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ABSTRACT

The aim of our study was to determine the nutrient content and organic matter degradability of different morphological parts
(whole plants, stalks, leaves) of maize hybrids dent and dent x flint. Ruminal degradability was determined by in sacco method.
Hybrids dent x flint - Mesnil, Chambord, Queen, and hybrids dent - Aude, Meridien, KX 1393, Omero were used.

The content of ADF, NDF and lignin in the stalks was higher in the dent than in dent x flint hybrids. Concentration of crude protein
(CP) in leaves was two times higher than in stalks (117.0 g.kg" DM and 53.0 g.kg' DM on average, respectively). The differences
were also noted in CP among the hybrids in all plant parts. Large differences were found in starch content among the hybrids
in whole plants: in Mesnil it was 329.0 g.kg! of DM, whereas in Meridien the starch content was 193.0 g.kg' of DM only.

In sacco experiment was carried out on three rumen cannulated cows. Hybrids dent x flint had on average higher effective organic
matter degradability in whole plants (56.1 %), stalks (38.8 %) and leaves (49.2 %) than hybrids dent (53.8 %, 35.2 % and 43.3 %).
Also, the rate of degradation of organic matter (OM) was higher for hybrids dent x flint than for dent. Organic matter in the stalks

was degraded more slowly than in leaves.
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INTRODUCTION

Maize is an important carbohydrate feedstuff
by virtue of its rich chemical composition and nutrient
content. Maize is characterized by high content of energy,
which is a basic assumption of nutrition, although it
does not cause abnormalities, but significantly reduces
the utility (Sommer et al., 1985).

Individual morphological parts of the plant maize,
according Struik (1983), are as follows: 43 % grain, 16 %
leaves, 1 % panicle, 10 % stems and 12 % bracts, and
contain several other nutrients which implies the various
contents of energy. The vegetative components (stalk,
leaf, husk and cob) can constitute approximately 70 %
of the whole plant dry matter and can affect the quality
of forage from the maize plant (Caetano et al., 2011).

Some studies have shown that in addition
to the grain, the vegetative components of the maize plant
are also important in the improvement of forage quality
(Silva et al., 2008). The concentration of crude protein,
fat, non-fibre carbohydrate, neutral detergent fibre and
the digestibility of these nutrients influence the energy
value of feedstuffs (Weiss, 1994).

In the assessment of the feed quality for ruminants
it is important to examine the degradability of nutrients
in the rumen. Effective degradability characterizes
the changes of feed, the kinetics of its degradation,
taking into account the rate of passage from the rumen
to duodenum (@rskov and McDonald, 1979). In sacco
method allows to obtain these data for several feeds
at the same time.

The aim of our study was to determine the nutrient
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content of different morphological parts of maize
hybrids dent and dent x flint and degradability of organic
matter in different morphological parts of maize
by in sacco method.

MATERIAL AND METHODS

Maize hybrids with the type dent (Aude, Meridien,
KX 1393, Omero) and dent x flint (Mesnil, Chambord,
Queen) were used in our experiment. Oganic matter
degradability in the morphological parts of maize was
determined by in sacco method (Harazim and Pavelek,
1999). All the maize hybrids are stay green with different
FAO (Table 1).

The samples of maize hybrids were harvested
at the time of milk-waxy maturity. The samples were
divided into different parts whole plants (stalks +
leaves + stems), leaves and stalks. In the whole plant
and individual morphological parts original dry mater
(DM) and chemical composition were determined.
Materials designed to degradability determination were
freeze-dried and ground. These samples were weighed
(approx. 2.50 g dry matter) into bags (9 x 15 cm) made
of Uhelon 130T (HEDVA, “Moravska Tiebova”, the Czech
Republic) with pore size of 47 um. Minimum of three
separate bags for hybrids, incubation time and animals
were used. The bags with samples were incubated for 2,
3,4,6,9, 16,24, 48, 72 and 96 hours. The 0 h time bags
were only washed in water to determine washing losses.

In sacco experiments were carried out in three
non-lactating cows with large rumen cannulae (an average
of 10 cm). The animals were fed twice a day with
a diet consisting of 70 % forage and 30 % concentrate on
a dry matter basis at maintenance level. Nutrient intake
to one cow/day in our experiment was followed: 9770 g
dry matter; 1170 g crude protein; 5050 g nitrogen free
extract; 2660 g fibre; 1980 g starch and 650 g ash.
Access to water was ad libitum.

Table 1: Characteristics of maize hybrids

Fifteen mg samples were inserted into the rumen
just before morning feeding. The content of organic
matter was determined in morphological parts of maize
and in the residues after all incubation times. The content
of nutrients was analyzed according to AOAC (2000).
Contents of ADF, NDF and lignin were determined
according to Van Soest (Lutonska and Pichl, 1983).
The parameters of degradability (a, b, ¢, and “effective
degradability”) were calculated using the equations
by Orskov and McDonald (1979) with outflow rate
of 0.06.h".

The data on nutrient content and organic
matter (OM) degradability were evaluated statistically
(mean and standard deviation). The statistical package
Statistix 8.0 was used for statistical methods. Statistical
evaluation of the results was performed by the one-
way ANOVA and Tukey test for multiple comparisons
at the level of significance P < 0.05 and P <0.01.

RESULTS AND DISCUSSION

The nutritional value of different morphological
parts of the plant is decreased with increasing maturity
(Pesche and Gross, 1980). It reduces the nutritional value
of whole maize plant. At the time of maize harvesting
(milk — waxy stage), leaves had higher content
of dry matter than stalks, regardless of the type of
hybrids. Small differences were found only for dry matter
of whole plants except for hybrid Queen and Aude
(Table 2).

Differences among hybrids in the nutrient content
of whole plants and dry matter are not caused only
by actual differences between morphological parts,
but also shared by various morphological parts
of ripeness stage at harvest (Verbi¢ et al., 1995). Harika
et al. (1995) asserted that the quality of maize stover
depends on the proportions of leaf and stem fractions
of the stover.

Hybrid FAO Type of corn Type of hybrid
Mesnil 290/300 dent x flint Sc
Chambord 300/300 dent x flint Sc
Queen 320/340 dent x flint Sc
Aude 380/380 dent Sc
KX 1393 450/450 dent Sc
Meridien 420/420 dent Sc
Omero 480/480 dent Sc
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Table 4: Characteristics of degradability and effective degradability of organic matter in morphological parts of selected maize hybrids

Maize hybrids

Parameter

Queen Aude Meridien KX 1393 Omero
46.9%¢

Chambord

Mesnil

35.1¢

37.1

34.6

28.3%

37.8

41.3¢

WP

a (%)

23.7

25.6

25.2

25.8

27.5

31.0

27.7

29.6

27.0

25.6

34.7

23.2

323

36.3

49.6

48.9

42.0

45.8

52.7

43.7

41.0

WP

b (%)

43.8

37.8

44.5

37.5

46.1

36.2

322

55.2 52.4 55.5 59.1 48.6
0.021¢

0.063

51.7
0.042
0.027

0.038

49.6
0.056°

0.027¢ 0.036

0.037

0.047
0.022
0.021

WP

¢ (%.h)

0.028

0.023

0.024
0.070
55.9°

0.046
0.031

0.038

0.030

0.028

54.6 51.9abed 53.2
36.84

35.19

55.3¢

56.4¢ 56.1¢
40.4abcdef

WP

Edg (%)

35.0%

36.0% 33.9%

40,1 sk

452

429

432

41.9

49.1

49.0

52.8

WP — whole plants, S — stalks, L — leaves, Edg — effective degradability. Means with the same letters in the same row are significantly different at P <0.05 and P <0.01.

Starch in whole plants was the highest in hybrid
Mesnil (329 g.kg! DM) and the lowest in Meridien
(193 g.kg'! DM).

The differences in the contents of ADF, NDF
and lignin were found by Kohler et al. (1990) among
the hybrids as well as between morphological parts.
It corresponds with our results (Table 2). Higher
contents of ADF, NDF and lignin were found
in the stalks of dent hybrids than dent x flint hybrids
(Table 2), except hybrid Queen. The similar tendency
was observed also in leaves and whole plants. Tolera and
Sudstel (1999) noted the highest contents of crude fibre,
ADF, NDF and lignin in stalks.

The concentration of crude protein in leaves
ranged from 101 to 126 gkg'! DM of hybrids dent
and from 108 g.kg! to 144 gkg! DM of dent x flint
hybrids. The results indicate that the maize leaves
have about three times more crude protein than stalks.
Average crude protein content in whole plant was higher
in dent hybrids as in dent x flint hybrids (85 g.kg™! vs.
78 gkg! DM). However, the quality of maize proteins
is poor because they are deficient at the essential amino
acids lysine and tryptophan (Shewry, 2007). Significant
differences between hybrids in content of nutrients are
presented in Table 3.

Among the morphological parts of maize plants
and also among maize hybrids there are differences
in the chemical composition, which results in the
differences of the effective organic matter degradability.
Many authors (Liu ef al. 1988, Negi ef al. 1988; Susmel
et al. 1990; Mir et al. 1991) referred to the differences
in degradability of morphological parts of maize
plant. According to Verbi¢ et al. (1995), it can be used
in the selection of suitable hybrids for ensilaging.

The effective OM degradability (Edg) was
found to be the highest for whole plants of maize
(from 51.9 to 56.1 %) (Table 4). The differences were
statistically significant between the hybrids dent x flint
and hybrid dent KX 1393 (Table 4). The effective OM
degradability for leaves was in the range from 41.9
to 52.8 % but they were not statistically significant.
A higher amount of lignin in the stalks was reflected in low
levels of all parameters of OM degradability. Particularly
in the fraction "a", effective OM degradability was
lower in the stalks than in leaves and whole plants.
The differences among dent and dent x flint hybrids were
significant for parameters "a" and "c", the effective OM
degradability in the whole plants and for Edg (effective
degradability) in the stalks.

The rate of degradation "¢" of the insoluble
fraction "b" was the highest in the leaves (Table 4).
The higher content of lignin reduces the degradation
of cell walls in the rumen, but does not affect the loss
of soluble substances such as sugar. We found that
the hybrid Meridien with the highest concentration of
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lignin in whole plants and stalks had the lowest rate
of degradation (parameter c¢) of organic matter. Higher
degradability of leaves compared with stems was reported
for most cereals (Kernan et al., 1984; Ramanzin et al.,
1986; Shand et al., 1988).

CONCLUSION

The content of nutrients was different in hybrids
and changed with morphological parts of maize hybrids.
We found the lowest effective degradability of organic
matter in stalks followed by the leaves and the highest
effective degradability of OM was in the whole plants.
From our results it may be concluded that there are
differences in chemical composition and differences
in effective degradability of maize between
morphological parts of the maize plant as well as
among maize hybrids. Therefore it is necessary to select
the correct maize hybrid on the basis of objectively
determined nutritive value.
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