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Nutrition and Physiology

Plant cell walls fiber component analysis and digestibility of birdsfoot trefoil (Lotus 
corniculatus L.) in the vegetation

1 1 2Y. Naydenova *, A. Kyuchukova , D. Pavlov

1Institute of Forage Crops, 89 General Vazov, 5800 Pleven, Bulgaria
2Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

 

Abstract. The changes in plant cell wall fiber components content and digestibility by Van Soest detergent analysis and in vitro enzymatic digestibility of 
Bulgarian plant breeding materials of birdsfoot trefoil (Lotus corniculatus L.) in the vegetation with a view to characterize plant species and to develop predictive 
regression models for forage quality evaluation are presented. The study was carried out at the Institute of Forage Crops, Pleven, as a part of its breeding 
program. The plants were grown during the period 2002–2004 on experimental plots and harvested at eight development stages from pasture stage to full pod 
formation stage in the first spring and second summer growths. During the vegetation both in spring and summer growths cell wall fiber components changes 
were presented as NDF, ADF, ADL. The rate in all parameters content increasing of the cell wall fiber components is great till full flowering stage, after that the 
intensity decreases. The degree of plant lignification is evaluated. Digestibility at each plant development stage in spring growth compared to those of summer 
is higher from 2,4 to 5,7 % points at average-day decreasing by 0,22% units (pasture stage-full flowering stage) in spring and 0,26% units (pasture stage-
beginning of pod formation stage) in summer growth. The linear regression mathematical models predict in vitro dry matter digestibility by different cell wall fiber 
fractions with high accuracy (coefficient of determination R=0,847–0,937). When digestibility was predicted by all fractions, the predictive accuracy was the 
highest (R=0,986–0,994). Accuracy of estimation of fiber components and digestibility by days of vegetation as an independent variable was also high in spring 
growth R=0,859–0,944 and in summer growth R=0,906–0,989.

Keywords: fiber, in vitro digestibility, birdsfoot trefoil (Lotus corniculatus L.) vegetation, regression models

Abbreviations: FU – feed units, IFC – Institute of Forage Crops, NDF – Neutral detergent fiber, ADF – Acid detergent fiber, ADL – Acid-detergent lignin, IVDMD 
– In vitro Dry Matter Digestibility
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Introduction in the birdsfoot trefoil vegetation and to develop linear mathematical 
regression models for their rapid and accurate prediction in forage 
quality evaluation.Birdsfoot trefoil (Lotus corniculatus L.) is a perennial legume 

herbaceous forage crop with excellent adaptability in environment. 
Unexacting to soil, stuff resistant and usual legume component in 

Material and methodsnatural and sown pasture in foot hilly and mountain regions, well 
combining with legumes/grasses (Chourkova, 2008, 2012; 
Naydenova et al., 2005, 2010; Barlan et al., 2002; Erik et al., 2004; The changes in plant cell wall  fiber  components  content  and 
Hopkins et al., 2004; Radovic et al., 2003). The crop is highly in vitro enzyme digestibility of birdsfoot trefoil, grown in field 
nutritive value, appetizing and digestibility 65–75%. The fresh competitive variety trial, second and third year of growth at the IFC – 
biomass contains 27.5 FU and 4.5 kg digestible protein Pleven at soil type leached chernozem, pH 7.3–7.6, according to the 
(Kyuchukova et al., 1995; Chourkova et al., 2002; Tomic et al., Institute technology were investigated. Plant breeding materials 

2 2005). The composition and digestibility of birdsfoot trefoil were were sown in 5 m plots in four replications and interrow spacing 25 
2studied and compared to those of other forage legume species cm and number of germination seeds 20–21 in m . The plants were 

(Pavlov and Naydenova, 2000). The changes in relationship to harvested at eight one weekly periods in different vegetative stages 
species development stage (Pavlov, 1996) and those for general from pasture stage to full pod formation stage both in first spring and 
composition are presented in tables of forage nutritive value for second summer growths (Table 1). The mean values of each 
ruminants (Todorov et al., 2007). The rapid and accurate prediction parameter investigated at each date of vegetation of four plant 
of forage composition and digestibility were performed empirically breeding materials standard for the country variety Targovishte 1 
by mathematical regression models on the basis of previous studies, and three perspective accessions were presented in scale. The 
which premise to done prognoses of changes in forage crops plant cell walls components content was determined by Goering and 
(Demarquilly, 1981; Naydenov, 1988; Pavlov, 1996). In this relation Van Soest detergent analysis (1970) (AOAC, 2001) as NDF (Neutral 
the birdsfoot trefoil is insufficiently studied. detergent fiber); ADF (Acid detergent fiber); ADL (Acid-detergent 

The aim of the study was to analyze and develop a scale of lignin). The biological analysis in vitro cellulase (Endo-1-4 β-
changes in plant cell wall fiber components content and digestibility glucanase) digestibility of dry matter (IVDMD) was performed by two 

* e-mail: y_naydenova@abv.bg
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step pepsin-cellulase method Aufrere (1982) (Todorov et al., 2010). detergent fiber, representing total fiber content (lignin, cellulose and 
The linear mathematical regression models for prediction of plant hemicellulose), which demonstrate in each plant development stage 
cell wall fiber components content and digestibility by days of of birdsfoot trefoil slowly increasing by 1,0–1,5 % units, as well the 
vegetation and for prediction of digestibility by fiber components increasing in ADF (lingo-cellulose complexes) and lignin, measured 
content were developed as the type y = a ± bx ± cx…, where y is as ADL/Acid-detergent lignin is by 1,5–4,0 % units and 1,1–1,6 % 
evaluated parameter – fiber component or digestibility; x – days from units respectively. That's way indigestible part of plant cell walls fiber 
the beginning of the vegetation or laboratory parameter for fiber components is more increased as compared to digestible, meaning 
composition analysed; a, b, c – regression coefficients. that the lignin is totally indigestible, as the part of cellulose which is 

also indigestible (Table 2).
The rate of increasing in the content of all parameters of fiber 

components content is significantly higher till flowering development 
Results and discussion stage and after that decrease.

The enzyme in vitro dry matter digestibility of birdsfoot trefoil in 
Changes in plant cell walls fiber components content and each plant development stage in the first growth is higher in 

enzyme dry matter digestibility of birdsfoot trefoil forage. comparison to those in the second growth from 2,4 to 5,7 % units at 
Scales of composition changes in plant cell wall fiber averagr day temperature of decreasing in the first growth from the 

component, lignification degree and digestibility of perspective vegetation development stage till flowering stage by 0,22 % units 
patterns birdsfoot trefoil – spring (1) and summer (2) growth; % dry and in the second growth from the vegetation development stage till 
matter at eighth development stages/dates are demonstrated in beginning of pod formation stage.
Table 2. During the two growths in the vegetation the plant cell walls 
fiber components increased as follows: Significance of the regression models

-1· In the first growth NDF increase from 241.3 to 313.9 g kg  The regression mathematical models for prediction of plant cell 
DM, i.e. by 6% units in mean-day temp of increasing by 0.21 % units; wall fiber components content and digestibility by days of vegetation 

-1ADF from 216.8 to 272.1 g kg  DM, i.e. by 5.5 % units in mean-day as independent variable were significant for prediction of all 
-1temp of increasing by 0.16 % units and ADL from 50.4 to 74.8 g kg  parameters investigated (R = 0.859 – 0.989) as follows (Table 3):

DM at maximal value reached in the stage of pod formation and by · Highly significant for prediction of ADL in first spring growth 
0,03 % units in the stage of  flowering (Table 2). (R = 0.944);

· In the second growth, for the difference from NDF/Neutral · Highly significant for all fiber fractions and digestibility in 

Table 1. Morphological development stages of birdsfoot trefoil

Number

1

2

3

4

5

6

7

8

Vegetation stage

14 April,  Spring growth

Late vegetation stage

21 April Spring growth

31 May Summer growth

 Early budding stage

 28 April Spring growth

 07June  Summer growth

 Budding stage

 03 May Spring growth

 14 June Summer growth

 Early flowering stage

 12 May Spring growth

 21 June Summer growth

 Flowering stage

 19 May Spring growth

 28 June Summer growth

 Early pod formation stage

 26 May Spring growth

 05 July Summer growth

 Pod formation stage

 31 May Spring growth

 12 July  Summer growth

Stems in high till 10 cm (without buds and flowers)

Stems in high from 20 to 30 cm (without buds and flowers)

Stems with the first bud (without flowers)

Stems with over 2 buds, but without flowers

One or two open flowers

Two or more flowers and 3-5 green pods

Formation of 10-15 brown pods

Formation over 15 brown pods

Vegetative stage Morphological traits
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Table 2. Composition changes in plant cell wall fiber components, lignification degree and digestibility of birdsfoot trefoil – 1.
-1spring growth; 2. summer growth, g kg  DM

Development stage

1. Vegetation

2. Late vegetation

3. Early budding

4. Budding

5. Early flowering

6. Flowering 

7. Early pod formation

8. Pod formation

1. Mean

    SD

2. Mean

    SD

241.3

251.0

243.4

254.3

266.4

256.4

280.2

279.4

307.3

311.4

313.9

328.7

304.4

335.8

291.8

316.5

281.1

28.4

291.7

35.4

216.8

232.2

236.5

236.7

252.4

253.4

256.4

271.2

259.6

277.6

272.1

305.3

269.7

310.4

260.6

293.0

253.0

18.3

272.5

29.8

50.4

71.4

60.2

72.5

62.5

73.8

62.8

75.6

65.0

81.1

68.0

81.9

74.8

87.2

72.2

84.3

64.5

7.6

77.5

5.5

164.0

160.8

176.3

164.2

190.0

179.6

193.6

195.6

194.6

196.5

204.1

223.4

194.9

223.2

188.4

208.7

188.5

11.8

194.0

24.3

73.83

69.15

73.36

67.67

70.38

66.47

68.87

65.07

67.13

64.53

66.08

63.64

70.13

58.32

69.18

62.18

69.84

2.72

64.63

3.38

20.9

28.4

22.6

28.5

23.5

28.7

22.4

27.1

21.2

26.0

21.7

24.9

24.6

26.0

24.7

26.6

22.7

1.46

27.0

1.40

2.15

18.8

6.90

17.6

14.0

3.00

23.8

8.50

47.7

33.8

41.8

23.4

34.70

25.40

31.2

23.5

27.70

13.8

19.2

9.7

NDF ADF ADL Hemicellulose Cellulose Lignif. (Coeff.) IVDMD (%)

Table 3. Regression mathematical models for prediction of plant cell wall fiber components content and digestibility of
birdsfoot trefoil

*R – Coefficient of determination; SEE – Standard Error of Estimation, P< Significance; D – Days of vegetation: 

Parameter, Equation R SEE P<

First Spring growth

NDF  = 22.488 + 0.14791 D

ADF  = 21.7504 + 0.09344 D 

ADL  = 4.8308 – 0.0426 D

IVDMD = 74.0598 – 0.11026 D

IVDMD = 95.148 – 0.8993 NDF

IVDMD = 101.882 – 1.2652 ADF

IVDMD = 83. 89331 – 2.1745 ADL

IVDMD = 105.261– 0.7452NDF–1.2921ADF+2.8296ADL

IVDMD =106.31+0.016D-0.81NDF- 1.187ADF + 2.4574ADL

Second Summer growth

NDF  = 24.41 + 0.274 D

ADF  = 23.5185 + 0.2213 D

ADL = 7.0822 – 0.0428 D

IVDMD = 68.4977 – 0.2298 D

IVDMD = 86.8698 – 0.767 NDF

IVDMD = 91.702 – 0.9942 ADF

IVDMD = 106.6443 – 5.3857 ADL

IVDMD = 125.361+1.4267NDF–0.8442ADF -10.1406ADL

IVDMD =157.607+0.256D+1.3885NDF-1.56ADF-2.22ADL

0.880

0.859

0.944

0.683

0.936

0.852

0.607

0.994

0.994

0.978

0.989

0.971

0.906

0.847

0.877

0.937

0.986

0.987

0.0039

0.0062

0.0004

0.0616

0.0006

0.0070

0.1110

0.0002

0.0027

0.00069

0.00017

0.00110

0.01260

0.03300

0.02150

0.00580

0.04130

0.02310

1.33

1.00

0.26

2.13

1.02

1.53

2.3

0.37

0.43

0.82

0.46

0.14

1.53

1.92

1.74

1.26

0.85

1.13
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second spring growth (R= 0,906 – 0,989). 2, 111-130.
Digestibility was predicted by each fiber fraction NDF, ADF, ADL Barlan M, Breazu I, Oprea G and Neagu M, 2002. Genetic diversity 

with high statistical significance. among accession of perennial grasses and Lotus corniculatus L. 
varieties. Grasslands Science in Europe, 7, 400-401.· Highly significant for prediction of digestibility in first spring 
Chourkova B, 2008. Productive possibilities, botanical composition growth by NDF (R= 0,936)
and biological traits of birdsfoot trefoil varieties and populations. · Highly significant for prediction of digestibility in second 
Journal of Mountain Agriculture on the Balkans, 11, 5, 829-838.summer growth by ADL (R = 0,937)
Chourkova B, 2012. Biochemical characterization of species and When predicting digestibility by all fiber fractions NDF, ADF, 
populations birdsfoot trefoil (Lotus corniculatus L.) grown in the ADL or by all fiber fractions and days of vegetation the accuracy of 
region of Troyan. Banat's Journal of Biotechnology, Timishoara, III 5, significance was higher: 
51-57.· Digestibility in first spring growth (R = 0,994)
Chourkova B, Todorova P and Naydenova Y, 2002. Evaluation of · Digestibility in second summer growth (R = 0,986–0,987).
native populations birdsfoot trefoil (Lotus corniculatus L.) by quality Digestibility in second growth is significantly lower compared to 
parameters. Scientific Sisсion of Jubilee “120 Years Agriculture those in the first growth and the accuracy for prediction of digestibility 
Science in Sadovo”, Scientific reports, I, 73-75.parameters for the second growth in the respective stages is also 
Demarquilly C, 1981. Prevision de la valeur nutritive des aliments lower.
des ruminants. INRA Publ, 592p.NDF, ADF and ADL content correlate with age and could be 
Eric P, Cupina B, Maeinkovic L and Vuckovic S, 2004. Forage predicted well with the days of vegetation. The accuracy of 
yield and perennial legumes grown for different purposes. prediction is highest for ADL. For prediction of IVDMD is better to use 
Grasslands Science in Europe, 9, 936-938.NDF, ADF, ADL content than days of vegetation. This associate with 
Hopkins A, Johnson RH and P Bowling PJ, 2004. Forage the investigations of Todorov et al. (2007).
production and persistency from Lotus-based swards under low 
input management. Grasslands Science in Europe, 9, 504-506.  
Kyuchukova A, Ilieva A and Stefanov D, 1995. Study on 

Conclusion introduction varieties and native populations birdsfoot trefoil (Lotus 
corniculatus L.) in breeding process. Plant Science, Sofia, 1-2, 156-

The plant cell walls fiber components content increases in 159.
birdsfoot trefoil, harvested at eight development stages from pasture Naydenov T, 1988. Study and quality prediction of green and 
stage to full pod formation stage in the first spring and second preserved forages. Thesis for DSc, Pleven, 270 p (Bg).
summer growths, analyzed as NDF, ADF, ADL and determined as Naydenova Y, Chakarov R and Pavlov D, 2005. Plant cell walls 
hemicellulose and cellulose. The rate in cell walls fiber components fiber components content and digestibility of wheatgrass (Agropyron 
content increasing is great till full flowering stage, after that the cristatum L.), grown in pure stand and in mixtures with perennial 
intensity decreases. legumes, Journal of Animal Science, Sofia, 42, 5, 121-128.

Digestibility at each plant development stage in spring growth Naydenova Y, Kyuchukova A and Georgieva N, 2010. Forage 
compared to those of summer is higher from 2,4 to 5,7 % points at feeding value estimation of birdsfoot trefoil (Lotus corniculatus L.). 
average daily decrease by 0,22% units (pasture stage-full flowering Journal of Mountain Agriculture on the Balkans, 13, 6, 1549-1564.
stage) in spring and 0,26% units (pasture stage-beginning pod Pavlov D, 1996. Productivity, feeding value, quality characteristics 
formation stage) in summer growth. at different groups forage crops and possibilities for their prediction. 

The linear regression mathematical models predict in vitro dry Thesis for DSc, Faculty of Agriculture, Trakia University Stara 
matter digestibility by different cell wall fiber fractions with high Zagora, 569 p. (Bg).
accuracy, coefficient of determination R=0,847–0,937. When Pavlov D and Naydenova Y, 2000. Analysis and prediction of cell 
digestibility was predicted by all fractions, the predictive accuracy wall components and in vitro digestibility by Near Infrared 
was the highest R=0,986–0,994. Reflectance Spectroscopy in perennial legumes. Journal of 

Accuracy of estimation of fiber components and digestibility Mountain Agriculture on the Balkans, 3, 362-378. 
by days of vegetation as independent variable was also high in Radovic J, Dinic B and Pudlo V, 2003. Productivity and quality of 
spring growth R=0,859–0,944 and in summer growth some birdsfoot trefoil (Lotus corniculatus L.)  varieties. Grassland 
R=0,906–0,989. Science in Europe, 8, 118 - 121.

Todorov N, Krachunov I, Djuvinov D and Alexandrov A, 2007. 
Handbook in Animal Nutrition, Matkom Ed., Sofia, ISBN 978-954-

References 9930-47-4.
Todorov N, 2010. Practice in animal nutrition. East-West Ed, Sofia.
Tomic Z, Nesic Z, Krnjaja V and Zujovic M, 2005. Parameters of AOAC, 2001. Official methods of analysis, 17-th ed. Association of 
production and quality of new cultivars of perennial leguminous Official Analytical Chemists, Maryland, USA, AOAC International.
plants as livestock feed. Biotechnology in Animal Husbandry, Aufrere J, 1982. Etude de la prevision de la digestibilite des 
Beograd, 21, 3-4, 89-96.fourrages par une methode enzymatic. Annales de Zootechnie, 31, 
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