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TOTAL PROTEIN AND CRUDE FIBRE CONTENT AND
DRY MATTER DIGESTIBILITY OF CHOSEN LEGUME
AND HERB SPECIES FROM EXTENSIVE GRASSLANDS

Stefan Grzegorczyk, Marzenna Olszewska, Jacek Alberski
University of Warmia and Mazury in Olsztyn

Abstract. Legumes and herbs are valuable elements of the meadow sward. In the
conditions of extensive meadow-pasture management, for example in protected areas
where first cut harvest is delayed, they determine to a large extent fodder quality, for
instance total protein content. The aim of the study was the evaluation of total protein and
crude fibre contents, as well as dry matter digestibility of chosen legume and herb species
from extensive grasslands. Research was conducted in the years 1998-2000 before first
cut harvest (June — first ten days of July) in the Olsztyn Lake District. Together, 444 plant
samples were studied. The determinant for sample uptake location was the occurrence of
phytocenoses with at least 5% area coverage (2 in the Braun-Blanquet scale) with chosen
legume species: Trifolium pratense L., Trifolium repens L., Lotus corniculatus L.,
Lathyrus pratensis L., Lotus uliginosus Schkuhr., and Vicia cracca L., as well as herbs:
Taraxacum officinale F. H. Wigg., Achillea millefolium L., Plantago lanceolata L.,
Alchemilla vulgaris L., Heracleum sibiricum L., and Cirsium oleraceum (L.) Scop.
Average total protein content in the legumes oscillated between 176.9 and 196.6 gkg.
Total protein content in herbs usually reached 100-120 g-kg' for Taraxacum officinale
F.H. Wigg., Achillea millefolium L. and Alchemilla vulgaris L. and 140-160 g-kg™ for
Heracleum sibiricum L. and Cirsium oleraceum (L.) Scop. Research demonstrated that
the legumes contained significantly more total protein and crude fibre than herbs, where
no significant differences were found between the particular legume species. However, in
the case of herbs, significant diversification of those components occurred, and the
highest amount of protein and at the same time the lowest amount of fibre was
accumulated by Heracleum sibiricum L. and Cirsium oleraceum (L.) Scop. Legume
digestibility reached 60-65%. Among the herbs, higher digestibility was characteristic for
Heracleum sibiricum L. (74.1%) and Cirsium oleraceum (L.) Scop. (74.4%), whereas the
lowest one for Achillea millefolium L. (62.2%).
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INTRODUCTION

Species composition of meadow-pasture sward to a high extent affects the
nutritional value of the produced fodder, and therefore also the quality of animal
products, such as milk [Bartowska et al. 2012]. Legumes and herbs are valuable
elements of meadow-pasture sward [Grzegorczyk et al. 2001, 2013]. Novoselova and
Frame [1992], when summing up the positive effects of legumes on grassland
productivity, point out to, among others, high yield of total and digestible protein and
significant savings in nitrogen fertilization caused by soil enrichment in this component
as a result of symbiosis with bacteria that assimilate nitrogen and transfer significant
amounts of this element to the grass [Pietrzak 2011]. The most important legume
species on grasslands in northern Europe are: Trifolium repens L., Trifolium pratense L.,
Trifolium hybridum L., Medicago sativa L. ssp. Sativa, and Lotus corniculatus L. In
western Europe, where Trifolium repens L. plays the leading role, also other species are
being paid attention to, such as Lotus corniculatus L., and Lotus uliginosus Schkuhr.,
which may be cultivated in extreme conditions, where other legumes fail [Novoselova
and Frame 1992, Gawet 2011].

Also herbs are desirable components of meadow and pasture sward. The plants
enrich fodder from grasslands in necessary elements and components of preventive and
therapeutic nature, as well as in many macro- and microelements that improve the use
of fodder by animals [Budny et al. 2012, Grzegorczyk et al. 2013, 2014]. In comparison
with grass, those plants usually contain much more nutrients, particularly mineral
compounds and total protein. Research demonstrated that feeding cows with mixtures
with herbal additives may increase their milk productivity and improve the chemical
composition and physiochemical indicators of milk and its technological and nutritional
value [Kraszewski et al. 2004, 2008; Bartowska et al. 2012]. Common herb species are,
among others, Taraxacum officinale ¥.H. Wigg., Achillea millefolium L., Plantago
lanceolata L., and Alchemilla vulgaris L., [Grzegorczyk and Grabowski 2007].

In protected areas, extensive meadow-pasture management determines the
preservation of high natural qualities of meadows. In this case, high proportion of herbs
and legumes in the sward compensates for the negative effect of late meadow mowing
on fodder quality [Zarzycki et al. 2005]. Total protein and crude fibre contents in the
plants is a species and cultivar characteristic [Dembek and Lyszczarz 2012; Szkutnik et
al. 2012]. The amount of those components to a high degree determinates fodder
nutritional value and digestibility [Pawlak 1990, Brzoska and Sliwinski 2011]. The
established study hypothesis assumed that common legume and herb species may to
a different degree affect the nutritional value of fodder. Therefore, research was
conducted which was to evaluate total protein and crude fibre contents, as well as dry
matter digestibility of chosen legume and herb species from extensive grasslands in the
Olsztyn Lake District.

MATERIAL AND METHODS

In the years 1998-2000 in the Olsztyn Lake District research was carried out on the
occurrence of chosen legume and herb species in extensive grassland sward, in which
first cut was harvested in the period of June — first ten days of July. Species composition
of the meadow sward was determined with the Braun-Blanquet method, soil samples
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were uptaken in order to determine physical and chemical properties, and plant samples
were uptaken in order to determine the contents of mineral and organic components.
The determinant for sample uptake location was the occurrence of phytocenoses with at
least 5% area coverage (2 in the Braun-Blanquet scale) with chosen legume species:
T. pratense, T. repens, L. corniculatus, L. pratensis, L. uliginosus, and V. cracca, as
well as herbs: T. officinale, A. millefolium, P. lanceolata, A. vulgaris, H. sibiricum, and
C. oleraceum.

Together, 444 plant samples were studied (Table 1). In the present work, the results
for total protein and crude fibre contents, as well as dry matter digestibility are
presented. Total nitrogen was marked with the Kjeldahl method, and crude fibre with
the Henneberg and Stohmann method. Total protein content was calculated by
multiplying the nitrogen content by 6.25. Total digestibility of dry matter was calculated
using the formula [Pawlak 1990]:

SO=87.1+036x—-1.07w

where:
x — total protein content in dry matter, %.
w — crude fibre content in dry matter, %.

Statistical processing of the results with the analysis of variance was carried out
using the program Statistica v. 9.1.

RESULTS

Total protein content in the studied plant species was diversified. The highest amount
of this element was found in legumes, where average values oscillated between 177 g-kg™
in 7. repens and 197 g-kg'1 in L. corniculatus, although no significant differences between
the species were found (Fig. 1). The lowest total protein content was found in four herb
species: A. millefolium, A. vulgaris, T. officinale, and P. lanceolata, and it amounted to,
respectively, 125, 114, 113, and 106 g-kg'. The studied plant species found in extensive
grassland sward may therefore be divided into three significantly different groups:
a) legumes with the highest protein content, b) herbs H. sibiricum and C. oleraceum with
average protein content, c) herbs A. vulgaris, T. officinale, A, millefolium, and
P. lanceolata with the lowest total protein content.

Total protein content in herbs oscillated between 100 and 120 g-kg™ for T. officinale,
A. millefolium and A. vulgaris and 140 and 160 g-kg"' for H. sibiricum and C. oleraceum.
The lowest diversification in total protein content was found in 7. officinale, and
H. sibiricum with the variation coefficients of 11.0% and 11.5% (Table 1). In the case
of legumes, total protein content in V. cracca, L. uliginosus and T. repens usually
oscillated between 180 and 200 g-kg', and in L. corniculatus and T. pratense between
160 and 180 g-kg™ (Fig. 2). The lowest value diversification was obtained for 7. repens
with the variation coefficient of 10.4% (Table 1).

Greater differences in crude fibre content occurred between herb species. In legumes,
lower diversification was found as significant differences occurred only between clovers
(T. repens and T. pratense) and V. cracca (Fig. 3). Average crude fibre content in legumes
oscillated between 256 g-kg” (T, pratense) and 289 g-kg” (V. cracca). Average crude
fibre content in herbs oscillated between 165 g-kg' (C. oleraceum) and 275 g-kg’'
(4. millefolium). In the studied herb species, four groups that differed significantly in
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the content of this component were distinguished. The least fibre was accumulated by
H. sibiricum and C. oleraceum and significantly more by 7. officinale. The next group
was made of P. lanceolata and A. vulgaris, and significantly the most fibre was found in
A. millefolium.
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Fig. 1. Average total protein content in plants (g'kg™) and confidence levels (95%)
Rys. 1. Srednia zawartos¢ biatka ogolnego w roslinach (g-kg™) i poziomy ufnosci (95%)

Table 1. Values for protein and fibre contents, as well as dry matter digestibility of chosen
legume and herb species, expressed as variation coefficients (%)

Tabela 1. Wahania zawartos$ci biatka, widkna i strawnosci suchej masy wybranych gatunkéw
roslin motylkowatych i zi6l, wyrazone wspotczynnikiem zmiennosci (%)

Total protein Crude fibre Dry matter
Species Number of content content digestibility
Gatunek samp lesr Zawartos¢ biatka  Zawartos¢ wiokna ~ Strawnosc¢ suchej
Liczba prob A
ogolnego surowego masy
Taraxacum officinale F.H. Wigg. 33 11.0 8.2 2.7
Achillea millefolium L. 52 17.4 15.7 8.1
Plantago lanceolata L. 32 17.8 20.0 8.5
Alchemilla vulgaris L. 48 14.8 11.2 4.3
Heracleum sibiricum L. 29 11.5 15.2 43
Cirsium oleraceum (L.) Scop. 49 16.5 14.2 33
Lathyrus pratensis L. 42 15.1 8.7 4.6
Vicia cracca L. 34 16.1 10.9 52
Lotus uliginosus Schkuhr. 51 12.7 12.9 7.0
Lotus corniculatus L. 23 16.5 10.8 6.7
Trifolium repens L. 26 10.4 114 5.7
Trifolium pratense L. 25 15.2 16.6 7.6
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Total protein content histogram
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In all the studied legume species, crude fibre concentration usually reached 250-300
g'kg"', which meets the nutritional expectations of ruminants. Crude fibre content in
herbs usually amounted to 200-250 g'kg' for T. officinale, P. lanceolata, and
A. vulgaris and 150-200 g-kg" in the case of H. sibiricum and C. oleraceum (Fig. 4).
The lowest diversification in the contents of this element was found in 7. officinale and
L. pratensis. Variation coefficients for those species amounted to, respectively, 8.2%
and 8.7%. The highest diversification was found in P. lanceolata, in which variation
coefficient reached 20% (Tablel).
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Fig. 4.  Crude fibre content histogram
Rys. 4. Histogram zawarto$ci wtokna surowego w roslinach

Calculated on the basis of total protein and crude fibre contents average total dry
matter digestibility oscillated between 62.2% (4. millefolium) and 74.4% (C. oleraceum)
(Fig. 5). No significant differences between legume species were found, where average
digestibility oscillated between 63.1% (V. cracca) and 66.3% (T. pratense). Among the
herbs, significant differences were found between plant species. The highest
digestibility was characteristic for H. sibiricum (74.1%) and C. oleraceum (74.4%), and
the lowest one for A. millefolium (62.2%).

The calculated dry matter digestibility for all the legume species usually fell within
the range of 60-65% (Fig. 6). In the case of herbs, the range was diversified. For
H. sibiricum it was 75-80%, for C. oleraceum 70-75%, for T. officinale and A. vulgaris
65-70%, for P. lanceolata and L. pratensis 60-65%, and for A. millefolium 55-60%.
Variation coefficients for digestibility results were very low and oscillated between
2.7% and 8.5% (Tablel).
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DISCUSSION

In the work, study results were presented on total protein and crude fibre contents, as
well as dry matter digestibility of 12 meadow plants from extensive grasslands,
including six legume species and six common herb species. In scientific literature, there
is a lack of this type of studies. More often the studies concern the use of legumes in
intensive grasslands [Barszczewski et al. 2011, Novoselova and Frame 1992], single
herb species [Dembek and Lyszczarz 2012, Jankowska 2012], or the nutritional value of
chosen groups of meadow plants [Kacorzyk and Szewczyk 2008].

It was demonstrated in the present study that not only legumes, which is common
knowledge, but also herbs contain significant amounts of total protein. It results from
the studies by Kacorzyk and Szewczyk [2008] that herbs contain more protein than
grass by 16-20%, and among the studied groups of plants that grow in the sword of
perennial grasslands, legumes were characterized by the highest total protein content. It
may therefore be stated that the presence of legumes in the sward affects positively the
nutritional value of fodder [Barszczewski et al. 2011, Zarzycki et al. 2005, Vazquez-de-
-Aldana et al. 2000, Ammar et al. 1999].

In the opinions of many authors, significant participation of legumes and herbs in
the sward improves its fodder value not only through increasing total protein content,
but also through decreasing crude fibre content [Ammar et al. 1999, Vazquez-de-
Aldana et al. 2000, Zarzycki et al. 2005]. This is confirmed by the obtained study
results, since the average fibre content in the studied species fell within the range
acknowledged as optimum in ruminant feeding [Pawlak 1990].

Dry matter digestibility presented in the work for all the studied legume species
usually fell within the range of 60-65%, and for herbs it usually reached higher values,
which may affect favourably the use of fodder by animals. According to Pres [1977],
digestibility of plants which are fed to cattle should be higher than 65-67%. Numerous
studies demonstrate that the majority of herbs and legumes are characterized by higher
digestibility than grass, which results from lower content of neutral detergent fibre
(NDF) in their chemical composition, which is related to the structural part content in
plant tissues. As the plants mature, participation of hard stems in herbs and legumes
increases significantly more slowly than in grass [Derrick et al. 1993, Wilman and Riley
1993, Ammar et al. 1999, Bruinenberg et al. 2001].

CONCLUSIONS

1. The studied legume and herb species pose a valuable component of extensive
grassland sward and affect favourably the nutritional value of fodder: higher total
protein content, lower crude fibre content, and higher dry matter digestibility, although
legumes are significantly more valuable in this respect.

2. In regard to average total protein content, the order of the studied herb species
(from the highest to the lowest values) is as follows: H. sibiricum, C. oleraceum,
A. millefolium, A. vulgaris, T. officinale, and P. lanceolata, and for legumes:
L. corniculatus, V. cracca, L. uliginosus, L. pratensis, T. pratense, and T. repens.

3. In regard to average dry matter content, the studied herb species may be ranked as
follows (from the highest to the lowest values): C. oleraceum, H. sibiricum,

Acta Sci. Pol.



Total protein... 47

T. officinale, A. vulgaris, P. lanceolata, and A. millefolium, and legumes: T. pratense,
T. repens, L. pratensis, L. uliginosus, L. corniculatus, and V. cracca.
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ZAWARTOSC BIALKA OGOLNEGO I WLOKNA SUROWEGO ORAZ
STRAWNOSC SUCHEJ MASY WYBRANYCH GATUNKOW ROSLIN
BOBOWATYCH I ZIOL. Z EKSTENSYWNYCH UZYTKOW ZIELONYCH

Streszczenie. Roéliny bobowate i ziota stanowig cenny element runi takowe;.
W warunkach ekstensywnej gospodarki lakowo-pastwiskowej, np. na terenach chronio-
nych, gdzie zbidr pierwszego pokosu jest opdzniony, decyduja w duzej mierze o jakosci
paszy, m.in. o zawarto$ci biatka ogdlnego. Celem badan byla ocena zawartosci biatka
ogollnego i wldkna surowego oraz strawnosci suchej masy wybranych gatunkow roslin
bobowatych i zidt z ekstensywnych uzytkow zielonych. Badania prowadzono w latach
1998-2000 przed zbiorem pierwszego pokosu (czerwiec — pierwsza dekada lipca) na
terenie Pojezierza Olsztynskiego. Lacznie przebadano 444 proby roslinne. Wyznaczni-
kiem miejsc do pobrania prob bylo wystgpowanie platow roslinnych z co najmniej 5%
pokryciem powierzchni (2 w skali Brauna-Blanqueta) przez wybrane gatunki roslin
bobowatych: Trifolium pratense L., Trifolium repens L., Lotus corniculatus L., Lathyrus
pratensis L., Lotus uliginosus Schkuhr., Vicia cracca L. 1 zidt: Taraxacum officinale F. H.
Wigg., Achillea millefolium L., Plantago lanceolata L., Alchemilla vulgaris L.,
Heracleum sibiricum L. i Cirsium oleraceum (L.) Scop. Srednia zawarto$é¢ biatka
ogblnego w bobowatych wahala si¢ na poziomie 176,9-196,6 gkg'. Zawartosé biatka
ogblnego w ziotach miescita sie najczesciej w granicach 100-120 gkg”' — Taraxacum
officinale ¥ H. Wigg., Achillea millefolium L. i Alchemilla vulgaris L. oraz 140-160 g-kg
— Heracleum sibiricum L. i Cirsium oleraceum (L.) Scop. Badania wykazaty, ze ro$liny
bobowate zawieraty istotnie wigcej biatka ogoélnego i widkna surowego niz ziota, przy
czym migdzy gatunkami bobowatych nie stwierdzono istotnych réznic. U zidt wystapito
natomiast istotne zroznicowanie tych sktadnikow, a najwigcej biatka i jednoczesnie
najmniej wiokna gromadzity Heracleum sibiricum L. i Cirsium oleraceum (L.) Scop.
Strawno$¢ roélin bobowatych miesécita si¢ w przedziale 60-65%. Wsrod zidt wyzsza
strawnos$cia odznaczaty si¢ Heracleum sibiricum L. (74,1%) 1 Cirsium oleraceum (L.)
Scop. (74,4%), zas najnizsza Achillea millefolium L. (62,2%).
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