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ABSTRACT

Agriculture products used as raw material for animal feed production  often 

cause food contamination with pathogenic bacteria which, in turn, adversely 

affect growth and productivity of animals. With the complete ban of the use of 

antibiotics in animal feed as of January 1, 2006, there is a growing concern that 

susceptibility of animals to diseases communicable to humans shall be 

increased. 

Before introduction of antibiotics ban, thorough researches were carried out 

and a number of alternative strategies have been developed to cope with the 

removal of antibiotic growth promoters, including: organic acids and their salts,  

probiotics, prebiotics, enzymes, biogene additives (essential oils, herbal extracts 

etc.) 

The objective of this paper was to examine minimum inhibitory 

concentration (MIC) of the new product „multiacid“ and essential oils blend 

needed to inhibit pathogen bacteria growth, in particular salmonella, as 

compared with several commercial acidifiers. Based on the results of measured 

antimicrobial activity, optimum dosages of acidifier have been determined as 

recommendation for their  supplementation in animal feed, namely, 1,25 kg/t 

acid and 35g/t pure essential oil. 

Ph value of the blend of the new product and essential oils was 3,14, to be 

further reduced following the supplementation of 1,5kg/t ph for 0,5. Preliminary 

results indicate that this product may be recommended as a replacement for 

antibiotic growth promoters.
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INTRODUCTION

Agriculture products used as a raw material for animal feed production  

often cause food contamination with pathogenic bacteria which, in turn, 

adversely affect growth and productivity of animals. Pathogenicity is the ability 

to produce disease following the invasion of the living organism with certain 
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microorganisms, and is genetically determined, that is, morphophysiological 

feature.  

Animal feed producers and cattle breeders have a common goal worldwide: 

to produce and maintain safe animal feed, and, consequently, food.  Through 

supplementation of certain additives, which stimulate digestion and nutrient 

adsorption and inhibit growth of pathogen bacteria, in particular salmonella and 

e. Coli, contamination and growth of pathogens in raw material and finished 

feed may be inhibited or prevented. 

In recent years EU legislation related to food and feed additives has 

significantly changed, especially regarding the use of antibiotics as growth

promoters in pig, poultry and cattle nutrition (13). With the complete ban of the 

use of antibiotics in animal feed as of january 1, 2006, there is a growing 

concern that susceptibility of animals to diseases communicable to humans shall 

be increased (5, 13). 

Before introduction of antibiotics ban, thorough researches were carried out 

and a number of alternative strategies have been developed to cope with the 

removal of antibiotic growth promoters, including: organic acids and their salts, 

probiotics, prebiotics, enzymes, biogene additives (essential oils, herbal extracts 

etc.) (3-8, 14,15). 

Short chain organic acids (C1-C7,) or their salts have been used for a long 

time as hay preservatives or rawmaterial for livestock nutrition because they 

prevent growth of moulds and formation of micotoxins (8, 10, 12). In recent 

years, there is an increasing trend in using organic acid mixtures, or their salts in 

combination with essential oils and herbal extracts as alternatives to antibiotic 

growth promoters due to their inhibiting activity on the growth and 

development of pathogens in animal feed and gastrointestinal tract (14, 15).

The addition of acids generally lowers the ph of the diet below 6, promotes 

beneficial bacteria at the expense of pathogenic organisms and dicreases 

intestinal bacterial growth (1, 4). Each acid exhibit specific spectrum of 

antimicrobial activity, whereas the overall effect of their activity is rather 

similar. Through combined affect of acids and low water activity in animal 

diets, the growth of microbes, particularly salmonella, is inhibited  as early as in 

the seed sprouting stage. The required amount of acids, depend, in general, on 

the type of raw material, that is, on buffering capacity of the acids used (12).

Generally speaking, biogene additives exhibit significant antimicrobial 

effect, but it is necesarry to determine minimum inhibitory concentrations 

(MIC) that inhibit the growth of microorganisms (15). Adequate combination of 

essential oils and organic acids, as replacement for antibiotics, allows for 

production of „organic“ meat. 

Production and use of biogene additives is in a continuous upward trend.  

More researches are needed to explain mode of action and optimum amounts of 

various herbal extracts in livestock nutrition and their effect on animal health 

status. Of particular importance and interest is to understand synergetic activity 

of herbal extracts and organic acids on the swine and poultry health.
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The objective of this paper was to assess antimicrobial activity of the new 

product, „multiacid“ acidifier, namely to determine concentrations of 

ingredients and optimum combination of organic acids and essential oils 

effectively inhibiting growth of salmonella. 

MATERIAL AND METHODS

Examinations of minimum inhibitory concentrations (MIC) of the new 

product, being combination of the organic acid salts (formic, lactic and fumaric) 

and essential oils blend (oregano, thyme, clove, rtanj tea and mother of thyme), 

(co. „Essentico“ Kula) were carried out for Salmonella enteritidis atcc 13076. 

Commercial products readily available on domestic market were used as the 

control. Samples of acidifier and diet were supplemented with selected 

preparations and ph was analysed according to AOAC method (2).

Antimicrobial activity of individual acids or acid blends – »acidifiers«, that 

is, MIC (minimum inhibitory concentrations) was determined based on 

modified dilution assay method for antibiotic susceptibility testing (9).

Seral dilutions (ratio 1:1 v/v) were prepared in sterilised distilled water 

from the acidifier samples. Aliquots (1 ml) of the selected diluted suspensions 

were placed on Mueller-Hinton agar (9 ml), previously thawed and cooled at 

45

0

c. An aliquot (1 ml) of selected standardised diluted suspension of test 

organisms was added into homogenised solution. The obtained mixture was 

additionaly homogenised and poured in empty sterile Petri plates. After gelling 

the medium, the plates were kept for the next 4 hours at ambient temperature, 

and then incubated for 72 hours at 37°c. Nutrient agar medium (with acidifier) 

was then supplemented with dilutions from suspension of test bacteria 

Salmonella enteritidis atcc 13076 standardised to 1-1.5×0

8

 cells/ml and 

prepared from 24-h culture plate (so that Petri plate contains more than 100, i.e. 

More than 1000 cells per 1 ml of medium). Control groups included: 

noninoculated and inoculated Meller-Hnton media and Meller-Hnton media 

with diluted acidifier (1 ml), and control of the number of test organism cells. 

Inocula for both test bacteria dillutions were conducted in 5 replicates, and 

counting and measuring of the results was conducted after 24 and 48 h, as well 

as after 72 h. Absence/presence of the visible growth in the form of colonies 

detected by magnifying lens with 4×magnification power was an indicator for 

determining mic limit. MIC was calculated and denoted as µl/ml based on the 

dilution of acidifier in water and the effect of its dilution (10×) with medium. 

Assessment of the quality of antimicrobial activity of essential oil, that is, 

determinaiton of MIC (minimum inhibitory concentration) was carried out 

according to dilution assay method for antibiotic susceptibility testing (9).

For the preparation of seral dilutions (ratio 1:1 v/v) of essential oil samples, 

propylen glycol was used. Aliquots (1 ml) from heated (at 45

0

c) emulsions of 

selected essential oil dilutions in propylen glycol were placed on Meller-Hnton 

agar (9 ml), previously thawed and cooled at 45

0

c. After homogenization, 
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obtained mixtures were poured in empty sterile Petri plates and after gelling of 

medium, dried for the next 4  hours at 37

0

c. 50µl suspension of test bacteria 

Salmonella enteritidis atcc 13076 standardised to 1-1.5×10

8

 cells/ml and 

prepared from 24-h culture plate were incorporated onto the medium surfaces.

Incubation was at 37

0

c for 72 h. Controls included: noninoculated and 

inoculated Mueller-Hinton media and Mmueller-Hinton media with propylen 

glycol (1 ml). Inoculations  were conducted in 5 replicates, and counting and 

measuring of the results was performed after 24 and 48 h, as well as after 72 h. 

Absence/presence of the visible growth (detected by stereo magnifying lens 

with 20× magnification power) at the point on which cell suspension was 

applied was an indicator of the limit for establishing minimum inhibitory 

concentration (MIC). Based on the oil dilution and the effect of its dilution 

(10×) with medium, mic was calculated and denoted as µl/ml. 

RESULTS AND DISCUSSION

Several commercial products, new acidifying preparation and the blend of 

essential oils were used for the purpose of examining microbial  inhibitory 

activity of the product. With regard to the commercial products, the effect of 

water solution on the cells of Salmonella enteritidis in 30-minute period was 

examined, or, in other words, whether the given product concentration had 

effect on the cells of investigated organism. Obtained results are shown in Table 

1. The results indicate that the commercial products 1 and 3 demonstrasted best 

effects, since above 90% cells lost the ability to grow and proliferate. The effect 

of the product 2 was somewhat poorer, as about 80% of the cells lost their 

viability. On the other hand, however, all three preparations, designated as trial 

tests, showed the reduction in the cell count of the test organism for more than 

99%. There were no distinctive differences between the trial tests.

Table 1: Effect of different acidifiers at Salmonella enteritidis cells

Sample Share (%) count cells

1.comercial product 3

2. Commercial product 18

3. Commercial product 2

5. Acid I* < 1

6. Acid II* < 1

7. Acid III* < 1

*trial test

The effect of different concentrations of commercial products and the new 

preparation in direct contact with Salmonella enteritidis in the nutrient agar 

medium was investigated in the further stage. Obtained results are shown in 

Table 2. It is to be noted that final results are presented, that is, after 72 hours of 

incubation. Based on the obtained results it can be concluded that all three trial 
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tests (internally designated as 1, 2 and 3) inhibit the growth of the examined 

salmonella strain in the concentration representing only ¼ (25%) of the initial 

value. The new preparation and the commercial product no. 2 inhbited the 

growth of the examined salmonella strain even in the concentration representing 

1/8 (12.5%) of the initial concentration (10kg/t feed). MIC for the examined 

organic acid blend was 1.25µl/ml. Ten-fold lower concentrations, however, 

exhibited a partial effect in all examined products, namely, they inhibited 

bacterial growth only in certain percentage. From the microbiological 

standpoint, such concentrations are not recommended for application due to the 

likely occurrence of the sub-inhibitory effect (upon longer exposure to such 

conditions most cultures are able to adapt to their new environment and applied 

concentration would cause no or little growth inhibition).

Table 2. Effect of different concentrations of products at (%) Salmonella enteritidis

Product 100 (%) 75 (%). 50 (%). 25 (%). 12.5 (%). 10 (%)

1 < 1 < 1 < 1 < 1 >10 50

2 < 1 < 1 < 1 < 1 < 1 40

3 < 1 < 1 < 1 < 1 >10 60

New product < 1 < 1 < 1 < 1 < 1 40

In Table 3 are given results related to the inhibitory effect of essential oil 

blends on investigated salmonella strain. The results clearly indicate that given 

essential oil blend is very effective in inhibiting salmonella growth, and is 

providing good results even with 1/288 dilution. Mic for the examined essential 

oil blend is 0.35µl/ml

Table 3: Inhibitory effect of essential oil blends on investigated salmonella strain 

Dilution Inhibitory effects

¾ from original +++

½ +++

¼ +++

1/8 +++

1/32 +++

1/64 ++

1/128 ++

1/288 +

1/384 +/-

Due to enormous synergistic effect of organic acids and essential oils, as 

referred to in the literature data, more research is required to verify their 

effectiveness as a potential antibiotic replacement.

Results concerning the effect of commercial products and the new 

preparation on pH in feed, as well as ph of the products themselves is shown in

Table 4.
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Table 4: Effect of products on pH in feed

Products Dose (kg/t) pH

Chicken feed - 5.76

Commercial product 1 3 5.41

Commercial product 2 5 5.54

Commercial product 3 2 5.48

New product 1.5kg/t 5.18

Acidifiers and biogene additives are used as food supplements for reducing 

buffering capacity, ph of food and digestive tract, and to control growth of 

harmful bacteria by reducing ph value in food below 6. 

Antimicrobial agents include all physical and chemical preparations that 

kill or inhibit the growth of microorganisms. Depending on the effect exhibited 

against microorganisms they may have microbiostatic or microbicidal activity.

The chemical preparations prevent reproduction or destroy microorganisms 

in the host, causing no (or little) damage to cells, tissues and functions in a 

living organism. Mechanisms of antimicrobial activity include: metabolic 

antagonism, inhibition of cell wall synthesis, inhibition of cytoplasmatic 

membrane function, inhibition of protein synthesis, inhibition of nucleic acids 

synthesis. Microorganisms are able to adjust themselves to antimicrobial 

preparations and thus become resitant. 

CONCLUSIONS

Based on our results, the following conclusions may be made:

Examined preparations involving combination of oils and acids have 

provided answer to the question as to minimum concentrations required for 

inhibiting salmonella growth

• 1/8 of initial concentration of acid blend, that is, 1.25 kg/t of feed is 

considered a sufficient dose 

• In case of essential oil blends, it is 1/288 of original concentration, i.e. 

35g/t feed. 

• And may be used as replacement for antibiotic growth promoters. 

With the supplementation of required dosage of the new preparation, pH

value of food is reduced for minimum 0.5.

Note: Research work funded by the Ministry of Science and Environment 

Protection of Republic of Serbia – Project no. TR 6877B
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