
  INTRODUCTION 
  Short-chain organic acids have been widely used as 

feed additives in poultry for the control of pathogenic 
bacteria. The antimicrobial activity of short-chain fatty 
acids against pathogenic bacteria seems dependent on 
the type of fatty acid, form, pH, exposure time, degree 
of sensitivity of specific types of pathogens, and quan-
tity used (Goepfert and Hicks, 1969; Abdul and Lloyd, 
1985; Fukushi et al., 2003). It has been shown that fat-
ty acids and their monoglycerides are more effective in 
inhibiting bacterial growth (Kabara, 1979, 1984; Thor-
mar et al., 2006) than are di- and triglycerides of these 
same fatty acids (Razavi-Rohani and Griffiths, 1994). 

  It has been proposed that the antimicrobial activ-
ity of organic acids is attributed to the ability of these 
acids to pass across the cell membrane and dissociate 
in the more alkaline cell, thereby acidifying the cell 
cytoplasm (Kashket, 1987; Salsali et al., 2008). Butyric 
acid, a short-chain fatty acid that has 4 carbon atoms, 
has been shown to reduce Salmonella colonization in 
the ceca (Cox et al., 1994) and invasion of Salmonella
bacteria in the chicken cecal epithelial cells (Van Im-
merseel et al., 2004). Also, it has been reported that 
supplementation of butyric acid glycerides in diets 
of broiler chickens increased their carcass weight and 
breast meat (Leeson et al., 2005). Monoglycerides of 
short-chain fatty acids have comparable or better an-
timicrobial activity compared with the free fatty acids 
(Bergsson et al., 2001; Sun et al., 2003; Hilmarsson et 
al., 2006). 

  Monoglycerides of fatty acids have an advantage in 
handling because they do not have the stringent smell 
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  ABSTRACT   The antimicrobial activities of n-butyric 
acid and its derivatives against Salmonella Typhimuri-
um and Clostridium perfringens were studied. n-Butyric 
acid and its derivatives (monobutyrin and a mixture 
of mono-, di-, and tri-glycerides of butyric acid) were 
added at different concentrations (ranging from 250 to 
7,000 mg/kg to a media inoculated with either Salmo-
nella Typhimurium or C. perfringens. The antimicro-
bial activity of butyric acid against C. perfringens was 
measured at 2 bacterium concentrations and 2 inocula-
tions involving ambient aerobic or anaerobic conditions. 
The most effective antimicrobial activity for Salmonella 
Typhimurium was observed with n-butyric acid, with 
90% inhibition rate at a concentration of 1,500 mg/
kg. Although minimal inhibition for Salmonella Ty-
phimurium was observed with butyric acid glycerides, 
lipase addition to a mixture of mono-, di-, and triglyc-
erides of butyric acid increased (P < 0.01) antimicro-
bial activity of these derivatives. Antimicrobial activity 
of butyric acid and its derivative against C. perfringens

was higher when using a moderate initial inoculation 
concentration (105) compared with a higher initial con-
centration (107) of this bacterium. At a lower inocula-
tion of C. perfringens (105), >90% inhibition rate by all 
butyric acid glycerides was observed with prior aerobic 
inoculation at 2,000 mg/kg, whereas using anaerobic 
inoculation, only 50% monobutyrin maintained >90% 
inhibitory effect at 3,000 mg/kg. The antimicrobial ef-
fect of monobutyrin against C. perfringens was gener-
ally higher (P < 0.01) for 50% monobutyrin than for 
100% monobutyrin. Either a mixture of butyric acid 
derivatives or 50% monobutyrin decreased (P < 0.01) 
C. perfringens in a media containing intestinal contents 
whereas only 50% monobutyrin decreased (P < 0.01) 
Salmonella Typhimurium within a media containing ce-
cal contents from mature Leghorns. These results show 
that n-butyric acid and 50% monobutyrin could be 
used to control Salmonella Typhimurium or C. perfrin-
gens in poultry species. 
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associated with free acids and are released only under 
the action of lipase in the small intestine. The objective 
of the current study was to compare the in vitro inhibi-
tory effects of butyric acid glycerides with the effects of 
free n-butyric acid against Salmonella Typhimurium or 
Clostridium perfringens.

MATERIALS AND METHODS

Bacterial Strains
Single strains of Salmonella Typhimurium and C. 

perfringens isolated from chickens were used in the 
current in vitro study. Salmonella Typhimurium was 
grown aerobically in tryptic soy broth or agar (Oxoid, 
Nepean, Ontario, Canada) at 37°C. Clostridium per-
fringens was grown in oxygen-free brain heart infusion 
broth or agar (BHI; Oxoid) at 37°C in an anaerobic 
chamber with an atmosphere of 85% N2, 10% CO2, 
and 5% H2. The oxygen-free BHI broth for anaerobic 
inoculation was made by vacuuming and flushing with 
an atmosphere of 85% N2, 10% CO2, and 5% H2 repeat-
edly until vacuum pressure reached 25 psi and no air 
bubbles were formed in boiled medium.

Butyrate Products
Butyric acid was dissolved in 50% ethanol to make a 

stock solution. Butyric acid products used in the cur-
rent experiment were n-butyric acid (C4), 50% mono-

butyrin, 100% monobutyrin, and Baby C4 (a mixture 
of 30% mono-, 50% di-, and 20% triglycerides of C4), 
supplied by Silo S.P.A (Firenze, Italy). Inhibitory con-
centration of these butyric acid products against Sal-
monella Typhimurium and C. perfringens were mea-
sured at concentrations ranging from 250 to 7,000 mg/
kg. For measuring inhibitory concentration of butyric 
acids against Salmonella Typhimurium, bacteria were 
inoculated to tryptic soy broth supplemented with bu-
tyric acids and incubated with shaking for 6 h at 37°C 
under aerobic conditions.

Bacterial Concentrations and Inoculations
The initial concentration of Salmonella Typhimurium 

in the culture medium was 105/mL. For C. perfringens, 
BHI broth was used. The initial concentration of C. 
perfringens at the beginning of incubation was 105 or 
107/mL. Inoculation of C. perfringens to the medium 
was carried out using either anaerobic or aerobic condi-
tions. Medium inoculated with C. perfringens was incu-
bated under anaerobic conditions without shaking for 
8 h at 37°C. Effect of addition of lipase to Baby C4 
against bacterial growth was measured by adding it to 
Baby C4 at a final concentration of 40 U. Glycerol ef-
fect on bacterial growth was measured by adding it to 
n-butyric acid. The linear relationship between the op-
tical density of 600 nm and colony-forming units of bac-
teria was established. The linear relationship between 
colony-forming units per milliliter and optical density 

Table 1. In vitro effect of butyric acid and butyrate glycerides on the percentage growth inhibition of Salmonella Typhimurium1 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase C4 + 50% glycerol SEM

250 7.75A — — — — −10.50B 2.21
500 22.88A −12.67CD 1.67BC 10.33AB 13.33AB −26.40D 5.81
1,000 87.76A −1.14D 14.00C 20.57C 21.80C 62.20B 2.86
1,500 98.89A −3.33E 17.33D 27.33C 44.33B 97.60A 1.71
2,000 100.29A 7.71D 32.00C 35.14C 61.80B 98.40A 2.11
2,500 99.11A 10.00E 35.67D 43.33C 81.67B 98.40A 1.71
3,000 100.86A 20.00D 44.00C 51.43C 84.80B — 7.12
4,000 100.86A 23.86E 54.40D 60.71C 90.60B — 1.75
5,000 101.00A 38.00D 69.50C 71.50C 91.50B — 2.32

A–EValues in a row with different superscripts differ significantly (P < 0.01). 
1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 

20% triglycerides of C4 (Silo S.P.A., Firenze, Italy).

Table 2. In vitro effect of butyric acid and butyrate glycerides on the percentage growth inhibition of Clostridium perfringens (aerobic 
inoculation at concentration of 107 cfu/mL)1 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase SEM

250 5.85 — — — — —
500 5.68 — — — — —
1,000 13.38 48.32 32.57 0.17 −6.36 13.70
2,000 64.65a 52.49ab 33.35ab 5.15b −1.84b 17.40
3,000 95.51A 95.36A 49.76B 26.23C 12.53D 4.02
4,000 96.23A 94.77A 87.83AB 70.13B 12.22C 7.02
5,000 96.11A 94.56A 78.93B 84.33AB 12.62C 4.31

A–DValues in a row with different superscripts differ significantly (P < 0.01).
a,bValues in a row with different superscripts differ significantly (P < 0.05).
1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 

20% triglycerides of C4 (Silo S.P.A., Firenze, Italy).
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of 600 nm was Y = −8,625 × 1,606 (R2 = 0.96) for C. 
perfringens and Y = −2,635 × 1,043 (R2 = 0.98) for 
Salmonella Typhimurium. The concentration of initial 
inoculation of bacteria was adjusted according to these 
equations. After incubation, turbidity of incubated cul-
ture medium was measured using spectrophotometry 
at 600 nm to compare the bacterial growth inhibition 
rate of butyric acid glycerides. Inhibition rate for both 
bacteria species was measured in at least 3 assays. Each 
assay involved 2 or 3 replicates for each concentration 
of butyric acid products.

In Vitro Trials
The pH of the medium supplemented with butyric 

acids, except for Baby C4 containing lipase, was mea-
sured before incubation, whereas the pH of medium 
containing Baby C4 supplemented with lipase was mea-
sured after incubation under the same conditions used 
for measuring turbidity for bacteria. To simulate natural 
gut contents in these butyric acid products, the inhibi-
tory effect to butyric acids was also measured with un-
processed cecal or intestinal contents added to the cul-
ture media. Cecal and intestinal contents were collected 
aseptically from healthy laying hens fed no antibiotics 
or other additives. Cecal contents were used to measure 
the effect on Salmonella Typhimurium and intestinal 
contents used for C. perfringens. The media contain-
ing 25% cecal contents or 10% intestinal contents were 
inoculated with Salmonella Typhimurium at a concen-
tration of 105 and C. perfringens at a concentration 

of 5 × 103, respectively. Salmonella Typhimurium was 
incubated under aerobic conditions with shaking for 6 
h at 37°C, whereas C. perfringens was incubated under 
anaerobic conditions without shaking for 6 h at 37°C.

The incubated sample was serially diluted in the so-
lution of 0.1% pepton and 0.1% Tween 80 and homoge-
nized. For enumeration of bacteria colonies, the diluted 
samples were plated on blue green sulfur agar (Oxoid) 
supplemented with 50 μg/mL of nalidixic acid for Sal-
monella Typhimurium and perfringens agar (OPSP) 
containing supplement A and B (Oxoid) overlaid with 
additional OPSP on the surface for C. perfringens. The 
blue green sulfur agar was incubated for 24 h at 37°C 
under aerobic conditions and OPSP agar was incubated 
anaerobically for 24 to 36 h at 37°C. Inhibition data 
obtained across assays were combined for statistical 
analysis and analyzed by a 1-way ANOVA using the 
GLM procedure of SAS (SAS Institute Inc., Cary, NC). 
Differences between treatment means was assessed us-
ing Duncan’s multiple range test according to SAS.

RESULTS AND DISCUSSION
Inhibition rates of butyric acid and various butyrate 

glycerides against Salmonella Typhimurium are shown 
in Table 1. Generally, growth inhibition rate by butyric 
acids increased with increasing butyric acid concentra-
tion. The most effective product was n-butyric acid, 
followed by Baby C4 + lipase, Baby C4, 100% monobu-
tyrin, and 50% monobutyrin, respectively (Table 1; P < 
0.01). More than 90% growth inhibition of Salmonella 

Table 3. In vitro effect of butyric acid and butyrate glycerides on the percentage growth inhibition of Clostridium perfringens (aerobic 
inoculation at a concentration of 105 cfu/mL)1 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase C4 + 50% glycerol SEM

500 35.89C 97.00A −5.00D 80.50B −1.00D 66.00B 5.09
1,000 77.75A 99.50A 48.33B 74.83AB 3.17C 90.00A 9.62
1,500 88.67A 98.50A 75.83A 91.50A 5.83B 76.00A 7.28
2,000 99.50A 99.50A 98.33A 98.33A 54.00B 99.00A 5.57
2,500 100.00A 99.17A 95.17A 98.00A 77.17B — 5.99
3,000 100.00 99.00 98.50 98.00 89.33 — 3.02
4,000 100.00a 98.50a 99.67a 98.50a 90.00b — 2.49

A–DValues in a row with different superscripts differ significantly (P < 0.01).
a,bValues in a row with different superscripts differ significantly (P < 0.05).
1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 

20% triglycerides of C4 (Silo S.P.A., Firenze, Italy).

Table 4. In vitro effect of butyric acid and butyrate glycerides on the percentage growth inhibition of Clostridium perfringens (an-
aerobic inoculation at a concentration of 105 cfu/mL)1 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase C4 + 50% glycerol SEM

500 9.44BC 12.67B −7.00D −8.33D 0.33CD 41.67A 3.28
1,000 12.56B 40.33A −7.00C −7.67C 5.00B 44.83A 3.13
1,500 20.78B 51.33A 1.00C −4.33C 10.33BC 46.00A 4.78
2,000 48.44B 76.67A 6.67C 4.33C 15.00C 57.33B 3.53
2,500 83.11AB 85.00B 13.67C 19.33C 15.67C 74.83A 3.08
3,000 96.89A 92.67A 21.33C 34.67B 14.67D 92.17A 2.39
4,000 98.78A 97.33A 37.67C 76.67B 21.33D 98.67A 1.31

A–DValues in a row with different superscripts differ significantly (P < 0.01). 
1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 

20% triglycerides of C4 (Silo S.P.A., Firenze, Italy).
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Typhimurium was observed with n-butyric acid at a 
concentration of 1,500 mg/kg, whereas monobutyrins 
and Baby C4 did not show 90% inhibitory rate at the 
concentrations used in the current study. Although li-
pase addition to the culture containing Baby C4 in-
creased (P < 0.01) the inhibitory effect of Baby C4, 
90% inhibition rate was observed only at 4,000 mg/
kg compared with 1,500 mg/kg for n-butyric acid. The 
greatest antimicrobial effect of n-butyric acid and the 
increased inhibitory effect of Baby C4 by the addition 
of lipase seem to be associated with the pH of the cul-
ture medium. The pH of culture mediums was gradu-
ally reduced as the concentrations of n-butyric acid and 
Baby C4 containing lipase increased. Lipase was added 
to the culture mediums containing Baby C4 with the 
expectation of breaking down the linkages of this bu-
tyric acid source by lipase because Baby C4 used in 
this study is a mixture of mono-, di-, and triglycerides 
of butyric acid. The reduced pH of this culture medium 
means lipase worked effectively to break down the link-
ages of this butyric acid source. Addition of glycerol 
to n-butyric acid did not change the growth inhibition 
rate of n-butyric acid. With butyric acid glycerides, in-
hibition rates tended to be generally increased as the 
concentration increased, although no change was ob-
served in the pH in the culture.

The inhibitory effects of butyric acid and glycerides 
against C. perfringens are shown in Tables 2, 3, and 

4. The inhibition effect of butyric acid against C. per-
fringens was measured at 2 initial bacteria concentra-
tions using 2 bacteria inoculations, namely anaerobic 
or aerobic conditions. When bacteria were inoculated 
aerobically (Tables 2 and 3), bacterial growth inhibi-
tory effect of butyric acids tended to be affected by ini-
tial bacteria concentration. Greater growth inhibition 
of butyric acid against C. perfringens was observed at 
a lower initial bacteria concentration of 105/mL com-
pared with 107/mL (Table 3 compared with Table 2). 
At an initial concentration of 107/mL (Table 2), both 
50% monobutyrin and n-butyric acid showed greater 
inhibition (P < 0.01) than did other butyric products, 
with 90% inhibition rate observed at 3,000 mg/kg (Ta-
ble 2). However, at an initial concentration of 105/mL, 
90% inhibition rate was observed for all butyric acid 
products at around 2,000 mg/kg. Greatest inhibitory 
effect (P < 0.01) was observed with 50% monobutyrin 
at the lowest concentration used. Lipase addition to the 
medium containing Baby C4 reduced (P < 0.01) the 
antibacterial properties of this product.

Table 3 and 4 shows the effect of using either aerobic 
or anaerobic inoculation conditions of C. perfringens on 
the inhibition rate of butyric products. The inhibitory 
effect of butyric acid and glycerides against C. perfrin-
gens was reduced when bacteria were inoculated anaer-
obically. The greater inhibitory effect of butyric prod-
ucts in aerobic inoculation conditions seems associated 

Table 5. pH of tryptic soy broth medium supplemented with butyric acids used for Salmonella Typhimurium1 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase2 C4 + 50% glycerol

0 — — — — 7.16 —
250 6.94 — — — — —
500 6.78 7.13 7.11 7.12 7.14 6.77
1,000 6.34 7.12 7.13 7.13 7.06 6.38
1,500 5.87 7.13 7.13 7.13 6.97 5.97
2,000 5.43 7.12 7.13 7.14 6.87 5.54
2,500 5.14 7.13 7.14 7.14 6.76 5.25
3,000 4.95 7.13 7.13 7.12 6.64 4.99
4,000 4.70 7.12 7.12 7.12 6.37 4.75
5,000 4.64 7.13 7.13 7.13 6.25 —

1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 
20% triglycerides of C4 (Silo S.P.A., Firenze, Italy).

2The pH of medium supplemented with Baby C4 and lipase was measured after incubation without bacteria.

Table 6. pH of brain heart infusion medium supplemented with butyric acids used for Clostridium perfringens1,2 

Concentration, mg/kg C4 50% mono C4 100% mono C4 Baby C4 Baby C4 + lipase C4 + 50% glycerol

0 — — — — 7.20 —
250 7.25 — — — — —
500 7.09 7.44 7.48 7.51 7.11 7.18
1,000 6.76 7.46 7.49 7.50 6.98 6.88
1,500 6.40 7.48 7.49 7.52 6.83 6.54
2,000 6.02 7.48 7.49 7.52 6.64 6.26
2,500 5.64 7.48 7.48 7.51 6.43 5.97
3,000 5.36 7.49 7.50 7.50 6.21 5.62
4,000 5.01 7.48 7.50 7.51 5.74 5.13
5,000 4.86 7.50 7.51 7.50 5.52 —

1C4 = n-butyric acid; 50% mono C4 = 50% monobutyrin; 100% mono C4 = 100% monobutyrin; Baby C4 = a mixture of 30% mono-, 50% di-, and 
20% triglycerides of C4 (Silo S.P.A., Firenze, Italy). 

2The pH of medium without butyric acid was 7.47. The pH of medium supplemented with butyric acid was measured without incubation. The pH 
of medium supplemented with Baby C4 and lipase was measured after incubation without bacteria.
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with the exposure of anaerobic bacteria to the aerobic 
condition. Using anaerobic bacteria inoculation, only 
butyric acid and 50% monobutyrin showed 90% inhibi-
tion rate at a concentration of 3,000 mg/kg (Table 4). 
There was little effect of lipase addition to Baby C4 on 
inhibition of C. perfringens growth. The pH of the cul-
ture media supplemented with n-butyric acid and Baby 
C4 together with lipase was reduced as their concentra-
tions in the culture media increased (Tables 5 and 6). 
Although pH reduction with Baby C4 plus lipase in the 
media for C. perfringens was as high as in the media 
for Salmonella Typhimurium, growth inhibition rate by 
Baby C4 plus lipase against C. perfringens was not as 
high as for Salmonella Typhimurium. It appears that C. 
perfringens is less sensitive to pH compared with Sal-
monella Typhimurium. Sun et al. (1998) reported that 
the antimicrobial activity of n-butyric acid seems to be 
affected by the pH of medium and the concentration of 
butyric acid. Using various butyrate glycerides for both 
Salmonella Typhimurium and C. perfringens, growth 
inhibition rates were increased as their supplemental 
concentrations increased, although this does not appear 
to be a factor of media pH. Sun et al. (2003) measured 
the effect on the bactericidal potency of lauric acid and 
monolaurin acid. In their study, the pH for optimal 
bactericidal potency of lauric acid against Helicobacter 
pylori was 4.5 to 5.0 whereas bactericidal potency of 
its monoglyceride, monolaurin, was maintained over a 
broad range of pH of 4 to 10.

Inhibition of C. perfringens required higher concen-
trations of n-butyric acid compared with Salmonella 
Typhimurium, with 90% growth inhibition for Sal-

monella Typhimurium occurring at just 1,500 ppm 
whereas, for C. perfringens, 3,000 mg/kg was needed 
using anaerobic inoculation. Differences in antimicro-
bial activity of organic acids between bacteria species 
have been reported by Skarivanova et al. (2006). The 
antimicrobial activities of butyric acid derivatives were 
lower than those of n-butyric acid. The 50% monobu-
tyrin had higher antimicrobial activity for C. perfrin-
gens than for Salmonella Typhimurium. Antimicrobial 
activity of Baby C4, a mixture of mono-, di-, and tri-
glyecerides of butyric acid, was higher with Salmonella 
Typhimurium than with C. perfringens inoculated an-
aerobically. These results probably relate to the differ-
ence in an ability of these derivatives to penetrate the 
bacteria cell wall. Bergsson et al. (2001) measured anti-
microbial activity against Staphylococcus aureus, show-
ing that monocaprin penetrated the extensive mesh-
work of peptidoglycan in the cell wall and disintegrated 
the cell membrane. Razavi-Rohani and Griffiths (1994) 
reported that monolaurin was more effective in inhibit-
ing the growth of bacteria than either di- or triglycer-
ides of laurin. The 50% monobutyrin that contained 
50% glycerol showed higher antimicrobial activity (P 
< 0.01) for C. perfringens compared with 100% mono-
butyrin. The effects of supplementation of butyric acid 
and glycerides on bacteria inoculated in a media con-
taining intestinal contents are shown in Tables 7 and 
8. There was no inhibitory effect of supplementation 
of Baby C4 to Salmonella Typhimurium inoculated in 
the medium containing cecal contents. However, 50% 
monobutyrin significantly restricted (P < 0.01) growth 
of Salmonella Typhimurium, although this growth re-

Table 7. Effect of butyric acid supplementation to cecal content on inhibition of Salmonella Ty-
phimurium (log10 cfu/mL)1 

Butyric acid source TSB Control

Butyric acid  
concentration, mg/kg

SEM2,000 3,000 4,000

Baby C42 — 5.53 5.33 5.3 5.34 0.070
50% monobutyrin 9.4A 5.63B 5.13C 4.97C 4.97C 0.094

A–CValues followed by different superscripts are significantly different (P < 0.01).
1Bacteria were inoculated at the concentration of 105 at the beginning of incubation to the medium of 0.25 g of 

cecal contents and 1.25 mL of tryptic soy broth (TBS).
2A mixture of mono-, di-, and triglycerides of butyric acid (Silo S.P.A., Firenze, Italy).

Table 8. Effect of butyric acid supplementation to intestinal content of laying hen on inhibition of Clostridium perfringens (log10 
cfu/mL)1 

Butyric acid source BHI2 Control

Butyric acid concentration, mg/kg

SEM1,000 2,000 3,000 4,000 5,000 6,000 7,000

Baby C43 8.46A 7.01B 2.05D 2.05D 2.17C 2.16CD — — — 0.037
50% monobutyrin 8.14A 7.40B — 2.90C 1.73E 1.30G 1.55F 1.97D 1.79E 0.036

A–GValues followed by different superscripts are significantly different (P < 0.01). 
1Bacteria were inoculated at the concentration of 5 × 103 at the beginning of incubation to the medium containing 0.2 g of cecal contents and 1.95 

mL of broth.
2BHI = brain heart infusion broth.
3A mixture of mono-, di-, and triglycerides of butyric acid (Silo S.P.A., Firenze, Italy).
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duction averaged less than 1.0 log10 cfu/mL (Table 7). 
The suppressive effect of butyric acid products was 
more profound against C. perfringens compared with 
Salmonella Typhimurium. Baby C4 reduced (P < 0.01) 
growth of C. perfringens an average of 1.9 log10 cfu/mL, 
whereas 50% monobutyrin reduced (P < 0.01) activity 
by 5.5 log10 cfu/mL, with little effect of concentration 
used. As shown in Tables 7 and 8, supplementation of 
small amounts of intestinal contents to the culture me-
dium significantly inhibited (P < 0.01) growth for both 
bacteria compared with that of the media alone. The 
responses of susceptibility of bacteria measured in vitro 
without intestinal content in the media was different 
from those of the media containing intestinal contents. 
This result shows that intestinal content itself has an 
antimicrobial effect. In in vitro study without intestinal 
contents, 50% monobutyrin has little inhibitory effect 
against Salmonella Typhimurium compared with Baby 
C4. However, the converse was seen when the media 
contained intestinal contents. Considering the higher 
inhibitory effect by 50% monobutyrin for Salmonella 
Typhimurium and C. perfringens in the culture con-
taining intestinal contents, 50% monobutyrin could be 
more advantageous than Baby C4, a mixture of mono-, 
di-, and triglycerides of butyric acid, for practical farm 
use. Pure butyric acid, although very efficacious, has 
obvious limitations of smell and handling and is virtu-
ally 100% absorbed in the upper digestive tract (Bolton 
and Dewar, 1965). Butyrate glycerides offer a novel de-
livery system to the small intestine and provide po-
tential for control over intestinal pathogens. Butyrate 
monoglyceride has the added advantage of being water 
soluble and therefore has application on farm to control 
pathogens of various targeted bird ages.
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