
 
 
Introduction 

For more than 50 years various antibiotics have been used in prophylactic doses as 
antimicrobials and growth promoters in diets for pigs. The antibiotics reduced post-weaning 
mortality, enhanced resistance to disease challenge and improved growth rates and feed 
efficiency. However, worldwide concerns about the use of antibiotics in feeds are growing 
because of potential increases in the number of antibiotic resistant bacteria. As a consequence, 
the European Union (EU) will ban in-feed antibiotics by January 1st, 2006. 
 
Among potential alternatives to these antibiotics, organic acids have received much attention as 
they have consistently shown beneficial effects on animal health status and performance. 
Formic acid, for example, is effective against pathogenic bacteria (Kirchgessner et al., 1992; 
Gedek et al., 1992), but its use might be limited because it requires liquid handling and is highly 
corrosive. Formi® is a specifically produced crystalline salt of formic acid (potassium diformate). 
It is non-corrosive and easily applied. Formi® is approved in the EU as the first non-antibiotic 
performance enhancer for pigs1. Comprehensive safety testing has also confirmed that Formi® 
is a safe feed additive with respect to the factory worker, the environment, the animals and the 
consumer. 
 
 
 
 
Performance effects 

A large number of trials have confirmed the positive effect of Formi on growth performance in 
pigs. Statistically significant effects are already obtained by the addition of 0.6 % Formi (e.g. 
Overland et al., 2000). In order to estimate the average dose dependent effect of Formi®, five 
independent trials were used to calculate regression lines. Increasing amounts of Formi in the 
diet result in continuous positive effects on weight gain (Figure 1) and feed conversion (Figure 
2). On average, the addition of 1.2 % Formi to the feed, improved weight gain by 12 and feed 
conversion ratio by 5.4 percent. There is, however, considerable variation between trials, which 
might be explained by differences in feeding and housing regime, as well as different hygiene 
conditions. 
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Figure 1. Dose response trials with Formi in piglets: effect on weight gain 
 

Figure 2. Dose response trials with Formi in piglets: effect on feed conversion ratio 
 
(Roth et al., 1996; Overland et al., 2000) demonstrated a dose related response of Formi on 
growth performance and feed conversion also in growing-finishing pigs. The results of (Roth et 
al., 1996) are shown in Figure 3. In comparison to piglets, the effects are smaller in growing-
finishing pigs because older animals have a more mature digestive system. 
 
 



Figure 3. Dose response study with growing-finishing pig (Roth et al., 1996) 
 
 
Comparisons to feed antibiotics 

As demonstrated by (Danielsen, 1998; Daza et al., 2001), Formi gives a comparable growth 
performance as feed antibiotics. The study of (Daza et al., 2001) with 252 weaned piglets was 
carried out under practical conditions. Diets were supplemented with either 1.2 % Formi or 40 
ppm Avilamycin and compared to the negative control without growth promoting additives. 
Formi improved growth rate of piglets by 8.6 % and feed efficiency by 7.3 % (Table 1). No 
significant differences between Avilamycin and Formi were found. Formi also had a positive 
influence on the health status of piglets similar to the antibiotic. 
 
Table 1. Effect of Formi and Avilamycin on performance of piglets 

 



Formi® – Mode of action 

The active ingredient in Formi® is potassium diformate (95.6 %). In liquid media, such as the gut 
of the pig, Formi® dissolves into formic acid (HCOOH), formates (HCOO-) and potassium (K+). 
 
In a kinetic study with pigs, (Mroz et al., 2000) showed that 85 % of the formate in Formi® 
appears in the duodenum. Thus, significant amounts are present to exert antimicrobial effects in 
the small intestine. Formi® also reduced pH in the stomach and duodenum. Supplementation of 
0.9 % Formi® significantly reduced the pH of duodenal digesta by on average 0.4 pH units from 
5 to 65 minutes after feeding (Figure 4). 
 

 
Figure 4. Influence of Formi® on the pH in fresh duodenal digesta 
 
Weaning of piglets is often associated with growth depression and diarrhea following low feed 
and water intake (Cranwell and Moughan, 1989; Partridge and Gill, 1993). The gastrointestinal 
tract is not fully developed and thus the digestive capacity of piglets is limited. These limitations 
also include the incapability of maintaining a low pH in the stomach, which decreases the 
breakdown of dietary proteins and supports the proliferation of enterotoxigenic bacteria. As a 
consequence, the incidence of diarrhea increases. 
 
A more rapid reduction in the pH of the stomach stimulates the secretion of pepsin and 
pepsinogen, which may enhance dietary protein digestion. Lower pH conditions have a direct 
inhibitory effect on the bacteria population in the lumen (Eidelsburger, 1998). Also, under low pH 
conditions more of the product is available in its undissociated form of the molecule, as formic 
acid. It is mainly the undissociated form that exerts the antimicrobial action. The antimicrobial 
effect of Formi® is a result of both, the high concentration of the active ingredient in the upper 
part of the small intestine and the reduction of pH in the lumen.  
 
(Knarreborg et al., 2002) invested the antimicrobial properties of Formi® using digesta of 
stomach and small intestine of pigs. Their results show that 0.6% Formi® have an antimicrobial 
effect in a broad pH range from pH 3-6 (Figures 5 and 6). 
 



 

 
Figure 5. In vitro: Coliform bacteria in stomach digesta, at 4 hours incubation (0-level is the start 
level of incubation) 
 

 
Figure 6. In vitro: Coliform bacteria in small intestine digesta, at 4 hours incubation (0-level is 
the start level of incubation) 
 
(Hebeler et al., 2000), conducted a study with 30 piglets weaned at 21 days that were fed a 
basal diet with either 0 or 1.8 % Formi®. On day 6, 7, 9 and 10 of the trial, 2 piglets from both 
groups were slaughtered and the gastrointestinal tract removed for the collection of digesta for 
microbiological analyses. The compiled results (Figure 7) show that Formi® led to a general 
reduction in bacterial numbers in the gut for the period immediately after weaning. This effect 
was significant for total aerobic, total anaerobic, lactobacilli, and E. coli in the small intestine. 
 



 

 
Figure 7. Antimicrobial effect of Formi® in piglets one week after weaning 
 
According to (Overland et al., 2000), the total number of coliform bacteria in the duodenum, 
jejunum and rectum is significantly decreased by adding Formi® to diets (Figure 8). The reported 
reduction was 1-2 logarithmic units in all segments of the gut. 
 

 
Figure 8. Antimicrobial effect of Formi® on coliform bacteria in growing-finishing 
 
Because the microbial population is reduced, fewer nutrients are consumed by the microflora. 
Also, less microbial metabolites (e.g. ammonia) that increase gut mucosa turnover are 
produced. This increases the availability of dietary energy and nutrients to the host animal and 
reduces maintenance cost of the gut, resulting in increased growth rate and enhanced feed 
efficiency. The improvement in nutrient digestibility is probably associated with the change in the 

 



microflora in the gut. A general reduction in the total bacteria load can, together with an 
improved digestibility of nutrients, explains the growth-enhancing effect of Formi®. 
 
The antimicrobial effect of Formi® is stronger against potential pathogens e.g. coliform bacteria 
than towards the desirable bacteria such as lactic acid bacteria. This leads to a shift in the 
composition of microbes to a more balanced microflora in the gut, which also improves the 
general health status of the pigs. Results from in vitro trials using 0.6 % Formi® (Knarreborg et 
al., 2002) and from trials with piglet using 1.8 % Formi® (Fevrier et al., 2001) show that Formi® 
reduces the population of both, coliform bacteria and lactobacilli, in vitro and in the stomach of 
piglets (Figure 9). Since the growth of lactobacilli is less impaired by Formi®, the ratio between 
them and coliforms is shifted in favor of the lactic acid producing bacteria. 
 

 
Figure 9. Effect of Formi® on relation between lactic acid bacteria and coliforms in vitro and in 
vivo 
 
Formi® exerts a strong effect against potential pathogenic bacteria, such as E. coli and 
Salmonella. This reduces the overall exposure of the pig to these pathogenic bacteria as well as 
the toxins they produce. Consequently, the incidences of diarrhea are reduced and the general 
health status of the pig is improved.  
 
The effect of Formi on the concentration of coliform bacteria in the gastro-intestinal tract was 
evaluated in growing-finishing pigs (Overland et al., 2000): supplementation of 1.2 % Formi to 
diets significantly decreased the total number of coliform bacteria in the duodenum, jejunum and 
rectum (Figure 10). 



 

Figure 10. Effect of Formi on coliform bacteria in the gut of growing-finishing pigs  
 
The effect of Formi on the incidence of Salmonella in the gut was investigated in a trial where 
20 piglets were challenged orally with Salmonella (Kamphues, 1999).The results showed that 
the addition of 1.8 % Formi to the diet gave a substantially lower number of Salmonella positive 
fecal samples compared with the control diet (Figure 11). 
 

Figure 11. Effect of Formi on the incidence of Salmonella in weanling pigs. 
 
Conclusions 
Formi® is a safe alternative to in-feed antibiotics. It gives a significant positive dose dependent 
effect on growth performance of piglets as well as growing-finishing pigs comparable to feed 
antibiotics. The antimicrobial effect of Formi® is based on the pH-reduction in the digestive tract 



in combination with the presence of undissociated formic acid. Formi® is effective against E. Coli 
and Salmonella. The antimicrobial effect of Formi® is expressed all the way through the gastro-
intestinal tract to the feces. 
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