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H I G H L I G H T S

• It was studied if whole plant silage of vetch is a contribution to pig diets.
• Vetch silage is a suitable roughage for growing-finishing pigs.
• When compared to triticale straw, vetch silage improves body mass gain of pigs.
• Triticale straw and vetch silage lead to the same carcass characteristics of pigs.
• The digestibility of vetch silage in pigs is comparable to other legume silages.
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A B S T R A C T

A study was conducted to investigate, if 3 different vetch species contribute to the protein supply of growing- 
finishing pigs while maintaining carcass composition. In a feeding trial with 2 consecutive replications, 140 
mixed sex pigs (females and castrates, (Landrace x Large White) × Piétrain)) with an initial body mass of 51.7 ±
6.78 kg were provided with an organic on-farm formulated compound feed for growing-finishing pigs and either 
triticale straw or a silage derived from 1 of 3 vetch species (Vicia sativa, Vicia pannonica and Vicia villosa). 
Experimental unit was individual pig for body mass gain and carcass characteristics and pen (10 pigs) for data 
related to feed intake. The total tract nutrient digestibility of the vetch species was studied using the difference 
method with 16 pigs of the same origin in 2 replications with 8 animals each. In each replication 2 animals were 
subjected to either a control diet or a diet with 1 of the 3 silages. Experimental unit for the digestibility trial was 
the individual pig. Pigs fed additional silage to a compound feed had a greater average body mass gain and gain: 
feed in the finishing phase than pigs fed triticale straw as roughage (P< 0.05), while total crude protein needed to 
achieve a kilogram of body mass gain increased (P< 0.05). Carcass characteristics were not affected by the type 
of roughage. The apparent total tract digestibility of organic matter and crude protein ranged from 51 to 66 % 
and 55 to 70 %, respectively, and did not differ among vetch species. The findings of this study indicate that 
whole plant silage of vetch serves as a valuable roughage for growing-finishing pigs and contributes to the an
imals’ protein supply.

1. Introduction

Including a forage legume in the diet of pigs can reduce the envi
ronmental impact of pork production as well as the feed-food 

competition (Zira et al., 2023) by supplying energy, crude protein (CP) 
and amino acids (AA) and reducing compound feed consumption. This 
was observed with clover-grass silage (Friman et al., 2021; Wallenbeck 
et al., 2014) and alfalfa silage (Wüstholz et al., 2017). Furthermore, 
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roughage serves as enrichment material, fulfils the animals’ need for 
rooting and has a satiating effect (Holinger et al., 2018; Høøk Presto 
et al., 2009). Different legume species in pure stand, like alfalfa (Nguyen 
et al., 2022) or red clover (Messinger et al., 2021), or as mixed crops 
with cereals (Olsen et al., 2000) or grasses (Wallenbeck et al., 2014) are 
actually used as roughage (fresh, dried or ensiled) for pigs. Their 
apparent total tract digestibility (TTAD) of organic matter (OM) and of 
CP is in a range of 50 to 69 % (DLG, 2014; Messinger et al., 2021). To our 
knowledge there are no existing studies focussing on the use of pure 
vetch, which has advantages as winter catch crop (Büchi et al., 2015; 
Toom et al., 2019), as whole plant silage for pigs and its effects on 
growth performance, slaughter characteristics or meat quality.

Olsen et al. (2000) showed, that a mixed whole crop silage of oats, 
vetch (Vicia sativa) and lupin is a preferable rooting material and serves 
as enrichment for pigs. However, this study only focused on the behavior 
of the animals and did not consider the nutritional value. Therefore, no 
information on the effects on growth performance and carcass charac
teristics nor on the digestibility of vetch forages is available. Vetch 
plants of the species Vicia pannonica, Vicia sativa and Vicia villosa contain 
high amounts (170 to 229 g/kg) of CP in the whole plant (Rahmati et al., 
2012; Parissi et al., 2022) and are promising forage plants. Yet, sec
ondary plant metabolites with antinutritional or toxic effects may 
restrict their use in the nutrition of monogastric animals, especially after 
the beginning of pod formation (Enneking, 1994; Farran et al., 2002).

The aim of the present study was to test the growth performance and 
slaughter characteristics of pigs fed vetch silage. In addition, we aimed 
to investigate the feed value of vetch silage for growing-finishing pigs 
based on the TTAD. It was hypothesized, that vetch silage, added to a 
protein reduced diet, could contribute to the protein supply of growing- 
finishing pigs without affecting the dressing percentage and lean meat 
percentage of the carcass. Furthermore, it was hypothesized, that this 
roughage has digestibility values for growing-finishing pigs comparable 
to other whole plant silages. For this purpose, a feeding and a di
gestibility trial with three different vetch species (V. sativa, V. pannonica 
and V. villosa) took place.

2. Material and methods

All animals used in this study were bred using crossover sows of 
Norwegian Landrace (Topigs Norsvin l-Line) × Norwegian Large White 
(Topigs Norsvin Z-Line) paired with Piétrain (PIC 408) boars. They were 
born and raised on the research station of the Thünen Institute of 
Organic Farming in Northern Germany, which is certified according to 
EU regulations for organic farming (European Union, 2018). All areas of 
the pig stalls were littered with triticale straw. Male pigs were surgically 
castrated within the first days of live. All pigs had access to triticale 
straw as roughage in racks from birth until trial start. They were weaned 
at 48 ± 5.1 days of age and afterwards kept in group pens until the 
formation of the trial groups. A total of 156 pigs from 24 litters were 
subjected to the digestibility and feeding trial.

In the trial, three different vetch species were tested: V. pannonica 
(cv. Beta), V. sativa (cv. Carbure), and V. villosa (cv. Latigo). The vetches 
for the trials were sown in August 2021 and harvested in June 2022 with 
a disc mower (Easy Cut F 320 CR and R 280 CR, Krone, Spelle, Ger
many). V. pannonica and V. villosa were at the mid flowering (BBCH 65) 
and V. sativa at the end of the flowering stage (BBCH 69). The plant 
matter was wilted to a dry matter content (DM) of at least 28 % for 
optimal ensiling and pressing and then picked up with a loader wagon 
(Cargos 8500, Claas, Harsewinkel, Germany). Afterwards, the silage 
additives were added in a feed mixer with one vertical mixing auger (MP 
13, SILOKING Mayer Maschinenbau GmbH, Tittmoning, Germany). 
First, formic acid (10 L/t, Amasil-NA, BASF SE, Ludwigshafen am Rhein, 
Germany) was added continuously using watering cans to lower the pH 
value. In a next step, a homofermentative lactic acid bacteria inoculant, 
comprised of Lactobacillus plantarum DSM 8866 and 8862 (Biosil, Dr. 
Pieper Technologie- und Produktentwicklung GmbH, Wuthenow, 

Germany) was added using backpack sprayers and mixed in. For this 
purpose, 1.2 g lactic acid bacteria inoculant were diluted in 1 L water to 
obtain a concentration of 3.6 × 1011 cfu/g of fresh forage. The material 
was put on plain ground, picked up with a round baler and pressed in 
round bales weighing 400 - 600 kg each. The round bales were not 
opened for at least 90 days. Table 1 shows the analyzed concentrations 
of crude nutrients and AA in the silages. Further silage characteristics 
(pH and fermentation acids) can be found in the Supplementary material 
(Table S1).

2.1. Feeding trial

The feeding trial was conducted under EU regulations for organic 
farming (European Union, 2018) on the research station, where the pigs 
were born. The animal trial considered the EU Directive 2010/63/EU 
(European Union, 2010) and the ARRIVE guidelines and was approved 
by the local authorities (Schleswig-Holstein Ministry for Energy Tran
sition, Agriculture, Environment, Nature and Digitalization; V242 - 
24822/2021). The trial was carried out parallel to the digestibility trial 
in two consecutive replications (replication 1 and replication 2).

Table 1 
Analyzed concentrations of crude nutrients, energy, amino acids and minerals in 
the roughage fed in the feeding trial.

Item 
(g/kg dry matter unless stated 
otherwise)

Silage Straw

V. pannonica V. sativa V. villosa Triticale

Dry matter (g/kg in fresh 
matter)

296 314 324 916

Crude ash 136 121 147 73
Crude protein 178 205 192 24
Ether extract 19.3 14.8 16.6 5.5
Starch 21.0 79.4 udl6 n.a.7

Crude fiber 308 219 283 469
aNDFom1 450 340 431 837
ADFom2 374 269 365 557
Amino acids (g/kg dry matter) ​ ​ ​ ​

Lys 8.7 10.4 9.1 n.a.
Met 2.3 2.5 2.4 n.a.
Cys 1.5 1.7 1.7 n.a.
Thr 7.2 8.3 7.6 n.a.
Trp 1.7 2.1 1.4 n.a.

Amino acids (g/100 g crude 
protein)

​ ​ ​ ​

Lys 4.9 5.1 4.7 n.a.
Met 1.3 1.2 1.3 n.a.
Cys 0.8 0.8 0.9 n.a.
Thr 4.0 4.0 4.0 n.a.
Trp 1.0 1.0 0.7 n.a.

Minerals ​ ​ ​ ​
Ca 10.6 10.1 10.6 n.a.
P 3.4 3.5 3.7 n.a.
Mg 2.5 2.3 2.0 n.a.
K 33.8 24.7 34.3 n.a.
Na 2.6 2.7 1.7 n.a.
Ca:P 3.2 2.9 2.9 ​

Secondary plant metabolites ​ ​ ​ ​
Vicin udl udl udl n.a.
Convicin udl udl udl n.a.
BCA3 udl 0.031 udl n.a.
GCA4 udl 0.018 udl n.a.

Metabolizable energy (MJ/ 
kg)5

7.4 9.9 8.6 ​

1 aNDFom = amylase-treated neutral detergent fiber on organic matter basis.
2 ADFom = acid detergent fiber on organic matter basis.
3 BCA= β-cyanoalanine.
4 GCA= γ-glutamyl-β-cyanoalanine.
5 Calculated according to GfE 2006.
6 udl = under determination limit.
7 n.a. = not analyzed.
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2.2. Animals and housing

Replication 1 included 60 and replication 2 included 80 pigs. With an 
average age of 70 ± 6.1 days (replication 1: 73 ± 8.2 d, replication 2: 67 
± 1.1 d) and a mean body mass (BM) of 29.2 ± 3.78 kg (replication 1: 
29.0 ± 3.39 kg, replication 2: 29.4 ± 4.07 kg) pigs of both sexes, female 
and castrated males, were evenly distributed based on sex and BM 
among pens. In each of the pens (6 in replication 1 and 8 in replication 2) 
10 pigs were housed. The stables had solid concrete floors with straw 
bedding and were not heated. To prevent cold stress, pigs were offered 
covered and littered resting areas, which were closed with curtains to 
provide a microclimate. Every pen had access to an outdoor run with a 
roughage rack and a bowl drinker. The total indoor area of each pen was 
13.6 m² and the outdoor area 11.05 m². Compound feed was offered in a 
trough (Length: 4 m) with an animal-to-place ratio of 1:1. Detailed in
formation on housing arrangements can be found in Höne et al. (2023).

2.3. Dietary treatments and experimental diets

All treatments received the same amount (according to mean BM) of 
the same compound feed per animal and day. The silages in the treat
ments were fed additionally, while the control treatment received trit
icale straw as roughage.

The feeding trial was conducted in three phases, habituation phase 
(29 to 49.5 kg BM), growing phase (50 to 74.5 kg BM) and finishing 
phase (75 to 121 kg BM) with habituation phase not belonging to the 
trial, but being used to ensure familiarization with the housing and other 
animals. The pigs were fed a pelleted compound feed with the amount 
following a feeding curve. The allowance was adjusted every week based 
on the mean BM of the animals in each pen according to a feeding curve 
(Supplementary material Table S2). Because no official supply recom
mendations for pigs under the conditions of organic farming (outdoor 
climate, more movement, lower performance goals) are existing, 
different supply recommendations were reviewed. The Brazilian supply 
recommendations use equations, which allow the correction for BM gain 
(BMG) and ambient temperature and might, therefore, be used in 
organic farming. The diet was formulated to be low in nitrogen and 
cover the German (GfE, 2006) as well as the Brazilian (Rostagno et al., 
2011) AA and CP supply recommendations for pigs weighing 65 kg for 
growing phase and 110 kg for finishing phase. We aimed to formulate 
growing and finishing diets containing 8.2 and 5.7 g standardized ileal 
digestible lysine/kg DM (equivalent to 9.6 g and 6.7 g total lysine), 
respectively. The CP concentrations were calculated to be ≤ 176 g/kg 
DM in the growing and ≤ 134 g/kg DM in the finishing phase. The in
gredients and nutrient composition of the compound feed are shown in 
Table 2. Compound feed was fed two times a day.

With the beginning of the growing phase (> 50 kg mean BM/animal 
and pen) the pens were allocated to one of the four treatments, which 
differed in the kind of roughage. The control treatment (CON) was 
provided triticale straw as roughage. The treatments VP, VS and VV 
were named after the provided silages derived from V. pannonica, V. 
sativa and V. villosa, respectively. The VP and VS treatment were 
included in both replications, while VV was only used in the second 
replication owing to a production related shortage of this silage. The 
silage was portioned weekly and the opened round bales as well as the 
portioned roughage were stored in a cooled container at 1◦C. Pigs of the 
VP, VS and VV treatment were fed 0.9 kg fresh matter (FM) of the 
respective roughage per animal and day in the growing phase. In the 
finishing phase, silage quantity was increased to 1.4 kg FM/animal and 
day. Animals of CON were provided with ad libitum triticale straw, of 
which remains were removed twice a week. Both, silage and straw, were 
provided manually in the morning in the racks located in the outdoor 
run after feeding of the compound feed. Because of allocating of the 
silage based on FM (0.9 kg FM in growing, 1.4 kg FM in finishing phase), 
the DM consumption of the different treatments was not the same. In the 
growing phase, VP received an average amount of 0.28, VS of 0.27 and 

VV of 0.33 kg DM per animal and day. In the finishing phase VS and VV 
received averagely 0.45 kg DM, while VP received averagely 0.4 kg DM 
per animal and day.

2.3.1. Data collection and calculations
During the study, two pigs were withdrawn from the experiment 

because of lameness. One in replication 1 (from VS treatment, four 
weeks after begin of the finishing phase) and one in replication 2 (VS, 
two weeks after begin of the finishing phase). Data from these animals 
were included in the dataset until the week in which they were removed 

Table 2 
Ingredients and analyzed chemical composition of the compound feed in the 
growing and finishing phase of the feeding trial in the two consecutive 
replications.

Item Feed in the phases

Growing 1 Finishing ²

Replication 
1

Replication 
2

Replication 
1

Replication 
2

Ingredient (g/kg as 
fed)

​ ​ ​ ​

Wheat 100 100 150 150
Barley 200 200 250 340
Oats 272 272 400 400
Peas 200 200 – –
Field beans 200 200 172 82
Mineral premix 3 28 28 28 28

Analyzed 
concentrations 
(g/kg dry matter 
unless stated 
otherwise)

​ ​ ​ ​

Dry matter (g/kg 
in fresh matter)

896 881 890 890

Crude ash 63.1 55.4 53.3 51.7
Crude protein 161 168 138 128
Ether extract 21.4 18.2 18.4 21.3
Starch 505 542 518 564
Sugar 33.7 43.1 26.1 25.0
Crude fiber 70.7 61.4 77.9 57.9
aNDFom4 147 155 202 220
ADFom5 86.9 80.3 101 79.6

Amino acids (g/kg 
dry matter)

​ ​ ​ ​

Lys 8.8 9.6 6.9 6.3
Met 1.5 1.6 1.6 1.6
Cys 2.9 2.5 2.6 2.4
Thr 5.8 5.9 4.6 4.4
Trp 1.7 1.5 1.2 1.2

Amino acids (g/100 
g crude protein)

​ ​ ​ ​

Lys 5.5 5.7 5.0 4.9
Met 0.9 1.0 1.2 1.3
Cys 1.8 1.5 1.9 1.9
Thr 3.6 3.5 3.3 3.4
Trp 1.1 0.9 0.9 0.9

Minerals (g/kg dry 
matter)

​ ​ ​ ​

Ca 11.4 8.5 8.4 7.3
P 6.9 6.2 6.1 6.2
Ca:P 1.7 1.4 1.4 1.2

Metabolizable 
energy (MJ/kg)6

13.5 14.0 13.2 14.0

1 Growing = phase from 50 to 74.9 kg body mass.
2 Finishing = phase from 75 kg body mass to slaughter.
3 Detaphos M plus, premix providing the following per kg: 216,000 IU vitamin 

A, 57,000 IU vitamin D3, 4000 mg vitamin E, 1500 mg Fe (Fe (II) sulphate), 
1500 mg Mn (Mn(II) oxide), 400 mg Cu (Cu(II) sulphate), 80 mg Zn (Zn oxide), 
50 mg I (Ca iodate, Ca(IO3)2), 14 mg Se (Na selenite)(H. Wilhelm Schaumann 
GmbH, Pinneberg, Germany).

4 aNDFom = amylase-treated neutral detergent fiber on organic matter basis.
5 ADFom = acid detergent fiber on organic matter basis.
6 Calculated according to GfE (2008).
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from the trial.

2.3.2. Growth performance and feed consumption
Pigs were weighed individually each week. Average daily BMG was 

calculated for each animal by dividing the gain per period by the sum of 
days in that period. The compound feed offers and refusals were 
measured daily on a pen basis. Feed consumption (kg DM/kg BMG) was 
computed pen wise by dividing the sum of feed per phase of each pen by 
the sum of BMG of the animals in this pen. The CP consumption from 
compound feed was calculated per pen and period by dividing CP intake 
from compound feed by BMG. Offered total CP (from compound feed 
and silage) was calculated as CP from compound feed plus CP concen
tration of each silage multiplied with silage DM offered per day. 
Although the results were calculated on a pen basis, they are given as 
mean per animal of the respective pen.

2.3.3. Carcass composition
The day after a pig reached or surpassed the target live BM of 119 kg 

it was transported to the nearby slaughterhouse (11 km distance) and 
stunned electrically. Warm carcass mass was recorded for calculation of 
dressing percentage. All subsequent measurements were taken on the 
left half of the carcass. Lean meat percentage was measured with a Fat- 
O-Meater (FOM S89, SFK systems, Copenhagen, Denmark).

2.3.4. Chemical analysis
A sample of each silage round bale was collected and stored at − 20◦C 

until analysis. The compound feed was sampled at the beginning of each 
phase. Each sample was split to be ground (CT 293 Cyclotec, Foss, 
Hilleroed, Denmark) either through a 0.5 mm (for analysis of AA and 
secondary plant metabolites) or a 1.0 mm sieve (for the analysis of crude 
nutrients). Pooled samples for each silage/mixed feed and phase were 
created for further analysis. The DM and crude nutrient concentrations 
were analyzed according to standard procedures of the Association of 
German Agricultural Analytic and Research Institutes (DM: method 3.1; 
CP: 4.1.1; crude ash: 8.1; ether extract (EE): 5.1.1 procedure B; starch: 
7.2.1; sugar: 7.1.3, VDLUFA, 2012). Fiber fractions were analyzed by 
filter bag techniques with the digestion instrument ANKOM2000 

(ANKOM Technology, Macedon, NY, USA) (crude fiber (CF): approved 
method 6.1.1 (VDLUFA, 2012; Ankom Technology, 2010), ADFom (acid 
detergent fiber on organic matter basis): Ankom Technology (2010); 
aNDFom (amylase-treated neutral detergent fiber on organic matter 
basis): Ankom Technology (2010)). Minerals were analyzed after mi
crowave assisted digestion (method 10.8.1.2; VDLUFA, 2012) by 
UV–Vis-spectroscopy for phosphorus (method 10.6.1, VDLUFA, 2012) 
and by atomic absorption spectrometry (CS-AAS contra 300, Analytic 
Jena GmbH, Jena, Germany) for calcium (method 968.08; AOAC, 2016). 
Concentrations of AA were analyzed according to Directive (EC) No 
152/2009 (European Commission, 2009) regarding sample preparation 
via oxidation and hydrolysis. The subsequent derivatization and 
high-performance liquid chromatography (HPLC) were performed ac
cording to Cohen and Michaud (1993). The detailed description can be 
found in Witten et al. (2020). Secondary plant metabolites were 
analyzed as follows: The analysis of the cyanoalanine toxins γ-gluta
myl-β-cyano-alanine (GCA) and β-cyanoalanine (BCA) was performed 
with HPLC and mass spectrometry detection (1260 Infinity, InfinityLab 
LC/MSD, Agilent Technologies GmbH, Waldbronn, Germany) according 
to Thavarajah et al. (2012). The separation was carried out on a core 
shell column (C18-Kinetex 5 µm XB-C18,150 × 4.6 mm, Phenomenex, 
Aschaffenburg, Germany). Pyrimidine glycosides vicine and convicine 
were analyzed after separation on a core shell column (C18-Kinetex 5 
µm XB-C18,150 × 4.6 mm, Phenomenex, Aschaffenburg, Germany) 
using HPLC and detection via diode array detection (1260 DAD, 1260 

InfinityII, Agilent Technologies GmbH), according to Pulkkinen et al. 
(2015). The metabolizable energy (ME) in the compound feed was 
calculated according to the formula of the GfE (GfE, 2008). However, 
the CP concentration of the compound feed used in the finishing phase 
was lower than proposed by the limitations of this formula. Thus, the 
interpretation of the energy value for this phase needs to be considered 
carefully.

2.3.5. Statistics
The statistical analyses were performed in R 4.2.3 (R Core Team, 

2024) using linear and linear mixed models with the packages lmerTest 
and emmeans (Kuznetsova et al., 2017; Lenth, 2024). The BM and 
slaughter traits were analyzed with individual pig as experimental unit 
while feed and CP consumption were analyzed pen wise. The results are 
presented as estimated marginal means (EMmeans), formerly known as 
least square means (LSmeans). Group differences were evaluated with 
the package multcomp (Hothorn et al., 2008) as multiple comparisons 
with sidak P-value adjustment and the statistical significance level was 
set as P< 0.05. For performance parameters (BMG, trial duration) the 
model included the fixed effects treatment, replication and sex and BM 
at the start of the respective period as covariable. The mother was 
included as random variable. Interactions were not significant and 
therefore excluded from the model. Dressing percentage was estimated 
using following formula: 

Y = μ + treatment + carcass weight + sex + replication

+ (1|sow).

Lean meat percentage was calculated with the same formula, 
incorporating the animal’s age as an additional covariate. Pen was tested 
as random variable in all of the models, but excluded, because no effect 
was observed.

The compound feed and CP consumption were estimated using a 
linear model: 

Y = μ + treatment + replication + ε, with Y

= pen as target variable.

2.4. Digestibility trial

The digestibility trial was conducted on the research station of the 
Martin-Luther-University Halle-Wittenberg under the supervision of the 
animal welfare officer, who ensured the compliance with the EU 
Directive 2010/63/EU (European Union, 2010) and the ARRIVE 
guidelines. The sacrifice of the pigs was registered under the number 
H1–5 / T1–22. The digestibility trial was carried out parallel to the 
feeding trial also in two consecutive replications (replication 1 and 
replication 2). The TTAD of the silages was assessed according to the 
difference method, whereby the silages were fed as test components 
proportionally in combination with a basic mixture containing 
acid-insoluble ash as an indigestible marker (GfE, 2005).

2.5. Animals and housing

For each replication, 8 castrated male pigs weighing 58.4 ± 6.9 kg in 
the first replication and 52.4 ± 4.8 kg in the second replication were 
transported from the research station in Trenthorst to the research fa
cility (Agrar- und Ernährungswissenschaftliches Versuchszentrum of the 
Martin Luther University Halle-Wittenberg in Merbitz, Germany), where 
the digestibility trial took place. The pigs were adapted to vetch silage 
two weeks prior to the relocation. In Merbitz, the pigs were housed in 
pairs in enriched pens of 2.0 × 2.4 m on slatted floors and provided 
chains, teething rings and balls as well as chopped straw in hanging 
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racks (the latter with exception of the feces collection period). At 
mealtimes only, the pigs housed in pairs were separated by a mobile 
partition. Each pig had its own trough and nipple drinker.

2.5.1. Dietary treatments and experimental diets
The silages used in the feeding trial were also tested in the di

gestibility trial. The chemical analysis of the specific bales tested in the 
digestibility trial can be found Table 3. With the first pig transport, silage 
bales were also transported to the research facility, weighed into plastic 
bags containing the daily required silage amount per animal, stored at 
− 20◦C and thawed on the day before feeding. During each of the two 
replications, the 8 pigs per replication were allocated to four diets (diet 
1: basal mixture only; diets 2 to 4: proportional basal mixture, supple
mented with one of the three silages each). Thus, the digestibility of each 
silage was determined on four pigs using the difference method. The 
composition of the basal diet is given in Table 4. As a marker, 3 % of 
silica (Sipernat, Evonik, Essen, Germany) were added to the diet. Each 
feeding time, the basal diet was given first, followed by the silage. To 
avoid losses, the respective amount of silage per meal was divided into 
several smaller portions. It was generally consumed quickly and with 
great appetite. Only in the first replication two pigs left larger silage 
residuals (average over five days: 283 g/d, V. sativa; 236 g/d, V. villosa). 
The average BMG ranged from 557 (V. sativa) to 443 g/d (V. villosa) and 
from 674 (V. villosa) to 539 g/d (V. pannonica) in replication 1 and 2, 
respectively. The pigs were supplied with 1.29 kg FM of V. sativa (0.323 
kg DM), 1.11 kg FM of V. pannonica (0.327 kg DM) or 0.91 kg FM of 
V. villosa (0.330 kg DM) per animal and day. Thus, 20 % of the DM of the 
ration was comprised of silage.

2.5.2. Data collection and calculations
The pigs were weighed on Fridays. The pens were cleaned daily in 

the mornings. Feces collection for the determination of the TTAD started 
when the pigs weighed averagely 70.5 ± 8.2 kg and 79.9 ± 4.8 kg in the 
first and second replication, respectively. After a 5-day adaption period 
on the trial diet, the freshly deposited feces were collected individually 

of each pig three to four times a day mainly around feeding time. This 
period lasted five consecutive days (Monday - Friday) and feces were 
stored at − 20◦C before freeze drying at around − 85◦C. After freeze 
drying, the samples were stored at room temperature.

The difference procedure for calculating the nutrient digestibility 
based on an indigestible marker is described by GfE (2005). The 
following equations were used: 

1. TTAD (%) = 100 – 100 × ((marker Tdiet × nutrientfeces) / (indica
torfeces × nutrient Tdiet)), with: Tdiet = test diet

2. TTADTingr (%) = (TTADTdiet – TTADbasaldiet × (1-a)) / a, with: Tingr =

test ingredient and a = analyzed nutrient concentration in Tingr (g/ 
kgDM) × inclusion rate of Tingr in Tdiet (kg/kg, on a DM basis) / 
analyzed nutrient concentration in Tdiet (g/kg DM)

2.5.3. Chemical analysis
Samples were taken of the silages and compound feed and freeze- 

dried. For chemical analyses the freeze-dried feed and feces samples 
were ground to pass a 1 mm screen. Feed and feces were analyzed for 
DM and crude nutrients according to VDLUFA official methods (Method 
numbers: DM: 3.1, crude ash: 8.1, CP: 4.1.1, EE: 5.1.1, CF: 6.1.1, aND
Fom: 6.5.1, ADFom: 6.5.2, ADL: 6.5.3, CA: 8.1; VDLUFA, 2012). Starch 
and sugar were analyzed in the feed according to Salomonsson et al. 
(1984). The concentrations of the marker (acid-insoluble ash), minerals 
and AA were analyzed according to the VDLUFA methods 8.2, 10.8.1.2 
(VDLUFA, 2012) and Rodehutscord et al. (2004). The gross energy 
content was determined as heat of combustion using an adiabatic bomb 
calorimeter (C7000, IKA-Werke GmbH & Co. KG, Staufen im Breisgau, 
Germany).

2.5.4. Statistics
For the statistical evaluation the data derived from 3 animals per 

treatment were used. A one-way analysis of variance was used to eval
uate the effect on TTAD of energy, CP, EE, CF, aNDFom and NfE for 
every single silage (Statistica 9.0 for Windows, StatSoft, 2009). The 
Tukey HSD test was applied as post hoc test. Results are presented as 
arithmetic means. The significance level was set at P< 0.05.

Table 3 
Analyzed concentrations of crude nutrients, energy, amino acids and minerals in 
vetch whole plant silage fed in the digestibility trial.

Item (g/kg dry matter unless stated 
otherwise)

Silage
Vicia 
pannonica

Vicia 
sativa

Vicia 
villosa

Dry matter (g/kg in fresh matter) 295 250 363
Crude ash 141 127 154
Crude protein 169 211 194
Ether extract 20 20 22
Starch 32 80 23
Crude fiber 305 211 194
aNDFom1 434 324 424
ADFom2 392 271 372
ADL3 79 67 87
Lignification (%)4 20.2 24.7 23.4
Acid insoluble ash 18.5 20.0 24.2
Minerals ​ ​ ​

Ca 11.2 10.9 11.1
P 3.6 3.7 3.6
Mg 2.5 2.4 2.0
K 36.0 26.9 34.0
Na 1.9 2.6 1.7

Trace elements (mg/kg) ​ ​ ​
Zn 47 42 58
Mn 35 33 44
Cu 8 8 9
Fe 851 1,007 1,052

Gross energy (MJ/kg) 17.2 17.7 17.2

1 aNDFom = amylase-treated neutral detergent fiber on organic matter basis.
2 ADFom = acid detergent fiber on organic matter basis.
3 ADL = acid detergent lignin.
4 Calculated as 100 ADL/ADFom.

Table 4 
Analyzed chemical composition of the basal diet1 used in the digestibility trial.

Item (g/kg dry matter unless stated otherwise) Basal diet

Dry matter (g/kg in fresh matter) 917
Crude ash 60
Acid insoluble ash 10.6
Crude protein 164
Ether extract 30
Starch 447
Crude fiber 55
aNDFom2 173
ADFom3 73
Amino acids ​

Lys 9.5
Met 2.9
Cys 3.1
Thr 6.4
Trp 2.1

Minerals ​
Ca 8.1
P 5.4

Gross energy (MJ/kg) 18.1

1 Diet consisting of barley, triticale, rapeseed meal, wheat, steam-treated 
soybean meal from dehulled seeds, wheat bran, calcium carbonate, soybean 
oil, monocalcium phosphate, and sodium chloride, providing the following per 
kg: 6500 IU vitamin A, 813 IU vitamin D3, 26 mg vitamin E, 64 mg Fe (Fe (II) 
sulfate monohydrate), 41 mg Mn (Mn(II) oxide), 71 mg Zn (Zn oxide), 0.55 mg I 
(Ca iodate; Ca(IO3)2), 0.26 mg Se (Na selenite)(Mischfutter und Landhandel 
GmbH, Südliches Anhalt, Germany).

2 aNDFom = amylase-treated neutral detergent fiber on organic matter basis.
3 ADFom = acid detergent fiber on organic matter basis.
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3. Results

3.1. Feeding trial

3.1.1. Feed consumption
The gain:feed of the compound feed did not differ in the growing 

phase and was greater in VP, VS and VV compared to CON in the finishing 
phase (P< 0.05). The CP and energy consumption from compound feed 
did not differ among treatments in the growing phase (Table 5). In the 
finishing phase, VP, VS and VV had a lower CP and energy consumption 
from compound feed per kilogram BMG than CON (P< 0.05). The CP 
consumption from the silage ranged from 59 to 75 g/kg BMG in the 
growing and 84 to 108 g/kg BMG in the finishing phase and differed 
among the treatments, with VP receiving the least amount of CP from 
silage per kilogram BMG (P< 0.05). Animals of the VP treatment received 
less energy from silage compared to VS and VV in the growing phase 
(P<0.05), while in the finishing phase all 3 treatments differed (P<0.05).

3.1.2. Performance of the animals
During the growing phase there was no effect of feeding group on the 

animals’ average daily BMG, which ranged from 812 to 894 g/d. 
However, the BMG of the pigs in the silage treatments was numerically 
greater and the duration of the growing phase (time until reaching a 
medium pen BM of 75 kg) of the pigs was shorter in the silage treatments 
than in CON (P< 0.05). In the finishing phase the BMG of the animals in 

the VP and VS treatment was increased by about 11 % (91 g/d) 
compared to the animals in CON, which gained 795 g/d (P< 0.05).

3.1.3. Carcass characteristics
The lean meat percentage did not differ among the pigs of the 

different treatments. The dressing percentage of the animals in the VS 
treatment was greater than of VV (P< 0.05) but no differences among 
the other treatments occurred (Table 5).

3.2. Digestibility trial

The TTAD of OM, CP, CF, aNDFom and energy did not differ among 
the vetch whole plant silages (Table 6). However, the digestibility of EE 
and NfE of the V. sativa silage was greater than of the silages of the other 
vetch species (P< 0.05).

4. Discussion

The performance data of the animals in the feeding trial clearly 
showed, that silage was taken in, was converted into BMG and improved 
the animals’ performance compared to the CON animals. This was 
confirmed by the results of the digestibility trial. Still, there are some 
limitations of the feeding trial: While the silage of V. pannonica and 
V. sativa was tested in two pens each in two replications of the feeding 
trial, the silage of V. villosa could only be tested in two pens in one 

Table 5 
Estimated Marginal Means (EMMeans)1 of growth performance, CP and energy consumption per kilogram body mass gain, as well as carcass characteristics of pigs fed 
silage made of Vicia pannonica (VP), Vicia sativa (VS) or Vicia villosa (VV) or triticale straw as control (CON) as roughage.

Item Treatment

VP VS VV CON SEM 11 P-value

Number of pens 4 4 2 4 ​ ​
Number of animals 40 40 (382) 20 40 ​ ​
Initial body mass (kg) 3, 4 52.6 ± 6.3 51.6 ± 7.4 51.0 ± 6.4 51.2 ± 6.9 ​ ​
Final body mass (kg) 3, 4 121.6 ± 5.9 120.7 ± 4.1 121.2 ± 7.7 121.3 ± 4.0 ​ ​
Growing phase 5 ​ ​ ​ ​ ​ ​

Duration (d) 4 28.0 a 29.8 b 30.4 b 33.3 c 0.5 <0.001
BMG (g/d) 4, 6 823 831 894 812 27 0.261
Gain:feed (g/kg) 7 0.405 0.403 0.421 0.382 0.010 0.156
Consumption 5 ​ ​ ​ ​ ​ ​
CP8 (g/kg BMG) from feed9 404 406 388 429 10 0.140
CP (g/kg BMG) from silage 59 a 67 b 75 c – 1 <0.001
ME (MJ/kg BMG) from feed 34.0 34.1 32.7 36.1 0.8 0.142
ME (MJ/kg BMG) from silage 2.5 a 3.3 b 3.3 b – 0.1 <0.001

Finishing phase 10 ​ ​ ​ ​ ​ ​
Duration (d) 4 53.1 ab 52.2 a 54.6 ab 57.7 b 1.4 0.011
BMG (g/d) 4 886 b 886 b 845 ab 795 a 23 <0.001
Gain:feed (g/kg) 7 0.344 b 0.342 b 0.336 b 0.316 a 0.003 <0.001
Consumption 7 ​ ​ ​ ​ ​ ​
CP (g/kg BMG) from feed 386 a 388 a 396 a 420 b 3 <0.001
CP (g/kg BMG) from silage 8 a 108 b 103 b – 1 <0.001
ME (MJ/kg BMG) from feed 39.5 a 39.8 a 40.5 a 43.0 b 0.3 <0.001
ME (MJ/kg BMG) from silage 3.5 a 5.1 c 4.6 b – 0.1 <0.001

BMG gowing+finishing (g/d) 4 855 868 873 814 22 0.119
Carcass characteristics 4 ​ ​ ​ ​ ​ ​

Carcass mass (warm, kg) 96.4 96.7 96.0 96.9 0.9 0.912
Dressing percentage (%) 79.3 ab 80.0 b 79.0 a 79.8 ab 0.2 0.007
Lean meat percentage (%) 58.2 57.7 58.3 56.9 0.4 0.036

a-c Means with different superscript on the same row differ significantly (P < 0.05).
1 Obtained from linear and linear mixed models.
2 Animals which completed the finishing phase and were included in the carcass characteristics.
3 Mean and standard deviation.
4 Experimental unit: individual animal.
5 Growing = phase from 50 to 74.9 kg body mass.
6 BMG = body mass gain.
7 Experimental unit: pen (group).
8 CP = crude protein.
9 Feed = compound feed (DM).
10 Finishing = phase from 75 kg body mass to slaughter.
11 SEM = pooled standard error.
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replication. To our knowledge there is no data published regarding the 
use of V. villosa silage in pig feeding. Thus, the valuable data was eval
uated in the dataset together with the data of the other vetch species and 
corrected for the effect of replication. Because of the poor statistic val
idity, the results must be interpreted with caution. Moreover, spilling of 
the silage could not be estimated (as a result of straw bedding) in the 
feeding trial. Machner et al. (2025) roughly estimated silage intake of 
the animals in the present study by collecting leftovers in the outdoor 
runs. They estimated that an average of 71 - 80 % in replication 1 and 65 
- 67 % in replication 2 of the V. sativa and V. pannonica silage (no 
treatment effect) was taken in by the animals. However, the amount 
could not be exactly determined and no conclusions can be drawn on 
possible selection of leaves from stems, which was observed by Wal
lenbeck et al. (2014). Hence only the silage consumption, and not the 
conversion, can be discussed.

The used vetch silages can be characterized as protein-rich roughage. 
The CP concentrations of the tested vetch silages were in the range stated 
for other leguminous silages (DLG, 2014; Messinger et al., 2021; Pleger 
et al., 2021; Purwin et al., 2015). Weber et al. (2024) estimated 8.7 MJ ME 
in alfalfa silage, which is also comparable to our results. While none of the 
silages in this study contained vicine or convicine, BCA and GCA were 
detected in V. sativa silage in low concentrations. Because of their anti
nutritive components the feeding of vetch grains can have a negative 
impact on pigs BMG (Collins et al., 2005). However, the concentration of 
the investigated secondary plant metabolites in the whole plant are lower 
than in the grains and ensiling reduces their amount additionally (Aulrich 
and Böhm, 2023; Enneking 1994; Rizzello et al., 2016). The pigs of the VS 
treatment in the present study ingested only a medium of 1.0 g BCA and 
0.6 g GCA over the whole feeding trial, which is a low amount compared 
to the amount of 397 g GCA originating out of vetch grains in a study of 
Collins et al. (2005), when 11.6 g/kg GCA are assumed (Aulrich 2024, 
pers. communication). It was shown that, in contrast to vetch grains, 
vetch whole plant silage can be fed without complications.

The additional offer of vetch silage improved the gain:feed and led to 
a greater compound feed efficiency. This indicates, that the silages 
contributed to the supply of nutrients of the pigs, which was also stated 
by Messinger et al. (2022), who found an improved compound feed 
conversion ratio with 20 to 30 % inclusion of alfalfa silage and Wal
lenbeck et al. (2014), who replaced 20 % of the CP from compound feed 
with silage. Despite the varying amount of CP and energy per animal and 
day, no significant difference in BMG was observed among the vetch 
treatments. Even if less CP from compound feed was expended in the 
silage treatments, the total amount of CP per kilogram BMG in these 
treatments was greater than in CON. Likely this fact is combined with an 
increased nitrogen excretion of the animal, i.e., an excess of nitrogen in 
the system with additional silage. However, Friman et al. (2023)
determined the volatile nitrogen losses in housing systems with silage 

offering to be lower than without. Feeding fiber-rich diets leads to a shift 
from urinal to fecal nitrogen, which tends to have lower gaseous nitro
gen losses. In a land- based circular livestock production system, like it is 
specified in the EU regulation for organic agriculture (European Union, 
2018), nitrogen from manure is a valuable fertilizer and is an essential 
for plant nutrition.

The feeding of roughage can lead to less dressing percentage, which 
can be explained by a larger or a more filled intestinal tract (Bellof et al., 
1998; Friman et al., 2021; Messinger et al., 2022). In the present study 
this effect could not be observed. This may have been owing to the fact, 
that all animals had access to straw, either from the racks or from the 
litter until the transport to the abattoir. A restricted feeding strategy that 
includes silage during the growing-finishing period can increase the lean 
meat proportion in the carcass (Hansen et al., 2006; Strudsholm and 
Hermansen, 2005; Wallenbeck et al., 2014). This is not consistent with 
observations of Friman et al. (2021) and Wüstholz et al. (2017), who 
detected no difference in lean meat percentage between pigs fed alfalfa 
or clover-grass silage compared to those in the control treatments. In the 
present study, lean meat percentage did not differ among the treatments.

The digestibility trial allowed for precise measurement of roughage 
intake. The mean values for the digestibility of the respective nutrients 
show a high scattering. This is owing to the difference method for 
determining digestibility and should be taken into account when inter
preting the results. The level of digestibility was typical for such coarse 
forages and silages. To our knowledge there are no other studies 
focusing on the digestibility of vetch whole plant silages in pigs, but 
there are some studies on other leguminous silages. Pigs have a certain 
ability to digest fiber-rich feedstuffs, like roughage (Carlson et al., 1999; 
Jørgensen et al., 2012; Messinger et al., 2021). The feed value of 
clover-grass forage and silage was found to be depending on the CF 
concentration (Roth and Reents, 2001). The authors showed, that with 
increasing plant maturity (from before bud formation to begin of flow
ering) each percent increased CF decreased the TTAD of OM by 1.11 % 
and the ME concentration by 0.18 MJ/kg DM (Roth and Reents, 2001). 
In the present study, the CF concentration was lowest in V. sativa silage, 
followed by V. villosa and being highest in V. pannonica. Despite this 
difference, the TTAD of OM did not differ significantly. However, 
numerically it was highest in V. sativa. With an increasing level of NDF in 
feedstuffs for pigs the digestibility of OM, NDF and ADF decreases 
(Kanengoni et al., 2002). This can also be found in the comparison of the 
three vetch species of the present study, where VS with the lowest 
aNDFom concentrations showed significantly the highest digestibility of 
EE and NfE and numerically of OM, CP and GE. The low CF digestibility 
of the V. sativa silage may be corresponding with an increased lignifi
cation of the fiber.

When interpreting the TTAD of CP, it should be considered that the 
digestibility of CP measured in feces is of limited value for protein 
evaluation. The digestibility of CP from the actual test component is 
corrupted by nitrogen of endogenous origin, which cannot be recorded 
separately for methodological reasons. The digestible CP is nevertheless 
included as an independent variable in the equation for estimating the 
content of ME in pig feed (GfE, 2006). An above-average digestibility of 
65 % (V. villosa) and 70 % (V. sativa) for CP was measured for the silages, 
which in turn is greater than the value of 50 % recorded for ensiled grass 
and legume plants in the German feed value tables (DLG, 2014). The 
standardized ileal digestibility of protein nitrogen is of high importance 
for monogastric feed evaluation and should be studied further. Renau
deau et al. (2022) estimated the protein nitrogen of red clover silage and 
alfalfa silage to be digestible by 54.7 and 21.6 %. However, no infor
mation for vetch silages is accessible.

The digestibility of NfE from fresh alfalfa decreases with increasing 
maturity from 75 to 67 % (DLG, 1991), which is in good agreement with 
the silages from the vetch varieties V. pannonica and V. villosa. The 
decrease in NfE digestibility with increasing plant maturity was also 
described by Roth and Reents (2001) who stated a decrease in TTAD 
from 68.2 % to 63.8 % from the first to the third cutting stage of clover 

Table 6 
Arithmetic means of apparent total tract digestibility coefficients (TTAD) of 
crude nutrients and energy of the vetch species Vicia pannonica (VP), V. sativa 
(VS) and V. villosa (VV) in growing-finishing pigs.

TTAD of Treatment

VP VS VV SEM1 P-value

Organic matter 0.51 0.66 0.60 0.03 0.194
Crude protein 0.55 0.70 0.65 0.03 0.228
Ether extract 0.75 b 0.98 a 0.75 b 0.04 0.007
Crude fiber 0.43 0.37 0.50 0.03 0.290
aNDFom2 0.52 0.51 0.52 0.03 0.995
NfE3 0.69 b 0.81 a 0.72 b 0.02 0.014
Gross energy 0.55 0.67 0.61 0.03 0.168

a,b Means with different superscript on the same row differ significantly (P <
0.05).

1 SEM = pooled standard error.
2 aNDFom = amylase-treated neutral detergent fiber on organic matter basis.
3 NfE = Nitrogen-free extractives.
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grass silage. However, despite the most advanced maturity (pod for
mation) of V. sativa in the present study, NfE digestibility was signifi
cantly greater.

5. Conclusion

It can be concluded that vetch whole plant silage from different 
species shows potential as a protein source for growing-finishing pigs. 
Further research should explore the impact of harvest stages, increased 
inclusion rates, and its potential to replace conventional protein-rich 
feed components.
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