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Abstract

The investigations aimed at the determination of total and phytate phosphorus con-
tent as well as concentration of Ca and Mg bound in the phytic acid complexes in hybrid
kernels of triticale forms with Aegilops sp. and of triticale parental components. The rese-
arch objects consisted of kernels of 4 strains, of which 2 had Aegilops sp. as a maternal
form and triticale: Ae. crassa 4x x(Panda x Dankowskie Zbte) and Ae. juvenalis 6x x [(Lan-
ca x L 506/79)x CZR 142/79] as a paternal form, whereas 2 other strains were obtained by
reciprocal crossbreeding:[(Jana x Tempo) x Janalx Ae. juvenalis 6x. The highest total pho-
sphorus content occurred in triticale kernels of (Jana x Tempo) x Jana as well as in two
hybrid strains created on the basis of this form (strains No 6 and 7); higher level was
found in a strain of the previous generation. The percentage of phytic acid phosphorus in
the total phosphorus contained in the kernels varied from 32.8 up to 69.4%. Among the
parental components we compared, triticale (Lanca x L 506/79) x CZR 142/79 was charac-
terized by the highest phytate phosphorus percentage in the total phosphorus, which was
not confirmed in the hybrid kernels. The phytate Mg share in kernels of the hybrid stra-
ins appeared higher compared to the parental components, except no 5 cross combination
Ae. juvenalis 6x x [(Lanca x L 506/79)x CZR 142/79]. As for Ca, the kernels of the strains
were characterized by a lower content of this element in the phytate complexes compared
with the parental forms. Among the strains analyzed, no 4, a cross-combination of Ae. Cras-
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sa 4x x (Panda x Dankowskie Zbte) and No 6 — [(Jana x Tempo) x Jana] x Ae. Juvenalis 6x,
deserves special attention as its kernels contained higher Ca and Mg content, lower phyta-
te phosphorus level and more advantageous Ca/P tot and Mg/P tot ratios.

Key words: X Triticosecale Wittmack, X Triticosecale Wittmack with Aegilops sp. hy-
brids, phytate phosphorus, phytate complexes calcium and magnesium.

POZIOM Ca, Mg I FOSFORU FITYNOWEGO W WYBRANYCH MIESZANCACH
PSZENZYTA Z KOZIENCAMI I ICH PSZENZYTNICH
FORMACH RODZICIELSKICH

Abstrakt

W badaniach okreslono zawarto§¢é fosforu ogélnego, fitynowego oraz poziom Ca i Mg
zwigzanego w kompleksach fitynowych w ziarniakach mieszanicowych form pszenzyta z ko-
ziencami oraz pszenzytnich komponentéow rodzicielskich. Obiektem badan byy ziarniaki
4 rodow, w tym 2, w ktorych forma mateczng byt kozieniec, a ojcowska pszenzyto: Ae.
crassa 4x x (Panda x Dankowskie Zbte) i Ae. juvenalis 6x x [(Lanca x L 506/79)x CZR
142/79] oraz 2 rody otrzymane w wyniku krzyzowania odwrotnego: [(Jana x Tempo)x Ja-
nalx Ae. juvenalis 6x. Najwigkszg zawarto$é fosforu ogélnego stwierdzono w ziarniakach
pszenzyta (Jana x Tempo) x Jana i dwéch rodach mieszaricowych powstakch w oparciu
ote forme (rodach nr 6 i 7); wyzszy poziom wykazano w rodzie wcze$niejszej generacji.
Udziat fosforu fitynowego w cakowitym fosforze zawartym w badanych ziarniakach byt
zroznicowany od 32,8 do 69,4%. Z poréwnywanych komponentow rodzicielskich pszenzyto
(Lanca x L 506/79)x CZR 142/79 odznaczab sie najwigkszym udziabm fosforu fitynowego
w odniesieniu do cakowitego, co nie znalazb potwierdzenia w ziarniakach mieszancowych.
Udziat Mg fitynowego w ziarniakach badanych rodéw mieszanicowych byt wigkszy w po-
réwnaniu z komponentami rodzicielskimi, z wyjatkiem nr 5 kombinacji krzyzéwkowej Ae.
Jjuvenalis 6x x [(Lanca x L 506/79)x CZR 142/79]. W ziarniakach badanych rodéw, w po-
réwnaniu z formami rodzicielskimi, stwierdzono mniejszy udziat Ca w kompleksach fityno-
wych. Sposréd analizowanych rodéw na uwage zashgujg nr 4 kombinacji krzyzowkowej
Ae. crassa 4x x (Panda x Dankowskie Zbte) i nr 6 [(Jana x Tempo)x Janalx Ae. juvenalis
6x], w ktorych ziarnie stwierdzono wigksza zawarto§é Ca i Mg oraz mniejszy udziat fosforu
fitynowego, a takze korzystniejsze wskazniki Ca/P cakowitego i Mg/P cakowitego.

Sbwa kluczowe: pszenzyto, mieszance pszenzyta z koziencami, fosfor fitynowy, komple-
ksy fitynowe wapnia i magnezu.

INTRODUCTION

In cereal grains and seeds of leguminous crops or oil plants, 2/3 of total
phosphorus is made up of phytates, (phytic acid salts) (myo-inositol hexaki-
sphosphate IP6), which are accumulated chiefly in the aleuron grains and
globoids to be utilized by plants during germination as a source of phospho-
rus and some other elements, such as Mg, K, Ca, Mn, Fe and Zn (HARALD,
Moris 1995, TroszYNSKA et al. 1992).
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Phytate complexes are poorly available to monogastric animals and pos-
sess several antimetabolic properties. Owing to its chemical structure, phytic
acid demonstrates high affinity for polyvalent cations. Being a potent chela-
tor of macro- and microelements, this acid substantially reduces the availa-
bility of nutrients to monogastric animals, thus effectively limiting their re-
sorption from the digestive tract (HurreLL 2003, Lopez et al. 2000). Phytic
acid strongly binds to important mineral nutrients such as iron and zinc,
forming salts which are largely excreted. Phytic acid-derived P in animal
waste can contribute to water pollution, a significant problem in the world
(SHARPLEY et al. 1994). Because phytic acid is a chelator of various chemical
components and inhibits some digestive enzymes, it lowers the availability
of protein, starch and minerals essential for the proper functioning of the
animal organism (HaraLD, Moris 1995, HEmbpL 2000, HURRELL 2003). With re-
spect to poultry and swine production, since much of grain P is phytic acid
P and as such it is excreted, in order to provide for animals’ nutritional
requirement for P and sustain optimal productivity, animal feeds must be
supplemented with either an available form of P or the enzyme phytase
(HeEmpL 2000, RUTHERFURD et al. 2004, TROszYNSKA et al. 1992). As one possible
approach to solving the problems associated with seed-derived dietary phytic
acid, the U.S. Department of Agriculture and other institutions have isolat-
ed cereal and legume low-phytic acid mutations and have used them to breed
first-generation low-phytate hybrids, cultivars and lines. Seed phytic acid is
reduced in these crops by 50-95% (LarsoN et al. 2000, RaBoy et al. 2000,
RaBoy 2002).

The genetic breeding research conducted on triticale hybrids with Ae-
gilops sp. aim at obtaining genotypes of a far wider economic importance
than the initial forms. Some new forms developed through transfer of bene-
ficial genes from Aegilops sp. to triticale and selection may improve yield
components, technological value, plant resistance to take-all and root dis-
eases, rusts and powdery mildew as well as their adaptability to soil acidity
(Acaremowicz et al. 2002, ARSENIUK et al.1998, GRUSZECKA et al. 1996a,b,
GRruszECKA et al. 2004, MastowskI et al. 1997, STRZEMBICKA, GRUSZECKA 1997).

Introduction of new triticale forms to crop production requires perform-
ing qualitative analyses of grains, including the content of phytate phospho-
rus and phytates, the compounds considered as antinutritional ones.

The objective of the present research was to determine the phytic acid
content and the concentrations of Ca, Mg bound in the phytate complexes
in relation to the total content of these minerals in hybrid kernels of the
triticale strains with Aegilops sp. and their triticale parental components.
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MATERIAL AND METHODS

The research material comprised kernels of 4 hybrid strains obtained
through distant or wide hybridization of triticale with Aegilops sp. and their
triticale parental components. The experiments were performed on two
strains of cross combinations Ae. crassa 4x x (Panda x Dankowskie Zbte)
(No 4) and Ae. juvenalis 6x [(Lanca x L 506/79) x CZR 142/79] (No 5) with
Aegilops as a maternal form, and triticale as a paternal one, and two other
strains of different generations of a combination [(Jana x Tempo) x Jana] x
Ae. juvenalis 6x (nos 6 and 7) obtained through a reciprocal cross (Table 1).
The hybrids strains were developed by two- or threefold back pollination of
F1 hybrids with respective triticale parental form (By, B; or B,) to be after-
wards four- or fivefold reproduced by self-pollination (F, or Fj, respectively).
In the subsequent generations, positive selection was performed including
resistance to pathogens and environmental stressors followed by negative
selection regarding some unfavorable traits of wild-Aegilops forms.

Table 1
Research material
Sample Forms Generation
No
triticale
1 Panda x Dat kowskie Ztote
2 (Lanca x L 506/79) x CZR 142/79
3 (Jana x Tempo) x Jana triticale hybrids with Aegilops sp:
4 Ae. crassa 4x x (Panda x Dat kowskie Ztote) B/Fj
5 Ae. juvenalis 6x x [(Lanca x L 506/79) x CZR 142/79] B/F
6 [(Jana x Tempo) x Jana] x Ae. juvenalis 6x [1] ByF,
7 [(Jana x Tempo) x Jana] x Ae. juvenalis 6x [2] B4Fj

After the selection, the kernels were examined for the total phosphorus
content by the spectrophotometric method (1=365 nm) (Shimadzu Corp.
160 A) after the phosphorus and ammonium molybdate complex color had
been developed in the presence of sulfuric acid.

For determination of phytic acid, the samples were extracted with
trichloroacetic acid (TCA) and prepared for determination of the Fe content
according to the method of Latta, EskiN (1980).

The level of minerals (Mg, Ca) in phytates complexes after extraction
with trichloro acetic acid was determined by the atomic absorption spec-
trometry (AAS) method (Unicam 939).

All the data were expressed on the dry weight basis.
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RESULTS AND DISCUSSION

Our previous studies on triticale hybrids with Aegilops had demonstrat-
ed that an exogenous phytase additive to the investigated triticale forms,
under in vitro conditions, increased a level of phosphorus released from the
phytate complexes. The most favourable dephosphorilation effects were ob-
tained during 5-hour incubation at pH 3 (Makarska, GRuszEcKA 2001).

In the present research, the highest total phosphorus content was de-
termined in the kernels of triticale (Jana x Tempo)x Jana and two hybrid
strains (No 6 and 7) formed on the basis of this triticale. It is noteworthy
that a higher phosphorus concentration was recorded in strain no 6 of the
previous generation as compared to strain no 7 (Table 2).

Table 2

Content of total and phytate phosphorus in kernels of triticale hybrids with Aegilops sp.
and their triticale parental forms

Phosphorus
Phosphorus | Phosphorus phytate/
SaII\In(f)le Forms total phytate /Phosphorus
(%) (mg-g-1) total
(%)
triticale
1 Panda x Dankowskie Ztote 0.287+0.004 | 1.429+0.012 49.79
2 (Lanca x L 506/79) x CZR 142/79 0.234+0.008 | 1.396+0.009 59.65
(Jana x Tempo) x Jana triticale
3 hybrids with Aegilops sp 0.377+0.008 | 1.336+0.005 35.43
4 |Ae crassadxx (Panda x Darikowskie | 9170010 1.50720.011 69.44
Zlote)
Ae. juvenalis 6x x [(Lanca x L 506/79) x
5 CZR 142/79] 0.358+0.007 | 1.512+0.007 42.23
6 gi?‘ll]"" x Tempo) x Janal x Ae. juvenalis | 575 0 (05| 1.232+0.005 32.85
7 gﬁ;f x Tempo) x Janal x Ae. juvenalis | 554 004 | 1.468+0.003 40.78

The content of phytate in the grain of the test triticale strains ranged
from 1.232 mg-g! (sample 6) to 1.512 mg-g! (sample 5). In comparison
with phytate in wheat grain, these results were nearly fivefold lower (HER-
NANDEZ et al. 2003).

The percentage of phytate phosphorus in total phosphorus varied in ker-
nels of the test forms from 32.85 up to 69.44% (Table 2). The values were
lower or close to those reported by Matvyka et al. (1993), who studied numer-
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ous triticale cultivars. Among the parental components we compared, Lanca
x L 506/79) x CZR 142/79 triticale distinguished itself by the highest phytate
phosphorus content in total phosphorus. However, this result was not con-
firmed for the hybrid strain kernels. In hybrid strains nos 6 and 7, the
phytate phosphorus percentage was close to a level recorded in the triticale
parental form. It should be emphasized that a higher phytate content was
determined in the kernels of the later generation (strains nos 6 and 7),
whereas in grain of strain no 4 (Ae. crassa 4x x (Panda x Dankowskie Zbte)
a substantially higher phytate phosphorus level was noticed versus the pa-
rental form: Panda x Dankowskie Zbte.

Evaluation of the mineral components in the examined triticale hybrid
strains, presented in our previous paper, indicated a beneficial influence of the
wild forms of Ae. crassa 4x and Ae. juvenalis 6x on their level and univalent/
divalent cations ratio shown in the hybrid strains (Makarska, GRuszecka 2003).

Generally, the phytate Mg content in kernels of the strains researched
in this work proved higher as compared to the respective triticale parental
components (except strain no 5) — Table 3, while the Ca concentration was
usually lower in the phytate complexes of the strains investigated than in
their triticale parental components (except strain no 5).

Among the strains analyzed, attention should be given to strains nos 4
and 6, whose grains contained more Ca and Mg but less phytate phosphorus
and had superior indices of Ca/P total and Mg/P total compared to the re-
spective triticale parental forms (Tables 3 and 4).

Table 3

Content of Ca and Mg in phytate complexes in kernels of triticale hybrids with Aegilops sp.
and their triticale parental forms

(%) (%)
1 0.22 0.0254 11.54 1.32 34.04 13.33
2 0.24 0.0258 10.75 1.42 42.59 15.35
3 0.27 0.0259 9.59 1.60 31.70 10.25
4 0.25 0.0219 8.75 141 41.17 14.96
5 0.24 0.0252 9.00 1.49 33.84 11.74
6 0.31 0.0283 9.13 1.74 35.37 10.49
7 0.25 0.0248 9.93 1.50 35.87 12.33
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Table 4

Percentage of Ca and Mg to total and inorganic phosphorus in kernels of triticale
with Aegilops sp. hybrids and their triticale parental forms

Sample P inorganic/P Ca/P total . Ca/P . Mg/ P total . Mg/P.

No total (%) inorganic inorganic
1 50.17 0.07 0.15 0.46 0.92

2 40.17 0.10 0.26 0.61 1.51

3 64.46 0.07 0.19 0.42 0.66

4 30.41 0.12 0.38 0.65 2.13

5 57.82 0.07 0.12 0.42 0.72

6 59.73 0.08 0.14 0.46 0.78

7 59.17 0.07 0.12 0.42 0.70

CONCLUSION

1. Strains of triticale with Aegilops sp. hybrids, as compared to parental
components, were usually characterized by increased Ca and Mg content
in grain as well as lower Ca and higher Mg concentration in phytate com-
plexes.

2. Kernels of cross combinations between Ae. crassa 4x x (Panda x
Dankowskie Zbte) [B ,/F5] and [(Jana x Tempo)x Jana] x Ae. juvenalis 6x
[By/F,] distinguished themselves by a higher Ca and Mg content alongside
lower phytate phosphorus and more favourable Ca/P total and Mg/P total
ratio.

3. Distant or wide hybridization of triticale and Aegilops sp.may yield
hybrids of more beneficial nutritional parameters compared to their triticale
parental components.
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