
WHAT SEVERAL PIG GROW-FINISH TRIALS TELL US ABOUT 
BACILLUS SUBTILIS C-3102 AND PROFITABILITY

Authors: Danny Hooge, Ph.D., Consulting Nutritionist, and Jim Bryte, Director of Sales, QTI, Inc. 

Improvements in body weight gain, feed/gain ratio, and livability (reduction in mortality + removals rate) from dietary  
inclusion of low cost and efficacious Bacillus subtilis C-3102 spores can enhance economic benefits. 

Since about the 1980s, our scientific understanding of the application of direct-fed microbials (probiotics) to feed and/or 
drinking water of pigs has progressed tremendously. Bacillus subtilis C-3102, a robust aerobic beneficial bacteria. was  
introduced as a feed additive for use in swine production in 1986 (Calpis Co. Ltd, Tokyo, Japan). More than 30 years 
experience in partnering with swine producers, has lead to reliable, consistent outcomes with this GRAS-listed direct-fed 
microbial. It’s use has become more widespread globally over this time, and this product is considered to be one of the most 
widely used bacillus probiotics in animal agriculture in the world. At QTI, Inc. we have conducted and continue to conduct 
controlled pen trials and field trials to meet the ever-changing needs of the swine industry. In this article, some relevant 
research is presented to help you evaluate the use and profitability of this product in your company.  

SCIENCE-BASED PRODUCT
Despite modern facilities with their cleanliness, ventilation, and feeding and watering capabilities, and best management 
and biosecurity practices, pigs are still exposed to some extent to excreta and urine, and pathogens that may be in air, 
feed or water, or carried from the farrowing or nursery facilities to grow-finish barns. These pathogens include a vast array 
of bacteria and viruses with disease causing potential. It has become evident in recent years that gut health is extremely 
important for absorption of nutrients, immune responses, stress responses, repair of injuries to the intestinal mucosa caused 
by pathogens, and morbidity and mortality. Bacillus subtilis C-3102 was selected from 300 different beneficial bacteria,  
including bacillus strains, for survivability during steam pelleting, reduction in clostridia counts, better gut health, and  
improved live performance.

Based on academic research, some of the modes of action of dietary Bacillus subtilis C-3102 spores (CALSPORIN®) are 
known and include vegetating within the digesta of the intestinal tract, consuming oxygen thus making the digesta more 
anaerobic and favoring the proliferation of native Lactobacillus and Bifidobacteria species, synthesizing and releasing a 
number of important enzymes, improving calcium dynamics in bone (osteoblasts and osteoclasts), and enhancing the  
immune response of the host for better disease resistance.

In practical terms, these modes of action often translate into more weight gain, better feed/gain ratios, better livability (lower 
mortality), greater carcass and lean muscle yields, Interestingly, as a general rule, the more stressful the conditions under 
which testing has been done typically the greater will be the response (difference or improvement) in measured parameters 
for pigs on Bacillus subtilis C-3102 supplemented diets compared to those fed control basal diets. Besides pen trials, field 
trials under commercial conditions confirm these benefits.
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META-ANALYSIS RESULTS OF 11 PEN TRIALS WITH GROWER-FINISHER PIGS
The results of a statistical meta-analysis of 4 U.S. pen trials (6 comparisons) with grower-finisher pigs between 2009-2012 
comparing diets supplemented with CALSPORIN® at 0 or 300,000 cfu/g feed and of 5 E.U. trials with CALSPORIN® at 0 or 
150,000 cfu/g feed for regulatory compliance are presented in Table 1. Using data from the 11 compari-sons of control  
versus CALSPORIN® diets, statistical analysis was done using paired t-tests for body weight gain, feed/gain ratio, and 
mortality + removals %. The 4 U.S. trials were conducted at 2 commercial swine companies. For all 11 comparisons, body 
weight gain and feed/gain ratios were significantly improved with CALSPORIN® diets compared to control diets. Initial pig 
weights slightly favored the CALSPORIN® groups in the U.S. (0.24 lb, nonsig-nificant, P=0.244) and E.U. trials (0.31 lb,  
significant, P=0.049). Compiled results for the U.S. trials alone and the E.U. trials alone are not shown in Table 1, but were 
analyzed and will be discussed briefly. In the U.S. trials (6 comparisons using CALSPORIN® at 0 or 300,000 cfu/g feed), 
pigs fed the CALSPORIN®-supplemented diets had significantly greater body weight gain (162.8 vs.165.3 lb, +2.50 lb, 
+1.54%; P=0.043) with feed/gain (2.482 vs.2.413, -0.069, -2.78%; P=0.062) and mortality + removals  (8.10 vs. 5.93%, 
-2.17%, -26.8% relative to control; P=0.054)  improvements approaching significance versus controls. In the E.U. trials 
(5 comparisons using CALSPORIN® at 0 or 150,000 cfu/g feed), body weight gain (170.8 vs.175.6 lb, +4.8 lb, +2.81%; 
P=0.085) was approaching significance.

Table 1. Grow-finish pig performance and statistical meta-analysis results for 6 U.S. and E.U. comparisons with mash or pelleted basal versus  
CALSPORIN®-supplemented diets in pen trials (reported 2009-2018).

Trial-Yr Treatment Initial Wt, lb Wt Gain, lb Days Fed G, F, or G-F Feed/Gain Morality + Removals, %
US Trials (0 or 300,000 cfu/g Feed):
LOLP09 Control 41.72 81.31 56 Grower 2.115 –––
LOLP09 Calsporin 42.69 84.53 56 Grower 2.081 –––
LOLP09 Control 123.0 133.5 63 Finisher 2.827 9.75 (G-F)
LOLP09 Calsporin 123.4 136.3 63 Finisher 2.621 6.54 (G-F)
LOLP910 Control 50.30 164.3 77 Grower 2.186 –––
LOLP910 Calsporin 50.10 162.9 77 Grower 2.183 –––
LOLP910 Control 50.30 211.2 105 Gro-Fin 2.475 3.78
LOLP910 Calsporin 50.10 213.4 105 Gro-Fin 2.411 2.09
CARG910 Control 92.52 178.7 87 Gro-Fin 2.671 –––
CARG910 Calsporin 92.88 181.2 87 Gro-Fin 2.622 –––
LOLP12 Control 54.40 207.6 119 Gro-Fin 2.615 10.76
LOLP12 Calsporin 54.50 213.2 119 Gro-Fin 2.557 9.17
EU Trials (0 or 150,000 cfu/g Feed):
Study 1 Control 60.84 177.0 125 Gro-Fin 3.24 1.39
Study 1 Calsporin 61.07 188.7 125 Gro-Fin 2.98 0.00
Study 2 Control 64.59 151.0 111 Grower 2.85 0.00
Study 2 Calsporin 64.82 151.5 111 Grower 2.84 3.13
Study 3 Control 108.03 117.7 88 Finisher 3.02 1.63
Study 3 Calsporin 108.47 118.6 88 Finisher 3.01 1.66
Study 4 Control 54.67 209.4 119 Gro-Fin 2.44 1.85
Study 4 Calsporin 54.67 213.2 119 Gro-Fin 2.45 3.70
Study 5 Control 58.42 199.1 112 Gro-Fin 3.64 1.39
Study 5 Calsporin 59.08 205.9 112 Gro-Fin 3.47 0.00
Avg All 11 Control 68.98 a 166.4 b 96.5 ––– 2.735a 3.819
Avg All 11 Calsporin 69.25 b 170.0 a 96.5 ––– 2.657 b 3.286
Difference +0.27 +3.6 -0.078 -0.533
Rel. Diff, % +0.39 +2.16 -2.85 -14.0
P value; Paired t-test 0.029 0.0008 0.019 0.494
Within a column, means with different letter superscripts differ at P≤0.05



Figure 1. Grower-finisher pig % improvements in body weight gain and feed/gain with CALSPORIN® (0 vs. 300,000 or 150,000 cfu/g feed) in 11 
comparisons in U.S. (1-6) and E.U. (7-11) pen trials.

Average:
2.16%
2.85%

In Figure 1, average improvements with CALSPORIN® of 2.16% in weight gain and 2.85% in feed/gain are shown. 

Looking at economics, the benefit:cost ratio and return on the investment (or pure profit after deducting the cost of the addi-
tive) varies according to feed cost/ton and live value per lb of weight for market hogs. Of course, the cost of the  
CALSPORIN® may vary as well due to pricing changes, quantity purchased, any rebates, and delivery charges. Also, feed 
formulas, genetics, levels of inclusion of the supplement, and so on can cause variability in economics.

When using the overall Control vs. CALSPORIN® body weight gain, feed/gain ratio, and mortality + removals % values  
from the meta-analysis and assumed feed cost and live hog value, economic returns were estimated as shown in Table 2,  
As the grower-finisher feed expense increased and live hog sales prices increased, the benefit: cost ratio and return on  
investment figures tended to increase partly because the cost of the feed additive remained the same. These are not 
guaranteed returns, just examples. The direct-fed microbial would likely have been effective at enhancing live performance 
(based on 6 trial segments) and profitability (based on 2013 to 2017 actual feed expenses).  

Table 2. Theoretical benefit:cost ratios and returns on investment in U.S. dollars using live performance meta-analysis Control vs. CALSPORIN® 
results from 11 comparisons of pen trial segments (grow, finish, or grow-finish) in the U.S. and E.U. (reported 2009-2018) based on September 
2003-April 2017 Iowa State website 40 lb feeder to 270 lb. hog average feed expenses, production costs, and sales prices, and assumed  
CALSPORIN® cost at inclusion rate of 300,000 cfu/g feed).
Iowa State Website Values:
Purchase date (9/2003 - 4/2017) 2003-2005 2006-2008 2009-2011 2012-2014 2015-2017 Average
Live sales price, $/lb. @40lb 1.5950 1.4925 1.6475 1.8295 1.3958 1.5915
Feed expense, $/lb. BW Gain 0.16100 0.23470 0.29713 0.36578 0.24535 0.26639
Total prod cost, $/lb. BW Gain 0.23957 0.32109 0.38796 0.45830 0.33548 0.35438
Live sales price, $/lb. @270lb 0.5261 0.4983 0.5821 0.6910 0.4956 0.5633
CALSPORIN® Supplementation:
Benefit: cost ratio, $ 5.76:1 3.87:1 4.27:1 5.02:1 3.62:1 4.49:1
Return on investment, $ 4.76:1 2.87:1 3.27:1 4.02:1 2.62:1 3.59:1
Note: These economic returns are due to performance benefits in weight gain, feed/gain ratio, and livability with CALSPORIN®- 
supplemented feeds and as well as the relatively low cost of this direct-fed microbial product (assumed $1.076 extra per ton using 
231,818 cfu/g feed average from 11 comparisons). A spreadsheet was used to facilitate calculations. Live performance from 11 
Grower, Finisher, or G-F segment trials were Control 166.4 lb gain, 96.181% livability, and 2.735 feed/gain and CALSPORIN® 170.0 
lb gain, 96.714% livability, and 2.657 feed/ gain. The benefit:cost ratios and returns on investment (“pure profit”) were based on live 
sales prices during these periods. 
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