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This study evaluated the utility of winter hybrid rye as a partial replacement for corn in an organic pig production system. Winter hybrid rye replaced 50% of corn in diets for growing-finishing pigs raised organically to determine pig performance, carcass characteristics, and phosphorus concentrations in fecal samples. A total of 500 pigs (initial body weight = 18.9 ± 2.94 kg) were assigned to either a Control or Rye treatment (50 pigs/pen; 5 pens/treatment) balanced for sex and body weight. Control pigs received a corn-soybean meal diet, while Rye pigs were fed a diet where hybrid rye replaced 50% of the corn in the control diet. Pigs were housed in a hoop barn, with wheat straw bedding provided to Control pigs and rye straw bedding for Rye pigs. Pig performance, including body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), and gain efficiency (G:F) were recorded every 28 days. At the end of the trial, carcass traits such as hot carcass weight (HCW), backfat thickness (BF), and loin eye area (LEA) were measured. Feed samples from each dietary phase were analyzed for nutrient composition, including phosphorus and phytic acid concentrations. Fecal samples from 80 pigs (40 Control and 40 Rye) were collected and analyzed for phosphorus and phytic acid concentration. There were no differences in BW, ADG, ADFI, G:F, or fat-free lean percent of carcass between Control and Rye fed pigs (p > 0.05). However, carcass yield and LEA were lower in Rye-fed pigs (p < 0.05). Mortality tended to be lower in Rye-fed pigs (p = 0.082) probably due to random variation, while morbidity was not different between treatments (p > 0.05). Phosphorus concentrations in Rye diets were higher across most dietary phases (p < 0.05), but there were no differences in phosphorus or phytic acid concentrations in the fecal samples between treatments suggesting improved utilization of dietary phosphorus in Rye-fed pigs. In conclusion, replacing 50% of corn with winter hybrid rye in diets for organically-raised growing-finishing pigs did not affect growth performance but reduced carcass yield.
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1 Introduction

Ensuring that pigs meet their energy requirements is essential when formulating swine diets to support optimal growth. In the Midwest U.S., corn is the primary energy source used in conventional pig diets due to its high energy content (National Research Council (NRC), 2012; United States Department of Agriculture (USDA), 2023). Organic swine production systems, which have gained attention with increasing consumer demand for organic products (United States Department of Agriculture (USDA), 2021), take a different approach to feed sourcing compared to conventional systems. Certified organic pig farms are often small and closely integrate crop and livestock systems, allowing nutrient cycling and reducing dependence on feed ingredients like corn that are often purchased from sources external to the farm. Cover crops are important in organic farming rotations and present an opportunity to select crops that benefit both soil health and pig diets. Identifying cover crops that align with organic standards and provide nutritional value for pigs is important for organic systems (Electronic Code of Federal Regulations (eCFR), 2010). Winter hybrid rye, for example, is a small grain with 94% of the metabolizable energy content of corn and can serve as both a feed ingredient and a cover crop in organic farming systems (National Research Council (NRC), 2012).

Rye’s use in swine diets has been limited in the past by the presence of ergot, a toxic fungus that can pose health risks to animals if present in contaminated feed (Geiger and Miedaner, 2009; United States Department of Agriculture (USDA), 2013; Coufal-Majewski et al., 2016). The development of hybrid rye through crossbreeding has addressed this issue by introducing traits such as ergot resistance and higher yield compared to conventional rye (Miedaner and Geiger, 2015; Laidig et al., 2017).

Hybrid rye can also help meet the pig’s phosphorus requirement in swine diets. Phosphorus is important for maintaining skeletal growth, energy metabolism and cell signaling in pigs (Humer et al., 2015). Satisfying dietary phosphorus requirements of pigs can be challenging in organic production systems because use of synthetic phytase in pig diets is prohibited (Electronic Code of Federal Regulations (eCFR), 2010). Phytase is the enzyme that releases phytate-bound phosphorus in feed grains making the phosphorus available for absorption by the pig (National Research Council (NRC), 2012). Without synthetic phytase, much of the phosphorus present in feed grains is unavailable to the pig. Hybrid rye has more intrinsic phytase than corn, which makes phosphorus in rye more available than that present in corn (National Research Council (NRC), 2012; Rodehutscord et al., 2016; McGhee and Stein, 2019; Archs-Toledo et al., 2020). The improved phosphorus availability of rye may reduce the need for supplemental phosphorus in swine diets and decrease phosphorus excretion in manure. Excessive phosphorus in pig manure can lead to phosphorus accumulation in cropland which likely increases risk of phosphorus runoff into nearby waterways (Joern and Sutton, 2019). Phosphorus in the runoff can cause eutrophication of surface water and promote rapid algal growth (Daniel et al., 1998) which has negative environmental impacts.

Given these potential benefits of hybrid rye in swine nutrition and its possible environmental impact, further research is needed to quantify its effects in practical feeding scenarios. Therefore, the objective of this study was to evaluate the effects of replacing 50% of corn with hybrid rye in a certified organic production setting during the growing-finishing period on pig performance and carcass traits, and to determine whether this replacement could improve phosphorus utilization in pigs.



2 Materials and methods

This experiment was conducted at the University of Minnesota’s West Central Research and Outreach Center in Morris, Minnesota. The experimental protocol was approved by the University of Minnesota Institutional Animal Care and Use Committee (IACUC# 2105-39077A).


2.1 Animals, housing and management

Pigs were raised under organic conditions according to the standards set by the National Organic Program (Electronic Code of Federal Regulations (eCFR), 2010). Pigs were offspring of Topigs Norsvin genetics (Landrace × Z-line hybrid sows mated to Tempo line sires; Topigs Norsvin, Burnsville, MN, USA). Weaning occurred at about 6 weeks of age, with piglets continuing to stay in the same bedded farrowing areas for up to 8 weeks of age. Pigs were allowed ad libitum access to water and organic-certified feed. All pigs had outdoor access, and practices such as tail docking, teeth clipping, and ear-notching were not performed. Gilts and barrows received iron injections within their first week of life and male pigs were castrated. To facilitate individual identification, each pig was tagged with a LeeO ear tag (LeeO, Merck & Co., Inc., Rahway, NJ, USA) at about 3 days of age.



2.2 Experimental design

Five hundred pigs in five contemporary groups (100 pigs/group) were used in this study. Two groups were used from September 2022 to February 2023, and three groups from September 2023 to June 2024. At 8 weeks of age, pigs were sorted by weight and sex and assigned to one of two dietary treatments (Control or Rye). Pigs (average body weight = 18.88 kg) were then transferred to the hoop barn and fed a control diet for 2 weeks before dietary treatments started at week 10 of age. The hoop barn measured 12 m × 24 m, and was divided into two equally-sized pens, measuring 6 m × 24 m. Each pen featured a bedded sleeping area (6 m × 18 m) and a concrete floor (6 m × 6 m) for the feeder, water fountain, and access to an outdoor area. Water was supplied via a water fountain with four drinking spaces and feed was provided through a round feeder with 12 feeding spaces. The barn was naturally ventilated through side and end openings. Temperature adjustments in the barn were made by altering the barn openings and amount of bedding provided to pigs. Organically-certified bedding was used consistently with additional bedding provided to ensure dry conditions for nesting and warmth. Within each hoop barn, one pen housed Control pigs (50 pigs/pen) on organic wheat straw bedding, and the other housed Rye pigs (50 pigs/pen) on organic rye straw bedding. Pigs remained in their designated pens until reaching market weight (approximately 128.10 ± 16.44 kg). Daily checks were performed to monitor feeders, water fountains, and pig health. Pigs that became sick and required antibiotic treatment were removed from the experiment. In instances of pig removal or mortality, the removed pig’s identification, date of removal or death, reason for removal, and the pig’s weight were recorded.



2.3 Dietary treatments

Pigs were fed the Control phase 1 diet (Table 1) irrespective of their dietary treatment from week 8 to 10 of age to adapt to their new housing environment in the hoop barn. At week 10, Control pigs received an organic corn and soybean meal-based diet, while Rye pigs were provided with a control diet with 50% of corn replaced by hybrid rye (Tayo variety; KWS Cereals USA, LLC, Champaign, IL, USA). Rye replaced 50% of corn on an equal weight basis with no other adjustments in the diet formulations. Experimental diets were provided in five phases based on average weight of pigs in the pen (Phase 1: 27–50 kg, Phase 2: 50–70 kg; Phase 3: 70–88 kg; Phase 4: 88–107 kg; Phase 5: 107 kg to market weight). Calculated nutrient composition of all diets (Table 2) met or exceeded nutritional requirements for growing-finishing pigs recommended by National Research Council (NRC) (2012).



TABLE 1 Ingredient composition of growing-finishing diets (as-fed basis).
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TABLE 2 Calculated nutrient composition of growing-finishing diets (as-fed basis).
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2.4 Data collection


2.4.1 Pig performance

Pigs were weighed individually at week 8 (before pigs were moved to the hoop barn), at week 10 (at the beginning of the study when pigs received their experimental diets) and every 4 weeks until pigs reached market weight. Final body weight (BW) was recorded at the conclusion of the study from each group. Pigs were identified with an RFID ear tag that interfaced with the livestock scale and a table computer (LeeO, Merck & Co., Inc., Rahway, NJ, USA). This system enabled automatic capture of pig identification and body weight throughout the study. Feeders were emptied before pigs moved to the hoop barn, and after pigs left the hoop barn. Weight of feed was recorded each time feed was added to each feeder. Feeders were weighed, and orts recorded every 4 weeks (when pigs underwent their four-week weighing process) and at the end of the study. Pig BW and feed records were used to calculate average daily feed intake (ADFI) and Gain:Feed (G:F) on a pen basis, and average daily gain (ADG) on an individual pig and pen basis. Two large bales each of wheat and rye straw were weighed when each contemporary group started, and their average weight was used as a reference to determine the weight of additional bales added to the pen for that contemporary group. Bedding usage was recorded every 4 weeks by tracking the number of bales added to the pen.



2.4.2 Carcass evaluation

One to three days before pigs were sent for harvest, pigs were slap-tattooed on the shoulder with a unique number and weighed. A certified technician performed real-time ultrasonic measurements (Exago model, Echo Control Medical, Angouleme, France) of the loin eye area (LEA) and backfat (BF) depth between the 10th and 11th ribs. Digitalization of images was performed using Biosoft Toolbox II for Swine software (Version 2.5.0.6; Biotronics, Inc., Ames, IA, USA). Pigs from the 5 contemporary groups were sent to a processing plant (Hormel Foods, Austin, MN, USA), except 80 pigs (40 gilts and 40 barrows; 4 gilts and 4 barrows per treatment per contemporary group) with body weights closest to the pen’s average weight. These 80 pigs were selected for in-depth characterization of carcass and pork quality traits at the Andrew Boss Laboratory of Meat Science located on the University of Minnesota, Saint Paul campus. Hot carcass weight and midline BF thickness at the last rib were recorded for all pigs at the processing plant. Live weight, hot carcass weight, loin eye area and backfat measurements were used to calculate dressing percentage (DP; Equation 1), standardized fat-free lean (Equation 2), and the percentage of fat-free lean (%FFL) on a live weight (Equation 3) and carcass weight (Equation 4) basis. These calculations utilized the actual DP according to National Pork Producer Council (NPPC) (2000) equations:
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2.5 Sample collection and analysis

Fresh fecal samples were collected at the Meat Science Laboratory on the St. Paul campus of the University of Minnesota from pigs harvested for carcass and pork quality evaluation (n = 80). Fecal samples were frozen at −20°C until processed for laboratory analysis. Stored samples were thawed at room temperature, then dried at 55°C for 3 days, and ground before being sent to Eurofins Nutrition Analysis Center (Des Moines, IA, USA). Samples were analyzed for concentrations of phytic acid (method: 2000.12; Association of Analytical Chemists (AOAC), 2023) and phosphorus (method: 984.27; Association of Analytical Chemists (AOAC), 2023).

A sample (1 kg) of each dietary treatment from each phase and group was collected and stored in a freezer at −20°C. Feed samples were sent to Midwest Labs in Omaha, NE for comprehensive analysis of dietary nutrient content, including proximate composition, ADF, and NDF. Total phosphorus and phytic acid concentration were analyzed at Eurofins Nutrition Analysis Center (Des Moines, IA, USA), while amino acid concentrations were analyzed at the University of Missouri Agricultural Experiment Station Chemical Laboratories (Columbia, MO, USA). Additionally, rye grain was sent to Eurofins Nutrition Analysis Center (Des Moines, IA, USA) for ergot analysis (method A4; International Association of Feedingstuff Analysis (IAG), 2008).



2.6 Statistical analysis

The GLIMMIX procedure in SAS (version 9.4, SAS Institute Inc., Cary, NC) was used to evaluate the effects of dietary treatments. Performance variables, including BW, ADG, ADFI, and G:F, were analyzed using a repeated measures analysis with BW at week 10 (after the two-week acclimation) as a covariate. Dietary treatment, time, and their interaction were the fixed effects, group was considered a random effect, and pen was the experimental unit.

Carcass data were analyzed using the GLIMMIX procedure in SAS with pen as the experimental unit. The fixed effect was dietary treatment, and group was considered a random effect. For fecal and feed data, we used GLIMMIX after confirming that data were distributed normally with the Shapiro–Wilk test. The fixed effect was dietary treatment, with group as a random effect. Pigs harvested on the St. Paul campus were excluded from analysis of carcass data because harvest procedures were different from those at Hormel Foods. All means are presented as least squares means and significant treatment differences are indicated at p < 0.05 with recognition of tendencies in the range 0.05 ≤ p ≤ 0.10.

Chi-square analyses were used to assess pigs that were too light for harvest at the commercial processing plant, as well as mortality and morbidity. Pigs considered too light to be sent to the commercial packing plant weighed less than 100 kg and were considered sub-standard.




3 Results

The results reported herein are a portion of a much larger, comprehensive project designed to evaluate use of winter hybrid rye in a combined organic pig production and cropping system. Results related to economic outcomes of rye use in pig diets and consumer eating quality of pork produced from this experiment have been published elsewhere (Kavanagh, 2024). Results related to agronomic considerations and environmental impacts of using hybrid rye will be available in a separate publication.

All diets in this experiment were fed in mash form. Grinding rye to a small, uniform particle size proved difficult for the hammer mill at our research center. After several iterations, average particle size of corn and rye fed in this experiment were 680 microns and 830 microns, respectively. Particle size of other dietary components was the same across both diets because the same lot of each ingredient was used for both Control and Rye diets.

In each dietary treatment and phase, a diet sample from each contemporary group (n = 5) was analyzed to determine actual nutrient composition (Table 3). Data presented are mean values of five analyses for each nutrient.



TABLE 3 Analyzed composition of growing-finishing diets (as-fed basis).
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3.1 Pig performance

At the end of the two-week acclimation period (from week 8 to week 10), BW tended to be higher in the Rye group. Thus, to account for this initial weight difference, BW at week 10 (when the trial began and dietary treatments were introduced) was included as a covariate in the analysis of pig performance throughout the trial. This covariate accounted for a significant portion of the variation in pig performance throughout the experiment. During the experiment, inclusion of rye in the diet had no effect (p > 0.05) on ADG, ADFI or G:F of pigs (Table 4). As expected, time had significant effects on growth performance but we observed no significant interactions between dietary rye inclusion and time. There was no evidence for difference in the number of sub-standard pigs (less than 100 kg BW) between dietary treatments. This was used as a potential indicator of dietary effects on pig performance (Table 5). However, there were no differences in the number of light weight pigs observed between Control and Rye groups (p > 0.05). Morbidity was consistent across treatments throughout the study (p > 0.05), but mortality tended to be higher in the Control group compared to the Rye group (p = 0.082).



TABLE 4 Effects of replacing 50% of corn with hybrid rye in growing finishing diets on pig performance.
[image: Table4]



TABLE 5 Effects of replacing 50% of corn with hybrid rye in growing-finishing diets on light weight pigs, mortality, and morbidity.
[image: Table5]

Use of straw bedding was similar between Control and Rye pigs. Throughout the experiment, Control pigs required 118.0 kg of wheat straw per pig during the period from week 8 through marketing. Similarly, Rye pigs used 97.7 kg of rye straw per pig during this same period. There was no significant difference in straw use between treatments (p = 0.13; SE = 9.13).



3.2 Carcass characteristics

Market body weight, hot carcass weight, ultrasound backfat depth, standardized fat free lean and percent fat-free lean based on live weight, and carcass weight did not differ between treatments (p > 0.05; Table 6). However, carcass yield and LEA were reduced in pigs fed the Rye diet compared to those fed the Control diet (p < 0.05). Midline BF at the last rib also tended to be lower for Rye-fed pigs (p = 0.070).



TABLE 6 Effects of replacing 50% of corn with hybrid rye in growing finishing diets on carcass characteristics.
[image: Table6]



3.3 Phosphorus concentration in pig diets and feces

Phosphorus concentration in the Rye diet was higher than Control diets in Phases 1 and 3 (p < 0.05), with a tendency to be higher in Phase 4 (p = 0.052; Table 7). However, there were no differences in Phases 2 and 5 (p > 0.05). Phytic acid concentration in the diet was consistently higher in Rye diets compared with Control diets across all phases (p < 0.05). There were no differences in the excreted concentrations of phosphorus and phytic acid between pigs fed Rye and Control-fed pigs (p > 0.05; Table 8).



TABLE 7 Phosphorus and phytic acid concentrations of experimental diets (as-is basis).
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TABLE 8 Phosphorus and phytic acid concentrations of fecal samples (as-is basis).
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4 Discussion

Particle size of the rye grain after processing was about 20% larger than that of corn in this study. This difference was greater than expected or desired and could have decreased the G:F ratio for rye-fed pigs compared to Control pigs. However, the similarity of G:F between Control and Rye pigs over each measurement period suggests the larger particle size of rye had no detrimental effects on pig performance. This observation is not surprising considering that the larger particle sized rye comprised only 30–38% of the total diet which would mitigate any negative influences on particle size of the entire diet. Consequently, gain efficiency was not negatively affected by the larger particle size of rye.

Analyzed concentration of crude protein and phosphorus were very similar to the calculated concentrations of these nutrients in each diet. In contrast, analyzed concentrations of crude fat was lower and fiber (NDF and ADF) were higher than expected. However, the relative differences in analyzed nutrient concentrations between diets within phase were very similar to the calculated differences. A very simple approach was used to evaluate dietary hybrid rye in this experiment. Rye replaced 50% of the grain portion of each diet. Because rye contains a higher concentration of lysine with lower standardized digestibility compared to corn (McGhee and Stein, 2018), the SID lysine concentration of Control and Rye diets was comparable between diets. However, the lower ME concentration of rye compared to corn (McGhee and Stein, 2020) marginally reduced energy concentration of the final rye diets. We opted to not correct this energy dilution with added fat because most organic pig farmers do not have feed manufacturing capabilities to add competitively-priced fat (corn oil, soybean oil, tallow, choice white grease) to swine diets in an efficient, low-labor manner. Adding fat to correct for the energy dilution would make our results less applicable to our intended stakeholder group of organic pig farmers.

Rye has a slightly lower energy content compared to corn (3,191 vs. 3,395 Kcal/kg, respectively; National Research Council (NRC), 2012). The marginally lower energy content of rye along with the fact that rye only replaced 50% of the corn in diets likely explains why there were no differences in pig performance during the experiment. Our results align with previous researchers that reported similar outcomes when hybrid rye replaced corn at levels ranging from 0 to 70% (McGhee et al., 2021; Sullivan, 2023). Two factors that could have impacted pig performance are a higher inclusion of hybrid rye (higher than 70%) replacing corn in the pig diet or ergot contamination. Sullivan (2023) reported that when hybrid rye replaced 100% of corn in growing-finishing pig diets, ADG and ADFI decreased. Additionally, ergot contamination in the grain of 0.3% or higher can reduce weight gain and feed intake in growing-finishing pigs (Coufal-Majewski et al., 2016). The hybrid rye provided to pigs from late 2022 to early 2023 contained 0.08% ergot, and the rye fed to pigs from late 2023 through early 2024 contained only 0.02% ergot. These levels of ergot contamination were far below the threshold of 0.3% and did not affect pig performance.

We recorded the number of light weight (less than 100 kg BW) and sub-standard pigs at marketing of each contemporary group. The lack of difference between Control and Rye treatments suggests that dietary rye inclusion did not compromise economic returns to the farmer. Incidence of morbidity was very low and not different between treatments suggesting that health of pigs during the experiment was very good. The tendency for a difference in mortality rate favoring the Rye treatment is likely due to random variation rather than a true treatment effect. The number of pigs involved in this experiment is not sufficient to reliably measure mortality rates (Aaron and Hays, 2004). An overall mortality rate of 0.6% is much lower than industry averages for growing-finishing pigs (Gebhardt et al., 2020) and further supports the notion that pigs were very healthy in this experiment. Corn contains higher ME concentration than rye due to its relatively greater starch content, and lower fiber content (National Research Council (NRC), 2012). The additional energy available in the Control diet could lead to greater deposition of carcass fat and, ultimately, higher carcass yield (Smith et al., 1999; De la Llata et al., 2001). In contrast, Rye diets had a higher NDF concentration than Control diets, with an average of 2.1% higher NDF concentrations across diet phases (Table 3). Arabinoxylan is a type of NDF present in large amounts in hybrid rye (Le Gall et al., 2009; Jürgens et al., 2012; National Research Council (NRC), 2012). Arabinoxylan increases viscosity of digesta which slows passage rate of feed and increases gut fill (Agyekum and Nyachoti, 2017). The slower transit of feed through the digestive tract can also lead to an increase in gastrointestinal organ size as the body adjusts to handle the higher fiber load (Anugwa et al., 1989; Asmus et al., 2014; Coble et al., 2018). The increased weight of the gut and digestive organs increases maintenance energy requirements (Grieshop et al., 2001) which likely diverted energy away from muscle growth and fat accumulation. The potentially increased weight of the gastrointestinal tract and lower energy available for carcass gain (fat and muscle) in Rye-fed pigs compared to Control pigs may explain the reduced carcass yield and smaller LEA of Rye pigs. Our results align with findings by Sullivan (2023) who reported a linear decrease in backfat and carcass yield as hybrid rye inclusion increased in corn-based diets.

Previous researchers have demonstrated that hybrid rye contains more intrinsic phytase compared to other grains (Rodehutscord et al., 2016; Archs-Toledo et al., 2020). A high intrinsic phytase content generally leads to increased phosphorus digestibility in pigs because phytase releases phosphorus from its bound form in phytic acid (McGhee and Stein, 2019; Archs-Toledo et al., 2020). Given these characteristics, we hypothesized that feeding hybrid rye would reduce the amount of phosphorus excreted in feces. Phosphorus and phytic acid concentrations were higher in Rye diets than Control diets during most phases. This was expected as hybrid rye contains more total phosphorus than corn (National Research Council (NRC), 2012). There was no evidence of difference in phosphorus and phytic acid between dietary treatments. Consequently, these observations suggest that pigs fed the Rye diet retained phosphorus more efficiently than Control-fed pigs. This can be concluded because despite having more phosphorus and phytic acid in the diet, the lack of a corresponding increase in phosphorus concentration in feces indicates better absorption and retention of phosphorus. The higher phosphorus utilization in pigs fed Rye diets compared to pigs fed Control diets is likely due to intrinsic phytase activity in hybrid rye. Thus, including hybrid rye in swine diets can improve phosphorus utilization in pig diets and potentially reduce the need for other supplemental phosphorus sources in swine diets. More efficient use of phosphorus contained in natural feedstuffs and reduced use of supplemental phosphorus sources helps reduce demand on finite global supplies of phosphorus (Metson et al., 2012; Scholz et al., 2013) which improves the environmental footprint of pig production.



5 Conclusion

In this study, we demonstrated that replacing 50% of corn with hybrid rye in diets for growing-finishing pig raised organically had no negative effects on pig growth performance. However, pigs fed the Rye diet had lower carcass yield and LEA than Control pigs. Phosphorus concentrations were higher in most phases in Rye-containing diets, and there were no differences in phosphorus concentrations in feces of pigs fed Rye or Control diets suggesting improved utilization of dietary phosphorus in rye-containing diets. These results suggest that hybrid rye can be an effective alternative to corn in diets for growing-finishing pigs raised in organic production systems.
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Dietary treatment? SEM®  p-value

Control Rye
Phosphorus, % 198 202 012 0670
Phyticacid, % 056 0.46 061 0.268

‘Fecal samples collected from 80 pigs (40 gilts and 40 barrows) across five groups.
“Pigs in the Control treatment received a corn-soybean meal-based diet, while in the Rye
treatment, hybrid rye replaced 50% of the corn in the diet.

‘Standard error of the mean.
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Dietary treatment? SEM?® p-value

Control Rye

Phosphorus, %

Phase 1 058 063 001 0.001
Phase 2 058 058 001 0741
Phase 3 051 055 001 0024
Phase 4 050 052 001 0052
Phase 5 049 050 001 0.151
Phytic acid, %

Phase 1 027 029 001 0.003
Phase 2 027 028 001 0016
Phase 3 025 028 001 0019
Phase 4 025 027 001 0.001
Phase 5 024 027 001 0.002

“The analysis included 5 feed samples per treatment and diet phase, corresponding to the 5
groups, resulting in 5 replications per diet phase.

“Pigs in the Control treatment received a corn-soybean meal-based diet, while in the Rye
reatment, hybrid rye replaced 50% of the corn i the diet.

‘Standard error of the mean.
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Dietary treatment

Control n? Rye

Market BW, kg* 1278 203 1289 208 42 0141

HCW', kg 99.4 182 988 189 298 0320
Carcass yield, %° 767 182 754 189 098 0.0003
Midline st rib backfat, mm 22 182 21 190 063 0070
Ultrasound backfat’, mm 2.1 186 20 195 140 0.146
Ultrasound LEA®, cm? 473 186 459 195 152 0005
Standardized fat-free lean, 492 176 49.4 181 122 0546
Fat-free lean (Based on pigslive weight), %' 38.1 176 378 181 026 0.209
Fat-free lean (Based on carcass weight), %'" 199 170 503 175 070 0287

inthe Control treatment received a corn-soybean meal-based diet, while i the Rye treatment, hybrid rye replaced 50% of the corn in the diet.
‘Number of igs.

‘Standard error of the mean.

‘Market BW at the end of the trial

‘Hot carcass weight.

‘Carcass yield, %: (Hot carcass weight, kg/Final market weight, kg)*100.

‘Measured between the 10th and 11th rib.

Loin eye area measured between the 10th and 11th rib.

‘Standardized fat-free lean, kg: (0.833*(sex of pig, barrow = 1, git = 2))-(16.498*10th rib fat depth, in.) + (5.425%10th rib loin muscle area, in’) + (0.291% live weight, Ibs-0.534)/22046.
"Fat-free lean (Based on pig’ live weight), %: (Standardized fat-free lean, ke/Final market weight, kg) *100.

“"Fat-free lean (Based on carcass weight), %: (Standardized fat-free lean, kg/Carcass weight, kg) *100.
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Phases

1 2 3 4 5
Body weight, kg (27-50 kg) (50-70 kg) (70-88 kg) (88-107 kg) (107 kg — mkt)
Ingredient, (%) Control  Rye Control Rye Control Rye Control Rye Control Rye
Organic corn 6140 3070 67.00 3350 7120 3560 7460 3730 77.15 3855
Organic hybrid rye (Tayo) 0.00 30.70 0.00 3350 0.00 3560 0.00 3730 0.00 38.60
Organic soybean meal 3550 3550 3025 3025 2625 2625 23.00 23.00 2050 2050
Organic basemix! 310 310 265 265 240 240 225 225 215 215
Limestone 000 0.00 010 010 015 015 015 015 020 020
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 10000 10000

‘Mineral and vitamin mixture supplied per kilogram of basemix: 190 g of Cas 75 g of P; 4.75 g of Mg; 570 mg of K; 5.52 mg of Cr; 5,037 mg of Cus 7,694 mg of Fe; 1,376 mg of Mn; 4.268 mg of
Zn; 18 mg of ; 8.2 mg of Se; 300 KIU of vitamin A; 54 KIU of vitamin Ds; 1,820 kIU of vitamin E; 120 mg of vitamin K; 64 mg of thiamin; 256 mg of riboflavin; 1,592 mg of nicotinic acid;
793 mg of D-pantothenic acid; 123 mg of pyridoxine; 1,301 mg of vitamin B,s; 19.2 mg of flic acid; 9.8 mg of biotin; and 8,157 mg of choline.
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Phases

1 2 5 4 5

Body (27-50 kg) (50-70 kg) (70-88 kg) (88-107 kg) (107 kg — mkt)
weight, kg
Item Control  Rye Control Rye Control Rye Control Rye Control Rye
ME!, keal/kg 3373 3281 3378 3,278 3378 3272 3380 3,267 3378 3,263
Crude protein, % 2010 2000 18.40 18.30 17.00 1690 15.90 15.80 15.10 1500
NDF, % 590 840 640 9.10 680 970 7.20 1020 7.40 1050
ADF, % 170 180 190 200 200 210 210 220 220 220
Crude fat, % 340 340 450 320 440 300 430 290 430 280
SID'Lys, % 105 106 093 093 083 084 075 076 0.69 070
SID Th, % 065 063 059 057 054 052 050 048 047 045
SID Tep, % 022 022 0.20 020 018 018 0.16 0.16 015 015
SID Met + Cys, % 058 057 054 053 051 049 049 047 047 045
Calcium, % 071 072 065 0.66 061 063 057 059 056 058
Total B,% 061 062 057 057 054 054 051 052 050 051
ACR% 032 035 028 031 026 028 024 027 023 026

‘Metabolizable energy.

‘Neutraldetergent fiber.

"Actd detergent fiber.

‘Standardized ileal digestible.
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Dietary treatment* p-value

Control Rye
Pigs too light to market” 107210 17210 0823
Mortality 3/250 0/250 0082
Morbidity' 21250 5/250 0253

in the Control treatment received a corn-soybean meal-based diet, while in the Rye
treatment, hybrid rye replaced 50% of the corn in the diet.

‘Pigs under 100 kg that could not be marketed.

igs removed from the trial due to il health,
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Phases
1 2 3 4 5

Control Rye Control Rye Control Rye Control Rye Control

Moisture, % 1006 981 1025 999 1115 1047 1123 1096 1131 1078
Crude Protein, % 2025 2032 1856 1855 1698 1772 1548 1620 1514 1504
Crude Fat, % 316 272 306 250 288 252 274 236 268 220
Crude fiber, % 335 324 318 298 298 297 269 275 268 259
NDF, % 887 1025 858 1023 827 1165 833 1021 824 1063
ADF, % 448 459 430 440 418 444 397 3.96 394 490
Ash, % 533 526 478 492 429 4.62 416 426 400 415
Total AA, % 2046 2077 1865 1871 17.28 1793 1594 1577 1543 1556
Calcium, % 0.64 0.60 061 059 051 055 048 048 051 047
Total P, % 058 0.63 058 058 051 0.55 050 052 049 050
Phytic Acid, % 027 029 027 028 025 0.28 025 027 024 027

Indispensable amino acids (AA)

Arginine 138 144 125 127 L12 1.20 1.02 101 0.98 0.99
Histidine 056 056 051 050 047 048 043 042 042 041
Isoleucine 093 091 084 083 076 079 070 069 067 067
Leucine 175 1.64 161 150 155 145 143 130 140 1.28
Lysine 121 124 1.08 1.09 0.96 1.03 087 088 0.83 0.86
Methionine 031 031 029 028 028 027 026 025 025 025
Phenylalanine 104 1.06 095 095 088 091 0.81 079 078 078
“Threonine 077 078 0.70 0.70 0.64 0.67 059 058 057 057
“Tryptophan 022 022 019 019 018 018 016 016 015 015
Valine 1.04 1.06 095 095 088 092 0.81 0.80 078 0.80

Dispensable AA

Alanine 102 097 095 090 092 0.87 085 079 0.83 078
Aspartic acid 211 217 190 192 170 182 155 155 148 153
Cysteine 035 035 032 033 030 032 028 029 028 029
Glutamic Acid 378 398 346 360 320 346 294 3.06 285 304
Serine 087 088 079 0.80 074 0.76 068 068 0.66 0.67
Tyrosine 067 067 061 0.60 057 056 053 048 051 046
Glycine 088 091 0.80 082 073 078 067 068 0.64 0.68

“The analysis included 5 feed samples per diet phase, corresponding to the 5 groups, resuling in 5 replications per diet phase.
‘Neutral detergent fiber.
‘Acid detergent fiber.
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Dietary treatment p-value

Control Rye Time Trt*Time  BW at week

10°
No. of pigs 250 250

Body weight, kg’ 252 0858 <0.0001 0999 <0.0001
Week 10° 2794 2811
Week 14 5553 5564
Week 18 90.40 90.64
Week 22 11844 11835
Final* 133.05 13415

Average daily gain, kg 0.04 0399 <0.0001 0337 0.092
Week 14 098 099
Week 18 122 122
Week 22 124 122
Final 112 122

Average daily feed intake, kg' on 0437 <0.0001 0.940 0.073
Week 14 210 216
Week 18 304 308
Week 22 383 381
Final 41 419

GainiFeed” 001 0.988 <0.0001 059 0369
Week 14 047 046
Week 18 040 040
Week 22 032 032
Final 027 029

in the Control treatment received a corn-soybean meal-based diet, while in the Rye treatment, hybrid rye replaced 50% of the corn in the diet.
‘Standard error of the mean for Trt*Time.

‘Body weight at week 10 (when dietary treatment was imposed) used as a covariate.

‘Body weight measured at every 28 days.

‘Body weight of the pigs at the beginning of the experiment.

‘At condlusion of the experiment.

‘Average daily gain calculated every 28 days.

“Average daily feed intake calculated every 28 days.

‘Gain to feed calculated every 28 days.
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