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Abstract

:

There is an interest in replacing soybean meal with locally produced ingredients in livestock feeds. Narbon vetch is resistant to unfavorable climatic and soil conditions, common pests, and has a favorable nutritional profile. The effect of substitution of soybean meal with 0% (V0), 5% (V5), 10% (V10), and 20% (V20) inclusion of Narbon vetch on growth curve parameters, daily body weight gain (DBWG), daily feed intake (DFI), feed conversion efficiency (FCE), and residual feed intake (RFI) was investigated in 47 Duroc × Iberian barrows in 16 periods (a total of 125 d). DFI and DBWG were reduced (p < 0.05) up to four weeks after introduction of the novel feed in V20 and V10. Small, mostly nonsignificant differences existed between treatments in FCE and RFI. However, because of accumulative small differences in feed efficiency between the four diets, pigs in V0 reached the highest BW, and pigs in V20 reached the lowest BW on a similar feed intake. Economic implications of Narbon vetch inclusion depend on the extra amount of feed required and associated feed costs, and on the costs of additional days on-farm required to reach a given slaughter weight.
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1. Introduction


The exponential increase of the intercontinental trade of soybean has accompanied strong increases in pig production over the past few decades [1]. Soybean meal is a major ingredient in livestock feeds because of its high protein content (approximately 40%, up to 50%) with a suitable amino acid profile, relatively low water content, minimal variation in nutrient content, and antinutritional factors that are easily reduced or eliminated [2]. However, dependency on soybean meal as a protein source is a worldwide concern [3]; the focus of concern differs between stakeholders. Nongovernmental organizations (NGOs) emphasize the expansion of soybean production into the natural ecosystems of countries like Argentina and Brazil, resulting in deforestation, loss of biodiversity, soil decline, and displacement of small farmers and indigenous communities [4,5]. The European Parliament is particularly concerned with its heavy reliance on expensive soybean imports, comprising approximately 70% for agricultural protein products and >95% for soybean grains and meal [4,6]. Because of the notion of unsustainability of the heavy dependency on soybean meal imports and risk of trade disruptions, the European Parliament adopted a resolution in 2011 for stimulating on-farm animal feed production using mixed crops such as cereals and beans [5,7]. “Localization” of food and feed production is generally considered a vital component of a transition to a more sustainable and more just food system. Reliance on foods or feeds produced near their point of consumption offers an array of economic, environmental, and social benefits, such as a reduced amount of energy used in their transport, improved economic viability of local farms and their communities, and decreased safety risks associated with decentralized production [8]. In poultry production, Leinonen and Kyriazakis [9] showed that the majority of all greenhouse gas emissions were caused by growing, processing, and transporting broiler, layer, and turkey feed. Therefore, using agricultural byproducts or locally produced protein sources such as beans, peas, rapeseed, and sunflower meal, is usually seen as a major opportunity to reduce the environmental impacts of simple nonruminant livestock production systems in Europe [9]. In addition, enhancing the EU protein crop production enlarges the possibilities for crop rotation, thus reducing the risk of crop diseases and stabilizing EU farmers’ income [6]. Therefore, the cultivation of domestic protein plants and its research have been increasingly promoted in the EU [10].



In response, in 2013, the Focus Group on Protein Crops, involving 20 experts from 11 EU countries, investigated the question “How can the competitiveness [in terms of yield benchmarked to that of wheat and maize] of protein crops producers in the EU be improved?”. The potential to increase productivity and protein content of several protein crops were published in their final report [11]. The report concludes that grain legumes like field peas, chickpeas, field and broad beans, and lupins are all to some extent interesting alternatives to soybean meal. They have high protein content, albeit distinctively lower than the wheat or maize benchmark, but have lower contents of the essential amino acids methionine and lysine. In addition, in some crops, antinutritional factors (ANFs) have been reduced in level due to breeding, which facilitates inclusion in animal feed. Yields of field peas and field and broad beans are high; however, they are generally sensitive to diseases and pests [6,11]. The central conclusion of the report is that the yield of local protein crops is currently too low for making cultivation attractive for European farmers, however, this can be stimulated through different aspects of innovation, including technical innovations on agronomy and breeding [6,11,12].



Since the quantity and quality of feed resources limit pig productive output, feeding diets based on local protein crops of suboptimal nutritional quality may result in reduced pig production efficiency. This is relevant since it may reduce profitability with negative implications to the economic sustainability of livestock farms [13]. There is, therefore, a need to evaluate the extent to which pigs are able to sustain production efficiency on locally produced protein crops [14]. Vicia narbonensis L., or Narbon vetch, is an annual, local legume that is of interest since it is resistant to unfavorable climatic and soil conditions, resistant to common pests, and has a favorable nutritional profile [15]. The objective of this study was to investigate the implication of substituting different levels of soybean meal with Narbon vetch on production traits of Duroc × Iberian pigs. In the discussion section, we present a brief overview of the use of Narbon vetch in animal nutrition.




2. Materials and Methods


2.1. Animals and Management


A total of 48 Duroc × Iberian crossbred barrows, one pig per litter, were used in this experiment. One pig died for unknown reasons and was removed from the experiment. Pigs originated from a production farm belonging to San Jamón and were individually marked before the start of the experiment. The trial was conducted at the Porcine Testing Center of the Castile-Leon Agriculture Technology Institute (ITACyL) in Hontalbilla, Segovia, between the 28thof December 2018 and the 25th of April 2019 (125 days). Three animals per treatment were housed randomly and individually in one of 12 pens in one of 4 adjacent rooms in one barn. The experiment was conducted in one single trial. Each pen was equipped with a stainless-steel feeder and a nipple drinker. Feed and water were provided ad libitum during the entire experiment. All procedures followed the Spanish policy for the protection of animals used in research and other scientific purposes RD53/2013. The project was approved by the ITACyL Ethics Committee on Animal Experimentation, reference number 2018/37/CEEA.3.




2.2. Diet Formulations


Two diets were fed during the growing–finishing stage: a growth diet fed between d 0 and 53 of the trial (Table 1), and a fattening–finishing diet fed between d 54 and 125 of the trial (Table 2). Within each of the two diets, four compositions were formulated, including 0%, 5%, 10%, or 20% (V0, V5, V10, and V20, respectively) of Narbon vetch (Vicia narbonensis L.). The four diets were formulated by the agricultural cooperative AGROPAL (Palencia, Spain). Subsequently, a random sample of all formulated feeds was analyzed by the Porcine Testing Center (CPP). Diet composition, specified by the producer and analyzed by CPP, is given in Table 1; Table 2 for each of the two diets for each of the four treatments. Within each feeding phase, all four treatments were isocaloric; however, chemical analysis of the feed showed that the crude protein content varied slightly between 15% and 16% in the growing stage (Table 1), and between 14% and 15% in the finishing stage (Table 2). At the start of the experiment, animals were allocated randomly to one of the four dietary treatments assuring that initial body weights were balanced between treatments; no significant differences existed between the treatments in body weight at the start of the experiment.




2.3. Body Weight Gain and Feed Intake


Age at the start of the evaluation was unknown for any of the 47 individuals but animals originated from the same birth-batch. Animals grew from an average body weight (BW) of 61.2 (SD 8.53) to 174 (SD 9.78) kg. Individual BW was measured at 14, 20, 32, 39, 46, 53, 60, 67, 74, 81, 95, 102, 109, 116, and 125 d on trial. Feed was given in excess daily. Leftover feed was weighed at the end of each period to calculate the total consumption for each of the 16 periods; all periods lasted 7 days, except period 1 (14 d), 3 (12 d), and 16 (9 d). Subsequently, average daily body weight gain (DBWG, kg/d) and average daily feed intake (DFI, kg/d) were calculated for each of the periods.



Modified Parks’ [16] curves were fitted with the nonlinear function in SAS (proc NLIN) to individual data on BW against cumulative feed intake:


BWt = A (1 − e−B(CFIt + FI0))



(1)




where BWt = body weight of the individual (kg) at day t (d on trial); CFIt = cumulative feed intake (kg) at day t (d on trial, on day 1 CFI = 0); A = mature (adult, asymptotic) body weight (kg); B = rate of maturation of body weight with respect to feed intake (per kg); and FI0 = a translation of Equation (1) along the x-axis to complete the description of growth (kg). A, B, and FI0 are parameters to be estimated; only parameters A and B will be discussed. The modification of the Parks’ curve involves the inclusion of FI0 to avoid fixing the curve through any point [17]. Parameter estimates were only considered for individuals to which the convergence criterion was met.



A linear function by Parks [16] was used that related individual cumulative feed intake to day on trial to estimate daily feed intake in mature animals (MFI, kg/d). To ensure that cumulative intake increased linearly, MFI was calculated for measurements taken between periods 8 and 16:


CFIt = Int + (MFI × Day)



(2)




where CFIt = cumulative feed intake of the animal (kg) at day t, Int = intercept, MFI = mature (maximum daily) feed intake (kg/d), and Day = d on trial (within period 8–16). Int and MFI are parameters to be estimated; only MFI will be discussed.




2.4. Feed Efficiency


Two methods were used to evaluate feed efficiency: (1) feed conversion efficiency (FCE), and (2) residual feed intake (RFI). Higher FCE and lower RFI imply a higher feed efficiency. FCE was calculated individually as DBWG/DFI for each of the 16 periods. RFI is defined as the difference between the actual DFI and that predicted from a linear multiple regression of DFI on metabolic body weight (BW0.75) and DBWG, and is therefore phenotypically independent of growth rate and size [18]. Following Rauw et al. [19], the equation used to estimate RFI was based on the following multiple linear regression of DFI on BW0.75 and DBWG including all measurements on all 12 individuals in V0 for all 16 periods:


DFIi = b0 + (b1 × BWi0.75) + (b2 × DBWGi) + ei



(3)




where DFIj = average daily feed intake of individual i in V0 (kg/d); BWi0.75 = average metabolic body weight of individual i in V0 (kg0.75); DBWGi = average daily body weight gain of individual i in V0 (kg/d); b0 is the population intercept; b1 and b2 are the partial regression coefficients representing average maintenance requirements per kg metabolic BW and average feed requirements for DBWG, respectively; and eijk is the error term, which represents the RFI of individual i in V0, in kg/d. Metabolic BW was estimated as the average metabolic BW for the 16 periods. Subsequently, RFI was calculated for each individual in V0, V5, V10, and V20 for each of the 16 periods as:


    RFI   ip   =    DFI    ip   −    b ̂   0  + (    b ̂   1  ×      BW    ip      0.75   ) + (    b ̂   2  ×    DBWG    ip   )  



(4)




where DFIjp = average daily feed intake of individual i in period p (kg/d), BWip0.75 = average metabolic body weight of individual i in period p (kg0.75), and DBWGi = average daily body weight gain of individual i in period p (kg/d).




2.5. Statistical Analyses


The SAS program (SAS Institute, Cary, NC, USA) was used for the statistical analyses of the individual repeated measurements DBWG, DFI, FCE, and RFI:


Yijkl = μ + Periodi + Treatmentj + (Period × Treatment)ij + BW0k + eijkl



(5)




where Yijkl = the phenotype measured on animal l; Periodi = effect of period i (1 to 16); Treatmentj = effect of dietary treatment j (fixed effect; V0, V5, V10, V20), and (Period × Treatment)ij = the interaction effect of period i × dietary treatment j; BW0k = the effect of body weight at the start of the experiment k (covariate effect); and eijkl ∼ NID(0, δ2e). Initially, the effect of room was also included in the model, but since this was not significant it was removed. Period was identified as the repeated effect in the model for each individual. Because FCE is a ratio, values were log-transformed for analysis. Least squares means (± s.e.m.) of log-transformed values were then back-transformed and presented. The following variance–covariance structures for repeated measures were evaluated to describe individual observations on a trait-by-trait basis: Homogeneous Autoregressive(1) (AR(1)), Heterogeneous Autoregressive(1) (ARH(1)), Compound Symmetry (CS), Toeplitz (TOEP), and Unstructured (UN). The models included the random effect of the individual. Model choice was based on evaluation of fit statistics [the (corrected) Akaike’s information criterion and the Sawa Bayesian information criterion]. Based on the fit statistics, DBWG and log-transformed FCE were analyzed with the ARH(1) model, DFI with the TOEP model, and RFI with the AR(1) model.



Parameters A, B, and MFI were analyzed with the following model:


Yij = μ + Treatmenti + eij



(6)




where Yij = the phenotype measured on animal j and Treatmenti = effect of dietary treatment i (fixed effect; V0, V5, V10, V20); eij ∼ NID(0, δ2e). Initially, the effect of room was also included in the model, but since this was not significant it was removed. Partial Spearman correlation coefficients (of nontransformed values) between all traits were estimated after adjusting for the effect of treatment and BW0.





3. Results


Equation (1) converged in all but two animals. The curves fitted the data very well, as indicated by the goodness-of-fit, R2, of 99% to nearly 100%. Pigs in V10 and V20 were estimated to grow to a lower mature body weight, A, but were estimated to do so at a similar rate of maturation with respect to feed intake, B, than pigs in V0 and V5 (Table 3). MFI was reduced with an increased inclusion of Narbon vetch; however, this was not significant.



Body weight as a function of cumulative feed intake is presented in Figure 1 for each of the four dietary treatments. Figure 1 shows that at the end of the experiment, with increasing inclusion of Narbon vetch, pigs had eaten less feed and had reached a lower body weight.



After adjustment for the effect of treatment and initial body weight, results showed that pigs with higher DFI had higher DBWG (r = 0.33 to 0.71, p < 0.01), pigs with higher DBWG had higher FCE (r = 0.62 to 0.93, p < 0.0001), pigs with higher DFI had higher RFI (r = 0.67 to 0.92, p < 0.0001), and pigs with higher FCE had lower RFI (r = −0.30 to −0.72, p < 0.05). Equation (3) had an R2 of 37%; the intercept (1.01 ± 0.261), and the contribution of BW0.75 (0.0478 ± 0.00552) and DBWG (1.06 ± 0.143) to DFI were all significant (p < 0.0001). Trends in DBWG, DFI, FCE, and RFI are presented in Figure 2a–d. Note that periods lasted approximately one week each, with the exception of periods 1 and 3 which lasted approximately two weeks each. Figure 2a,b shows that, in several periods, pigs in V0 had highest DBWG and DFI, while pigs in V20 had lowest DBWG and DFI. In particular, DBWG is reduced after introduction of the novel feed (i.e., in periods 1 and 7) in pigs in V20 and to a lesser extent in pigs in V10. Differences between treatments in DBWG are greatly reduced and are in some cases no longer significant approximately 4 weeks after a change in diet (i.e., after periods 3 and 10). A similar trend can be seen for DFI; however, the depression after a diet change in DFI appears to persist a little longer than the depression in DBWG.



Figure 2c shows that, in general, any depression in DBWG is proportional to the depression in DFI, such that nearly no significant differences exist between treatments in FCE. FCE only dropped significantly in pigs in V20 in periods 1, 2, and 7. Differences between treatments in RFI were only significant in periods 2 and 10 (Figure 2d).




4. Discussion


4.1. An Overview of Narbon Vetch in Animal Nutrition


Vicia narbonensis, or Narbon vetch, is a crop that originates from northwest Asia and is well adapted to the Mediterranean climate. Traditionally in Spain, it is marginally produced in Castilla La Mancha, Extremadura, and Andalucía [20]. It grows on neutral/alkaline soils with low to medium rainfall conditions, and is adapted to both hot and cold temperatures [20,21,22,23]. Its production can vary between 470 kg/ha in poor conditions to 4000 kg/ha on deep and fertile soils with more abundant water provision or rainfall [20]. In those places where it is cultivated, it is preferred over faba beans (Vicia faba L.) for its major resistance to pests and diseases [24], and it appears that the crop is not damaged by rabbits and voles (personal communication by farmers). Francis et al. [25] reported that Narbon vetch has a protein content between 21% and 30%. An evaluation of new sources of vegetable protein that could reduce the high dependency on imported soy showed that two Narbon vetch varieties, ZU-154 and Icarda-2470, had 27% and 28% protein, 53% total carbohydrates, 3.4% and 3.5% ash, and 1.0% and 1.6% fat, respectively [26]. In decreasing quantities, soluble sugars included verbascose, stachyose, sucrose, ciceritol, and raffinose. Brand et al. [27] reported a mineral composition in g/kg 0.9 Ca, 5.9 P, and 1.1 Mg, and in mg/kg 4.82 Cu, 41.9 Zn, 20.4 Mn, and 79.5 Fe, an amino acid concentration in g/kg DM 17.5 Lysine and 1.3 Methionine, and 160 g/kg acid detergent fiber (ADF) and 1.78 g/kg neutral detergent fiber (NDF). Furthermore, Kökten et al. [28] analyzed the fatty acid composition of Turkish Vicia species; the unsaturated fatty acid content of 80% was similar to other Vicia species, but with 30% 18:1Δ9, it was richer in oleic acid.



However, the presence of the antinutritional sulfur-containing dipeptide γ-glutamyl-S-ethenyl-cysteine (GEC) limits the use of Narbon vetch in animal nutrition. GEC concentration depends on surface soil sulfur concentration of the growing environment; however, in some varieties, such as genotype SA 22654, GEC and seed sulfur concentration are uncorrelated [29]. Depending on the variety, GEC may vary between 0.4% and 3.77% [30]. In the study of Gómez-Izquierdo [31], variety ZV-220 contained 1.52% GEC. Varieties ZU-154 and Icarda-2470 in the study of Martín-Pedrosa et al. [26] contained 1.6% and 1.7% GEC, respectively; other ANFs included inositol phosphates and trypsin (6.95% and 7.01%, respectively), and chymotrypsin inhibitor units (2.19% and 2.63%, respectively), but Narbon vetch lacks lectins, canavanine, and convincine. Programs were established to develop new, high producing varieties destined for animal feeds, with reduced amounts of ANFs, increased amounts of bioactive factors, and increased tolerance and resistance to pests [20]. New varieties are registered for their use in animal nutrition. For example, in 2015, the Castile–Leon Agriculture Technology Institute (ITACyL) registered the Narbon vetch variety “Gario” (registration nr 20155218; [32]), and registration of variety “Oberón” is currently underway.



In Spain, there is interest from the animal feed industry to substitute soybean meal with Narbon vetch. The agricultural cooperatives AGROPAL and NUTECAL are investigating the agronomic and economic characteristics of Narbon vetch with a special focus on the development of an optimal feed for dairy sheep [33,34]. Narbon vetch was described by Mateo-Box [35] as having excellent quality and being much appreciated as fodder for all types of cattle. In pig feeds, however, Narbon vetch was described as being unpalatable, with a garlic-like flavor due to the presence of GEC [24,36]. According to Francis et al. [25], because of the increasing value of vetches for animal feed, the several vetch species, including Narbon vetch, require far more breeding and research support than what is currently directed toward them. Indeed, only very few studies are available that evaluate Narbon vetch inclusion in pig feeds.




4.2. Influence of Narbon Vetch on Production Traits


The results of the present study indicate that pigs initially showed aversion to the novel feed, thus resulting in reduced DFI both at the start of the growing period and after the switch from the growing to the fattening–finishing period. This aversive response was higher at an increased percentage of inclusion of Narbon vetch in the diet and was most pronounced for inclusion at 10% and 20%; DFI in pigs feeding on 5% Narbon vetch was mostly not significantly different from the V0 control group. The reduction in DFI resulted in reduced DBWG, in particular in V20. The results indicate that pigs resumed DFI and DBWG after a period of adaptation to the novel feed that lasted a few weeks. Indeed, MFI was similar in all four treatments. The chemical analysis of feed samples (Table 1; Table 2) shows slight variations in the protein content, and in particular a slight overformulation of crude protein content in V20. However, when protein content in the diet is sufficient, pigs eat to satisfy their energy requirements as long as this is the first limiting resource [37]. In addition, pigs are more likely to respond to the content of the first limiting amino acid in the diet rather than to the dietary protein content per se. The first limiting amino acid in typical swine diets is lysine [38]; the amount of lysine was slightly lower in diet V5 than in the other diets. Since DFI in pigs in V5 was similar to those in V0, and since MFI was similar in all four treatments after a period of adaptation, our results suggest that slight differences in protein or in lysine content were trivial.



Our results support observations by Enneking [39], who investigated in young Large White pigs of approximately 20 kg the effect on DFI of 12.5% and 25% inclusion of Narbon vetch. Pigs were fed consecutively a regular diet for four days, a treatment diet for four days, and a regular diet for four days. DFI was reduced upon first exposure and during the treatment period, but this was not significant at 12.5% [39]. Because of the short duration of the treatment period, it was not possible in their study to observe adaptation to the novel diet. Gómez-Izquierdo et al. [15,40] investigated the inclusion of 0%, 5%, 15%, and 25% Narbon vetch that contained 1.52% GEC in diets fed to Duroc × (Large White × Landrace) barrows between 40 to 171 days of age, corresponding to a BW between 11 and 114 kg. Overall, in the first period up to 61 days of age and approximately 22 kg body weight, they observed that 5% inclusion resulted in a significant increase in DFI and DBWG, whereas 15% gave results similar to the control diet; 25% inclusion resulted in significantly reduced DFI and DBWG [15]. Between 61 and 171 days of age, Gómez-Izquierdo et al. [40] observed that, again, 5% inclusion resulted in an increased DFI and DBWG, but this was no longer significant. Inclusion of 15% Narbon vetch resulted in a reduced DFI (but this was not significant with respect to the control diet) and a significantly reduced DBWG; inclusion of 25% further significantly reduced DFI and DBWG with respect to 15% inclusion [40]. In these studies, trends over time were not investigated and the presence of an adaptation period was not established. In the study of Enneking [39], feed efficiency was not investigated. Gómez-Izquierdo et al. [15,40] observed that, overall, FCE was significantly lower at 15% and 25% inclusion between 40 to 61 d of age and between 61 and 171 d of age. Results of the present study show that, with exceptions during the first introduction with the novel feed, feed efficiency is sustained on all levels of Narbon vetch inclusion. This indicates that a negative response in DBWG in the treatments with a larger percentage of inclusion is mostly proportional to the response in DFI. However, Figure 1 shows the accumulative result of (small) differences in feed efficiency between the four diets, i.e., the amount of BW that is eventually achieved on a cumulative amount of FI; at a similar cumulative FI, pigs in V0 reach the highest BW and pigs in V20 reach the lowest BW, whereas BWs in pigs in V5 and V10 are very similar up to about an intake of approximately 255 kg and a BW of 125 kg; pigs in V10 and V20 are estimated to reach a lower mature body weight. Therefore, the economic implications of substituting commercial diets with Narbon vetch depend on the extra total amount of feed that may be required and associated feed costs, and on the fixed cost of additional days on-farm that are required to reach a given slaughter weight. Profeta and Hamm [10] showed that German consumers are willing to pay a premium price for animal products produced with local feeds, which may account for the higher production costs of such products when they are sold as a differentiated product in local supply chains. Eventually, consumer’s perception of eating quality will determine the possibility to develop a new, differentiated product based on novel feed ingredients [41].



Because our study shows that pigs appear to adapt to the taste of Narbon vetch, even at 20% inclusion, the negative implications of Narbon vetch inclusion may be reduced if the transition to the novel feed would have been milder, for example, through adopting a longer transition period. In the present study, according to current common practice, Narbon beans were not pretreated to remove ANFs before inclusion in the diet formulations. According to The European Innovation Partnership for Agricultural productivity and Sustainability (EIP-AGRI) [9], biorefinery of pulses can have considerable advantages in that it can increase the protein content and reduce ANFs. Enneking [39] observed that the feed-inhibitory activity of Narbon vetch sustained autoclaving for 1 h at 121 °C, suggesting that GEC is heat stable; however, ANFs were extracted in aqueous 30% ethanol. They furthermore established that ANFs were only present in the cotyledons and embryo fraction of the seeds, and not in the seed coats [39]. In addition, in our experiment, DBWG in V20 in period 1 varied between –114 to +1179 g/d (results not presented). Variation in DBWG between pigs can be exploited to select for pigs that are better able to transform local feed ingredients into meat [5,14].





5. Synthesis


Because of a dependency of the EU on soybean meal imports as an animal feed ingredient, there is an interest in investigating the competitiveness of locally produced protein crop alternatives. Local production of animal feed crops is often considered more sustainable than dependency on imported feedstuffs when this results in, e.g., a reduced amount of energy used in their transport, in on-farm crop rotation reducing the risk of crop diseases, and in improving the economic viability of local farms. However, the economic sustainability of using local feed crops is lowered when suboptimal nutritional quality of the crop results in reduced animal production efficiency, thus reducing farm profitability. Narbon vetch is of interest as a potential protein crop alternative because it is resistant to unfavorable climatic and soil conditions, resistant to common pests, has a favorable nutritional profile, and is well adapted to the Mediterranean climate; however, the presence of the antinutritional factor γ-glutamyl-S-ethenyl-cysteine limits its use in animal nutrition. Results of the present study show a clear depression in daily feed intake and as a consequence, a lower daily body weight gain up to four weeks after introduction of the novel feed. However, pigs adapted to the novel feed, and daily feed efficiency, i.e., body weight gained per unit feed intake, was only significantly reduced at the beginning of the feed transition period at the highest inclusion level of 20% Narbon vetch. The initial depression in feed intake may be reduced with a slower transition period to the novel feed and by genetic improvement of Narbon vetch varieties to lower its GEC content. Furthermore, genetic selection may improve crop yields and nutrient content. Although daily feed efficiency was mostly unaffected by inclusion of Narbon vetch in the diet, economical sustainability of substituting soybean meal with Narbon vetch will depend its cost relative to that of soybean meal and on the fixed costs of additional days on-farm required for pigs to reach slaughter weight. Finally, the selling price of pork from pigs fed with Narbon vetch may increase when it can be sold under a different label. Future research will investigate the meat quality of pork from pigs fed with Narbon vetch.
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Figure 1. Body weight (BW) as a function of cumulative feed intake (CFI) in pigs fed a diet formulation with 0%, 5%, 10%, or 20% Narbon vetch (V0%, V5%, V10%, and V20%, respectively). 
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Figure 2. For each period: (a) daily body weight gain (DBWG); (b) daily feed intake (DFI); (c) feed conversion efficiency (FCE); and (d) residual feed intake (RFI) of pigs fed diets with 0% (V0%), 5% (V5%), 10% (V10%), and 20% (V20%) Narbon vetch. 
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Table 1. Diet formulations for the growing phase, including 0% (V0), 5% (V5), 10% (V10), and 20% Narbon vetch (V20).
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Growing Period




	

	
Composition Given by the Producer




	
Ingredients (%)

	
V0

	
V5

	
V10

	
V20






	
Narbon vetch

	
0.00

	
5.00

	
10.00

	
20.00




	
Corn

	
14.30

	
12.00

	
9.92

	
5.40




	
Barley

	
30.50

	
29.50

	
28.60

	
26.60




	
Wheat

	
30.00

	
29.90

	
30.00

	
30.10




	
Corn DDGs

	
6.00

	
6.00

	
6.00

	
6.00




	
Rapeseed meal

	
4.00

	
4.00

	
4.00

	
4.00




	
Soybean meal 47

	
10.0

	
8.32

	
6.48

	
2.80




	
Lard

	
1.00

	
1.00

	
1.00

	
1.00




	
Soybean oil

	
1.00

	
1.00

	
1.00

	
1.00




	
Dicalcium phosphate

	
0.32

	
0.32

	
0.32

	
0.32




	
Calcium carbonate

	
1.36

	
1.36

	
1.36

	
1.36




	
Sodium chloride

	
0.45

	
0.45

	
0.45

	
0.45




	
L-lysine 50%

	
0.41

	
0.40

	
0.39

	
0.36




	
Premix 1

	
0.50

	
0.50

	
0.50

	
0.50




	
Net energy (MJ/kg)

	
9.81

	
9.81

	
9.81

	
9.81




	

	
Analyzed Composition




	
Moisture

	
11.50

	
12.0

	
11.2

	
11.5




	
Crude Protein

	
15.10

	
15.8

	
15.6

	
16.00




	
Ether extract

	
4.30

	
4.10

	
5.00

	
4.10




	
Crude fiber

	
4.30

	
4.60

	
5.00

	
4.70




	
Lysine

	
1.05

	
0.96

	
1.13

	
1.05




	
Methionine + Cysteine

	
0.38

	
0.44

	
0.49

	
0.44




	
Threonine

	
0.50

	
0.54

	
0.56

	
0.54




	
Tryptophan

	
0.32

	
0.35

	
0.31

	
0.29




	
GEC 2

	
0.00

	
0.08

	
0.11

	
0.19








1 For the vitamin and mineral premix, there was a nondisclosure agreement with the producer; 2 γ-glutamyl-S-ethenyl-cysteine.
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Table 2. Diet formulations for the fattening–finishing phase, including 0% (V0), 5% (V5), 10% (V10), and 20% Narbon vetch (V20).
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Fattening–Finishing Period




	

	
Composition Given by the Producer




	
Ingredients (%)

	
V0

	
V5

	
V10

	
V20






	
Narbon vetch

	
0.00

	
5.00

	
10.00

	
20.00




	
Corn

	
25.00

	
25.00

	
25.00

	
25.00




	
Barley

	
23.00

	
19.60

	
15.80

	
15.80




	
Wheat

	
30.00

	
30.00

	
30.00

	
22.90




	
Corn DDGs

	
8.00

	
8.00

	
8.00

	
8.00




	
Rapeseed meal

	
0.00

	
1.00

	
2.20

	
3.00




	
Soybean meal 47

	
8.40

	
6.10

	
3.70

	
0.00




	
Lard

	
2.00

	
2.00

	
2.00

	
2.00




	
Soybean oil

	
0.00

	
0.00

	
0.00

	
0.00




	
Dicalcium phosphate

	
0.50

	
0.40

	
0.40

	
0.40




	
Calcium carbonate

	
1.40

	
1.40

	
1.40

	
1.40




	
Sodium chloride

	
0.50

	
0.50

	
0.50

	
0.50




	
L-lysine 50%

	
0.41

	
0.40

	
0.39

	
0.36




	
Premix 1

	
0.50

	
0.50

	
0.50

	
0.50




	
Net energy (MJ/kg)

	
10.01

	
10.01

	
10.01

	
10.01




	

	
Analyzed Composition




	
Moisture

	
11.90

	
11.40

	
11.70

	
12.20




	
Crude Protein

	
14.10

	
14.00

	
14.00

	
15.00




	
Ether extract

	
4.60

	
4.10

	
4.50

	
3.90




	
Crude fiber

	
2.90

	
3.40

	
4.30

	
4.00




	
Lysine

	
0.90

	
0.77

	
0.84

	
0.89




	
Methionine + Cysteine

	
0.42

	
0.43

	
0.42

	
0.46




	
Threonine

	
0.53

	
0.52

	
0.54

	
0.54




	
Tryptophan

	
0.28

	
0.23

	
0.24

	
0.24




	
GEC 2

	
0.00

	
0.10

	
0.13

	
0.24








1 For the vitamin and mineral premix, there was a nondisclosure agreement with the producer; 2 γ-glutamyl-S-ethenyl-cysteine.
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Table 3. Mature body weight (A) and rate of maturation with respect to feed intake (B) (Equation (1)), and mature feed intake (MFI; Equation (2)) in pigs fed 0% (V0), 5% (V5), 10% (V10), and 20% (V20) Narbon vetch.
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	V0
	V5
	V10
	V20





	A
	320 x (± 8.03)
	316 x (± 8.03)
	289 y (± 8.80)
	292 y (± 8.39)



	B
	0.00123 x

(± 0.0000852)
	0.00118 x

(± 0.0000852)
	0.00139 x

(± 0.0000933)
	0.00121 x

(± 0.0000889)



	MFI
	3.88 x (± 0.120)
	3.74 x (± 0.120)
	3.71 x (± 0.120)
	3.62 x (± 0.126)







Values with different superscripts are significantly different (p < 0.05).
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