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Industry Summary: 

There is concern that current demands for fish, and its resultant by product fishmeal (FM), are at unsustainable 

levels, as such, efforts are being placed on finding alternatives sources of quality protein for pig diets. 

Microbially-converted soybean meal (MCSBM), developed at South Dakota State University, can be used as an 

alternative for FM in fish diets and may have  

potential as a locally grown alternative protein source in diets for young pigs. This study was conducted to 

evaluate the nutrient digestibility content of MCSBM and its suitability as a replacement for fishmeal in early 

weaned pig diets. A total of 37 pigs (6 at 30.0 ± 1.6 kg bodyweight and 31 at 9.8 ± 1.2 kg bodyweight) were 

used to determine the crude protein and amino acids digestibility of MCSBM and FM. A 35d performance trial 

using 336 weaned pigs (21 ± 1d of age) were used to assess the suitability of MCSBM as a replacement for FM 

in nursery pig diets. Determined digestibility of MCSBM and FM were used to formulate experimental diets 

such that all performance study diets contained equivalent nutrient levels. Experimental diets were fed in Phase 

I (d0-7) and Phase II (d8-21) in a 3-phase feeding program. All pigs received a common Phase III diet (d22-35). 

Pig growth performance was measured weekly and at d7 and 21 intestinal tissue and digesta were collected 

from 1 pig/pen (n=8/treatment) to assess gut health. Digestibility of lysine, methionine, threonine, isoleucine 

and leucine was greater in FM compared to MCSBM but when nursery pig diets were formulated to contain 

equivalent amounts of dietary nutrients, use of MCSBM did not negatively impact pig performance. Pig age 

affected digestibility of lysine, methionine, and alanine in FM but did not affect digestibility values in MCSBM. 

Inclusion of dietary acidifier did not provide additional benefit in nursery pig performance but did lower pH in 

the upper intestinal tract. MCSBM holds promise as high quality protein source for young pigs.   

 

Key Findings: 

 Digestibility of lysine, methionine, threonine, isoleucine, and leucine are greater in FM than MCSBM. 

 Digestibility of lysine, methionine, and alanine in FM was greater in growing pigs compared to weaned 

pigs but pig age did not affect digestibility of protein or amino acids in MCSBM. 

 Inclusion of dietary acidifier reduced pH of the upper intestinal tract but did not impact pig performance. 

 MCSBM did not negatively impact pig performance when used as a substitute for FM in nursery pig 

diets formulated to contain equivalent dietary nutrients. 
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Scientific Abstract. Six ileal-cannulated pigs (30.0 ± 1.6 kg body weight) and 31 nursery pigs (9.8 ± 1.2 kg 

body weight) were used to determine digestibility of crude protein and amino acids of MCSBM and FM. 

Experimental diets were formulated to contain either MCSBM or FM as the sole protein source and a nitrogen-

free diet was included to estimate endogenous protein and amino acid losses. A latin square design and a 

randomized incomplete block design was used for the 30 and 10 kg pigs, respectively. A total of 336 pigs (184 

barrows and 152 gilts) were weaned (21 ± 1 d of age) and randomly assigned to one of 6 experimental diets in a 

3x2 factorial treatment design: Control (based on corn, soybean meal and whey), FM (FM added at the expense 

of soybean meal), and MCSBM (MSBM added at the expense of whey). Dietary acidifier was included in each 

Control, FM, and MCSBM at 0.2% to create the ControlA, FMA, and MCSBMA diets. Pigs were fed in a 3-

phase feeding regimen where experimental diets were fed in Phase I (d0-7) and II (d8-21) and all pigs received 

a common Phase III nursery diet (d22-35). Pig gain and feed disappearance were measured weekly. At d7 and 

21, stomach and jejunal tissue was collected from 1 pig/pen (n=8/treatment). Digesta pH was measured at 5 

locations along the intestinal tract (stomach to colon) and ileal, cecal and fecal samples were flash frozen for 

microbial profile assessment. Standardized ileal digestibility (SID) of Ile, Leu, Lys, Met, and Thr was greater (P 

< 0.05) in FM than MCSBM but not different for all other amino acids. Mean initial body weight was 6.13 ± 

0.83 kg and final body weight was 20.15 ± 2.01 kg. There was no difference between treatments in body 

weight, daily gain or gain:feed in Phase I, II, or III. Intestinal pH increased (P < 0.001) with progression down 

the gut and there was an interaction (P = 0.03) between dietary trt and location where pH did not increase from 

stomach to duodenum in pigs fed FMA and pH did not increase from duodenum to jejunum in pigs fed FM, 

MCSBM, and MCSBMA. There was a pattern of more acidic mucin in the stomach glands of pigs fed diets 

containing dietary acidifier. Based on digestibility and pig performance, MCSBM has potential as a high quality 

protein source in nursery pig diets.   

 

Introduction. In the young pig, the period immediately following weaning is typically associated with a 

reduction in feed intake, reduced growth, and an increased risk of post-weaning diarrhea (PWD). Therefore, 

high quality, highly digestible ingredients are commonly used to manage pig health and maintain feed intake 

during the weaning phase, particularly in the first few weeks (Mahan and Lepine, 1991). Organic or inorganic 

acids may be included in the early weaning diet as a method to reduce gastric pH, and hence reduce PWD and 

pathogenic bacterial concentrations, particularly enterotoxigenic E. coli in the gastrointestinal tract of weaned 

pigs (Tsiloyiannis et al., 2001). Fish meal (FM) is typically included in young pig diets because it as a highly 

digestible protein source with a high concentration of amino acids and low antigenicity. However, wild fish 

capture is approaching unsustainable levels and with a rapidly increasing world population demanding higher 

levels of animal protein (Olsen and Hasan, 2012), demand and price for FM is projected to increase 

exponentially, clearly an unsustainable trend for a limited resource. These factors ultimately affect feed costs 

(often 65 to 75% of variable costs) in swine production facilities and suggest the need for a cost effective 

alternative to FM.  

Soybean meal (SBM) is a considerably less expensive protein source than FM but it’s inclusion is typically 

limited in early weaned pig diets due in part because of anti-nutritional factors, including oligosaccharides 

(raffinose, stachyose), glycinin, and beta-conglycinin which result in increased gut inflammation (scouring) and 

reduced growth performance. Recent SBM processing advancements at South Dakota State University (SDSU) 

have produced a microbial converted SBM product (MCSBM) with increased protein and amino acid content, 

reduced levels of anti-nutritional factors and a pH around 3.5. In the past 5 years, FM price ranged from 

approximately $1,300 to 2,400/ M ton (FCA) with a steady yearly increase whereas SBM price ranged from 

$350 to 600/M ton (IndexMundi.com, August 31, 2015). Including production costs the MCSBM would be 40 – 

50% less per ton (Bill Gibbons, personal communication) and recent studies in fish, MCSBM had a higher 

protein and nutrient availability than conventional SBM and replaced fishmeal in fish diets with no adverse 

effects on fish growth (Mike Brown, personal communication). This suggests that MCSBM may be able to 

replace FM for young pigs without impacting piglet performance. Providing that MCSBM can replace FM, the 

result would be a more sustainable, locally obtained ingredient with a lower cost relative to FM. The low pH 

may also allow the MCSBM to act as an acidifier in a similar fashion to organic acids and thus provide an 
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additional benefit in minimizing the incidence of PWD. However, unlike organic acids, MCSBM is not 

anticipated to negatively impact feed intake and does not possess the same corrosive properties as organic acids 

minimizing the challenges with feed storage and handling. 

 

Objective: The overall objective of the project is to evaluate a microbially-converted soybean meal (MCSBM) 

in weaned pig diets as a means to reduce feed costs in the nursery phase as well as to mitigate the risk of post-

weaning diarrhea. The overall objective was be accomplished through the following 3 specific objectives: 

a. Determination of protein and amino acid digestibility of MCSBM in comparison to fishmeal.  

b. Assessing the impact of MCSBM as a replacement for fishmeal in early weaned pig diets.  

c. Evaluation of MCSBM as a dietary acidifier on gut microbiota, gut health, and PWD 

 

Materials & Methods. 

Digestibility Trials. Digestibility of protein and amino acids was conducted in 10 kg (tissue collection 

method) and 30 kg (ileal cannulated pig method) pigs. In both trials, pigs were housed individually and 

provided ad libitum access to water. A total of 31 barrows (28 d of age; 9.8 ± 1.2 kg body weight) were 

assigned to one of 3 experimental diets FM, MCSBM, and protein-free where FM and MCSBM were the sole 

source of dietary protein and the protein-free was included to estimate endogenous amino acid losses. Barrows 

were weaned into individual metabolism pens and allowed 7d acclimation to weaning, housing, and test diets 

where test diets were included at increasing proportions each day until d7 when 100% of test diet was provided. 

Test diets were provided 3 times a day to ad libitum intake for an additional 7 d. Pigs were euthanized on d7, 4h 

after the morning feeding and ileal digesta was collected from a 30 cm section immediately proximal to the ileo-

cecal junction. An additional 6 ileal-cannulated barrows (30.0 ± 1.6 kg body weight) were assigned one of the 

same 3 test diets described above in a duplicated 3 x 3 latin square design consisting of 3 7-d collection periods 

(5d diet adaptation and 2d of 8h ileal digesta collection). Daily feed allowance was provided in 2 equal 

allotments at 2.5 x maintenance energy requirement (106 kcal/kg BW0.75) based on individual body weight at 

the beginning of each collection period. Titanium dioxide was included in all diets as an indigestible marker and 

10 mL formic acid (10%) was added to each digesta collection bag to prevent bacterial degradation. Diets and 

digesta were analyzed for nitrogen, amino acids and titanium according to standard procedures. 

 

Performance trial and PWD assessment. A total of 184 barrows and 152 gilts (in 2 equal blocks of 7 

pigs/pen) were weaned at 21 ± 1d of age and assigned to one of 6 experimental diets in a 35d growth trial. The 6 

experimental diets included 1) a negative control based on corn, SBM, and whey (control), 2) negative control 

with acidifier (controlA), 3) negative control with FM (FM), 4) negative control, FM, and acidifier (FMA), 5) 

negative control with MCSBM (MCSBM), and 6) negative control, MCSBM, and acidifier (MCSBMA; Table 

3). The SID amino acid content in MCSBM and FM determined in the 30 kg digestibility trial was used to 

formulate the respective experimental diets. Metabolizable energy:ileal digestible Lys was maintained similarly 

across all diets for all phases and diets were formulated to meet or exceed NRC (2012) nutrient requirements for 

nursery pigs (10 – 30 kg). A 3-phase feeding program was used where experimental diets were fed from d 0 - 21 

in 2 phases (Phase I, 7 d; Phase II, 14 d) and a common nursery diet was fed from d 22 to 35 (Phase III) of the 

trial. Feed and water were provided ad libitum. Pig body weight and pen feed disappearance were measured 

weekly and piglet gain, daily feed intake and feed efficiency (gain:feed) were calculated. Post-weaning diarrhea 

was assessed daily from d1 – 14 by 3 trained observers using the procedures and scoring system of Shu et al. 

(2001) for fecal consistency: (1) hard and formed pellets, (2) non-formed pellets, (3) soft feces, (4) very soft, 

containing a small amount of water-like feces, (5) semisolid, containing more than 50% water-like feces, and 

(6) water-like feces. A mean daily score for each pen was calculated. If a mean pen score was 5 or 6, or at least 

one observer gave a pen a score of a 6, it was considered PWDS requiring treatment. Diarrhea treatment 

followed South Dakota State University Swine Research facility protocol. 

 

Assessment of gut health and microbiota. On d7 and 21, one pig per pen (of mean body weight) was 

euthanized for collection of ileal digesta and intestinal tissue. The pH from a subsample of intestinal contents 
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from the stomach, proximal jejunum, mid-duodenum, distal ileum, cecum, and colon was measured. A section 

of stomach (pyloric region) and mid duodenal tissue was placed in buffered formalin for histological and 

immunohistochemistry analysis, respectively and a 5 cm section of proximal jejunum was flash frozen for gene 

expression analysis. Based on the performance data, gut health was assessed at 7d only. Stomach and duodenal 

tissue were stained with haematoxylin and eosin for assessment of villus height, crypt depth and their ratio. 

Mucin type and goblet cell area was assessed by Periodic Acid Schiff (PAS) staining where mucin color was 

scored on a 5-point scale with 1 being pink (neutral; Figure 1A) and 5 being blue (acidic; Figure 1A and B).  

Stomach and duodenum were assessed for anti-CD45 staining as a marker of intestinal inflammation where 

lymphocyte accumulates were scored for quantity or location on the gland according to a 3 point scale: 1 = 

bottom of the gland only, 2 = infiltrate into the neck (Figure 1C), and 3 = infiltrate into the pit. For the 

duodenum, a third score was given for inflammation above or below the muscularis mucosa. Slide scores were 

averaged to determine a slide mean inflammatory score. Intestinal health was further assessed using paraffin-

embedded duodenum tissues and immunohistochemistry with ki-67 antigen staining as a marker of cell 

proliferation (Scholzen and Gerdes, 2000). A 1g sample of ileal and cecal digesta and feces was flash frozen for 

microbial profile assessment. Microbial DNA was extracted using a commercially available kit (Powersoil® 

DNA isolation kit, MoBio Laboratories Inc., Carlsbad, CA) and PCR amplicons were generated using primers 

against the V1-3 region of the 16S rRNA gene (Li et al., 2003) and sequenced using paired-end Illumina 

technology. Bioinformatics assessment will include indices of diversity based on principal component analysis 

and assessment of differences in relative proportions of bacterial taxa will also be determined. 

  

Results 

Digestibility. In 10 kg pigs, digestibility of CP, Arg, Met, Ala, and Gly were greater (P ≤ 0.05) in MCSBM 

than FM but not different for all other amino acids (Table 1). In 30 pigs, digestibility of Ile, Leu, Lys, Met, and 

Thr was greater (P < 0.05) in FM than MCSBM but not different for all other amino acids. There was an age x 

ingredient interaction for Lys, Met, and Ala digestibility where Lys, Met, and Ala digestibility in FM was lower 

(P < 0.05) in the smaller pigs but was not affected by age for MCSBM.  

Performance and diarrhea assessment. At the completion of the performance trial it was discovered that a 

buffered form of MCSBM (pH 6.5) was inadvertently used in the experimental diets so the effect of MCSBM as 

a dietary acidifier could not be tested. However, the data has practical relevance to commercial pork production 

because the interaction between dietary acidifiers and protein source can be evaluated. Pigs fed diets containing 

FM or MCSBM performed similarly throughout the trial and both groups performed similarly to pigs fed the 

control diet (Table 2). Further addition of dietary acidifier had no impact on pig performance. Fecal score 

increased daily up to about d 6 post-weaning followed by a decline which coincided with initiation of diarrhea 

treatment (Figure 1). On d 6, pigs fed diets containing MCSBM or FM had lower fecal scores that pigs fed the 

control diet. On d1 of diarrhea intervention 13 and 25% of pens fed the control and control+A, respectively 

were treated; whereas 25, 25, 13, and 25% of pens fed FM, FMA, MCSBM, MCSBMA, respectively were 

treated. A total of 63, 63, 50, 75, 38, and 63% of pigs in pens fed control, contol+A, FM, FMA, MCSBM, and 

MCSBMA, respectively, were treated at least once for diarrhea. 

Gut health and microbiota. Dietary treatment had no effect on intestinal morphology, goblet cell count or 

inflammatory markers (Table 3). Intestinal pH increased (P < 0.001) with progression down the gut and there 

was an interaction (P = 0.03) between dietary trt and location where pH did not increase from stomach to 

duodenum in pigs fed FMA and pH did not increase from duodenum to jejunum in pigs fed FM, MCSBM, and 

MCSBMA. Mucin type within the stomach was not affected by diet but there was a pattern for more acidic 

mucin (i.e. mucin score of 4-5) in the neck and bottom area of the gland and in the Brunner’s gland in pigs fed 

diets containing dietary acidifier (Figure 3). There is considerable change in gut bacterial populations in the 

young animal as they begin establishment of a stable ‘mature’ microflora (Levesque et al., 2014; Konstantinov 

et al., 2006); therefore, microbial samples collected on d21 were used for assessment of differences in microbial 

populations. It is expected that differences between treatments will be more likely at this time point and is more 

likely to relate to long-term alterations in microflora. As stated earlier, DNA extraction and PCR amplification 

has been completed. Sequencing and bioinformatics analysis is ongoing at this time. 
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Discussion. The crude protein and amino acid digestibility values (and subsequent digestible amino acid 

content) were within the range reported by NRC (2012) for both FM and fermented soybean meal; however, it 

should be noted that the digestibility values for MCSBM were at the upper limit or slightly above the NRC 

(2012) range for fermented soybean meal. The greater digestibility values for FM in the 30 kg pigs was not 

unexpected as it is well known that digestibility values determined in growing pigs are likely to be greater than 

when determined in early weaned pigs. It is noteworthy, though, that the MCSBM had equivalent digestibility 

of crude protein and amino acids regardless of the age of pig. Similarly, it must be noted that age is somewhat 

confounded with method of digesta collection. Viljoen et al. (2000) concluded that physical extraction of 

digesta from intestinal sections may force additional sloughing of mucosal cells increasing the contribution of 

endogenous losses, hence lowering digestibility estimates. In this study, great care was taken during collections 

to remove digesta with minimal physical extraction and to ensure digesta was collected from the same section 

of ileum in all pigs. Therefore, the impact of digesta collection method in this study is likely small.   

As with the digestibility values, similar pig performance between FM- and MCSBM-fed pigs was not 

unexpected as the diets were formulated to contain equivalent levels of all essential nutrients. It was anticipated 

that the high level of standard soybean meal in the control diet would result in reduced piglet performance. It 

may be that the whey inclusion level was sufficient to somewhat buffer this risk; however, pigs fed the control 

diet did have a greater proportion of pens treated for PWDS. Inclusion of dietary acidifier provided little 

additional benefit in relation to pig performance but did appear to reduce gut pH at least within the upper gut in 

FM- and MCSBM-fed pigs. This may be explained in part by the pattern of more acidic mucin in the pyloric 

region of the stomach. 

The overall objective was to evaluate MCSBM as an alternative to FM in nursery pig diets. Based on similar 

digestibility values both between MCSBM and FM and between 10 and 30 kg pigs fed MSBM, MCSBM has 

potential as a high quality protein source for nursery pig diets. The similar pig performance and lower incidence 

of PWDS supports this conclusion.   
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Table 1. Standardized ileal digestibility of CP and AA of MCSBM and FM in 10 and 30 kg pigs1 

    

Item 

10 kg  30 kg 

MCSBM FM 

Pooled 

SEM 

P-

Value  MCSBM FM 

Pooled 

SEM P-Value 

CP 81.0 68.2 4.20 0.050  90.3 88.8 1.88 0.653 

Arg 83.9 72.2 3.03 0.017  94.5 93.1 1.86 0.640 

His 80.7 75.7 2.49 0.169  89.6 92.0 0.89 0.119 

Ile 83.1 84.2 2.05 0.690  91.0 94.8 0.74 0.004 

Leu 83.3 85.1 1.95 0.530  91.6 95.1 0.67 0.005 

Lys2 85.6b 82.0b 
1.65 0.150  88.8a,b 93.8a 

0.61 <0.001 

Met2 87.0a 76.7b 
2.85 0.020  91.0a 93.8a 

0.58 0.010 

Phe 83.1 81.2 2.39 0.575  90.9 92.5 0.66 0.125 

Thr 77.8 79.3 2.70 0.713  88.1 92.7 0.88 0.007 

Val 82.5 81.6 2.14 0.756  90.4 92.6 0.77 0.072 

Ala2 81.8a 70.0b 
3.26 0.020  90.5a 92.0a 

1.43 0.520 

Asp 73.5 74.0 2.67 0.883  84.7 86.6 0.79 0.128 

Cys 60.3 66.4 6.54 0.518  82.5 83.2 2.96 0.888 

Glu 84.7 76.8 3.30 0.113  91.7 93.4 0.73 0.167 

Gly 81.3 46.5 8.26 0.009  91.5 87.6 3.45 0.531 

Pro -3.4 -32.0 32.0 0.541  104.0 97.2 20.2 0.838 

Ser 77.9 76.8 3.29 0.810  90.3 89.2 1.39 0.587 

Tyr 82.8 75.4 3.43 0.148  94.9 92.4 2.39 0.489 

          
1Standard ileal digestibility was determined using the tissue collection technique in the 10 kg pigs and ileal-cannulated pig model in 

the 30 kg pigs, respectively where n = 10 and 8 for MCSBM and FM, respectively for 10 kg pigs and n = 6 per ingredient for 30 kg 

pigs. Ingredients provided by Prairie AquaTech (Brookings, South Dakota, USA). 
2Interaction between ingredient and age. Values without common superscript letters differ (P<0.05). 

 



8 
 

Table 2. Effects of dietary inclusion of MCSBM and FM on growth performance of weaned pigs with or without dietary acidifier.1 

Ingredient Control  MCSBM  FM   P-value  

Dietary Acidifer1 - + 

 

- + 

 

- + 

Pooled 

SEM Ingredient Acid  

Ingredient 

x Acid  

BW, kg            

Phase I 6.43 6.34  6.37 6.45  6.49 6.42 0.07 0.71 0.69 0.55 

Phase II 9.88 9.70  9.54 9.90  9.78 9.95 0.16 0.75 0.48 0.37 

Phase III 17.8 18.1  17.6 18.1  18.1 18.1 0.31 0.79 0.29 0.82 

Final 19.9 20.4  19.7 20.4  20.2 20.3 0.34 0.86 0.26 0.75 

ADFI, g            

Phase I 114 112  114 114  111 114 7.03 0.98 0.98 0.95 

Phase II 442 434  429 449  437 450 14.0 0.94 0.53 0.68 

Phase III 818 891  850 856  906 894 23.1 0.17 0.32 0.28 

Final 847 931  878 923  872 896 35.5 0.93 0.15 0.75 

ADG, g            

Phase I 44.6 30.3  35.4 47.8  52.6 42.2 10.4 0.71 0.69 0.54 

Phase II 346 330  323 348  331 348 12.9 0.96 0.48 0.35 

Phase III 607 639  618 634  631 621 13.1 0.98 0.32 0.41 

Final 624 646  613 643  626 615 16.8 0.77 0.40 0.57 

G:F, g/g            

Phase I 0.38 0.23  0.31 0.36  0.45 0.33 0.08 0.66 0.38 0.60 
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Phase II 0.82 0.80  0.78 0.83  0.80 0.83 0.02 0.91 0.19 0.24 

Phase III 0.74 0.72  0.73 0.76  0.71 0.70 0.02 0.13 0.92 0.42 

Final 0.72 0.70  0.71 0.70  0.71 0.68 0.01 0.77 0.16 0.78 

1Dietary acidifier included in experimental diets a 0.2%. 
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Table 3. Assessment of gut health in pigs fed diets containing MCSBM or FM at 7d post-weaning. 

Ingredient Control  MCSBM  FM Pooled 

 SEM2 Dietary Acidifer1 - +  - +  - + 

Morphology         

Villus height, µm 318 322  328 298  324 280 26 

Crypt depth, µm 298 274  312 304  272 278 25 

Vh:cd ratio 1.10 1.14  1.13 1.06  1.21 1.04 0.13 

Goblet cell:total area 3.16 4.11  3.73 3.61  3.12 3.61 0.41 

Inflammatory scores          

Stomach 1.35 1.54  1.46 0.93  0.61 1.26 0.20 

Duodenum 0.90 1.06  0.62 0.82  0.75 0.77 0.26 

Intestinal pH3          

Stomach 4.23a 3.80a  3.62a 3.88a  3.56a 4.01a 0.28 

Duodenum 5.12a,c 5.38b,d  5.30b 5.53b  5.54b 4.66a 0.31 

Jejunum 6.40b,d 6.43b,c,d  5.93b 6.19b,c  6.38b,c 6.68b 0.30 

Ileum 6.99b 6.72b,c  7.00c 7.02c  6.88b,c 7.05b 0.30 

Cecum 5.99c,d 6.10b,d  5.91b 5.91b  6.08b,c 6.21b 0.29 

Colon 6.27b 6.40b,c  6.19b,c 6.19b,c  6.34b,c 6.27b 0.29 

1Dietary acidifier included at 0.2%. 
2Effect of diet P > 0.10 
3Values within column differ P < 0.05. 
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Figure 1. Scoring system for mucin type: 1 = pink (neutral), 3 = purple (equal pink and blue), and 5 = 

blue (acidic). 1C. Inflammation score 2 = infiltrate into neck 
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Figure 2. Daily pen fecal score in pigs fed diets containing MCSBM or FM (i.e. Pos) in 

comparison to a control diet (i.e. Neg). A pen score of 5+ was considered post-weaning diarrhea 

requiring treatment. 
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Figure 3. Mucin type score in the stomach (pyloric region) at d7 post-weaning of nursery pigs 

fed diets containing MCSBM or FM (i.e. Pos) compared to pigs fed a control diet (i.e. Neg). 
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