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Nutritional strategies to optimize gut health and performance of weaned 
piglets 
Part 2. Probiotics and organic acids  

INTRODUCTION  

Weaning represents a stressful period for piglets causing gut health challenges including post-weaning diarrhea 

(PWD). Antimicrobial growth promoters (AGP) and zinc oxide (ZnO) have been used in weaned pig diets to 

control the incidence of diarrhea; however, the use of in-feed AGP and ZnO has been or will be banned in many 

countries due to raising public concerns on the potential risks of antibiotic resistant bacteria for human health or 

heavy metal accumulation in the environment (Alexopoulos et al., 2004; Kemper, 2008; Li et al., 2015; Park et al., 

2017; Hejna et al., 2021). Thus, there is a need for the industry to develop feed additives or nutritional concepts 

that can be used as alternatives to in-feed antibiotics or as part of a combined solution to ZnO replacement 

(Pettigrew, 2006; Stein and Kil, 2006). 

Some of these feed additives include prebiotics, probiotics, symbiotics, organic acids, bacteriophages, essential 

oils, and phytobiotics (Heo et al., 2013; Thacker, 2013; Suiryanrayna and Ramana, 2015; Kim et al., 2017). For 

this AMINONews review article part 2, the application of probiotics and organic acids are summarized because 

we consider that these two feed additives have a high impact for improving the gut health of piglets. However, the 

other feed additives should not be ignored and may be considered as alternative sources depending on the 

production system of the individual producers.  

Probiotics 

Probiotics or direct-fed microbials are ‘live micro-organisms that, when administered in adequate amounts, confer 

a health benefit on the host’ (FAO, 2016). Probiotics should be safe for the host and be resistant to digestive 

enzymes, gastric juices, and bile acids to pass through and colonize in the gastrointestinal tract (GIT). Thus, 

probiotics should have positive effects on growth of beneficial bacteria and reduce colonization of pathogenic 

bacteria, improve digestive capacity, increase mucosal immunity, gut tissue maturation and gut integrity (de 

Lange et al., 2010). Following these criteria, probiotics are divided in 3 categories: lactic acid-producing bacteria, 

Bacillus species, and yeast (Kenny et al., 2011; NRC, 2012).  

One of the mechanisms by which probiotics work is by enhancing gut microbiota balance by reducing growth of 

pathogenic bacteria and promoting growth of beneficial bacteria in the GIT (Hoa et al., 2000). This may be 

explained by the basic mechanisms illustrated in Figure 1: (1) epithelial barrier enhancement, (2) adhesion ability 

of probiotic strains to intestinal mucosa, (3) exclusion of pathogens by competitive adhesion, (4) competitive 

exclusion and depletion of or competition for essential nutrients with the pathogens, (5) synthesis of antimicrobial 

substances that impair colonization of the GIT by pathogens, and (6) modulation of the immune system (Cartman 

and La Ragione, 2004; Senesi, 2004; Piqué et al., 2019).  
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To maximize the full potential of probiotics, some technical properties of the product should be considered, for 

example, proper storage and stability during feed manufacturing. Thus, for pelleting feed, Bacillus species are 

highly suitable because they form spores, which are thermostable and can survive at low pH in the stomach and 

germinate spores in the GIT. However, this is not assured with the other probiotics including Lactobacillus 

species, which are in vegetative form. 

Figure 1:  Main mechanism of action of probiotics (Source: Piqué et al., 2019). 

 

Impact on growth performance, gut morphology, and immune status 

The effects of probiotics in swine have been recently evaluated in a comprehensive meta-analysis (Zimmermann 

et al., 2016). Improvements on average daily gain (ADG) and feed efficiency during growing and finishing phase 

of pigs supplemented with probiotics were observed. These improvements were not associated with mono- or 

multi-strain probiotics but may be attributed to the type of strain used (Zimmermann et al., 2016). Likewise, 

probiotics supplemented during post-weaning have demonstrated to be beneficial to the gut health and 

performance of piglets. One of the main causes of PWD is the proliferation of pathogenic bacteria such as 

Escherichia coli (E. coli). Two studies (Facts & Figures 14133 and Facts & Figures 14135) were conducted to 

evaluate the effect of probiotics using E. coli challenge models in piglets. Thus, in each study, weaned pigs were 

orally challenged with E. coli F18 or K88, respectively, and fed diets supplemented with 0 or 500 g/ton of Bacillus 

subtilis DSM 32540 (GutPlus®). Probiotic supplementation in the diets improved intestinal morphology and 

increased the number of goblet cells in weaned pigs compared to unsupplemented control pigs. In addition, in the 

E. coli K88 challenge study, the effect of probiotic GutPlus® was compared to an AGP (0.25 % Neomycin + 

oxytetracycline), and it was observed that pigs fed GutPlus® had greater villus height (VH) and villus height to 

crypt depth ratio (VH:CD) in jejunum compared to those pigs fed diets with AGP (Figure 2). Improvements in gut 

morphology of pigs fed probiotics may increase nutrient absorption, and thus, reducing the amount of undigested 

feed reaching the hind gut for proliferation of pathogenic bacteria. Consequently, frequency of diarrhea was 

reduced in pigs fed probiotics compared to control group and had the same reduction in diarrhea compared to 

pigs fed diets containing AGP. Along with the benefits of probiotics on gut health piglets orally challenged with 

either E. coli F18 or K88 improved body weight gain (Facts & Figures 14133) and feed efficiency (Facts & Figures 

14135) compared to control pigs. The improvement in feed efficiency was similar between AGP and GutPlus® 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 3 / 13 

 

compared to unsupplemented piglets challenged with E. coli K88 (Figure 3). Interestingly, pigs fed AGP and 

GutPlus® had 0 % mortality compared to 25 % in the control group. 

Additionally, pigs fed diets with GutPlus® had reduced serum haptoglobin concentration at day 3 and 6 post E. coli 

infection compared to the control pigs (Figure 4). Haptoglobin is an acute phase protein, released from the blood 

rapidly in response to acute inflammation. Thus, this reduction may indicate that these pigs had less severe 

inflammation compared to the control group (He et al., 2020). 

Figure 2:  Effect of supplementation with antibiotics (PC), or probiotics (GutPlus®) on the morphology of jejunum and ileum of weaned pigs at day  

18 post E. coli K88 challenge  

 

Figure 3:  Growth performance of pigs challenged with E. coli K88 fed control diet (NC), diet with antibiotics (PC), or diet with probiotics  
(GutPlus®) from day 0 to 18  
 

Figure 4:  Effect of probiotics on haptoglobin concentrations in enterotoxigenic E. coli F18 challenged pigs at different days post-infection  
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Under unchallenged conditions, the probiotic GutPlus® was evaluated (Facts & Figures 14142), and it was 

observed that probiotic supplementation improved intestinal morphology (VH and VH:CD) in jejunum and ileum on 

day 42 post-weaning compared with the unsupplemented control diet, but it was not different from AGP treatment 

(0.04 kg/ton virginiamycin). Probiotic supplementation increased final body weight and ADG compared to control 

group (unsupplemented), but no differences were observed with the AGP group (Facts & Figures 14142). 

Moreover, diarrhea rate was reduced with AGP or GutPlus® addition compared to control group (Figure 5). 

Overall, these results demonstrate that supplementation of GutPlus® can improve intestinal morphology, reduce 

incidence of diarrhea and increase growth performance of weaned pigs and has potential to be used as an AGP 

alternative. 

Figure 5:  Diarrhea rate of pigs under unchallenged conditions fed control diet (NC), diet with antibiotics (PC), or diet with probiotics (GutPlus®)  

 

A common question raised with the use of probiotics is their compatibility with other gut health feed additives. 

Thus, typical commercial diets supplemented with ZnO, an organic acid blend, and mycotoxin binders were used 

to test whether probiotics have an additional gut health benefit when used in combination with other feed 

additives, as well as to test the compatibility of probiotics in combination with AGP in weaned pigs (Facts & 

Figures 14138). The diets included: 1) a commercial basal diet containing ZnO, organic acid blend, and mycotoxin 

binders as the negative control (NC), 2) , the commercial basal diet with antibiotic (150 ppm of Tiamulin) as the 

positive control (PC), 3) the commercial diet with the probiotic Bacillus amyloliquefaciens CECT 5940 (1 kg of 

Ecobiol®/ton of feed), and 4) the commercial diet with a combination of the antibiotic and probiotic (150 ppm of 

Tiamulin + 1 kg of Ecobiol® 500 /ton of feed). The frequency of diarrhea and the fecal E. coli counts were reduced 

with the Ecobiol® supplementation. The addition of the AGP did not compromise the effectiveness of Ecobiol® on 

the reduction of E. coli or frequency of diarrhea, especially during the first 3 weeks post-weaning (Figure 6). This 

additional benefit observed with Ecobiol® supplementation may be due to pathogen growth inhibition associated 

with the adhesion of probiotic strains to the intestinal mucosa, enhancement of the immune system, as well as 

modulation of the microbiota (Gresse et al., 2017). 

Impact on gut microbiota 

Some recent studies have reported changes in the microbiota balance associated with supplementation of 

probiotics. In vitro data has shown that metabolites produced by probiotics can directly inhibit E. coli, and this has 

also been reflected in several in vivo studies (Facts & Figures 14137 and 14138, unpublished data). In one study, 

a strong reduction of E. coli counts was observed during the first 3 weeks post-weaning in pigs fed diets 

supplemented with Ecobiol® and a combination of AGP (Tiamulin) with Ecobiol® compared to the control or AGP 

diets (Figure 6). Tiamulin is typically used against gram-positive bacteria, and because E. coli is gram-negative, it 

is not surprising that there was no major reduction of E. coli count in feces with the AGP. The objective of this 

study was to ensure no negative interactions between Tiamulin and Ecobiol®, as Tiamulin is a commonly used 

AGP in some regions. 
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Figure 6:  Effect of supplementation with Ecobiol® or combination of AGP and Ecobiol® on fecal E. coli counts during different phases  

  post-weaning  

 

In other studies, a reduction of Streptococcus, Clostridium, and Coprococcus in the colonic microbial community 

was observed in piglets fed diets supplemented with Bacillus subtilis compared to the control AGP-free diet (Tian 

et al., 2021). Dietary supplementation with GutPlus® reduced Lachnospiraceae,Peptostreptococcaceae, and 

Atopobiaceae compared to the control group (Figure 7; He et al., 2020); theses bacteria can be both pathogenic 

and/or commensal. For example, Lachnospiraceae has been related to a low feed efficiency in pigs (Quan et al., 

2018) and GIT diseases and intestinal inflammation in mice (Zeng et al., 2016). In addition to intestinal microbiota 

changes, a reduction of coliform bacterial counts has been observed in the gut-draining lymph nodes of piglets 

fed diets supplemented with GutPlus® after E. coli F18 challenge (Facts & Figures 14133; He et al., 2020). This 

reduction may represent a reduction in the translocation of pathogenic bacteria and/or an increase in rate of 

pathogen clearance. However, more studies are necessary to understand the complex mechanism of microbe-

host interaction to potentiate the benefit of feed additives such as probiotics in swine diets.  

Figure 7:  The relative abundance ( %) of families in the ileum of enterotoxigenic E. coli F18 challenged pigs fed diets supplemented with  

probiotics  

 

Organic Acids 

Organic acids (OAs) are hydrocarbons with one or more carboxylic acid functional group. They have been used 

extensively in animal feeds, traditionally as feed preservatives (Partanen and Mroz, 1999). However, their 

inclusion in livestock diets has also garnered interest for their potential benefits to the animal beyond maintaining 

feed quality. There are many different OAs that are used in livestock feed, and they can have different 

physiological effects depending on the number of carbon atoms in the acid.  
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One of the main modes of action for organic acids is through a reduction of the pH in the feed, the stomach and 

the GIT (Gerritsen et al., 2010). In pigs, the pH of the stomach is not necessarily low enough to support maximal 

function. In early life, a gastric pH of 4 is optimal for milk protein coagulation and digestion, but when switched to 

grain-based diets after weaning, the pH in the piglet’s stomach should be lower, between 2 and 3.5 (Suiryanrayna 

and Ramana, 2015). This lower pH favors the activation of the protease enzyme, pepsin, from its precursor, 

pepsinogen, and therefore, improves the digestion of the diet in the stomach, which in turn improves nutrient 

absorption in the GIT and increases the nutrients available for utilization by the pigs (Suiryanrayna and Ramana, 

2015). This could in turn lead to improvements in pig growth performance.  

Organic acids also have antimicrobial properties. Undissociated organic acids can diffuse through bacterial cells, 

which disrupts the bacterial cell membranes (Partanen and Mroz, 1999). This disruption of the cellular 

membranes can lead to cellular leakage and subsequent cell death (Gebhardt et al., 2020). Once the acids are 

inside the bacteria, they dissociate, resulting in a change in pH, as shown in Figure 8 (Ng and Koh, 2017). This 

can affect the bacteria by multiple mechanisms; the low pH impairs cellular metabolism and can denature 

bacterial organelles and inhibit bacterial enzymes (Kluge et al., 2006; Partanen and Mroz, 1999). In addition, 

some bacteria expend energy trying to maintain a neutral pH, and this can ultimately lead to bacterial death 

(Partanen and Mroz, 1999).  

There are many different types of OA, and although they have similar modes of action, each OA has different 

physiological effects. Some are better known for their ability to modulate pH; others are better known for their 

antibacterial properties. Some acids, such as those with longer carbon chains, work better for Gram-positive 

bacteria, while others, such as those with shorter carbon chains, are more effective against Gram-negative 

bacteria (Gebhardt et al., 2020). Several extensive reviews of organic acid use in animal diets can already be 

found in the literature. For the scope of this review, the focus will be limited to the health and physiologic effects of 

only certain organic acids, namely formic acid, butyric acid and medium chain fatty acids such as hexanoic, 

heptanoic and benzoic acids.  

Figure 8:  Antibacterial mode of action of organic acid. Adapted from Ng and Koh (2016).  

 

Formic acid 

Formic acid is the simplest organic acid, with only one carbon molecule. Formic acid is known for its ability to 

modulate pH. Studies have shown that it can reduce the pH along the intestinal tract. This pH reduction could 

allow for improved digestion and improved nutrient utilization. In fact, a review from Kil et al. (2011) found that the 

addition of formic acid in the diet of pigs typically improves dry matter and protein digestibility of the diets.  
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This improved digestibility of protein following formic acid supplementation has benefits beyond increasing protein 

deposition and animal growth. Undigested protein is an ideal substrate for bacterial growth in the lower intestinal 

tract, and increased amounts of undigested protein promotes the proliferation of potentially harmful bacteria. 

Therefore, reduced undigested protein leads to improved microbial balance and improved gut health. This also 

leads to reduced excreted nitrogen, which could be beneficial for the environment (Suiryanrayna and Ramana, 

2015; Upadhaya et al., 2014).  

Formic acid supplementation can also directly affect the gut microbiome; supplementation with formic acid has 

been shown to reduce the presence of pathogenic bacteria in the gut (Overland et al., 2000). In addition to the 

direct antimicrobial action, the lower intestinal pH associated with formic acid supplementation also provides a 

barrier in the lower intestine that prevents enterobacteria from colonizing (Kil et al., 2011).  

Formic acid supplementation can also have benefits on the intestinal health of the animals. The inclusion of formic 

acid in diets has also resulted in increased villi height in the intestines (Long et al., 2018; Mroz et al., 2000; 

Overland et al., 2000). This increased villus height then provides more area for nutrient absorption, and therefore 

better utilization of nutrients by the animal. Positive effects of formate salts have also been observed on diarrhea 

scores (Bosi et al., 2007), indicating reduced intestinal inflammation within the first weeks after weaning, likely 

due to reduced colonization by pathogenic bacteria, and therefore improved overall gut health.  

Despite the ability of formic acid to modulate the microbiome and gut health, the effects of formic acid 

supplementation on piglet performance are inconsistent. For example, a meta-analysis conducted by Partanen 

and Mroz (1999) shows that formic, fumaric and citric acid supplementation generally improved ADG and feed 

efficiency in pigs. Similarly, dietary supplementation with potassium formate or potassium diformate resulted in 

improved ADG and feed efficiency, leading to an increase in body weight compared to control pigs (Htoo and 

Molares, 2012). A study by Paulicks et al. (1996; Figure 9) showed that body weight gain of pigs increased with 

increasing doses of potassium diformate. However, other studies have found that formic acid supplementation did 

not improve growth performance (Gerritsen et al., 2010; Overland et al., 2000; Torrallardona et al., 2007).  

Figure 9:  Body weight gain with the addition of increasing doses of potassium diformate. Adapted from Paulicks et al. (1996).  

 

Butyric acid 

Butyric acid is also a very common feed additive in livestock diets. Butyrate, the butyric acid anion, is an organic 

acid with 4 carbon molecules and is produced endogenously as a bacterial metabolite in the intestines. Butyrate 

also serves as an important energy source for colonocytes (Long et al., 2018). Increased amounts of organic 

acids in the intestines have been shown to promote the growth and proliferation of intestinal epithelial cells, as the 

acids are used as a source of energy (Wang et al., 2018). Compared to formic acid, butyrate is not typically used 
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for its ability to modulate the intestinal pH, but rather for its properties pertaining to gut health and microbial 

modulation. As the main site of action for butyrate the lower intestinal tract, it is typically included in animal diets in 

coated, esterified, or fat-protected forms. Butyrate is quite volatile and has a strong odor, so coating the product 

helps counteract this, and as well prevents the acids from being metabolized and released in the stomach, 

allowing more product to reach the intestines. In a study by Wang et al. (2018), dietary supplementation with 

sodium butyrate increased the transepithelial electrical resistance in the jejunum, indicating improved intestinal 

epithelial cell health and increased barrier function compared to the control treatment. The inclusion of sodium 

butyrate in swine diets has also resulted in increased villi height in the small intestine (Long et al., 2018; Mroz et 

al., 2000; Wang et al., 2018), increasing the area for nutrient absorption. Butyric acid supplementation also helps 

to stimulate pancreatic enzyme secretion, thereby helping improve digestion, nutrient utilization and promoting 

growth (Suiryanrayna and Ramana, 2015). A review by Liu et al. (2018) has also found that sodium butyrate 

supplementation increases protein digestibility, which could also improve growth performance.  

Butyrate also has a bacteriostatic effects, particularly towards potentially pathogenic coliform bacteria, such as 

those involved in the pathogenesis of PWD (Suiryanrayna and Ramana, 2015). Lu et al. (2008) found that 

supplementing pig diets with sodium butyrate reduced the amounts of E. coli and Clostridium species in both the 

small and large intestines of these pigs. According to a review by Liu et al. (2018), sodium butyrate has been 

shown to reduce diarrhea in weanling pigs, and lead to increases in performance. However, positive effects on 

growth are not as numerous with butyrate as with other types of acids.  

Medium chain fatty acids 

Medium chain fatty acids (MCFA) are also organic acids, and these typically have between 6 and 14 carbon 

atoms. Their application in livestock feed is frequently mixed with other organic acids, or other compounds such 

as plant extracts or other antioxidant compounds. While MCFA are still acids, their effects in the animal are 

focused more on their antimicrobial effects rather than modulating the intestinal pH. These MCFA can also act as 

sources of energy in the animal (Gebhardt et al., 2020), as some are in fact intermediates from the TCA cycle.  

Similar to formic and butyric acids, MCFA have antimicrobial properties (López-Colom et al., 2020). Certain 

MCFA, such as those extracted from coconut, have shown a reduction of pathogen load in the gut (López-Colom 

et al., 2020). Another MCFA, heptanoic acid, was able to limit E. coli colonization in the colon following a 

challenge with E. coli F4, and tended to reduce microbial fermentation products in the large intestine, suggesting 

improved digestion in the upper GIT, and limiting the substrate for microbial fermentation in the lower GIT. 

Benzoic acid has also been shown to inhibit pathogenic colonization, particularly against Gram-negative bacteria, 

and increase microbial diversity and beneficial bacteria such as Lactobacilli or Bifidobacteria (Kluge et al., 2006; 

Mao et al., 2019). A review by Zentek et al. ( 2011) found that typically, MCFA are more effective against Gram-

positive bacteria, with a more variable response against Gram-negative bacteria.  

Medium chain fatty acids such as benzoic acid can improve gut health. Studies have reported increases in 

intestinal villus height, tight junction gene expression, and increased immune response and intestinal integrity 

following a bacterial challenge (De Keyser et al., 2019; Mao et al., 2019). Similar to formic acid, MCFA can 

increase the digestibility of diets in pigs (Mao et al., 2019), reducing the amount of nitrogen excreted, and 

increasing nitrogen retention (Kluge et al., 2006). This increased digestibility can in turn lead to improvements in 

performance, and studies by Kluge et al. (2006), and Gebhardt et al. (2020) show increased growth performance 

with addition of MCFA in swine diets.  

Overall, there are many different organic acids available for use in livestock feeds, and although they generally 

have similar modes of action, they are all slightly different. Formic acid is known for its intestinal pH modulating 

capabilities, butyric acid is known for improving gut health, and MCFA are known for antibacterial properties. 
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Obviously, there is overlap in the properties of these acids, but their differences mean that including combinations 

of acids can have synergistic effects, and this practice is therefore quite common. While the literature shows 

mixed effects of these additives on performance, improvements in growth can be observed, and in addition, they 

promote the development and maturation of the intestinal tract and have antimicrobial effects against potentially 

pathogenic microbes. They are therefore suitable feed additives for weanling piglets to promote health and reduce 

the incidence or severity of infection with pathogenic microbes such as those involved in the pathogenesis of 

post-weaning diarrhea. 

Conclusions 

Several feed additives have been developed to provide solutions to reduce or eliminate the use of antibiotics 

and/or zinc oxide to promote a good gut health status and optimal performance of weaned pigs. Inclusion of 

probiotics, such as Bacillus spp., and organic acids (alone or in combination) may be used as alternatives to AGP 

in swine diets due to the positive effects they confer to the gut development and integrity, immune system 

response, modulation of microbiota, and reduction of the negative effects caused by pathogenic bacteria. Having 

a deep knowledge on how various gut health feed additives work alone or in combination on the digestive 

physiology, gut microbiota, and gut health of the host, we can optimally design tailored solutions to address 

specific gut health challenges of the producers. 

References 

Alexopoulos, C., I. E. Georgoulakis,, A. Tzivara, C. S. Kyriakis, A. Govaris, and S. C. Kyriakis. 2004. Field 

evaluation of the effect of a probiotic-containing Bacillus licheniformis and Bacillus subtilis spores on the health 

status, performance, and carcass quality of grower and finisher pigs. J. Vet. Med. A Physiol.Pathol. Clin. Med. 51, 

306–312. 

Bosi, P., G. Sarli, L. Casini, S. De Filippi, P.Trevisi, M. Mazzoni, and G. Merialdi. 2007. The influence of fat 

protection of calcium formate on growth and intestinal defence in Escherichia coli K88-challenged weanling pigs. 

Animal Feed Science and Technology. https://doi.org/10.1016/j.anifeedsci.2006.12.006 

Cartman, S. T., and R. M. La Ragione. 2004. Spore probotics as animal feed supplements. In: Ricca E, Henriques 

AO, Cutting SM (Eds) Bacterial spores: probiotics and emerging applications. Horizon Scientific Press, London, 

pp 155–161 28.  

De Keyser, K., N. Dierick, U. Kanto, T. Hongsapak, G. Buyens, L. Kuterna, and E. Vanderbeke. 2019. Medium-

chain glycerides affect gut morphology, immune- and goblet cells in post-weaning piglets: In vitro fatty acid 

screening with Escherichia coli and in vivo consolidation with LPS challenge. Journal of Animal Physiology and 

Animal Nutrition, 103(1), 221–230. https://doi.org/10.1111/jpn.12998 

de Lange, C. F. M., J. Pluske, J. Gong, C. M. Nyachoti. 2010. Strategic use of feed ingredients and feed additives 

to stimulate gut health and development in young pigs, Livestock Science, Volume 134, Issues 1–3, Pages 124-

134, https://doi.org/10.1016/j.livsci.2010.06.117.  

Facts & Figures 14133. (2019) GutPlus® (Bacillus subtilis DSM 32540) reduces signs of disease and support 

growth performance of piglets during an E. coli challenge. 

Facts & Figures 14135. (2020) Effects of Bacillus subtilis DSM 32540 (GutPlus®) supplementation on gut health 

parameters and growth performance of Escherichia coli-challenged weaned pigs. 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 10 / 13 

 

Facts & Figures 14137. (2020) Performance in post weaned piglets is enhanced with supplementation of Bacillus 

amyloliquefaciens CECT 5490 (Ecobiol®) in antibiotic-free diets. 

Facts & Figures 14138. (2020) Effect of Ecobiol® in diets with or without antibiotics growth promoters (AGP) on 

the performance of piglets during nursery Phase. 

Facts & Figures 14142. (2020) AGP-free diet supplemented with Bacillus substilis DSM 32540 (GutPlus®) 

promoted the growth performance and gut health of weaned piglets. 

FAO. 2016. Probiotics in animal nutrition – Production, impact and regulation byYadav S. Bajagai, Athol V. Klieve, 

Peter J. Dart and Wayne L. Bryden. Editor Harinder P.S. Makkar. FAO Animal Production and Health Paper No. 

179. Rome 

Gebhardt, J. T., K. A. Thomson, J. C. Woodworth, S. S. Dritz, M. D. Tokach, J. M. Derouchey, R. D. Goodband, 

C. K. Jones, R. A. Cochrane, M. C. Niederwerder, S. Fernando, S., W. Abbas, and T. E. Burkey. 2020. Effect of 

dietary medium-chain fatty acids on nursery pig growth performance, fecal microbial composition, and mitigation 

properties against porcine epidemic diarrhea virus following storage. Journal of Animal Science, 98(1), 1–11. 

https://doi.org/10.1093/jas/skz358 

Gerritsen, R., A. J. van Dijk, K. Rethy, and P. Bikker2010. The effect of blends of organic acids on apparent faecal 

digestibility in piglets. Livestock Science. https://doi.org/10.1016/j.livsci.2010.06.154 

Gresse, R., F. Chaucheyras-Durand, M. A. Fleury, T. Van de Wiele, E. Forano and S. Blanquet-Diot. 2017. Gut 

Microbiota Dysbiosis in Postweaning Piglets: Understanding the Keys to Health.Trends in Microbiology, 

25:10:851-873. 

He, Y, C. Jinno, K. Kim, Z. Wu, B. Tan, X. Li, R. Whelan, and Y. Liu. 2020. Dietary Bacillus spp. enhanced growth 

and disease resistance of weaned pigs by modulating intestinal microbiota and systemic immunity. J. Anim. Sci. 

Biotechnol. 11:101. https://doi.org/10.1186/s40104-020-00498-3 

Hejna, M., E. Onelli, A. Moscatelli, M. Bellotto, C. Cristiani, N. Stroppa, and L. Rossi. 2021. Heavy-Metal 

Phytoremediation from Livestock Wastewater and Exploitation of Exhausted Biomass. International journal of 

environmental research and public health, 18(5), 2239. https://doi.org/10.3390/ijerph18052239 

Heo J., Opapeju F, Pluske J, Kim J, Hampson D, Nyachoti C. 2013. Gastrointestinal health and function in 

weaned pigs: a review of feeding strategies to control post-weaning diarrhoea without using in-feed antimicrobial 

compounds. J Anim Physiol Anim Nutr. 97:207–37. 

Hoa NT, L. Baccigalupi, A. Huxham, A. Smertenko, P. H. Van, S. Ammendola, E. Ricca, and S. M. Cutting. 2000. 

Characterization of Bacillus species used for oral bacteriotherapy and bacterioprophylaxis of gastrointestinal 

disorders. Appl Environ Microbiol 66:5241–5251. 

Htoo, J. K., and J. Molares. J2012. Effects of dietary supplementation with two potassium formate sources on 

performance of 8- to 22-kg pigs. Journal of Animal Science, 90(SUPPL4), 346–349. 

https://doi.org/10.2527/jas.53776 

Kemper, N. 2008. Veterinary antibiotics in the aquatic and terrestrial environment. Ecol. Indic. 8:1–13. 

doi:10.1016/j.ecolind.2007.06.002. 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 11 / 13 

 

Kenny, M., H. Smidt, E. Mengheri, and B. Miller. 2011. Probiotics – do they have a role in the pig industry? 

Animal. 5:462–470. doi:10.1017/s175173111000193x. 

Kil, D. Y., W. B. Kwon, , and B. G. Kim. 2011. Artículos originales Dietary acidifers in weanling pig diets : a review. 

Animal Science, 24(3), 231–247. http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-

06902011000300002 

Kim, J. S., A. Hosseindoust, S. H. Lee, Y. H. Choi, M. J. Kim, and J. H. Lee. 2017. Bacteriophage cocktail and 

multistrain probiotics in the feed for weanling pigs: effects on intestine morphology and targeted intestinal 

coliforms and Clostridium. Animal. 11:45–53. 

Kluge, H., J. Broz, J., and K. Eder. 2006. Effect of benzoic acid on growth performance, nutrient digestibility, 

nitrogen balance, gastrointestinal microflora and parameters of microbial metabolism in piglets. Journal of Animal 

Physiology and Animal Nutrition, 90(7–8), 316–324. https://doi.org/10.1111/j.1439-0396.2005.00604.x 

Li, H., P. Zhao, Y. Lei, T. Li, and I. Kim. 2015. Response to an Escherichia coli K88 oral challenge and 

productivity of weanling pigs receiving a dietary nucleotides supplement. J. Anim. Sci. Biotechnol. 6:1–9. 

doi:10.1186/s40104-015-0049-5. 

Liu, Y., Espinosa, C. D., Abelilla, J. J., Casas, G. A., Lagos, L. V., Lee, S. A., Kwon, W. B., Mathai, J. K., D. M. D. 

L. Navarro, N. W. Jaworski, and H. H. Stein. 2018. Non-antibiotic feed additives in diets for pigs: A review. Animal 

Nutrition, 4(2), 113–125. https://doi.org/10.1016/j.aninu.2018.01.007 

Long, S. F., Y. T. Xu, L. Pan, Q. Q. Wang, C. L. Wang, J. Y. Wu, Y. Y. Wu, Y. M. Han, C. H. Yun, and X. S. Piao. 

2018. Mixed organic acids as antibiotic substitutes improve performance, serum immunity, intestinal morphology 

and microbiota for weaned piglets. Animal Feed Science and Technology. 

https://doi.org/10.1016/j.anifeedsci.2017.08.018 

López-Colom, P., L. Castillejos, A. Rodríguez-Sorrento, M. Puyalto, J. J. Mallo., and S. M. Martín-Orúe . 2020. 

Impact of in-feed sodium butyrate or sodium heptanoate protected with medium-chain fatty acids on gut health in 

weaned piglets challenged with Escherichia coli F4+. Archives of Animal Nutrition, 74(4), 271–295. 

https://doi.org/10.1080/1745039X.2020.1726719 

Lu, J. J., X. T. Zou, and Y. M. Wang. 2008. Effects of sodium butyrate on the growth performance, intestinal 

microflora and morphology of weanling pigs. Journal of Animal and Feed Sciences, 17(4), 568–578. 

https://doi.org/10.22358/jafs/66685/2008 

Mao, X., Q. Yang, D. Chen, B. Yu, and J. He. 2019. Benzoic acid used as food and feed additives can regulate 

gut functions. BioMed Research International, 2019. https://doi.org/10.1155/2019/5721585 

Mroz, Z., A. W. Jongbloed, K. H. Partanen, K. Vreman, P. A. Kemme, and J. Kogut. 2000. The effects of calcium 

benzoate in diets with or without organic acids on dietary buffering capacity/apparent digestibility, retention of 

nutrients, and manure characteristics in swine. Journal of Animal Science, 78(10), 2622–2632. 

https://doi.org/10.2527/2000.78102622x 

Ng, W. K., and C. B. Koh. 2017. The utilization and mode of action of organic acids in the feeds of cultured 

aquatic animals. Reviews in Aquaculture, 9(4), 342–368. https://doi.org/10.1111/raq.12141 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 12 / 13 

 

NRC. 2012. Nutrient Requirements of Swine. 11th ed., Washington D.C. USA. 

Overland, M., T. Granli, N. P. Kjos, O. Fjetland, S. H. Steien, and M. Stokstad. 2000. Effect of dietary formates on 

growth performance, carcass traits, sensory quality, intestinal microflora, and stomach alterations in growing-

finishing pigs. Journal of Animal Science, 78(7), 1875–1884. https://doi.org/10.2527/2000.7871875x 

Partanen, K. H., and Z. Mroz. 1999. Organic acids for performance enhancement in pig diets. Nutrition Research 

Reviews, 12(1), 117–145. https://doi.org/10.1079/095442299108728884 

Park, S., B. Kim, Y. Kim, S. Kim, K. Jang, and Younghwa Kim. 2017. Nutrition and feed approach according to pig 

physiology. Korean J. Agric. Sci. 43. doi:10.7744/kjoas.20160078. 

Paulicks, B. R., F. X. Roth, and M. Kirchgessner. 1996. Dose Effects of Potassium Diformate (FormiTM LHS) on 

the Performance of Growing Piglets. Agribiological Research: Zeitschrift fuer Agrarbiologie -Agrikulturchemie -

Oekologie. 49(4), 318-326.  

Pettigrew, J. E. 2006. Reduced use of antibiotic growth promoters in diets fed to weanling pigs: dietary tools, part 

1. Anim. Biotechnol. 17:207–215. doi:10.1080/10495390600956946. 

Piqué, N., M. Berlanga, and D. Miñana-Galbis. 2019. Health Benefits of Heat-Killed (Tyndallized) Probiotics: An 

Overview. International J. of Molecular Sciences. 20:2534. 

Quan, J., G. Cai, J. Ye, M. Yang, R. Ding, and X. Wang. 2018. A global comparison of the microbiome 

compositions of three gut locations in commercial pigs with extreme feed conversion ratios. Sci Rep. 8:4536. 

Senesi, S. 2004. Bacillus spores as probiotics products for human use. In: Ricca E, Henriques AO, Cutting SM 

(eds) Bacterial spores: probiotics and emerging applications. Horizon Scientific Press, London, pp 132–141 

Stein, H. H., and D. Y. Kil. 2006. Reduced use of antibiotic growth promoters in diets fed to weanling pigs: dietary 

tools, part 2. Anim. Biotechnol. 17:217–231. doi:10.1080/10495390600956946. 

Suiryanrayna, M. V. A. N., and J. V. Ramana. 2015. A review of the effects of dietary organic acids fed to swine. 

Journal of Animal Science and Biotechnology, 6(1), 1–11. https://doi.org/10.1186/s40104-015-0042-z 

Thacker, PA. 2013. Alternatives to antibiotics as growth promoters for use in swine production: a review. J Anim 

Sci Biotechnol. 4:35. 

Tian, Z., X.Wang, Y. Duan, Y. Zhao, W. Zhang, M. A. K. Azad, Z. Wang, F. Blachier, and X. Kong. 2021. Dietary 

Supplementation With Bacillus subtilis Promotes Growth and Gut Health of Weaned Piglets. Front. Vet. Sci. 

7:600772. doi: 10.3389/fvets.2020.600772 

Torrallardona, D., R. Conde, I. Badiola, and J. Polo. 2007. Evaluation of spray dried animal plasma and calcium 

formate as alternatives to colistin in piglets experimentally infected with Escherichia coli K99. Livestock Science. 

https://doi.org/10.1016/j.livsci.2007.01.106 

Upadhaya, S. D., K. Y. Lee, and I. H. Kim. 2014. Protected organic acid blends as an alternative to antibiotics in 

finishing pigs. Asian-Australasian Journal of Animal Sciences, 27(11), 1600–1607. 

https://doi.org/10.5713/ajas.2014.14356 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 13 / 13 

 

Wang, C. C., H. Wu, F. H. Lin, R. Gong, F. Xie, Y. Peng, J. Feng, and C. H. Hu. 2018. Sodium butyrate enhances 

intestinal integrity, inhibits mast cell activation, inflammatory mediator production and JNK signaling pathway in 

weaned pigs. Innate Immunity, 24(1), 40–46. https://doi.org/10.1177/1753425917741970 

Zeng H, S. L, Ishaq, F. Q. Zhao, A. D. G. Wright. 2016. Colonic inflammation accompanies an increase of β-

catenin signaling and Lachnospiraceae/Streptococcaceae bacteria in the hind gut of high-fat diet-fed mice. J Nutr 

Biochem. 35:30–6. 

Zentek, J., F. Ferrara, W.Vahjen, and A. G. Van Kessel. 2011. Nutritional and physiological role of medium-chain 

triglycerides and medium-chain fatty acids in piglets. 12(1), 83–93. https://doi.org/10.1017/S1466252311000089 

Zimmermann, J. A., M. L. Fusari, E. Rossler, J. E. Blajman, A. Romero-Scharpen, D. M. Astesana, C. R. Olivero, 

A. P. Berisvil, M. L.Signorini, M. V. Zbrun, L. S. Frizzo, L. P. Soto. 2016. Effects of probiotics in swines growth 

performance: Ameta-analysis of randomised controlled trials. Animal Feed Science and Technology 219 280–

293. 

 

 

 

 

 

 

The content of this document is for the information and assistance of Evonik’s customers and is not applicable to products marketed or sold in the 

United States. Evonik markets its products in compliance with applicable local laws, but it is the user’s responsibility to ensure that the use of and 

any claims made for this product comply with all relevant requirements. This document may not be published in the United States without the 

express written consent of Evonik Operations GmbH. 

 

 

 

Evonik Operations GmbH 

Animal Nutrition Business Line 

animal-nutrition@evonik.com 

www.evonik.com/animal-nutrition 

 

 

This information and any recommendations, technical or otherwise, are 
presented in good faith and believed to be correct as of the date prepared. 
Recipients of this information and recommendations must make their own 
determination as to its suitability for their purposes. In no event shall Evonik 
assume liability for damages or losses of any kind or nature that result from 
the use of or reliance upon this information and recommendations. EVONIK 
EXPRESSLY DISCLAIMS ANY REPRESENTATIONS AND WARRANTIES 
OF ANY KIND, WHETHER EXPRESS OR IMPLIED, AS TO THE 
ACCURACY, COMPLETENESS, NON-INFRINGEMENT, 
MERCHANTABILITY AND/OR FITNESS FOR A PARTICULAR PURPOSE 
(EVEN IF EVONIK IS AWARE OF SUCH PURPOSE) WITH RESPECT TO 
ANY INFORMATION AND RECOMMENDATIONS PROVIDED. Reference to 
any trade names used by other companies is neither a recommendation nor 
an endorsement of the corresponding product, and does not imply that 
similar products could not be used. Evonik reserves the right to make any 
changes to the information and/or recommendations at any time, without 
prior or subsequent notice. 

 

 

mailto:animal-nutrition@evonik.com

