0.05) in Table 3. Total 
pentosans,  soluble pentosans contents and viscosity 



Progress in Nutrition 2023; Vol. 25, N. 1: e20230206

nology. Proceedings of the 14th European Symposium on 
Poultry Nutrition, Lillehammer, Norway. World’s Poultry 
Science Association, Norwegian Branch, Oslo, Norway, 
2003; 318-326. 

13.  Association of Official Analytical Chemists. Official met-
hod of analysis.16th ed, Washington, DC, USA. 1997. 

14.  Van Soest, PJ, Robertson JB, Lewis BA. Methods for die-
tary fiber, neutral detergent fiber, and nonstarch polysacc-
harides in relation to animal nutrition. Jou of Dairy Science 
1991; 74:3583-3597.

15.  Turkish Standard Institute, Animal Feeds-Metabolic Ener-
gy Determination (Chemical Method). TSI Nr: 9610, An-
kara, Turkey, 1991.

16.  Latta M, Eskin M. A Simple and rapid colorimetric method 
for phytate determination. Journal Agricultural and Food 
Chemistry 1980; 28:1313-1315.

17.  Hashimoto S, Shogren MD, Pomeranz Y. Cereal pentosans: 
Their estimation and significance. I. Pentosans in wheat and 
milled wheat products. Cereal Chemistry 1987;64: 30-34. 

18.  Teitge DA, Campbell HL, Thacker PA. Heat pre-treatment 
as a means of improving the response to dietary pentosana-
se in chicks fed rye. Canadian Journal of Animal Science 
1991;71: 507-513. 

19.  SPSS for Windows advanced statistics release 25. IBM, 
Chicago, IL, USA, 2016.

20.  Güngör T, Baİalan M, Aydoİan İ. The determination of 
nutrient contents and metabolizable energy levels of some 
grains and grain by-products produced in Kırıkkale region.  
Veterinary Journal of Ankara University 2007;54: 133-138.

21.  Baran MS, Demirel R, Şentürk D, Şahin T, Yeİilbaİ D. De-
termination of the feeding values of feedstuffs and mixed 
feeds used in the Southeastern Anatolia region of Turkey. 
Turkish Journal of Veterinary and Animal Sciences 2008;32: 
449-455.

22.  Kowieska A, Lubowicki R, Jaskowska I. Chemical compo-
sition and nutritional characteristics of several cereal grain. 
Acta Scientiarum Polonorum Zootechnica 2011;10: 37-50.

23.  McDonald P, Edwards RA, Greenhalgh JFD, Morgan CA, 
Sinclair LA, Wilkinson RG. Animal Nutrition, Seventh ed. 
Publisher: Benjamin Cummings; Harlow, England, 2011; 
ISBN-13: 978-1-4082-0423-8.

24.  Koehler P, Wieser H. Chemistry of Cereal Grains. In: Gob-
betti M, Ganzle M, editors. Handbook on Sourdough Bio-
technology, Verlag: Springer US Print ISBN: 978-1-4614-
5424-3, 2013; 11-45.

25.  Yaghobfar A, Mirzaei S, Valizadeh H,  Safamehr AR. De-
termination of Non-Starch Polysaccharides (NSP) and Me-
tabolizable Energy of Iran Wheat Varieties Fed to Poultry. 
Iranian Journal of Animal Research 2012; 4(1):25-31.

26.  Khan I, Zeb A. Nutritional composition of Pakistani wheat 
varieties. J Zhejiang Univ Science 2007;B 8: 555-559.

27.  Mikulioniene S, Balezentiene L. Responses of cereals grain 
quality on organical and conventional farming. Agronomy 
Research 2009; 7 (Special issue II):677-683.

28.  Jaskulski D, Jaskulska I, Woİniak M, Osiİski G. Assessment 
of variability of cereal grain quality as a component of fod-

Conflicts of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, eq-
uity interest, patent/licensing arrangement etc.) that might pose a 
conflict of interest in connection with the submitted article.

References

  1.  Vogel S. Global Wheat Demand, Feeding the World by 
Milling and Feeding. Rabo Research Food and Agribusi-
ness. https://research.rabobank.com /far/ en/sectors / gra-
ins-oilseeds/ global_wheat_demand_article_1.html (acces-
sed 06.03.2019).

  2.  OECD-FAO. Agricultural Outlook 2016-2025, OECD 
Publishing, Paris. OECD/FAO (2016). http://dx.doi.
org/10.1787/agr_outlook-2016-en (accessed 06.03.2019).

  3.  Shewry PR, Powers S, Field JM, Fido RJ, Jones HD, Arnold 
GM, West J, Lazzeri PA, Barcelo P, Barro F, Tatham AS, 
Bekes F, Butow B, Darlington H. Comparative field per-
formance over three years and two sites of transgenic wheat 
lines expressing HMW subunit transgenes. Theoretical and 
Applied Genetics 2006;  113:128-136.

  4.  Topping D. Cereal complex carbohydrates and their cont-
ribution to human health. Journal of Cereal Science 2007; 
46:220-229.

  5.  Zijlstra RT, Ekpe ED, Casano MN, Patience JF. Variation 
in nutritional value of western Canadian feed ingredients 
for pigs. Proceedings 22nd Western Nutrition Conference. 
University of Saskatchewan, Saskatoon, Canada, 2001;12-
24.

  6.  Kim JC, Simmins PH, Mullan BP, Pluske JR. The digestible 
energy value of wheat for pigs, with special reference to the 
post-weaned animal. Animal Feed Science and Technology 
2005; 122: 257-287.

  7.  Preston CM, Mccracken KJ, Bedford MR. Effect of whe-
at content, fat source and enzyme supplementation on diet 
metabolisability and broiler performance. British Poultry 
Science 2001;42: 625-632.

  8.  Jones GPD, Taylor RD. The incorporation of whole grain 
into pelleted broiler chicken diets: production and physio-
logical responses. British Poultry Science 2001;42: 477-483.

  9.  Pirgozliev VR, Birch CL, Rose SP, Kettlewell PS, Bedford 
MR. Chemical composition and the nutritive quality of dif-
ferent wheat cultivars for broiler chickens. British Poultry 
Science 2003; 44: 464-475.

10.  Austin SC, Wiseman J, Chesson A. Influence of non-star-
ch polysaccharides structure on the metabolisable energy of 
U.K. wheat fed to poultry. Journal of Cereal Science 1999; 
29:77-88.

11.  Gutiérrez-Alamo A, Pérez De Ayala P, Verstegen MWA, 
Den Hartog LA, Villamide MJ. Variability in Wheat: fa-
ctors affecting its nutritional value. World Poultry Science 
Journal 2008; 64: 20-39.

12.  Angus WJ, Wisemen J. Possibilities for change in nutriti-
onal value of wheat by modern plant breeding/gene tech-



Progress in Nutrition 2023; Vol. 25, N. 1: e2023020 7

43.  Collins HM, Burton R A, Topping DL, Liao M, Bacic A, 
Fincher G. Variability in fine structures of noncellulosic cell 
wall polysaccharides from cereal grains: Potential importan-
ce in human health and nutrition. Cereal Chemistry 2010; 
87:272-282.

44.  Gebruers K, Dornez E, Boros D, Fras A, Dynkowska W, 
Bedo Z, Rakszegi M, Delcour J A, Courtin CM. Variation 
in the content of dietary fibre and components thereof in 
wheats in the health grain Diversity Screen. Journal Agri-
culcural Food Chemistry 2008; 56:9740-9749.

45.  Dusel G, Kluge H, Glaser K, Simon O, Hartman G, Len-
gerken JV, Jeroch H. An investigation into the variability 
of extract viscosity of wheat. Relationship with the content 
of non-starch-polysaccharide fractions and metabolisab-
le energy for broiler chickens. Archives Animal Nutrition 
1997; 50:121-135.

46.  Fengler AI, Marquardt RR. Water-soluble pentosans from 
rye: I. Isolation, partial purification, and characterization. 
Cereal Chemistry 1988; 65:291-297.

47.  Rose SP, Tucker LA, Kettlewell PS, Collier JDA. Rapid 
tests of wheat nutritive value for growing chickens. Journal 
of Cereal Science 2001; 34:181-190. 

48.  Kırkpınar F, Taluİ AM, Erkek R, Hamarat Ş, Basmacıoİlu 
H. The total pentosan and viscosity relationship in wheat, 
triticale and oats. Turkish Journal of Field Crops 1997; 
2:27-30.

49.  Lopez HW, Leenhardt F, Coudray C, Remesy C. Minerals 
and phytic acid interactions: is it a real problem for human 
nutrition? International Journal of Food Science and Tech-
nology 2002; 37:727-739.

50.  Rhou JR, Erdman JV. Phytic acid in health and disease. 
CRC Critical Reviews in Food Science and Nutrition 1995; 
35:495-508.

51.  Carnovale E, Lugaro E, Lombardi-Boccia G. Phytic acid 
in faba bean and pea: effect on protein availability. Cereal 
Chemistry 1988; (65)2:114-117.

52.  Graf E, Eaton JW. Supression of colonic cancer by diet-ary 
phitic acid. Nutrition and Cancer 1993; 19:11-19.

53.  Harland BF, Morris ER. Phytate: a good or a bad food com-
ponent? Nutrition Research 1995; 15:733-754.

54.  Lolas GM, Palamidis N, Markakis P. The phytic acid-total 
phosphorus relationship in barley, oats, soybeans, and whe-
at. Cereal Chemistry 1976; 53:867-871.

55.  Dost K, Tokul O. Determination of phytic acid in wheat and 
wheat products by reverse phase high performance liquid 
chromatography. Analytica Chimica Acta 2006; 558:22-27.

Correspondence:
Figen Kırkpınar
Department of Animal Science, Faculty of Agriculture, Ege 
Department of Animal Science, Faculty of Agriculture, Ege 
University, 35040, Bornova, Izmir, Turkey
figen.kirkpinar@ege.edu.tr
ORCID number: https://orcid.org/0000-0002-2018-755X

der mixtures. Acta Scientiarum Polonorum Series Agricul-
tura 2011; 10:87-95.

29.  Tabban ŞE, Ercan R. Pentosan content of main wheat varie-
ties grown in Turkey. Gıda 2002; 27:435-442.

30.  Brand TS, Cruywagen CW, Brandt DA, Viljoen M, Bur-
ger WW. Variation in the chemical composition, physical 
characteristics and energy values of cereal grains produced 
in the Western Cape area of South Africa. South African 
Journal Animal Science 2003; 33:117-126.

31.  Grausgruber H, Scheiblauer J, Schönlechner R, Ruckenbau-
er P, Berghofer E (2004) Variability in chemical compositi-
on and biologically active constituents of cereals. Proceedin-
gs of the 17th Eucarpia General Congress, 8-11 September; 
Tulln, Austria: BOKU-University of Natural Resources and 
Applied Life Sciences, Vienna Austria, p: 23-26.

32.  Šramková Z, Gregováb E, Šturdíka E. Chemical 
composition and nutritional quality of wheat grain. Acta 
Chimica Slovaca 2009; 2:115-138.

33.  Lacko-Bartošová M, Rédlová M. The significance of spelt 
wheat cultivated in ecological farming in the Slovak Re-
public. In: Proceeding of the conference “Organic farming 
2007”, 6-7.2.2007, 2007;79-81.

34.  Kim JC, Mullan BP, Simmins PH, Pluske JR. Variation 
in the chemical composition of wheats grown in Western 
Australia as influenced by variety, growing region, season 
and post-harvest storage. Australian Journal of Agricultural 
Research 2003; 54: 541-550. 

35.  Galterio G, Codianni P, Giusti AM, Pezzarossa B, Cannella 
C. Assessment of the agronomic and technological charac-
teristics of Triticum turgidum ssp. dicoccum Schrank and T. 
spelta L. Nahrung/Food 2003;47: 54-59. 

36.  Hughes RJ, Choct M. Chemical and physical characteristics 
of grains related to variability in energy and amino acid ava-
ilability in poultry. Australian Journal of Agricultural Rese-
arch 1999; 50:689-703.

37.  Demirbas A. ß-Glucan and mineral nutrient contents of 
cereals grown in Turkey. Food Chemistry 2005; 90:773-777.

38.  Kleese RA, Rasmusson DC, Smith LH. Genetic and en-
vironmental variation in mineral element accumulation in 
barley wheat and soybeans. Crop Science 1968; 8:591-593.

39.  Zhao FJ, Su YH, Dunham SJ, Rakszegi M, Bedo Z, McG-
rath SP, Shewry PR. Variation in mineral micronutrient 
concentrations in grain of wheat lines of diverse origin. 
Journal of Cereal Science 2009; 49:290-295.

40.  Nemeth C, Freeman J, Jones HD, Sparks C, Pellny TK, 
Wilkinson MD, Dunwell J, Andersson AAM,  Åman 
P, Guillon F, Saulnier L, Mitchell RAC, Shewry PR. 
Down-regulation of the CSLF6 gene results in decreased 
(1,3;1,4)-İ-D-glucan in endosperm of wheat. Plant Physi-
olgy 2010; 152:1209-1218.

41.  Genç H, Ozdemir M, Demirbas A. Analysis of mixed-lin-
ked (1İ3), (1İ4)-İ-d-glucans in cereal grain from Turkey. 
Food Chemistry 2001; 73:221-224. 

42.  Havrlentová M, Kraic J. Content of beta-d glucan in cereal 
grains. Journal of Food Resarch and Nutrition 2006; 45:97-
103. 


