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Abstract 

 

Vegetal compounds are known for their therapeutic actions in correlation with their antioxidant activity so that in recent 

times the interest in their properties has greatly increased. 

The phytocomplex obtained by combining the Zingiber officinale extract, Piper nigrum and Piper cubeba oil is 

distributed and recommended in European space as a multi-benefit nutritional supplement for swine, poultry, cattle, 

horses and others. As the individual properties of the three compounds are known, we aimed to test the antimicrobial 

activity of the phytocomplex on various Gram negative pathogens. 

In the time-kill assay, in vitro inhibitory effects were visible after 15 minutes of contact and total inhibition of the 

species Samonella enteritidis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa was obtained after 24 

hours. 

The results obtained in vitro showed a very good antimicrobial activity which clearly contributes to the overall 

beneficial effects of the Zingiber officinale extract, Piper nigrum and Piper cubeba oil phytocomplex. 
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Introduction. Herbal extracts and their derivatives 

have received considerable attention as therapeutic 

agents for the prevention and treatment of health 

problems. Plants have always been used for human 

and animal health due to bioactive plant 

compounds (Viegi L. et al., 2003). Plants produce 

secondary metabolites with a role in their own 

metabolism but also for protection against a 

multitude of external aggressors. These metabolites 

are classified into four broad groups: terpenoids, 

phenolics, nitrogen-containing compounds, and 

sulfur-containing compounds (Susan G et al., 

2007; Mazid M. et al., 2011). 

 In veterinary medicine, extracts and 

essential oils obtained from plants are known for 

their ability to fight certain diseases, regardless of 

the geographical area of the world (McCorkle, 

CM, 1992, McCorkle CM et al., 1998; Lev 

E.,2003). In the tradition medicine, herbal 

remedies have been strongly anchored in 

maintaining health being the only option of cheap 

and easy to administer therapy (Dilshad S.M.R. et 

al., 2010; McCorkle C.M., 1992). The 

phenomenon is so widespread that this type of 

medicine has been called ethnoveterinary medicine 

(Aziz M.A.et al., 2018) and is an alternative to 

allopathic medicine. (McCorkle C.M, 1986. et al., 

2019). Also, the development of antimicrobial 

resistance to currently available semi-synthetic 

antibiotics is another reason why new 

antimicrobial formulas are sought in nature, given 

that approximately 25% of current drugs are also 

extracted from plants (Haghiroalsadat F. et al., 

2011). 

 Medicinal plants and how they are used 

vary from one geographical region to another, so 

the reports are sometimes made from different 

perspectives. Studies conducted in countries in 

Asia, India, Pakistan, South America predominate 

and such scientific studies are insufficiently 

reported in European or North American countries 

(Aziz MA. et al., 2018). 

 The benefits of administering plant 

extracts or oils to animals administered as food 

supplements or for therapeutic purposes have been 

described in various studies conducted on various 

animal species (Dewick P.M, 2001). In pigs, there 

was an increase in the weight of the carcass muscle 

mass and improved the compositional quality of 
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the meat (Szewczyk A. et al.,2006; Hanczakowska 

E. et al., 2007; Oyebode O. et al.,2004; 

Hanczakowska E. et al., 2012). Also, in cattle, 

phytotherapy is successfully applied in intestinal 

motility disorders, to inhibit pathogenic 

microorganisms in the rumen that can influence the 

rate of nutrient assimilation and thus increase 

production or to prevent and treat mastitis (Wynn 

S.G. et al., 2007; Neculai - Valeanu A.S. et al., 

2021). 

 In birds, plant extracts have been used 

prophylactically as an alternative to growth 

promoters (antibiotics) and immunostimulants. 

(Hughes P. et al., 2002; Hashemi S.R et al., 2013). 

A statistic conducted by Tamminen LM et al., In 

2018, regarding the interest of researchers in 

phytotherapy in veterinary medicine at European 

level, shows that most studies (89%) focused on 

the preventive effect of phytotherapeutic products 

administered to poultry, pigs and sheep and only 

11% investigated the curative effect of 

phytocompounds in the treatment of specific 

diseases of these species, most of them infectious 

diseases. 

 Therefore, the antimicrobial activity of 

plant extracts and essential oils has long been 

known. Although most promising studies are based 

on in vitro testing, their biological potential is 

demonstrated, and obviously their antimicrobial 

efficacy has been studied and highlighted, 

comparable to that of antibiotics. Therefore, they 

could be used as an alternative to antibiotic 

treatment, although the scientific community 

remains reserved when it comes to recommending 

them in therapy (EMA, EFSA, 2017). 

 However, in the EU, medicinal plants are 

increasingly used in veterinary medicine as feed 

additives and the effects on overall health and 

productive performance are much more visible to 

farmers, which will increasingly encourage their 

use. (Tamminen L.M. et al., 2018). 

 The phytocompound based on Zingiber 

officinale extract, Piper nigrum and Piper cubeba 

oil is used in Europe as a flavoring or food additive 

administered in farm animal feed.Ginger (Zingiber 

officinale) is one of the most consumed spices in 

the world and also known for its medicinal 

properties, having anti-inflammatory, antitumor, 

antipyretic, antiplatelet, anti-hyperglycemic, 

antioxidant, antidiabetic, anticoagulant, 

cardiotonic, cytotoxic, etc. (Wang W.H. et al., 

2005; Shahrajabian M. et al., 2019). Scientific 

studies on ginger extract and its various 

components demonstrate the medicinal, chemical 

and pharmacological potential of this plant (Benzie 

IFF et al., 2011). Ginger obviously has a multitude 

of other metabolites that have not yet been studied 

and for which specific molecular targets and 

mechanisms of action are not known (Wachtel-

Galor S. et al., 2011). Piper nigrum (black pepper) 

and Piper cubeba (tailed pepper) are two of the 

more than 700 species of pepper in the Piperaceae 

family, plants native to South Asia but cultivated 

in many other regions of the world, where there is 

a warm climate and special lightning (Prasad 

Ashok K. et al., 2005). In the history of peoples, 

these plants have been used as traditional 

medicines and food flavorings. Their complex 

composition of proteins, fats, carbohydrates, fiber, 

alkaloids, essential oils, resins, vitamins, etc., has 

brought many benefits to human health and 

especially for the treatment of digestive disorders 

including intestinal parasitosis (Kumar S. et al., 

2015,Mansurah A, 2016). Studies have shown their 

antimicrobial and antioxidant potential, Piper 

nigrum being recognized for its effectiveness in 

skin diseases, respiratory diseases, anemia, 

diabetes, etc. (Sharma MC et al., 2004; Mihăilă B. 

et al., 2019; Kumar S. et al., 2015) and the species 

Piper cubeba is recommended in venereal diseases, 

digestive diseases, asthma (Elfahmi KR et al., 

2013). Piper cubeba oil is frequently used in 

phytotherapy, being rich in valuable bioactive 

compounds such as antioxidants, anti-parasites and 

insecticides (Yusuf A. et al., 2019). 

 The aim of these tests was to evaluate the 

antimicrobial potential of this EU-approved 

phytocomplex as a flavoring, given the biological 

properties of the three plant compounds and the 

therapeutic benefits observed on farms after 

administration of the plant suspension. 

 

MATERIALS AND METHODS 

 The tested phytocomplex is marketed in 

Romania under the name of Respowell, and is a 

suspension obtained by combining Zingiber 

officinale extract, Piper nigrum essential oil and 

Piper cubeba oil. The determination of 

antimicrobial potential was performed by three in 

vitro techniques against four standardized Gram-

negative bacterial strains: Escherichia coli ATCC 

25922, Pseudomonas aeruginosa ATCC 27853, 

Salmonella enterica ATCC 13076, Klebsiella 

pneumoniae ATCC 13883. 

 Qualitative determination of antimicrobial 

efficacy was performed by diffusimetric method 

(EUCAST Disk Diffusion Method for 

Antimicrobial Susceptibility Testing - Version 5.0, 

January, 2019). For this purpose, Muller Hinton 

solid medium Petri dishes were seeded with 

bacterial suspensions whose cell density 

corresponded to the 0.5 McFarland Stardard scale. 

After dispersing the suspension, filter paper 

washes (5 mm) were spread on the surface of the 
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medium, over which 10 ul of Respowell 

phytocomplex was spotted. A gentamicin 

microcomprimate (10 ug) was used as an active 

control. The interpretation of the antimicrobial 

effect consisted in measuring the diameter of the 

microbial inhibition and comparing it with the 

inhibition zone created by the antibiotic. 

The determination of the minimum inhibitory 

concentration (MIC) was performed by the 

technique of serial microdilutions in 96-well plates 

(CLSI, 2012). From the stock solution of the 

phytocomplex Zingiber officinale extract, Piper 

nigrum essential oil and Piper cubeba oil (1000 mg 

s.a / lt stock solution) was distributed 100 ul (100 

mg s. A.) In the first column (A1-A4). In the other 

11 wells (A2-A11; B2-B11, C2-C11, D2-D11) 50 

ul of MH broth were distributed. Serial dilutions 

were performed by transferring from the first well 

(100 mg.s.a.) 50 ul to the second well, repeating 

the procedure to well 11. For each dilution, the 

approximate concentration (mg/ul) was: dil.1/2 

(0.0005 mg/µl), dil.1/4 (0.00025 mg/µl), dil.1/8 

(0.000125mg/µl), dil.1/16 (6.25E-05 mg/µl), dil. 

1/32 (3.13E-05 mg/µl), dil. 1/64 (1.56E-05mg / 

µl), dil.1/128 (7.81E-06 mg/µl), dil.1/256 (3.91E-

06 mg/µl), dil.1/512 (1.95E-06 mg/µl), dil.1/1024 

(9.77E-07 mg/µl). The growth control (positive 

control) was distributed in the last column of wells. 

From the 0.5 McFarland microbial suspensions 

(1.8 x 108 cfu / ml), 100 ul of inoculum was taken 

and transferred to each well. The final volume was 

200 ul. After distribution, the plates were stirred 

(State Fax 2200 Awareness). After incubation at 

37°C/24h the plates were read by 

spectrophotometry at (450nm) using Microplate 

Reader Stat Fax. The MIC of the plant substance 

was defined as the lowest concentration of the 

plant substance that inhibited the growth of 80% of 

the bacterial culture compared to the bacterial 

growth of the positive control. 

 The time-kill method is used to test the 

bactericidal activity of one or more antimicrobial 

agents against a particular bacterial strain. This is 

done by counting the viability of bacterial strains at 

different time intervals. To obtain the time-kill 

curve the bacterial strains growth rate must be 

counted at different time intervals starting from 0 

hours to 24 hours (CLSI, 1998; ASTM E2315-16, 

2016). The bactericidal potential is highlighted 

when there is a decrease of 3log10 of cfu/ml which 

is equivalent to the destruction of 99.9% of the 

bacteria in the inoculum. The antimicrobial activity 

of the phytocomplex was performed at 15 min, 30 

min, 60 min and 24 hours. Then, the percentage of 

dead cells was calculated by determining the 

number of living cells (cfu/ml) in each tube and 

reporting to the positive control (2 x 10 cfu/ml), 

using the counting method in solid culture plates. 

For this, the tested bacterial cultures were 

incubated at 37° C for 24 hours. This testing 

follows the guidelines set by the Clinical & 

Laboratory Standards Institute (CLSI, 1999). 

  

RESULTS AND DISCUSSIONS 

 Results obtained by diffusimetric 

method:Following the qualitative testing of the 

antimicrobial potential, modest inhibitory activities 

were observed compared to the antimicrobial 

activity of the antibiotic (gentamicin,10µg) (figure 

1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The best area of microbial inhibition (13 

mm) was identified in Escherchia coli ATCC 

25922, diameter smaller than that obtained in the 

positive control (20 mm). The areas of inhibition 

created by the phytocomplex against Klebsiella 

pneumoniae ATCC 13883 (11mm) and Salmonella 

enterica ATCC 13076 (10 mm) were much more 

modest compared to the inhibitory effects of 

Escherichia coli ATCC 25922 and the positive 

control. By diffusion method, Pseudomonas 

aeruginosa ATCC 27853, did not show sensitivity 

to phytocomplex. 

The determination of the minimum 

inhibitory concentration is a quantitative method 

Figure 1. Testing the phytocomplex by diffusimetric method against Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27853, Salmonella enterica ATCC 13076, Klebsiella pneumoniae ATCC ATCC 13883.  

Muller Hinton agar medium, Gentamicin (Gn / 10 µg) 
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and was performed in order to identify the best 

concentration of plant suspension that can inhibit 

the selected bacterial strains. The MIC of the plant 

substance was defined as the lowest concentration 

of the plant substance that inhibited bacterial 

growth (figure. 2). The results obtained by testing 

the minimum inhibitory concentration (MIC) are 

presented in figure 3 

 

 

.

 
 

Figure 2 Microdilution broth plate 96 well 
for phytocomplex Zingiber officinale 
extract/ Piper nigrum /Piper cubeba , 

Figure 3 Determination of the minimum inhibitory concentration (MIC) for 
phytocomplex Zingiber officinale extract/ Piper nigrum /Piper cubeba (mg/ul) 
against the bacterial strains tested. 

 

 

The results of the determinations performed 

showed that the phytocomplex tested had 

antimicrobial activity against all strains tested. As 

the concentration of active substances in the stock 

solution was very low, the calculation of the 

minimum inhibitory concentrations was 

performed keeping the ratio, so that the 

phytocomplex MIC for Escherichia coli ATCC 

25922 was 6.25E-05 mg/µl, the phytocomplete 

MIC for Klebsiella pneumoniae ATCC 13883   

was of 0.000125 mg/µl, the phytocomplete MIC 

for Salmonella enterica ATCC 13076 was 

0.000125mg/µl, the phytocomplete MIC for 

Pseudomonas aeruginosa ATCC 27853 was 

0.00025 mg/µl.  

 Time-killing test results. The results 

obtained at the time-killing test were in close 

correlation with the tested bacterial strain and the 

contact time (figure 4, figure 5, figure 6, figure 7, 

figure 8, table 1). 

 

 

  
Figure 4. Time-kill assay to Escherichia coli:  

15 min.(T1), 30min (T2), 60 min (T3) 

Figure 5. Time-kill assay to Salmonella enterica: 

 15 min.(T1), 30min (T2), 60 min (T3) 

 
 

Figure 6. Time-kill assay to Klebsiella pneumoniae:  

15 min.(T1), 30min (T2), 60 min (T3) 

Figure 7. Time-kill assay to Pseudomonas aeruginosa: 

15 min.(T1), 30min (T2), 60 min (T3) 
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Figure 8. Time-kill assay to 24 hours for Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Salmonella enterica. 

 

In the time-kill assay, the results presented in 

terms of the changes in the log10 cfu/mL of viable 

colonies indicated that the extract exhibited 

significant bactericidal activity. 

 
Table 1 

Time-kill test result 

Bacteria species Martor 
 
ufc/ml 

Times contact with phytocomplex Zingiber officinale extract/ 
Piper nigrum /Piper cubeba 

15 min 
ufc/ml 

30 min 
ufc/ml 

60 min 
ufc/ml 

24 ore 
ufc/ml 

Escherichia coli   1,8 x 108  3 x107 28 x104 3,48 x102 0 

Log10 (ufc/ml) 8,26 7,48 4,45 2,58 0 

LR (Log10 reduction) 8 0,7782 2,808 5.844 0 

%Reduction  83,333 99,844  100 0 

Klebsiella pneumoniae 1,8 x 108  42 x104 34x102 12 x101 0 

Log10 (ufc/ml) 8,26 4,45 3,53 2,08 0 

LR (Log10 reduction) 8 2,632 4,724 6,176 0 

%Reduction  99,767  99,998  100 0 

Salmonella enterica 1,8 x 108  8,2 x101 4,9 x101 4,7 x101 0 

Log10 (ufc/ml) 8,26 1,91 1,69 1,67 0 

LR (Log10 reduction) 8 6,974  6,564 6,583 0 

%Reduction  100 100 100 0 

Pseudomonas aeruginosa 1,8 x 108  9,2 x101 5 x101 2,9x101 0 

Log10 (ufc/ml) 8,26 1,96 1,70 1,46 0 

LR (Log10 reduction) 8 6,91 6,55 7,091 0 

%Reduction  100 100 100 0 

 

Logarithmic reduction (LR) is the method 

by which microbial reduction can be quantified 

and the microbicidal potential of a suspension can 

be determined. 

The antimicrobial efficacy test by the time-

kill method of the phytocomplex was performed on 

microbial suspensions whose microbial density 

was equivalent to 8.26Log10 (cfu/ml). 

. 

 
 

 

 

Figure 9. Microbial reduction as log reduction values (LR) when testing microbial suspensions 
with phytocomplex Zingiber officinale extract/ Piper nigrum /Piper cubeba 
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After 15 minutes of incubation, the best 

logarithmic reductions were 6.91Log10 cfu/ml in 

Pseudomonas aeruginosa and 6.97Log10 cfu/ml 

in Salmonella enterica for which a 100% 

logarithmic reduction was calculated. Compared 

to Klebsiella pneumoniae, a reduction of 2.632 

Log10 cfu/ ml (99.767% reduction) was obtained 

and for Escherichia coli it was 0.778Log10 cfu/ml 

(83.33%) (figure 9.). 

After 30 minutes of incubation, logarithmic 

reductions of 6.55Log10 cfu/ml (100%) were 

detected for Pseudomonas aeruginosa, 

6.564Log10 cfu/ml (100%) for Salmonella 

enterica, 4.724Log10ufc/ml (99.99%) for 

Klebsiella pneumoniae and 2.808Log10 cfu/ml 

(99.84%) for Escherichia coli. 

After 60 minutes of incubation, a 

logarithmic reduction of 5.844 Log10 cfu/ml 

(100%) for Escherichia coli and 6.176 Log10 cfu 

/ ml for Klebsiella pneumoniae was identified. 

The other two bacterial species, Pseudomonas 

aeruginosa and Klebsiella pneumoniae, 

logarithmically reduced the number of viable cells 

continued to increase, reaching 7.091 Log10 

cfu/ml (100%) for Pseudomonas aeruginosa and 

6.583 Log10 cfu/ml (100%) for Klebsiella 

pneumoniae. 

 After 24 hours of incubation, all bacterial 

species tested were inhibited by the phytocomplex 

Zingiber officinale extract/Piper nigrum essential 

oil/Piper cubeba oil. This may be an advantage, 

given the way this product is administered. 

 Various antimicrobial susceptibility tests 

are used in research on the antimicrobial activity 

of plant complexes to determine their 

effectiveness against various potentially 

pathogenic microorganisms. Plant extracts, 

essential oils or certain constituents extracted 

from plant complexes are evaluated and verified 

by different techniques so as to determine their 

therapeutic concentrations and their usefulness 

(Ncube NS et al., 2008) 

 These in vitro tests can also determine the 

sensitivity of pathogenic microorganisms that 

have developed resistance to semisynthetic 

antimicrobial agents (Wiegand I et al., 2008). Of 

all the techniques, dilution methods for 

determining the minimum inhibitory 

concentration (MIC) and the minimum 

bactericidal concentration (CMB) are the most 

widely used and can be easily determined with or 

without a spectrophotometer. To further facilitate 

the interpretation of results, colorimetric 

indicators such as resazurin, which is oxidized 

blue and turns pink when reduced by viable 

bacterial cells, can be added to dilution methods 

(Mann, C. et al., 1998).  

 Although the results of in vitro tests 

clearly show the antimicrobial effect of a plant 

product, additional studies are needed to validate 

their effectiveness in in vivo administration. 

 The use of medicinal plants in human and 

animal therapy has very old attestations in the 

history of medicine and their use is still current. 

Studies conducted until 2014 show that about 

80% of the world's population uses plants and 

their extracts therapeutically. Subsequently, the 

incidence of studies conducted in six countries 

was reconsidered, also showing that their use is 

declining, including in the regions among the top 

users of natural therapies (Oyebode O et al., 

2016). However, plants are an integral part of 

traditional medicine used as adjunctive therapy in 

modern medicine in countries such as India and 

China and are still the main source of therapy in 

certain diseases in humans and animals, especially 

when modern treatments are either unavailable or 

inefficient (Oyebode O et al., 2016). 

 Preliminary tests performed on the 

phytocomplex obtained by combining Zingiber 

officinale extract/Piper nigrum essential oil/Piper 

cubeba oil demonstrate the antimicrobial efficacy 

of this plant suspension, so we consider it 

appropriate to mention this inhibitory capacity 

against opportunistic Gram-negative bacteria that 

have the potential to be pathogens for animals. A 

limitation of our study is that the test was 

performed only on Gram-negative bacterial strains 

and no additional testing was possible to 

demonstrate the mechanism of action of the main 

compounds in the plant suspension. 

 

CONCLUSIONS 

 The antimicrobial potential of the 

phytocomplex Zingiber officinale extract/Piper 

nigrum essential oil/Piper cubeba oil was 

demonstrated by all tests performed, compared to 

all Gram negative bacterial species tested. 

 Preliminary results of the tested 

Phytocomplex demonstrate its antimicrobial 

potential and a possible therapeutic alternative in 

veterinary pathology. 
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