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Review

Treatment Options for Infections Caused by 
Multidrug-Resistant Gram-Negative Bacteria

Encho Savov¹, Krasimira Kovachka², Angelina Trifonova¹, Elena Kioseva¹, 
Tanya Strateva³

1Military Medical Academy, Sofia
2MBAL, Samokov 
3Мedical University, Sofia 

Abstract
Multidrug-resistant (MDR) Enterobacteriaceae, Pseudomonas aeruginosa and Acinetobacter bau-

mannii are of great concern and often related to the production of extended-spectrum beta-lactamases 
(ESBL) and carbapemenase - producing bacteria, which represent an increasing global threat. The therapy 
of nosocomial infections due to these MDR Gram-negative bacteria is challenging also because some of the 
new active drugs are not available in Bulgaria. In this paper we review the potencial of some drugs (ceftolo-
zane-tazobactam, ceftazidime-avibactam, meropenem-vaborbactam, imipenem-relebactam, plazomicin, 
cefiderocol, eravactclin) and their action in vitro on Gram-negative bacteria that pose a major problem in  
hospital infection pathology. The recommendations to the use of these new drugs can be evaluated from a 
clinical point of view as an alternative for the treatment of severe life-threatening infections, but also as an 
opportunity to give an opinion in this field, while awaiting more definitive data after we have gained good 
practical experience.

Keywords: MDR bacteria, new antimicrobial drugs

Резюме
Множествено-резистентните щамове Enterobacteriaceae, Pseudomonas aeruginosa и Acinetobcter 

baumannii, продуциращи широко-спектърни бета-лактамази (ESBL) и карбапеменази, представляват 
нарастваща глобална заплаха като терапевтичен проблем. Лечението на нозокомиалните инфекции, 
причинени от тези множествено-резистнетни Грам-отрицателни бактерии е предизвикателство 
и поради факта, че някои от новите антимикробни средства не са налични в България. В това 
съобщение представяме литературни данни относно възможностите за in vitro оценка на някои нови 
антибактериални препарати (ceftolozane-tazobactam, ceftazidime-avibactam, meropenem-vaborbactam, 
imipenem-relebactam, plazomicin, cefiderocol, eravacyclin) върху проблемни за болничната патология 
Грам-отрицателни бактерии. Препоръките за употреба на тези препарати могат да бъдат оценени от 
клинична гледна точка като алтернатива за третиране на тежки живото-застрашаващи инфекции, а 
също и като възможност да се изрази мнение по въпроса, докато бъдат получени повече дефинитивни 
данни след тяхната употреба в практиката.
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Introduction
The recent emergence, in European hospitals 

and globally, of bacteria that are totally, or almost 
totally, resistant to currently available antibiotics 
is ever  more threatening since treatment options 
for infected patients are extremely limited (Souli 
et al., 2008; Lepape and Monnet, 2009; Nordmann 
et al., 2009; Freire-Moran, 2011). Infections due to 
MDR Gram-negative bacteria are associated with 
increased morbidity and mortality and prolonged 
hospitalization, which is a significant econom-
ic burden on the healthcare system (Cerceo et al., 
2016). Patel at al. (2008) reported about lethality 
rates of 40–50% in patients with bloodstream in-
fection caused by carbapenem-resistant Klebsiella 
pneumonia, which is very close to  the WHO esti-
mate of 50-60% mortality  rate of Ebola virus dis-
ease (WHO, 2018). Moreover, the economist and 
current Commercial Secretary to the Treasury in 
the UK Jim O’Neill postulated, that if the rise in 
resistance continued at the current rate, ten million 
people would die each year by 2050 and the Gross 
Domestic Product would  fall by 2-3.5%, costing 
the world up to $100 trillion (Solon, 2016). Accord-
ing to our data, the percentage of Gram-negative 
bacteria isolated at the Military Medical Acad-
emy /MMA/ in 2015 is about 49%, and five spe-
cies – Escherichia coli, Acinetobcter baumannii, 
K. pneumoniae, P. aeruginosa and P. mirabilis are 
among the first ten most commonly isolated mi-
croorganisms for that year (Bulletin MMA, 2016). 
Over time, most of these bacteria have become re-
sistant to all beta-lactams, including carbapenems, 
often referred to as last-resort antibiotics. After a 
long time of a serious deficit in new antimicrobial 
development, several novel antibiotics have been 
presented that address the treatment of infections 
caused by such “nightmare” bacteria.

The aim of this paper is to review the possible 
implementation of several new antimicrobial drugs 
like ceftolozane-tazobactam, ceftazidime-avibac-
tam, meropenem-vaborbactam, imipenem-relebac-
tam, plazomicin as an alternative for the treatment 
of - life-threatening infections caused by MDR 
Gram-negative bacteria. All these new antimicro-
bials are improved derivatives of well-known an-
tibiotic groups and used in the treatment against 
Gram-negative bacteria with class-specific resist-
ance mechanisms.
Ceftolozane-Tazobactam and Ceftazidime-
Avibactam

Ceftolozane-tazobactam combines a novel 
cephalosporin (ceftolozane) - structurally similar to 

ceftazidime, with a classic beta-lactamase inhibitor 
– tazobactam. This combination shows high affin-
ity to PBPs, as for P. aeruginosa they are PBP1b, 
PBP1c and PBP3 and for E. coli - it is PBP3, with 
good activity for Gram-negative (E. coli and K. 
pneumoniae) producing ESBL, Amp C producers, 
but not against KPC (Sucher et al., 2015). The drug 
was approved by the FDA and European Medicines 
Agency (EMA) for treatment of adults with com-
plicated intraabdominal infections (cIAI) in combi-
nation with metronidazole and complicated urinary 
tract infections (cUTI), including pyelonephritis. 
(Sucher et al., 2015; Rodriguez-Bano et al., 2018).

Ceftazidime-avibactam combines 
ceftazidime /third-generation cephalosporin/ 
with a new/non beta-lactam/beta-lactamase 
inhibitor. Avibactam inhibits serine enzymes 
(class A enzymes), including ESBLs and K. 
pneumoniae carbapemenases (KPCs) as well 
as AmpC and carbapemenases class D – OXA- 
beta-lactamases – OXA 48, but is not active 
against carbapemenase class B (metallo-beta-
lactamases (Rodriguez-Bano et al., 2018). This 
combination shows non-inferiority to meropenem 
and imipenem and was approved by the FDA and 
the EMA for the treatment of cIAI in combination 
with metronidazole, and cUTI. The EMA also 
includes an indication for HAP as carbapenem-
sparing treatment and other infections due to Gram-
negative bacteria with limited treatment options 
(Bassetti et al., 2018; Rodriguez-Bano et al., 
2018). Ceftazidime-avibactam plus metronidazole 
can present a clinical response against ceftazidime-
nonsusceptible Enterobacteriaceae – 80% of 
them were ESBL producers and also showed an 
efficacy similar to that of the best available therapy/
carbapenems/ in a pathogen-directed trial of 
patients with cUTI and cIAI caused by ceftazidime-
resistant Enterobacteriaceae (Carmeli et al., 2016; 
Rodriguez-Bano et al., 2018). Also, according 
to Rodriguez-Bano et al. (2018), because of 
potential value against extensively drug resistant 
(XDR) P. aeruginosa in the case of ceftolozane-
tazobactam and KPC or OXA - 48 producing 
Enterobacteriaceae in the case of ceftazime-
avibactam, it seems prudent to reserve these drugs 
for these particular organisms. Unfortunately, 
Shields et al. (2018) reported recently about 
resistance development to ceftazidime-avibactam 
in 77 patients with CRE infection treated with 
CAZ-AVI. Microbiological failure of 33% was 
recorded and development of pneumonia was 
identified as a risk factor.
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Imipenem-Relebactam and Meropenem-
Vaborbactam

Relebactam is a non-beta-lactam, bicyclic di-
azabicyclooctane, beta-lactamase inhibitor that is 
structurally related to avibactam. Vaborbactam is 
also a non-beta-lactam, cyclic, boronic acid-based, 
beta-lactamase inhibitor. Both inhibitors display 
activity against class A, including ESBLs, KPCs 
and class C beta-lactamases (AmpC) (Zhanel et al., 
2018). However, these inhibitors do not enhance the 
activity of the antibiotics imipenem and meropenem 
against MBL/NDM or VIM/ or OXA-48 producers, 
respectively. (Rodriguez-Bano et al., 2018). The 
addition of relebactam improves imipenem activ-
ity against most representatives of Enterobacte-
riaceae by lowering the minimum inhibitory con-
centration (MIC) 2 to 128 fold, depending on the 
presence or absence of beta-lactamase enzymes. 
With respect to P. aeruginosa, relebactam also 
enhances imipenem activity since MIC is reduced 
eightfold. It is important to note that based on the 
data available, the imipenem-relebactam combi-
nation does not show activity against A. bauman-
nii, Stenotrophomonas maltophilia and most an-
aerobes. According to Thaden et al. (2016) little 
or no reduction was seen in OXA-48 producing 
K. pneumoniae, and no significant activity against 
class D enzymes. Phase II clinical trials show 
that the combination imipenem-relebactam is as 
effective as imipenem alone for the treatment of 
complicated intraabdominal infections and com-
plicated urinary tract infections, including acute 
pyelonephritis. The results from phase III clinical 
trials also demonstrated that this combination is 
effective for the treatment of imipenem-resistant 
infections as well as hospital-associated bacteri-
al pneumonia (HABP) and ventilator-associated 
bacterial pneumonia (VABP) (Zhanel et al., 2018). 

The addition of vaborbactam to meropenem, 
like the combination imipenem-relebactam, leads 
to a significant reduction (2 to > 1024-fold MIC) 
and improves the activity of meropenem against 
most representatives of Enterobacteriaceae, de-
pending on the presence or absence of beta-lacta-
mase enzymes. Limited data are available that 
the addition of vaborbactam does not improve 
the activity of meropenem with respect to A. bau-
mannii, P. aeruginosa and S. maltophilia strains 
(Zhanel et al., 2018). Vaborbactam was recently 
approved by the FDA for the treatment of cUTI- if 
the enterobacteria are sensitive. This decision was 
accepted on the basis of data, obtained from a phase 
III trial in which meropenem-vaborbactam showed 

non-inferiority to piperacillin-tazobactam (Bidair 
et al., 2017). Similarly to imipenem-relebactam, 
the combination meropenem-vaborbactam demon-
strated high efficiency in the treatment of carbap-
enem-resistant Enterobacteriaceae, as well as for 
HABP and VABP (Zhanel et al., 2018). Little effect 
on A. baumannii containing OXA-type carbapen-
emases or P. aeruginosa was observed (Wright et 
al., 2017).

In vitro and in vivo pharmacodynamic 
studies showed bactericidal activity for both 
combinations against various problematic 
Gram-negative beta-lactamase producing bac-
teria /(ESBL, KPC and Amp C beta-lactama-
ses) that are not inhibited by their respective 
carbapenems alone. The usage of these new 
combinations will likely become the standard 
of care in patients with CRE infections (Zhanel 
et al., 2018).

Plazomicin
Plazomicin, a new aminoglycoside related to 

sisomycin antibiotic that inhibits protein synthesis 
by binding to the ribosomal 30S subunit of bacte-
ria, with an option for carbapenem-resistant En-
terobacteriaceae (CRE) treatment. Plazomicin has 
been synthesized to be active against most bacte-
ria containing aminoglycoside-modifying enzymes 
(Aggen et al., 2010; Haidar et al., 2016; Wright et 
al., 2017; Theuretzbacher et al., 2018). Plazomicin 
has demonstrated greater activity against Entero-
bacteriaceae, including carbapenem-resistant iso-
lates and those with ESBL production, and have 
shown better activity in this respect in comparison 
with amikacin, gentamicin and tobramycin, but 
the resistance to this antibiotic has been noted in 
MDR strains expressing 16S rRNA methyltrans-
ferases, which modify the ribosomal binding site 
(Livermore et al., 2011). Plazomicin is less active 
against non-fermentative Gram-negative bacteria 
compared with Enterobacteriaceae. The activity 
of plazomicin against MDR P. aeruginosa strains 
was similar to MICs for other aminoglycosides 
(Walkty et al., 2014). Regarding OXA-produc-
ing A. baumannii, significantly improved activity 
was observed in isolates treated with plazomicin 
compared with other aminoglycosides - MICs 16-
to-32 - fold lower (Garsia-Salguero et al., 2015). 
Additionally, results of phase III randomized trial, 
comparing the use of plazomicin /15 mg/kg/day/
and meropenem /1g/8h/ for treatment of cUTI, in-
cluding acute pyelonephritis, have been reported 
(Cloutier et al., 2017).
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Cefiderocol
Cefiderocol is a novel siderophore cephalo-

sporin antibiotic with a catechol part at the 3-posi-
tion side chain. The catechol side chain allows the 
active transport of the ferric iron ion into bacteria 
via ferric iron transport systems with subsequent 
destruction of cell wall synthesis (Mollmann et al., 
2009; Dobias et al., 2017; Wright et al., 2017). Cefi-
derocol has potential in vitro against Enterobacte-
riaceae, including KPC, NDM, IMP, VIM-produc-
ing strains, but showed less activity against some 
strains of E. coli, expressing NDM-1 (Kohira et al., 
2016). The MIC values ranged between <0.125 and 
4mg/L against KPC-producing strains. At a dose of 
2 g every 8h it reaches > 50% time above the MIC 
for MICs of up to 8mg/L (Katsube et al., 2017).  
Cefiderocol demonstrated also in vitro good activ-
ity with respect to A. baumannii producing carbap-
enemase OXA-type beta-lactamases, P. aeruginosa 
producing metallo-beta-lactamases with MIC90 of 
8mg/L and S. maltophilia isolates as well. This ac-
tivity is probably due not only to efficient uptake 
via the active siderophore systems, but also to the 
high stability of cefiderocol against carbapenemase 
hydrolysis (Wright et al., 2017). Preliminary re-
sults of phase III trial with cefiderocol use reported 
non-inferiority to imipenem against cUTI (Ports-
mouth, 2017).
Eravacycline

Eravacycline is a novel fluorocycline anti-
biotic which is bound to the bacterial ribosome 
and inhibits the bacterial protein synthesis, with 
in vitro activity against MDR Gram-positive and 
Gram-negative pathogens, including carbape-
menase-producing Enterobacteriaceae (Livermore 
et al., 2016; Zhanel et al., 2016; Rodriguez-Bano et 
al., 2018). Similarly to tigecycline, it avoids many 
resistance mechanisms seen for other tetracyclines, 
with no loss of antibacterial activity in the presence 
of tetracycline ribosomal protection proteins and 
most tetracycline-specific efflux pumps (Bassetti et 
al., 2014). However, elevated MICs have been not-
ed for eravacycline against strains in the presence 
of tet (A) efflux pump (Grosman et al., 2012). Two 
modifications at the C-7 and C-9 positions of tetra-
cycline expand the spectrum of eravacycline, main-
taining its activity against MDR bacteria (Zhanel 
et al., 2016). Eravacycline shows good activity 
against Enterobacteriaceae including strains that 
exhibited carbapenem-resistance associated with 
KPC, OXA and NDM production (Bassetti et al., 
2014; Zhanel et al., 2016). It is an usual correlation 
between tigecycline and eravacycline susceptibili-

ties, but in a study (Livermore et al., 2016) erava-
cycline demonstrated two- to four-fold more activ-
ity than tigecycline against carbapenem-resistant 
Enterobacteriaceae and A. baumannii isolates. The 
drug is not significantly active against Burholderia 
spp. or P. aeruginosa strains (Bassetti et al., 2014). 
Also, eravacycline has shown non-inferiority to er-
tapenem in the treatment of cIAI in a phase III trial 
(Solomkin et al., 2017).
Conclusion

The therapy of infections caused by MDR 
Enterobacteriaceae, P. aeruginosa and A. bauman-
nii is a serious problem and the current situation, 
because of limitation of antimicrobials, is unsatis-
factory for clinicians. Therefore, the progress in the 
development of new antimicrobials in the past years 
for the treatment of these severe infections is very 
important and gives hope to the specialists. Drug 
development as a tool for the treatment of such in-
fections in the face of growing resistance, promises 
new favourable opportunities for the antibiotic ar-
mamentarium. However, from the above informa-
tion it is difficult to evaluate the clinical evidence 
of the efficacy and safety of these new drugs, and to 
draw definitive conclusions in this respect would be 
unjustified due to insufficient information. Most of 
these new agents are the result of modifications or 
reinforcement of already known molecules. There 
is a lack of drugs, belonging to new classes of an-
tibiotics, inhibiting novel cellular targets that are 
not burdened by pre-existing or cross resistance. 
The situation requires extensive discussion and 
action.  It is important, because pathogenic bacte-
ria will continue to evolve a response to this new 
selection pressure and early reports of resistance, 
for example to ceftazidime/avibactam after the start 
of   clinical use,  requires careful monitoring for the 
development and spread of resistance to any new 
drugs. It is well known that the decisions about em-
pirical therapy should be made in accordance with 
local information about the etiological structure of 
infection and the pathogen resistance, together with 
individual risk factors and infection severity. On 
the other hand, there is a suggestion that the thera-
py of infections, caused by MDR bacteria must be 
individualized according to the susceptibility type, 
the severity of infection and the condition of the 
patient. It is important to develop realistic strategies 
involving experienced and motivated knowledge, 
and there is a necessity for integration of rapid di-
agnostics into the standard workflow in microbiol-
ogy laboratories for point-of-care testing as well as 
sufficient information on the prudent use of antimi-



7

crobials, including new ones.
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Abstract
Modern consumers are directing their attention to functional foods that have both nutritional value 

and enhanced health benefits. This has led to an increased interest in non-dairy fermented soy products. 
They can become part of the growing market for functional foods, or carriers of probiotics for a specific 
category of consumers. A big challenge is to transform the beneficial, but non-digestible ingredients into a 
bioavailable form, transforming them into novel nutritional and efficient products. 

The aim of the present review is to summarize the role of lactic acid bacteria (LAB) in the transfor-
mation of isoflavones, non-digestible oligosaccharides and insoluble proteins of soymilk. During fermen-
tation, LAB of various genera, often recognized as probiotic, can play a significant role in improving the 
nutritional/favorable profile of soymilk and soy yogurt-like products. In addition, the role of LAB strains 
in the reduction of negative gastrointestinal effects typical of unfermented soybean milk is discussed. This 
beneficial role is proven to be strain-specific. Characterization of the role of lactobacilli in soymilk fer-
mentation is a prerequisite for successful selection of strains with metabolic activities appropriate for the 
development of new types of functional foods with enriched properties, desirable to both people with health 
problems and the increasing vegan population.
Keywords: soy, soymilk, lactic acid bacteria, fermentation, Lactobacillus

Резюме
Съвременните потребители насочват вниманието си към функционални храни, които имат как-

то хранителна стойност, така и допълнителни здравни ползи. Това води до повишен интерес към 
ферментационно-получени немлечни продукти и основно соеви. Те могат да бъдат част от нараства-
щия пазар на функционални храни или носител на пробиотици за конкретна категория потребители. 
Голямо предизвикателство е да се трансформират техните полезни, но несмилаеми съставки в био-
налична форма, превръщайки ги в търсени и полезни храни.

Целта на настоящия преглед е да се обобщи ролята на млечнокиселите бактерии (МКБ) в тран-
сформацията на изофлавони, несмилаеми олигозахариди и трудно-разградими протеини от соево 
мляко. По време на ферментацията, МКБ от различни видове, признати като пробиотици, могат 
да играят важна роля за подобряване на хранителния профил на соево мляко и за получаването на 
йогурт от соя. В допълнение е дискутирана тяхната роля за намаляване на негативните ефекти в сто-
машно-чревния тракт при консумация на соево мляко. Доказана е щамово специфична метаболитна 
активност при представители на различни лактобацилни видове. Комплексната характеристика на 
тяхната роля при ферментацията на соево мляко е предпоставка за разработване на нов тип функ-
ционални храни, с обогатени свойства, желани както от хора със здравословни проблеми, така и от 
нарастваща веганска популация.

* Corresponding author: stdanova@yahoo.com
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Functional foods, probiotics, prebiotics 
In recent years, as research has proved the 

link between diet and health, consumers have been 
directing their attention to the so-called “functional 
foods”. Those are foods which promote optimal 
health beyond basic nutrition. Functional foods and 
ingredients, such as probiotics, prebiotics, dietary 
fibers, soy and/or other derivatives, could be effec-
tive in enhancing health and, in addition to disease 
prevention, could be even useful in disease treat-
ment (Tufarelli and Laudadio, 2016).

Among them, fermented products are widely 
accepted as highly nutritional and beneficial foods. 
Fermentation improves the bioavailability and nu-
trient profile. Fermented products are a rich source 
of live microorganisms some of which possess po-
tential probiotic properties (Michalak and Chojnac-
ka, 2016). According to FAO/WHO (2002) defini-
tion, probiotics (pro=for and bios=life) are “live 
microorganisms which, when administered in ade-
quate amounts, provide a health benefit to the host” 
(Hill et al., 2014). Commonly accepted probiotics 
are lactobacilli, bifidobacteria and some non–path-
ogenic yeast species. Many studies report that pro-
biotics improve a number of digestive issues (Aidy 
et al., 2015), homeostasis (Backhed et al., 2012) 
and the barrier functions of the gut epithelium 
(Marzorati et al., 2014), the immune (Levy et al., 
2016), cardio-vascular (Thushara et al., 2016) and 
central nervous system (Hsiao et al., 2013), sugar 
metabolism (Marzorati et al., 2014), the metabol-
ic syndrome (Cani and Van Hul, 2015). In order 
to support a health claim, each probiotic product 
is required to enclose the minimal daily ingested 
dose needed for specific health benefit(s) (FAO/
WHO, 2002). Some food products are known as 
“synbiotics”, due to high content of both prebiot-
ics and probiotics (Homayouni et al., 2007). Since 
legumes and cereals are a naturally rich source of 
non-digestible oligosaccharide fibers, fermented 
products could be considered natural pre-synbiot-
ics. The reason is their high prebiotics content and 
the resulting health benefits on the bifidogenic gut 
microbiota as well as the possible combination with 
probiotic microorganisms.

Prebiotics (or fibers) are non-digestible in the 
upper part of the gut substances, such as – non-di-
gestible carbohydrates, which are utilized by bene-
ficial indigenous bacteria in the intestine and pro-
mote their growth (FAO/WHO 2002). Food matrix 
suitability for probiotic delivery is being actively 
studied, but still, not enough information is avail-
able (Sanders and Marco, 2010). 

Nutritional challenges and soymilk 
Fermented milk products have long been rec-

ognized as widely consumed and functional foods 
which are able to deliver a daily dose of probiotic 
bacteria. However, part of the population is unable 
to consume milk due to growing lactose intolerance 
and allergy to casein and other milk proteins, as 
well as the problem with high cholesterol. These 
problems, along with a growing interest in a veg-
etarian and vegan lifestyle, contribute to the emer-
gence of new tendencies on the market. Consum-
ers are looking for milk alternatives as a suitable 
source of nutrients and probiotics. Non-dairy fer-
mented probiotic products of soy, cereal, vegetable 
or fruit origin are gaining popularity (Prado et al., 
2008). In addition, their naturally high prebiotic 
content makes them ideal “synbiotics”. Moreover, 
some of them have been traditionally used for cen-
turies around the world.

Novel functional food development is a chal-
lenging and expensive endeavor. Appropriate selec-
tions of a suitable food matrix, technological and 
processing techniques are important determinants 
of probiotic viability. In addition, probiotics need 
to retain a high viable number during long-term 
storage (Endo et al., 2014). Thus, appropriate se-
lection combination of delivery substrate and start-
ers/adjuncts strains is also required for appropriate 
growth, productivity and stability during process-
ing and storage (Ranadheera et al., 2010). Appeal-
ing sensory characteristics and enhanced nutrition-
al value are also essential factors for the success of 
novel products (Rouhi et al., 2013). 

The aim of this review is to summarize pub-
lished data on the role of lactic acid bacteria (LAB) 
in soy fermentation processes and their contribution 
to the production of new types of soymilk-based 
yogurt-like products with enhanced nutritive prop-
erties. We discuss the potential of probiotics to 
increase the bioavailability of important nutrients 
or active compounds during soymilk fermentation 
and the role of LAB in contributing to new types of 
non-dairy functional foods. The inclusion of probi-
otics that can carry out such tasks is an efficacious 
way to improve the quality of products and an in-
expensive and natural way to add functionality to 
soy products.
Soybean as nutrients source

Soybean (Glycine max), a crop belonging to 
the legume family, is native to East Asia, but pres-
ently – well-recognized throughout the world. In 
the Asian region it is consumed as soy flour, milk, 
fermented products such as tempeh and miso, tofu, 
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soy yogurt. Soybeans are generally composed of 
~35–40% protein, ~20% lipids, ~9% dietary fiber, 
and ~8.5% moisture based on the dry weight of raw 
seeds (He et al., 2013).

According to FDA health claims, soy con-
tains high amounts of protein, fiber, iron and es-
sential fatty acids, but is low in fat (FDA, 1999). It 
has a low amount of saturated fat, and is therefore 
suitable for the prevention of cardiovascular diseas-
es. The high protein content makes soy a suitable 
nutrient containing essential amino acids. Soy-
based foods have been discussed as an approach to 
improve – the protein-calorie malnutrition problem 
and to effectively replace animal proteins in one’s 
diet (Montgomery, 2003). 

Several beneficial properties of soy products 
have been suggested: anti-microbial (Singh et al., 
2015) and anti-oxidative activities (Martinez-Vil-
lauenga et al., 2012), anti-hypertensive (Tsai et 
al., 2006), anti-hypercholesterolemic (Kim et al., 
2014), anti-obesity (Lee et al., 2013) and anti-can-
cer (Lai et al., 2013) effects. However, together 
with the beneficial properties, soybean/soy prod-
ucts are included in the list of the top 10 most aller-
genic foods. 
Soymilk fermentation processes and bio-active 
compounds 

Soymilk is obtained from soy beans that have 
undergone a processing procedure to obtain soy-
bean water extract from crushed soybeans (Fig. 1). 
It is an economically suitable substitute for dairy 
products, whose protein content is similar to cow’s 
milk however, it is free of lactose. Soymilk contains 
around 3.5% protein, 2.9 % carbohydrates, 2% fat 
and 0.5% ash. Besides its high protein content, soy-
milk also contains isoflavones, flavonoids, minerals, 
vitamins, saponins, etc. The processes that enhance 
the nutritive properties and improve the bioavail-
ability of different components of soybean products 
are especially valuable. In addition to processing 
techniques, the content of soy oligosaccharides in 
milk, particularly raffinose and stachyose, could be 
decreased by fermentation. These oligosaccharides 
found in soybeans have invaluable prebiotic prop-
erties. Non-digestible oligosaccharides, which act 
as prebiotics, promote the growth of colon probiot-
ic bacteria (Benno et al., 1987). However, they are 
also a reason for gastric distress, bloating and flatu-
lence. Hydrolyzation of oligosaccharides to simpler 
sugars during fermentation reduces negative side 
effects (Adaeymo and Onilude, 2013).

Another anti-nutritional factor in the soy sub-
strate is the high amount of insoluble proteins such 

as glycinin and beta-conglycinin. Their content in 
soy accounts for 65-80% of the total protein con-
tent (Wynstra et al., 1986). Soy proteins may act 
as allergens with children under the age of 3 being 
most susceptible (Wynstra et al. 1986). Due to an 
increase in soy products consumption around the 
world, science and industry have been looking for 
various processing methods to reduce soy protein 
allergenic properties (Shriver and Yang, 2011). Mi-
crobial and plant proteases are being employed to 
disrupt allergenic proteins. Fermentation is also 
able to hydrolyze proteins to simpler forms and thus 
reduces allergenic properties (Singh et al., 2014). 
In addition, soy protein hydrolysates are more ef-
fectively absorbed in the intestines than non-hydro-
lyzed proteins (Ziegler et al., 1998) and some of 
them may act as precursors to bioactive peptides 
(Singh et al., 2014).

Fig. 1. Diagram flow of soymilk preparation and soy 
yogurt-like products. Adapted from (1) Sumarna 
(2010) and (2) Hati et al. (2014), with illustrations 
from personal archive of Dragnev K.

Lactic acid bacteria and soya fermentation 
Dairy products have been proven to be lactic 

microbiota and probiotic carrier food. Lactic acid 
bacteria (LAB) have been extensively studied for 
various applications. Besides milk, they can utilize 
various substrates of plant origin, such as legumes, 
cereals, vegetables, etc. Soymilk could provide a 
cheaper and efficient probiotic delivery matrix al-
ternative, especially in soybean producing coun-
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tries, such as in Asia and South America (Tou et 
al., 2007).
Beneficial effects of lactic acid bacteria during 
soy fermentation  

Plant substrates have specific health proper-
ties and provide unlimited freedom in creating new 
products for different health conditions. During 
fermentation, along with a specific taste and flavor, 
bioactive compounds are also generated and en-
hance the bio-functionality of the products. These 
processes by different lactic acid bacteria, yeasts or 
some micromycetes, contribute to the functionality 
and benefits of fermented raw materials.

In the soybean substrate, fermentation by 
lactic acid bacteria increases soymilk functional 
aspects. Most important are the hydrolysis of soy 
proteins, production of bioactive peptides, con-
version of isoflavones along with a decrease in 
non-digestible oligosaccharides, such as raffinose 
and stachyosе (LeBlanc et al., 2004). These oligo-
saccharides cause flatulence, digestive issues and a 
beany flavor, which are responsible for the limited 
consumption of soymilk presently.
LAB and isoflavones conversation

Soymilk is very rich in phenolic phytochem-
icals - isoflavones. They possess an oestrogen-like 
structure. Soy isoflavones have been considered for 
their potential in preventing major age-related and 
degenerative diseases (Wang et al. 2013), such as 
cancer (Jiang et al., 2016), cardiovascular (Yan et 
al., 2017), osteoporosis (Zheng et al., 2016). They 
could also have a positive effect in relieving meno-
pausal symptoms (Okabe et al., 2011).

Soy isoflavones exist in two basic forms: glu-
cosides (primary daizidin and genistin) and agly-
cones (primary daidzein and genistein). Aglycones 
are low molecular weight compounds, which are 
more easily absorbed in the intestine and thus are 
considered to possess greater bio-availability. The 
content of bioflavonoids in fresh milk is about 80-
93% glucosides and 7-15% aglycones (Ding and 
Shah, 2010). Isoflavone content is also dependent 
on soybean and the processing techniques used. 
Germination, heat treatment, enzymatic hydrolysis 
and cooking of soybeans increase aglycone con-
tent through glucoside hydrolysis (Zhou and Erd-
man, 1997). Fermentation of soymilk by different 
LAB increases the bioavailability of isoflavones by 
hydrolyzing glucosides to aglycones. Natural con-
version due to intestinal microflora also occurs in 
the lower small intestine, but there is a large vari-
ability in individual conversion capacity (Chun et 
al., 2008). The increase in the aglycone content is 

closely related with the intensification of estrogenic 
properties and antioxidant activity of fermented soy 
products. 

Several LAB are capable of increasing agly-
cone content in soymilk (Table 1). Chien et al., 
(2006) tested soymilks (fermented individually or 
in combination) fermented with strains of Strepto-
coccus thermophilus BCRC 14085, Lactobacillus 
acidophilus BCRC 14079 and bifidobacteria (Bi-
fidobacterium infantis BCRC 14633, B. longum 
B6). Due to the highest ß-glucosidase activity of 
S. thermophilus, the aglycone contents of soymilk 
increased (Chien et al., 2006). Specifically, bacteria 
with high beta-glucosidase activity are responsible 
for conversion of isoflavones. Beta-glucosidase is a 
microbial enzyme which is able to carry out hydro-
lysis of glucosides to the more bioavailable agly-
cones. Various LAB, as a single strain or in combi-
nation with other microorganisms, have been found 
to possess high beta-glucosidase activity in soymilk 
(Table 1). A strain-specific beta-glucosidase activ-
ity of LAB strains in soymilk was also reported. 
L. rhamnosus C6 revealed the highest beta-gluco-
sidase activity and increased levels of aglycones 
during 12 h fermentation. In addition, conversion 
of isoflavones and the growth of probiotic bacteria 
are correlated (Hati et al., 2014). 

Generally, several probiotic strains revealed 
well-supported growth and viability in soymilk. 
Fermentation of soymilk for 12 hours with L. para-
plantarum KM, Weissella sp. 33, or L. paraplantar-
um KM co-cultured with Enterococcus faecium 35, 
resulted in successful conversation of 92-100% of 
daidzin and 98-100% of genistin to corresponding 
aglycones (Chun et al., 2008). This important char-
acteristic is rather strain-specific than species-spe-
cific. Significant variations of reported conversation 
ratio of glucosides, during the fermentation of soy-
bean substrates (soymilk, soy proteins) were also 
pointed. Different authors observed high variability 
in the beneficial beta-glucosidase capacity of LAB. 
Aglycones in soymilk were found to increase up to 
90%-100% after fermentation with L. rhamnosus 
CRL981 (Marazza et al., 2009), and up to 71% with 
L. casei L26 (Donkor and Shah, 2008). Some of 
these strains are deemed suitable for preparation of 
fermented soy foods such as soy yogurt, soy bever-
age, soy cheese, and soy dahi. A functional soy bev-
erage with L. rhamnosus CRL981 possessed higher 
antioxidant activity (71.2 ± 4.0%) in comparison to 
unfermented milk. The strain CRL981 was selected 
for its highest beta-glucosidase activity in soymilk 
among 63 LAB strains (Marazza et al., 2009).
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Table 1. Lactic acid bacteria and conversation of soy proteins, oligosaccharides and isoflavones 

Function Lactic acid bacteria responsible Reference
Pr

ot
ei

n 
hy

dr
ol

ys
is

L. rhamnosus C6 Suborta et al., 2013

S. thermophilus MD2 and L. rhamnosus NS6 Hati et al., 2017
L. bulgaricus Lb1466 Donkor et al., 2007
L. acidophilus LAFTI® L10, B. lactis  LAFTI® 
B94, and L. paracasei  LAFTI® L26 and starter 
culture (L. bulgaricus  Lb1466, S. thermophilus  
St1342)

Donkor et al., 2005

O
lig

os
ac

ch
ar

id
es

 
hy

rd
ol

ys
is

L. plantarum (SMN 25), L. pentosus (SMN 01 and 
FNCC 235) 

Sumarna,2008  

B. lactis B94, S. thermophilus St1342,  L. acidoph-
ilus La4962 

Donkor et al., 2007

L. fermentum K4 L. fermentum K3 Mishra et al., 2017
L. rhamnosus C6 and L. casei NCDC17 Hati et al., 2014
L. plantarum MTCC 542 Rooparshi and Varadaraj, 

2014
L. bulgaricus and S. thermophilus Omogbai et al., 2005
L. rhamnosus LR C8  Singhv and Vij 2018

Is
ofl

av
on

es
 c

on
ve

rs
io

n

S. thermophilus BCRC 14085 Chien et al, 2006
L. plantarum SMN 025, L. rhamnosus FNCC 098 Sumarna, 2010
L. acidophilus 4461 Otieno et al., 2006
L. helveticus with Saccharomyces boulardii Rekha and Vijayalakshmi, 

2008
L. rhamnosus C6 Hati et al., 2014
L. paraplantarum KM, Weissella sp. 33, L. 
paraplantarum KM co-cultured with Enterococcus 
faecium 35 .

Chun et al., 2008

L. plantarum S48 and P1201 Lee et al., 2017
S. thermophiles BCRC 14085 Chien et al., 2006

 According to Marazza et al. (2009), L. rham-
nosus strains generally reveal higher beta-glucosi-
dase specific activity, compared with that of other 
lactobacilli.

In a study by Fakri et al. (2016), 12 Lac-
tobacillus and Pediococcus strains were used to 
ferment commercial soymilk for 48 h. Reduc-
tion of glucoside content by 64.2% - 95.9% and a 
2.1–6.5-fold increase in aglycone content (mainly 
daizdzein) was observed in comparison to control 
unfermented milk. Increased overall – strain-spe-
cific antioxidant activity during the fermentation 
was also reported, with no single strains possessing 
both activities (Fakri et al., 2016). A similar effect 
on the antioxidant activity and aglycone content of 
soy powdered milk and soy powdered yogurt was 

observed with L. plantarum strains S48 and P1201 
(Lee et al., 2018). 

Overall, different LAB can contribute to bio-
active potential and antioxidant properties of pro-
cessed soybeans. They are appropriate starters or 
adjuncts for new functional soy products, enriched 
with aglycone forms of isoflavones-containing 
foods.
LAB and oligosaccharide conversion

Lactic acid bacteria play an important role 
in the conversion of oligosaccharides (stachyose, 
raffinose and sucrose) during the fermentation of 
soy and other non-dairy products. Production of 
specific enzymes in soymilk and media supple-
mented with complex oligosaccharides and poly-
saccharides have been determined for various LAB 
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taxons (Iazzeh et al., 2009).
The presence of α and β-galactosidase has 

been reported for Bifidobacteria genera and for 
some strains belonging to different species from the 
genus Lactobacillus, Leuconostoc and Pediococcus 
(Garro et al., 1994). Lactobacilli producing the en-
zyme α-galactosidase are able to utilize complex 
oligosaccharides as a major growth substrate, thus 
the elimination of non-digestible oligosaccharides 
could be achieved in soy-based products (LeBlanc 
et al., 2004).

Several other non-digestible oligosaccha-
rides, such as stachyose, verbascose, galactinol 
that are contained in soy could be hydrolyzed by 
α-galactosidase. Alpha-galactosidase is suitable 
for oligosaccharide digestion in legume products 
(Townsend and Pitchford, 2012). 

According to Rodriguez et al. (2009), L. 
plantarum is the most commonly used commercial 
starter in plant substrates fermentation, due to the 
presence of α-galactosidases. Wang et al. (2016) 
reported an expressively higher oligosaccharide re-
duction (84 – 99%) by an L. plantarum P8 strain 
in soybean meal. A strain-specific capacity to me-
tabolize raffinose and stachyose was demonstrated 
during soy fermentation by 7 Lactobacillus strains. 
Each of them was able to reach a desired probiotic 
level of viability (108 CFU/ml), due to the capac-
ity to metabolize soy oligosaccharides (Sumarna, 
2008). The most active strains, L. plantarum (SMN 
25), L. pentosus (SMN 01 and FNCC 235) reduced 
raffinose (by 81.5%, 73.0%, 67.0%) and stachy-
ose (by 78.0, 72.5, 66.0%), respectively, in soy-
milk during fermentation at 41°C. In comparison, 
Donkor et al. (2007) determined raffinose reduction 
(by 77.4%, 64.5% and 55.9%) for B. lactis B94, S. 
thermophilus St1342 and L. acidophilus La4962 
strains, respectively.

Several studies determined L. rhamnosus as 
effective α-galactosidase producer in soymilk. L. 
rhamnosus K4 and L. fermentum K3 were selected 
out of 49 lactobacilli, belonging to different spe-
cies, due to their high α-galactosidase activity in 
soymilk (Mishra et al., 2017). On the other hand, 
two phylogenetically closely related strains, L. 
rhamnosus C6 and L. casei NCDC17, were found 
to exhibit the highest α-galactosidase activity in 
soymilk fortified with 1.5% whey protein (Hati et 
al., 2014). The level of α-galactosidase production, 
like other metabolic activities, is also strain-specif-
ic. Alpha-D-galactosidase of L. plantarum MTCC 
542 reduced raffinose and stachyose content by al-
most 99% in soy-based probiotic curd product and 

reached high cell density content of 9.4 log10 CFU/g 
(Rooparshi and Varadaraj, 2014). In another study, 
stachyose content was reduced up to 90% by strain 
L. rhamnosus LR C8, while 6 strains of L. plan-
tarum, 4 strains of L. rhamnosus (RC25, LR C28, 
LRC34) and L. helveticus (NCDC 288) strains re-
duced stachyose content less than 37% (Singh and 
Vij, 2018). In the same study highest a-galactosi-
dase activity for all tested LAB was estimated after 
incubation for 24 h in soymilk. The result was fast 
coagulated (6 -12 h), a yogurt-like and strain-spe-
cific product of fermentation. Such specificity like-
ly is determined by period and conditions of culti-
vation, and also by growth and metabolic differenc-
es of strains, during the LAB acclimatization and 
fermentation of the specific substrates (Singh and 
Vij, 2018). Commonly used yogurt starter bacteria 
– L. bulgaricus and S. thermophilus were able to 
reduce stachyose soymilk content by 31.5% after 
8 h of fermentation (Omogbai et al., 2005). Starter 
culture S. thermophilus and L. delbrueckii subsp. 
bulgaricus (IM 025) were capable to work and to 
grow together with other probiotic bacteria – such 
as L. johnsonii La-1, L. rhamnosus GG, Bifidobac-
terium sp., producing soy beverage and cow milk 
yogurts. Subsequent analysis revealed different 
sugar utilization by probiotic bacteria, depending 
on the substrate - cow milk or soy beverage (Farn-
worth et al., 2007). 
Soy fermentation and proteins hydrolysis 

Lactic acid bacteria are able to degrade differ-
ent proteins to simpler form - peptides (di-, tri-, and 
oligopeptides) with the help of bacterial extracel-
lular proteinase and peptidases (Sanjukta and Rai, 
2016). Some of them use soy proteins as a nitrogen 
source. Bioactive peptides are produced from larger 
soybean proteins by microbial fermentation, food 
processing, and gastrointestinal digestion and/or 
enzymatic hydrolysis (Chatterjee et al., 2018). Pep-
tides are also formed from precursor simple forms 
(Singh et al., 2014). A release of peptides with func-
tional properties in soymilk was revealed for vari-
ous LAB strains. They are associated with multiple 
metabolic effects, both beneficial and undesirable 
(Singh et al., 2014). During fermentation, the aller-
genic properties of proteins/long chain peptides are 
decreased due to their degradation. Soy bioactive 
peptides have been characterized for their health 
properties, such as antioxidant (Liu, Chen and Lin, 
2005), antihypertensive (Tsai et al., 2006; Marti-
nez-Villauenga et al., 2012), antimicrobial (Singh 
et al., 2015), anti-tumor (Hernandez-Ledesma et 
al., 2009) activities. 
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The major soy proteins are glycinin and  
β-conglycinin. Beta-conglycinin is a major soy 
protein with extensively studied benefits. Enrich-
ment of diet with this protein possesses significant 
biological effects on lipid metabolism and has been 
shown to inhibit in vivo atherosclerosis develop-
ment in mice (Adams et al., 2004). 

Soy proteins are degraded differently due to 
their structural variations. According to Aguirre 
et al. (2014), glycinin, which has acidic and basic 
fractions, is susceptible to better hyrolyzation of 
the acidic fraction by most LAB strains. Regarding 
β-conglycinin, which consists of 3 subunits: α sub-
unit, α’ and beta subunits, the best hydrolyzation is 
observed for α subunit, due to its structure and easy 
accessibility by bacterial proteinases. 

Proteolytic activity has been observed in soy-
milk, and for various LAB proteolytic activity in the 
plant substrate was shown. Hati et al. (2013) stud-
ied L. rhamnosus strains NCDC19, NCDC24, C2, 
C6 and L. casei NCDC17, L. casei NCDC297 for 
their proteolytic activity in soymilk supplemented 
with whey protein. L. rhamnosus C6 was selected 
for its highest proteolytic activity, as well as high 
antioxidant and polyphenol content reduction. In 
another study, a high proteolysis rate was observed 
for 5 Lactobacillus strains (1 L. plantarum and 4 L. 
rhamnosus strains) compared to control proteolyt-
ic L. helveticus strain NCDC 288 (Singh and Vij, 
2018). 

Comparing milk and soymilk proteolytic 
activity, Hati et al. (2018) noted high proteolytic 
activity for L. rhamnosus NS6 and S. thermoph-
ilus MD2 in both skim and soymilk. In addition, 
S. thermophilus MD2 exhibited the highest ACE- 
inhibitory activity and high antimicrobial activity. 
However, better performance of the tested LAB 
was achieved in milk (Hati et al., 2018). Cultures 
used as starters in milk, such as S. thermophilus, 
L. delbrueckii subsp. bulgaricus, are also able to 
keep their high proteolytic activity in both milk 
and soymilk, even though the soy beverage gener-
ally does not support high growth of L. bulgaricus 
(Murti et al., 1993). Lower growth of L. bulgar-
icus is also reported by Wang et al, 1974, due to 
its inability to ferment sucrose and other soy car-
bohydrates. On the other hand, S. thermophilus is 
able to utilize sucrose and good growth is observed 
in soymilk (Murti et al., 1993). The process initiat-
ed in soymilk is similar to milk fermentation, i.e. 
streptococci initiate fermentation and lactobacilli 
acidify the substrate in the process (Farnworth et 
al., 2007). In a study by Donkor et al. (2007), L. 

bulgaricus Lb1466 showed the highest proteolytic 
activity in soymilk, in comparison to L. acidophi-
lus (LAFTI L10 and La4962), L. casei (LAFTI L26 
and Lc279), Bifidobacterium (lactis LAFTI B94 
and longum Bl536). The poor proteolytic activity 
is a reason for restrained growth in milk/soymilk 
(Klaver et al., 1993). L. bulgaricus Lb1466 is able 
to keep its high proteolytic activity in both milk and 
soymilk. In addition to being strain-dependent, the 
study revealed time-dependent proteolytic activity. 
Only a slight increase in liberated amino acids and 
peptides was observed in the first 24 hours, which, 
however, increased significantly between 24-48 h. 
A correlation was observed between proteolytic ac-
tivity and growth, due to the ability of some strains 
to utilize both oligosaccharides and proteins in soy-
milk. 

Proteolytic activity is of upmost significance 
for growth in the substrate as well as ability for soy 
oligosaccharides (stachyose, raffinose, sucrose) uti-
lization (Nielsen et al., 2001). In addition, the met-
abolic activity is often strain-dependent (Aguirre et 
al., 2014). LAB’s proteolytic activity in soymilk, 
as well as in soy-based products, revealed modula-
tion according to the culture medium/substrate used 
for LAB growth and corresponding repression or 
induction capacity (Donkor et al., 2005). Texture 
and product flavor formation are also dependent on 
appropriate strains with specific proteolytic activity 
(Pescuma et al., 2010). In comparison to milk, the 
proteolytic system of LAB in soybean/soymilk is 
still poorly studied and more information is needed 
(Shihata and Shah, 2000).

In soy yogurt, co-fermentation of standard 
dairy starter cultures (L. delbrueckii ssp. Bulga-
ricus Lb1466 and S. thermophilus St1342) along 
with probiotics such as L. acidophilus LAFTI L10, 
Bifidobacterium lactis LAFTI B94, and L. para-
casei LAFTI L26), resulted in significantly higher 
proteolytic activity in comparison to starter culture 
only fermented control yogurt. Both starter culture 
and probiotic cultures grew better together due to 
the higher level of essential growth factors, released 
by the strains. The increased proteolytic activity of 
probiotic organisms improved L. delbruekii ssp. 
bulgaricus Lb1466 survival. This also resulted in 
a product with higher ACE inhibitory activity com-
pared to the control, which is partly a result of the 
higher proteolytic activity of probiotics (Donkor et 
al., 2005). 

In addition to the invaluable properties of 
LAB fermentation soymilk products, LAB in soy-
milk have been studied for additional activities, 
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such as reduction of polyphenol content in soymilk 
(Subrota et al., 2013), vitamin B production (Gu 
et al., 2015) and also for production of GABA-en-
hanced soymilk products (Park and Oh, 2007). 
Conclusion

Different LAB strains which are able to grow 
in soymilk and to promote bioavailability of soy nu-
trients should be considered promising candidates 
for further scientific and industrial evaluation. 
Characterization of their strain-specific metabolic 
activities and technological relevance is a way for 
development of new non-dairy functional products 
for consumers with specific demands. 
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Abstract
The aim of this study was to assess the potential of Candida species and Pichia species to adhere 

to stainless steel (AISI 304) material with different degrees of surface roughness and polystyrene as most 
frequently used contact materials. Cell surface hydrophobicity (CSH) of Candida and Pichia strains was 
determined in order to assess correlation between the cell surface hydrophobicity and yeast adhesion to pol-
ystyrene. Candida albicans showed a higher ability to adhere to both surfaces compared with non-albicans 
Candida species. Regarding Pichia species, P. membranifaciens strains were less adherent to stainless steel 
than P. pijperi. Surface roughness of stainless steel was found to affect the adhesion of Candida and Pichia 
strains, whereas cell surface hydrophobicity was not correlated with adhesion. We also investigated the 
antimicrobial and antibiofilm activity of plant extracts such as Humulus lupulus, Alpinia katsumadai and 
Evodia rutaecarpa against C. albicans, C. glabrata and P. membranifaciens. According to the MIC values, 
all plant extracts were effective in  inhibiting yeast strains. It was observed that biofilms of C. glabrata were 
more resistance to plant extracts as compared to C. albicans. However, extracts of A. katsumadai and E. 
rutaecarpa  promoted the growth and development of a preformed biofilm of P. membranifaciens. 

Keywords: adhesion, yeast, stainless steel, cell surface hydrophobicity, plant extracts

Резюме
Щамове Candida albicans показват по-висока способност да се прилепват към двете 

повърхности в сравнение с не-albicans видове Candida. Що се отнася до видовете Pichia, щамовете 
на P. membranifaciens са по-слабо прикрепени към неръждаемата стомана, отколкото P. pijperi. Ус-
тановено е, че повърхностната грапавост на неръждаема стомана оказва влияние върху адхезията 
на щамовете Candida и Pichia, докато хидрофобността на клетъчната повърхност не е свързана с 
адхезията. Изследвана е и антимикробната и антибиофилмната активност на растителни екстракти 
като Humulus lupulus, Alpinia katsumadai и Evodia rutaecarpa срещу C. albicans, C. glabrata и P. 
membranifaciens. Според стойностите на MIC, всички растителни екстракти са ефективни за инхи-
биране на щамове дрожди. Биофилмите на C. glabrata са по-устойчиви на растителни екстракти в 
сравнение с тези на C. albicans. Въпреки това, екстрактите на A. katsumadai и E. rutaecarpa насърчават 
растежа и развитието на предварително оформен биофилм от P. membranifaciens.

* Corresponding author: raspor2013@gmail.com

Introduction
Yeasts are used in food and drink fermen-

tation, but they can also cause spoilage in a wide 
range of fermented and non-fermented foods. Food 
spoilage is a serious sensorial and economic prob-
lem for the food industry as microbial contami-

nation can occur during processing, storage, and 
consumption of the end products (Bokulich and 
Bamforth, 2013). Pichia, Candida, Saccharomyces 
and Rhodotorula are the genera mainly involved 
in spoilage of products in the beverage industry 
(Loureiro and Malfeito-Ferreira, 2003). These con-
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taminating microorganisms can form biofilms  on 
food contact surfaces, being difficult to eradicate, 
increasing the probability of microbial survival 
and further dissemination during food process-
ing (Brugnoni et al., 2012). It is well known that 
biofilms are more resistant to antimicrobial agents 
compared to planktonic cells (Simões et al., 2010; 
Tomičić et al., 2016) and this makes them difficult 
to eliminate.  

Among all of the strategies that have been ex-
ploited to overcome resistance to antifungal drugs 
and preservatives, the use of natural substances 
has shown particular promise, and many natural 
substances have been detected to show antifungal 
properties. Natural products, such as plant extract, 
provide unlimited opportunities for control of mi-
crobial growth owing to their chemical diversity 
(Negi, 2012; Nawrot et al., 2013). Plants such as 
hop (Humulus lupulus Linneus; Cannabinaceae), 
Alpinia katsumadai Hayata (syn. A. katsumadae 
Hayata; Zingiberaceae) and Evodia rutaecarpa 
Benth. (Chinese name, Wu zhu yu) have been used 
since ancient times for flavouring foods and bever-
ages as well as for medicinal purposes with vary-
ing success to cure and prevent diseases or spoil-
age (Gröblacher et al., 2012; Wang et al., 2013; 
Kramer et al., 2014). Data on the antifungal effect 
of these plants on Candida spp. and Pichia spp. is 
still scarce. 

Microbial adhesion to surfaces is considered 
a multifactorial process. Many studies suggest that 
microbial cell surface hydrophobicity (CSH) and 
surface properties of materials such as surface 
roughness (Ra) significantly influence microbial 
adhesion (Li, 2003; Brugnoni et al., 2007; Tomičić 
and Raspor, 2017). However, the relationship be-
tween these factors and microbial adhesion still re-
mains controversial. 

The aim of this study was to assess the po-
tential of Candida and Pichia species to adhere to 
stainless steel (AISI 304) material with different 
degrees of surface roughness (Ra = 25.20 – 961.90 
nm) and polystyrene, typical materials for the food 
processing industry. Cell surface hydrophobicity 
(CSH) of the tested strains was determined in order 
to test for a possible correlation between this phys-
icochemical property and the ability to adhere to the 
polystyrene surface. In this study, we also evaluat-
ed the antimicrobial activity of plant extracts such 
as H. lupulus, A. katsumadai and E. rutaecarpa 
against Candida albicans, Candida glabrata and 
Pichia membranifaciens and investigated whether 
these plant extracts can interfere with biofilm for-

mation as well as acting on preformed biofilms. 
Thus, the knowledge of how these microorganisms 
adhere and which factors affect this phenomenon 
proves to be of great importance in order to avoid 
their colonization.
Materials and methods
Strains and growth conditions

A total of eight Candida strains and three 
Pichia strains were used to study the cell surface 
hydrophobicity and adhesion to polystyrene and 
stainless steel surfaces. Candida and Pichia strains 
were obtained from the Collection of Industrial Mi-
croorganisms (ZIM) at the Biotechnical Faculty, 
Slovenia (Table 1). 

The strains were preserved in Yeast Peptone 
Dextrose medium (Sigma-Aldrich, St. Louis, USA) 
(YPD) supplemented with 40% glycerol at −80°C 
and revitalized from frozen stocks by cultivation on 
Malt Extract agar for microbiology (MEA) (Merck-
KGaA, Darmstadt, Germany) for 24 h at 37°C 
(Candida strains) or 27°C (Pichia strains).
Stailess steel surfaces

Five types of stainless steel (type AISI 304) 
discs (5.0 mm in diameter and 1.0 mm in thickness) 
with different degrees of surface roughness (Ra = 
25.20 – 961.90 nm) were obtained from Iskra Pio 
(Ljubljana, Slovenia) (Table 2). 

Atomic force microscopy (AFM, VEECO Di-
mension 3100, Town of Oyster Bay, NY, USA) was 
used for the characterization of the surface topogra-
phy of the material on a sub-micrometer scale, and 
a parameter such as roughness (Ra) was measured. 
All the stainless steel discs were cleaned with 96% 
ethanol, rinsed with distilled water and autoclaved 
at 121°C for 15 min before use.  
Extracts 

The plant extracts used in this study, A. kat-
sumadai seeds (Cat. no. 680381, Plantasia, Obern-
dorf/ Salzburg, Austria) and E. rutaecarpa dried 
unripe fruits, that is, follicles including seeds (Plan-
tasia; Cat. No. 040377, Oberndorf, Austria) were 
purchased from a commercial source and extracted 
with 96% ethanol for 24 h at room temperature to 
obtain extracts rich in phenolic compounds which 
were dried by gradual pressure decrease at 45°C 
using a rotavapor (Kovač et al., 2014). H. lupulus 
extract was derived from the brewery Laško, Lju-
bljana, Slovenia.   
Determination of minimal inhibitory concentra-
tions (MICs).

The minimal inhibitory concentrations 
(MICs) of plant extracts were determined using a 
broth microdilution method in accordance with the 
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Table 1 Yeast strains used in the study and their origin
Species (strain) Origin

C. albicans (ATCC 10261)
C. glabrata (ZIM 2367)
C. glabrata (ZIM 2369)
C. glabrata (ZIM 2382)
C. parapsilosis (ATCC 22019)
C. parapsilosis (ZIM 2014)
C. parapsilosis (ZIM 2234)
C. krusei (ATCC 6258)
P. pijperi (ZIM 1368)
P. membranifaciens (ZIM 2302)
P. membranifaciens (ZIM 2417)

Man, nail, of case of paronychia
Tracheal aspiration
Bronchoalveolar wash (BAL)
Urine from indwelling catheter
Man, case of sprue
Sputum
Fruit juice concentrate
Man, sputum of bronchitic convict
Must of Refošk
Spoiled wine
White cheese of  cow’s milk

Table 2 Surface roughness of each type of stainless steel disc
Disc type 3D polished brushed 3C electropolished brushed (240)
Average roughness, 
Ra (nm)

25.20 71.90 160.88 592 961.90

guidelines of the Clinical and Laboratory Stan-
dards Institute (CLSI), standard M27-A3 (CLSI, 
2008).  Briefly, the extracts were dissolved 
in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, 
St. Louis, USA) before dilution in the Malt Extract 
Broth for microbiology (MEB) medium (Merck, 
KgaA, Darmstadt, Germany). Serial dilutions were 
then performed and the extracts were tested at ten 
concentrations that varied from 800 to 1.5625 μg/
mL. The final concentration of DMSO in microtiter 
wells did not exceed 1%. After inoculation of yeast 
strains, plates were incubated for 48 h at 37°C for 
Candida strains or 27°C for Pichia strain and the 
absorbance (A) was measured at 650 nm using a 
microplate reader (Tecan, Mannedorf/Zurich, Swit-
zerland). The MIC was defined as the lowest ex-
tract concentration with 50% reduction in opacity 
compared with the extract-free control. The neg-
ative control, growth control and DMSO control 
were included. 
Cell surface hydrophobicity (CSH) 

The relative cell surface hydrophobicity of 
yeast strains was determined using the Microbial 
Adhesion To Hydrocarbon (MATH) test of Rosen-
berg (Rosenberg, 1984) with modifications. The 
yeasts were cultivated in 6 mL of the MEB medium 
for 48 h at 37°C (Candida strains) or 27°C (Pichia 
strains). After cultivation, cells were centrifuged at 
1500 × g for 3 min and washed twice with phos-
phate-buffered saline (PBS) (Oxoid, Hampshire, 

UK). Yeasts were then resuspended in 6 mL of 4 M 
an Ammonium sulfate (Merck KGaA, Darmstadt, 
Germany) in PBS, which increased the hydrophilic-
ity of the aqueous phase and adjusted to an absor-
bance of 0.7-0.8 at 650 nm (A0). Subsequently, a 
volume of 0.2 mL of xylene (Merck KGaA, Darm-
stadt, Germany) was added to assay tubes contain-
ing 1.4 mL of yeast suspension. A tube without 
the addition of xylene was used as a control. The 
tubes were vortexed for 1 min and left for 15 min 
at room temperature in order to obtain separation of 
the phases. After incubation, a volume of 300 µL 
of the lower aqueous layer was gently removed and 
the absorbance of samples (A) and control (A0) was 
measured at 650 nm. The CSH was assessed using 
the formula: CSH (%) = (1 – A/A0) × 100. The as-
says were performed in triplicates.  
Adhesion assay 

Adhesion assay was performed as previously 
described with a few modifications (Tomičić and 
Raspor, 2017). Prior to testing, strains were grown 
on MEA plates at 37°C (Candida strains) or 27 °C 
(Pichia strains) for 24 h. After the incubation, a 
loopful of actively growing cells was suspended 
in the MEB medium and the concentration of cells 
was determined and adjusted to 1 × 107 cells/mL by 
using the Bürker-Türk counting chamber (Brand, 
Wertheim, Germany). The assay to polystyrene 
surface was initiated by the addition of 200 μL cell 
suspensions into a flat-bottomed 96-well polysty-
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rene microtiter plate (Non-treated, catalog number: 
266120, Nunc, Roskilde, Germany). For adhesion 
assay to stainless steel, five types of discs (5.0 mm 
in diameter and 1.0 mm in thickness) with different 
degrees of surface roughness were used. The discs 
of each type stainless steel were placed on the bot-
tom of Petri plates (30 mm in diameter) and 2 mL 
of cell suspensions prepared as above were pipet-
ted into each plate, covering the discs. The plates 
were incubated for 24 h at 37°C (Candida strains) 
or 27°C (Pichia strains). In all experiments, a pos-
itive (assay medium with yeast strains) and a nega-
tive control (growth medium without yeast strains) 
were included. The experiments were performed 
with twelve replicates.

For adhesion assay with plant extracts, the 
three most adhesive yeast strains were used. Bi-
ofilm was formed on stainless steel (Ra=592 nm) 
discs which were placed on the bottom of Petri 
plates. The assay was initiated by the addition of 2 
mL standardized cell suspensions with or without 
the presence of plant extracts into selected plates, 
which were then incubated for 24 h at 37°C (Can-
dida strains) or 27°C (Pichia strain). In the first 
part of the experiment, in order to investigate the 
presence of inhibitory activity on the first steps of 
biofilm formation, yeast cells were exposed to  dif-
ferent extract concentrations (1/2 × MIC and 1 × 
MIC). In the second part of the experiment, follow-
ing the biofilm formation after 24 h of incubation, 
the medium was aspirated and non-adherent cells 
were removed by washing three times with sterile 
the PBS. Extracts in MEB at different concentra-
tions (1/2 × MIC and 1 × MIC) were added to the 
adherent cells and the plates were incubated for 3 
h. A positive control (assay medium without ex-
tracts and with yeast strains) and a negative con-
trol (growth medium without yeast strains) were 
included in all experiments.  

An amount of yeast cells adhered to the poly-
styrene and stainless steel surfaces was measured 
using the crystal violet (CV) staining method. After 
the incubation period, the cell suspensions were as-
pirated from a 96-well polystyrene microtiter plate 
and Petri plates (30 mm in diameter) with the stain-
less steel discs. The plates were then gently washed 
three times with sterile distilled water to remove 
non-adherent cells and dried with a hair drier for 
10 min. Subsequently, 200 μL of a crystal violet 
(CV, Merck KGaA, Darmstadt, Germany) solu-
tion (0.5%) was added to all wells of polystyrene 
microtiter plate, whereas discs in Petri plates were 
stained with 1 mL of 0.5% CV. After 20 min, the CV 

solution was removed and the plates were gently 
washed three times with sterile distilled water and 
dried for another 10 min with a hair drier. The discs 
from Petri plates were then transferred to a clean 
96-well microtitre plate and 100 µL of 33% acetic 
acid added into each well to release the dye. The 
plates were shaken for 3 min and the contents of the 
walls without stainless steel discs were transferred 
into a new 96-well microtiter plate. The amount of 
adhered cells, that is, the concentration of the re-
leased crystal violet was determined by measuring 
the absorbance (A) at 584 nm using a microplate 
reader (Tecan, Mannedorf/Zurich, Switzerland). 
Statistical analysis

Descriptive statistical analyses for calculat-
ing the means and the standard error of the mean 
were performed using Microsoft Excel software 
(Microsoft Office 2013). All obtained results were 
expressed as the mean ± standard deviation (±SD). 
Statistical analysis was performed using StatSoft 
Statistica, ver. 10 (IBM, Armonk, NY, USA). The 
effect of various factors on yeast adhesion was an-
alysed and the statistical significance determined 
using Analysis of variance (ANOVA) and the post 
hoc Tukey‘s HSD test. For correlations between 
hydrophobicity and adhesion to polystyrene sur-
faces, the regression model was used. A P-value of 
<0.05 was considered statistically significant.

 
Results and Discussion

In the present study, we strictly followed the 
aim to assess the potential of Candida species and 
Picha species to adhere to polystyrene and stain-
less steel surfaces and examined the influence of 
factors such as the cell surface hydrophobicity and 
surface roughness of stainless steel, as well as plant 
extracts on the adhesion of selected yeasts.
Candida spp. and Pichia spp. hydrophobicity and 
its relation with adhesion to polystyrene

Many studies have shown that cell surface 
properties, such as hydrophobicity, play an import-
ant role in the initial phase of microbial adhesion 
(Li, 2003; Brugnoni et al., 2007). The cell sur-
face hydrophobicity (CSH) of Candida and Pichia 
strains was determined by the water-hydrocarbon 
(xylene) biphasic assay (Rosenberg, 1984) in order 
to understand the connection between adhesion and 
hydrophobicity.

The results showed a wide distribution of 
the Candida and Pichia strains over the range of 
hydrophobicity from 10 to 90% as presented in Fig. 
1 (P < 0.05). 

According to the classification suggested by
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Fig. 1. The cell surface hydrophobicity (CSH) of Candida spp. and Pichia spp. (*) was measured according 
to the microbial adhesion to hydrocarbon (MATH) test. Data represent means ± standard deviation of three 
replicates. Different letters (a, b, c, d) mark significant differences among strains (P < 0.05).

Fig. 2. Adhesion of Candida spp. and Pichia spp. (*) to polystyrene was measured using the crystal violet 
test. The experiments were performed with twelve replicates and the arithmetic mean of the absorbance (A) 
values are presented. Different letters (a, b, c, d...) mark significant differences among strains (P < 0.05). 

Li and McLandsborough (1999), the tested strains 
were classified into three groups. The majority of 
strains were strongly hydrophobic (CSH values 
higher than 55%), while C. parapsilosis (ATCC 
22019 and ZIM 2234) and P. membranifaciens ZIM 
2302 were moderately hydrophobic showing CSH 
values between 30% and 54%. On the other hand, 
only the reference strain C. albicans ATCC 10261 
was moderately hydrophilic. Interestingly, the 

highest number of adhered cells was found for C. 
albicans (Fig. 2), which actually had the lowest val-
ue of CSH, these opening the question ofwhether CSH 
is primarily responsible for the potential of adhesion. 

In the present study, CSH is not significant-
ly correlated with the amount of cells adhered to 
polystyrene, highlighting that CSH cannot be con-
sidered as a single predictor for adhesion. Regard-
ing the correlation between CSH and adhesion to 
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polystyrene, the findings of other authors are incon-
sistent (Li, 2003; Silva-Dias et al., 2015). Different 
rankings of hydrophobicity among Candida spe-
cies were already influenced by different quantifi-
cation methodologies, different growth conditions, 
or different temperatures (Gallardo-Moreno et al., 
2003; Silva-Dias et al., 2015). In our research, cell 
surface hydrophobicity (CSH) was demonstrated 
using microbial adhesion to hydrocarbon (MATH) 
test, which is today considered as the method of 
choice for this type of measurements. 

In this part of the study, we also evaluated the 
potential of adhesion of Candida and Pichia strains 
to a polystyrene surface. The results of the extent 
of adhesion of Candida and Pichia strains to poly-
styrene obtained by using the crystal violet staining 
method are presented in Fig. 2. It was evident that 
all Candida and the majority of Pichia strains were 
able to adhere to polystyrene, although differences 
were observed according to species and strains. We 
verified that C. albicans showed the highest extent 
of adhesion to polystyrene and stainless steel sur-
faces followed by the other tested species: C. gla-
brata, C. krusei and C. parapsilosis. Comparatively 
to non-albicans Candida strains, C. albicans was 
already characterized as displaying higher adhe-
sion ability and efficiency of infection (Hawser and 
Douglas, 1994; Kuhn et al., 2002), which has been 
connected to adhesins like Als1, Als3, and Hwp1 
(Nobile and Mitchell, 2006; Tronchin et al., 2008). 
Regarding Pichia species, only strain P. membrani-
faciens ZIM 2302 was completely non-adhesive. It 
has also been observed that strains of C. glabrata, 
C. parapsilosis and P. membranifaciens showed a 
high degree of heterogeneity within the species in 
their ability to adhere to polystyrene. With this, we 
confirmed intraspecies variation by C. glabrata and 
C. parapsilosis regarding adherence to different 
biomaterials (Luo and Samaranayake, 2002; Silva 
et al., 2010). 
Adhesion of Candida spp. and Pichia spp. to stain-
less steel is influenced by surface roughness 

Figure 3 presents the results of the adhesion 
of Candida spp. and Picha spp. to stainless steel 
(type AISI 304) with different degrees of surface 
roughness (Ra = 25.20 – 961.90 nm), obtained by 
using the crystal violet staining method. It was ob-
served that different species showed variation in 
their adhesion ability. The strongest adhesion abili-
ty showed C. albicans followed by C. glabrata, C. 
krusei and C. parapsilosis (P < 0.05), which is in 
agreement with the results of adhesion on the poly-
styrene surface shown in Fig. 2. Regarding Pichia 

species, P. membranifaciens were less adherent to 
stainless steel in comparison with P. pijperi (P < 
0.05). High intraspecies variability was also indi-
cated. 

Fig. 3. Adhesion of Candida spp. and Pichia spp. 
to stainless steel with different degrees of surface 
roughness (Ra) was measured using the crystal 
violet test. The experiments were performed with 
twelve replicates and the arithmetic mean of the ab-
sorbance (A) values are presented. Different letters 
(a, b, c, d...) mark significant differences among 
Ra for each strain, while different letters (A, B, C, 
D…) indicate that there is a significant difference 
among Candida species at the same Ra. The aster-
isks (*) mark significant differences among Pichia 
strains at the same Ra (P < 0.05). Unmarked terms 
are not significant.

One of the important factors for adhesion 
is surface roughness as shown in this study (Fig. 
3), which is also observed by others (Ortega et al., 
2008; Bohinc et al., 2014). The results showed that 
the surface roughness of stainless steel  influenced 
the adhesion of the majority of strains, which was 
especially evident for C. albicans ATCC 10261, C. 
glabrata ZIM 2382 and all strains of the genus Pi-
chia (P < 0.05), while on the strains ZIM 2367 and 
ZIM 2014 did not have any impact (P > 0.05). This 
indicates that some irregularities on the surface can 
provide protection to the cells, and may also be as-
sociated with problems in surface cleaning (Korber 
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et al., 1997), resulting in rapid re-growth of a bio-
film.
Antimicrobial activity of plant extracts 

The abundance of unwanted yeast growth 
in food processing plants can lead to problems in 
quality and safety with significant economic loss-
es. Contamination of food and spoilage by yeast is 
a problem that needs to be controlled adequately 
(Loureiro, 2003; Querol and Fleet, 2006), therefore 
searching for new agents that can inhibit the growth 
and development of yeast biofilms are needed. 
The use of plant extracts with known antimicrobi-
al properties can be of great significance in food 
preservation. Taking this into account, this part of 
the study was carried out to assess the antifungal 
properties of plant extracts such as H. lupulus, A. 
katsumadai and E. rutaecarpa against C. albicans, 
C. glabtata and P. membranifaciens and its biofilm.  

The in vitro antimicrobial activity of plant ex-
tracts against yeasts was determined according to 
the CLSI method. The Minimal inhibitory concen-
tration (MIC) was defined as the lowest concentra-
tion of plant extract that inhibited the visible growth 
of test yeast by 50% compared to positive control. 

As presented in Fig. 4., the MIC values varied from 
100 to 400 μg/mL. 

The potential for antimicrobial activity of H. 
lupulus, A. katsumadai and E. rutaecarpa extracts 
has hardly been investigated, with studies reported 
only for bacteria (Bezek et al., 2016; Klančnik et 
al., 2012; Kramer et al., 2014). With specific refer-
ence to C. albicans, C. glabrata and P. membrani-
faciens, no antimicrobial activities have been previ-
ously reported for these extracts. According to the 
MIC values (Fig. 4), H. lupulus, A. katsumadai and 
E. rutaecarpa extracts were effective in the inhibi-
tion of tested yeasts, which indicates that H. lupu-
lus, A. katsumadai and E. rutaecarpa are promising 
plants with antifungal activities against C. albicans, 
C. glabrata and P. membranifaciens.  
The effect of plant extracts on yeasts C. albicans, C. 
glabrata and P. membranifaciens biofilm

Based on the results of the antimicrobial ac-
tivity of plant extracts, concentrations correspond-
ing to 1/2 × MIC and 1 × MIC were selected in 
order to examine their effect on the initial phase of 
biofilm formation and preformed biofilms. 

Fig. 4. Antimicrobial activity of the extracts H. lupulus (A), A. katsumadai (B) and E.  rutaecarpa (C) 
against C. albicans ATCC 10261, C. glabrata ZIM 2369 and P. membranifaciens ZIM 2417. The exper-
iments were performed with eight replicates and the arithmetic mean of the absorbance (A) values were 
used. The asterisks (*) mark the value of the minimal inhibitory concentration (MIC).
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According to our knowledge, no study has 
been performed so far on the extracts of H. lupulus, 
A. katsumadai and E. rutaecarpa that may inhibit 
biofilm formation of C. albicans, C. glabrata and P. 
membranifaciens to stainless steel surfaces. There-
fore, this part of the study was initiated to evaluate 
the effect of these extracts on biofilm formation by 
adding different concentrations (1/2 × MIC and 1 
× MIC) of the extracts immediately at the start of 
the experiment or after 24 h of biofilm formation 
for 3 h. The effect of extracts on the initial phase of 
biofilm formation and preformed biofilms was de-
termined using the crystal violet staining method.  

Based on the findings in this part of the study, 
the extracts of H. lupulus, A. katsumadai and E. ru-
taecarpa exhibited the highest antibiofilm activity 
against C. albicans (Fig. 5). This suggests that ac-
tive components of these extracts have strong po-
tential to affect C. albicans biofilm formation. As 
reported before by Bezek et al. (2016) (Bezek et 
al., 2016), E. ruticarpa fruit ethanol extract (EREE) 
and its fractions had the ability to inhibit Campylo-
bacter jejuni adhesion and biofilm formation with 
the most visible effect of the quinolinone alkaloid 
fraction. Pogačar et al. (2015)  showed that a chem-
ically characterized extract (seed ethanol extract, 
SEE) and its residual material of hydrodistillation 
(hdSEE-R) from A. katsumadai seeds had the most 
significant antiadhesion activity against C. jejuni to 

the PSI cl 1 cells. In our contribution, A. katsuma-
dai was also effective in the initial phase of biofilm 
formation of C. glabrata (Fig. 5), which is not the 
case with the preformed biofilm. 

This highlights that the yeast cells in a biofilm 
are more resistant to antimicrobial agents compared 
to planktonic cells. The inability of antimicrobial 
agents to remove established biofilms has been ob-
served previously (Sandasi et al., 2010; Adukwu et 
al., 2012). In general, our results clearly demon-
strate that plant extracts were the most effective 
against C. albicans in comparison to C. glabrata. 
Regarding P. membranifaciens, it was found that A. 
katsumadai and E. rutaecarpa extracts significant-
ly increased biofilm formation at a concentration of 
1/2 × MIC. A. katsumadai extract also had a slight 
stimulative effect on the preformed 24 h biofilms 
after 3 h exposure. These results are supported by 
the study of Sandasi et al. (2010), in which some 
extracts promote the growth and development of a 
preformed L. monocytogenes biofilm in vitro. The 
enhanced biofilm development observed upon ex-
posure to some extracts in this study may be be-
cause of the presence of certain compounds within 
the extracts that favor the development of these bio-
films. Some natural compounds have been reported 
to promote microbial adhesion (Ofek et al., 2003; 
Sandasi et al., 2008).

Fig. 5. The antibiofilm activity of plant extracts against C. albicans ATCC 10261, C. glabrata ZIM 2369 
and P. membranifaciens ZIM 2417 to the surface of stainless steel. The effect of plant extracts at different 
concentrations (1/2 × MIC and 1 × MIC) on the initial phase of biofilm formation (A) and preformed 24 h 
biofilms with a 3 h exposure (B). The extent of biofilm formation was measured by the Crystal violet assay. 
The experiments were performed with ten replicates and the arithmetic mean of the absorbance (A) values 
were used. Each bar represents the mean ± standard deviation (SD). * P < 0.05 versus control.
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Conclusions
In conclusion, this work demonstrates that 

the tested Candida and Pichia strains were able to 
adhere to the polystyrene and stainless steel surfac-
es (type AISI 304). This is of significance with re-
spect to food quality and safety because it indicates 
that the attachment of Candida spp. and Pichia spp. 
to food-contact surfaces may play an important 
role in their enhanced persistence through adequate 
machinery and devices in food and medical envi-
ronment. Our results also emphasize the significant 
potential of A. katsumadai, E. rutaecarpa and H. 
lupulus extracts as antifungal agents. The results 
show that plant extracts were efficient to inhibit the 
initial stage of biofilm formation as well as already 
preformed biofilm of C. albicans. Although A. kat-
sumadai was able to inhibit cell attachment of C. 
glabrata, the inhibition of growth in a preformed 
biofilm was not as efficient as expected. We found 
that P. membranifaciens tolerates well extracts in 
biofilm formation, and although from the MIC pro-
file we expected biofilm reduction, to our surprise 
the extract even stimulated the biofilm formation 
and growth. The reason why P. membranifaciens 
tolerates much better the same extracts which inhib-
it C. albicans may be connected to the natural sur-
roundings of P. membranifaciens, which is still in 
the nature exposed to those compounds. Although 
a preventive effect of the tested plant extracts has 
been shown, further studies would be needed for 
the purpose of isolation and identification of the 
constituents which exhibit antibiofilm properties 
that might be essential to include as alternatives in 
the control of biofilms.
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Abstract
For the control of Salmonella spp. a total of 571 samples from birds were tested in 2015. The sam-

ples (fresh feces and shoe pads - 303 pcs.; dust and socks - 244 pcs. and internal organs and feces of exotic 
birds - 24 pcs.) originating from 56 poultry sites, were classified in 4 categories:  breeding flocks - 11 pcs.; 
laying hens - 26 pcs.; broiler chickens - 18 pcs. and exotic birds - 1. The diagnostic materials  were tested 
according to BDS EN/ISO 6579,  Amendment 1: Annex D. 

Of all the 56  sites tested (100%), 6  (10.71%) were positive for Salmonella spp.: breeding flocks - 
1.78%; laying hens - 7.15%; broiler chickens - 0.0%, and exotic birds - 1.78%.  Salmonella spp.-positive 
sites were distributed by category as follows: breeding flocks - 9.09%; laying hens - 15.38; broiler chickens 
- 0.0%, and exotic birds - 100%.

Of the 571 samples studied (100%), the 12 samples (2.1%)  found positive for Salmonella spp. in-
cluded: breeding flocks - 0.35%; laying hens - 1.58%; broiler chickens - 0.0%, and exotic birds - 0.17%.  
The Salmonella spp.-positive samples were distributed by category as follows: breeding flocks - 1.52%; 
laying hens - 3.93%; broiler chickens - 0.0%, and exotic birds - 4.17%.

Five Salmonella serovars were typified distributed as follows: Enteritidis - 25% Infantis - 25%; Cor-
vallis - 25%, Typhimurium - 16,67 % and Thompson-8,33%.

In 2015,  the most common confirmed human pathogenic serovars of Salmonella were: Typhimurium,  
isolated from laying hens and parrots, and Enteritidis from laying hens. 

The tendency to isolate S. Infantis and S. Corvallis from breeding flocks and laying hens  remained 
unchanged.. In 2015, Salmonella spp. was not isolated in the broiler chickens category in contrast to 2014, 
when S. Infantis was found in 0.8% of the samples. 

Keywords: birds, control, serovar, Salmonella spp.

Резюме
За контрол на Salmonella spp. през 2015 г. са изследвани 571 бр. проби от птици (свежи фека-

лии и обувни тампони – 303 бр.; прахови проби и марлени чорапи - 244 бр. от кокошки и вътрешни 
органи и фецес от екзотични птици – 24 бр.), произхождащи от 56 птицевъдни обекти, класифици-
рани в 4 категории, в т. ч.: развъдни стада – 11 бр.; кокошки носачки – 26 бр.; пилета бройлери – 18 
бр. и екзотични птици – 1 бр. Диагностичните материали са изследвани съгласно БДС EN/ISO 6579, 
Изменение 1, Приложение D.

 От изследваните всичко 56 обекта (100%), 6 обекта (10,71%) са положителни за Salmonella 
spp., в т.ч.: развъдни стада – 1,78 %; кокошки носачки – 7,15%; пилета бройлери – 0,0 % и екзотични 
птици – 1,78%. Положителните за Salmonella spp. обекти по категории се разпределят както следва: 
развъдни стада – 9,09%; кокошки носачки – 15,38; пилета бройлери – 0,0% и екзотични птици – 
100%.

 От изследваните 571 бр. проби (100%) 12 бр. (2,1%) са положителни за Salmonella spp., в т.ч.: 
развъдни стада – 0,35%; кокошки носачки – 1,58%; пилета бройлери – 0,0 % и екзотични птици – 
0,17%. Положителните за Salmonella spp. проби по категории птици се разпределят както следва: 

* Corresponding author: aldimas@abv.bg
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развъдни стада – 1,52%; кокошки носачки – 3,93%; пилета бройлери – 0,0% и екзотични птици – 
4,17%.

 Типизирани са 5 серовара Salmonella със следното дялово разпределение: Enteritidis – 25%; 
Infantis – 25%; Corvalis – 25%, Typhimurium - 16,67% и Thompson – 8,33%.

 През 2015 г. са доказани най-патогенните за човека серовари на Salmonella: Typhimurium 
– от кокошки носачки и папагали и Enteritidis – от кокошки носачки. Запазва се тенденцията за 
установяване на S. Infantis и S. Corvalis от развъдни стада и кокошки носачки. От категория пилета 
бройлери през 2015 г. не е изолирана Salmonella spp., за разлика от 2014 г., когато в 0,8% от пробите 
е доказана S. Infantis.

Introduction
The European Union summary reports on the 

trends and sources of zoonotic agents and food-
borne outbreaks indicate that salmonella infections 
in birds are a public health risk. The two Salmo-
nella serotypes with the highest zooanthropogen-
ic significance are Enteritidis and Typhimurium 
(CR-517, 2011; EUSR-TSZ, 2012; CR-200, 2012; 
ARZ-D, 2013; Albuqerque et al., 2014; Barbour 
et al., 2015). Although S. Enteritidis and S. Typh-
imurium are the most common causes of human 
foodborne outbreaks, the remaining Salmonella se-
rovars should also be subject to control (Nelson and 
Sheppard, 2009). Carrique-Mas and Davies (2008) 
define S. Enteritidis, S. Typhimurium, S. Infantis, S. 
Hadar and S. Virchow as  serovars of great public 
health importance.

ARZ-D (2013) and EUSR-TSZ (2012) relat-
ed to the establishment and significance of zoonotic 
pathogens in food of animal origin for the period 
2010-2012 showed that the dominant pathogens 
were Campylobacter coli/jejuni - 67.1%,  followed 
by Salmonella spp. - 20.3%, Yersinia enterocolitica 
- 6.2%, and  Verotoxigenic E. coli VTEC - (3.3%).

Mueller-Doblies (2014) cited an EFSA report 
on the incidence of human infections reported in 
2012 due to the consumption of food products of 
animal origin. The salmonellosis  ranked second 
after campylobacteriosis; S. typhimurium - 22.1%, 
monophasic S. Typhimurium serovars with antigen-
ic formula 1, 4 [5], 12: I - 7.2%, S. Infantis - 2.5%, 
S. Stanley - 1.4%, S. Thompson - 1.3%, serovars 
Newport, Derby, Panama - 0.9%, S.  Kentucky - 
0.8% and other serovars - 20.7%, i.e. more than 
70% of the cases were caused by target serovars.

Salmonella serotypes change annually across 
different countries, which is a consequence of glo-
balization and especially of the trade with animals, 
their products, feed and international travel and 
human migration. The two foods that are a major 
cause of foodborne outbreaks due to Salmonel-
la spp. are eggs and poultry meat (Barbour et al., 
2015). In 67.8% of the samples tested, the most pre-

dominant serovars proved to be: Infantis - 70.9%, 
Typhimurium - 18.5%, Derby - 14.56%, Virchow 
- 4.9% and Enteritidis - 0.97%. More than 50% of 
the  salmonella infections isolated in humans in the 
EU countries  were caused by 5 serovars: Typhimu-
rium, Enteritidis, Newport, Haidelberg and Javianu 
(CR 517, 2011; Habrun et al., 2012 ARZ-D, 2013).

As the EU works as a single market, the Eu-
ropean Commission has played an important role in 
harmonizing and coordinating the Salmonella con-
trol programs in the EU aimed at reducing the prev-
alence of Salmonella, partly based on a reduction 
in Salmonella prevalence at the primary production 
level.

In the Republic of Bulgaria, the national 
Salmonella control programs for breeding flocks 
and laying hens have been in operation since 2008 
(SCP-BF, 2016; SCP-LH, 2016) and the Salmo-
nella control program for broilers has been imple-
mented since 2009 (SCP-B, 2016). The programs 
aim at establishing the health status of breeding 
flocks, laying hens of the genus Gallus Gallus and 
broilers with regard to S. Enteritidis, S. Typhimuri-
um, S. Infantis, S. Hadar, S. Virchow, and all other 
Salmonella species, and reducing the percentage of 
Salmonella-positive flocks to 1% or less (SCP-BF, 
2016; SCP-LH, 2016; SCP-B, 2016) positive for 
target serovars.

The purpose of this study is to investigate the 
prevalence of Salmonella spp. in breeding flocks, 
laying hens and broilers as a result of the imple-
mentation of the Salmonella control programs for 
poultry in 2015.
Materials and Methods

In 2015, we surveyed a total of 571 samples 
of birds, including: fresh feces and shoe pads - 303; 
powder samples and gilt socks - 244 pcs.; internal 
organs and feces from exotic birds - 24 pcs. Sam-
ples originated from 56 sites classified into 4 cat-
egories, including breeding flocks (parents) - 11; 
flocks of laying hens - 26; broiler flocks - 18 pcs. 
and exotic birds – 1. 

Bacteriological research was carried out at 
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the Laboratory of Bacterial Diseases of Animals at 
the National Diagnostic Research Veterinary Med-
ical Institute (NDRVMI), Sofia. For the cultivation 
and isolation of Salmonella spp. we used: buffered 
peptone water, semi-solid Rapaport-Vasiliadis agar, 
brilliant grunt lactose sucrose agar, xylose lysine 
deoxycholate agar, nutrient broth and nutrient agar. 
Diagnostic materials  were developed according to 
Standard BSS EN/ISO 6579 - Horizontal Method 
for Isolation of Salmonella spp. Amendment 1: An-
nex D, 2007: Isolation of Salmonella spp. in animal 
faeces and  in environmental  samples from the pri-
mary production stage, a method recommended by 
the Community Reference Laboratory for Salmo-
nella in Bilthoven, the Netherlands.

We performed the serological confirmation 
of the isolates with pooled agglutinating serum A-E 
serum, and serotyping was performed in the Na-
tional Reference Laboratory (NRL) for Salmonel-
la, Campylobacter, Antimicrobial Resistance and 
Staphylococcus aureus at the National Center for 
Food Safety (NCFS), NDRVMI, according to the  
Kauffmann-White-Le Minor scheme. For positive 
control, we used a reference strain of S. Enteritidis 
ATTC 13076.
Results

Of all 56 sites surveyed (100%), 6 (10.71%) 
were positive for Salmonella spp., including: breed-

ing flocks - 1.78%; laying hens - 7.15%; chicken 
broilers - 0.0%, and exotic birds - 1.78%. Salmo-
nella spp.-positive samples were distributed by cat-
egory as follows: breeding flocks - 9.09%; laying 
hens – 15.38; chicken broilers - 0.0%, and exotic 
birds - 100% (Table 1).

Of the 571 samples examined (100%), 12 
samples (2.1%) were positive for Salmonella spp., 
including: breeding flocks - 0.35%; laying hens - 
1.58%; chicken broilers - 0.0%, and exotic birds - 
0.17%.  Salmonella spp.-positive samples by bird 
category  were distributed as follows: breeding 
flocks - 1.52%; laying hens - 3.93%; chicken broil-
ers - 0.0% and exotic birds - 4.17% (Table 2). 

In the study of 571 samples from the four 
bird categories taken from a total of 56 sites, we 
isolated 5 Salmonella serovars from 12 samples. S. 
Enteritidis was proved in 3 samples of laying hens 
from one site (2 fresh feces and 1 powder sample). 
We isolated S. Typhimurium in 2 samples - one of 
the fresh feces from laying hens and one of  par-
rot feces. S. Corvallis  was confirmed in 1 sample 
of fresh feces, one powder sample and one in shoe 
pad. S. Infantis was found in a sample of fresh fec-
es of laying hens and in a sample of gilt socks of 
breeding flocks, and  in one  flock we isolated two 
Salmonella serotypes - Typhimurium and Thomp-
son (Table 3).

Table 1. Results  for Salmonella spp. detected in different categories of poultry sites (n = 56) in 2015

Site category
No.

Examined
sites

Salmonella spp.-positive 
sites  of total studied sites

Salmonella spp.-positive 
sites in the relevant 

category
% No. % %

1. Breeding flocks 11 19.64 1 1.78 9.09
2. Laying hens 26 46.43 4 7.15 15.38
3. Broilers 18 32.15 0 0.0 0.0
4. Exotic birds 1 1,78 1 1.78 100

Total 56 100 6 10.71

Table 2. Results from examination of flocks (n = 571) for Salmonella spp. in 2015

Site category
No.

Examined
samples

Positive for Salmonella 
spp. samples of all
examined samples

Positive for
Salmonella spp.

in the relevant category
% No. % %

1. Breeding flocks 132 23.1 2 0.35 1.52
2. Laying hens 229 40.1 9 1.58 3.93
3. Broilers 186 32.6 0 0.0 0.0
4. Exotic birds 24 4.2 1 0.17 4.17

Total: 571 100 12 2.10
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The spectrum and percentage of Salmonella 
serovars in the 3 Salmonella spp.-positive catego-
ries - breeding flocks, laying hens and exotic birds  
was: S. Enteritidis, S. Infantis and S. Corvallis - 25%, 
S. Typhimurium-16.67% and S. Thompson-8.33%, 
and the Salmonella serotypes flocks found in the 
flocks of laying hens  consisted of Enteritidis, Ty-
phimurium, Infantis, Corvallis Corvallis  and S. 
Thompson,  each serovar accounting for 20%.
Discussion

The prevalence of target serovars (Enteritidis 
and Typhimurium) for the period 2008 - 2014 in 
breeding flocks is as follows: 2008 - 0%; 2009 - 
3.49%; 2010 - 5.19%; 2011 - 0.82%; 2012 - 0.48%; 
2013 - 1.03% and 2014 - 0.84% (SCP-BF, 2016). 
In 2015, the prevalence is 0%, which means that 
the program goal has been exceeded by over 1% 
and is in line with the results from 2008 to 2010. 
Bulgaria  ranked eighth after Cyprus, Switzerland, 
Poland, Austria, Hungary, The Czech Republic and 
Greece of prevalence of  Enteritidis, Typhimurium, 
Infantis, Virchow and Hadar serovars in 2012 (Mu-
eller-Doblies, 2014). For serovars different from 
the targeted in 2015,  the prevalence is 9.09%, well 
above the previous six years. The isolation of S. In-
fantis is not surprising, due to the tendency record-
ed for this serovar to be present every year and to 
dominate over the others.

Sivaramalingamet et al. (2013) investigated 
the Salmonella spectrum and prevalence  in breed-
ing flocks in 2002-2012 and showed that in broil-
er breeding flocks the prevalence  was 47.4% and 
the dominant serovars in descending order  were: 
Heidelberg, Kentucky, Hadar and Typhimurium. 
In breeding flocks of laying hens, they recorded 
–a prevalence of 25.7%, and serovars Heidelberg, 
Brandenburg, Thompson and Typhimurium. Se-
rovar Enteritidis was not a particular problem for 
breeding flocks in Canada, unlike in Europe.

In the flocks of laying hens, the prevalence of 

target serovars was: 2008 - 0.89%; 2009 - 0.82%; 
2010 - 0.8%; 2011 - 1.75%; 2012 - 0.67%; for 2013 
and 2014 - 0% (SCP-BF, 2016). In 2012, Bulgar-
ia, together with Hungary,  ranked seventh place in 
prevalence of the target serovars (Mueller-Doblies, 
2014). In 2015, the prevalence of Salmonella spp. 
was the highest since the start of the program  - 
15.38%. Positive targets for the target serovars were 
7.69 % of the surveyed sites. For the other serovars, 
the prevalence  was 11.53%. In one of the 26 flocks 
of laying hens we tested a mixed infection of two se-
rovars - Typhimurium and Thompson. Before 2015, 
Typhimurium serovars were established only once 
in 2012, and Serovar Thompson was not  recorded 
among the laying flocks. Gradel et al. (2002) iso-
lated  mixed salmonellosis infection caused by S. 
Indiana - S. Typhimurium in a broiler flock, and S. 
Infantis-S. Typhimurium in another. Frietas et. al. 
(2013) have demonstrated 4 pairs of serovar combi-
nations  in 4flocks: S. Lexington - S. Typhimurium; 
S. Corvallis - S. Lexington; S. Typhimurium - S.  
Corvallis; S. Minnesota - S. Lexington. Serovar En-
teritidis appeared to be the dominant serovar in the 
flocks for 2015, followed by S. Infantis, S.  Corvallis 
and others. By 2011, the number of serovars and the 
number of flocks affected by salmonella increased, 
from 2012 to 2014 it decreased from 6 to 2, and 
from 15 to 2 (SCP-LH, 2016), in 2013, 2014, re-
spectively, and 2015 there was permanent presence 
of S. Infantis in laying flocks. Habrun et al. (2012) 
isolated 158 isolates of Salmonella spp. from laying 
hens in Croatia in 2012 and established the highest 
prevalence for serovars Enteritidis - 34%, Mbanda-
ka - 31% and Infantis - 12%.  while a considerably 
lower prevalence  was observed for Typhimurium 
- 5.7%, Agona - 2.5%, Seftenberg - 1.9%, Montevi-
deo - 1.3%, Virchow, Sentleyvile, Isangi and Lomi-
ta - 0.6%.  In our studies conducted in laying flocks 
in 2015,   Salmonella-positive results were found in 
3.93%  of the samples of the laying flocks,  and in 

Table 3.  Affiliation of Salmonella serovars by flock category

No Bird category
Flocks of birds

Isolated serovarsExamined (no.)/
Positive ( no.)

1. Breeding flocks 11 / 1 S. Infantis
2. Laying hens 26 / 4 S. Enteritidis, S. Typhimurium

S. Corvallis, S. Thompson,
S. Infantis

3. Broilers 18 / 0 -
4. Exotic birds 1 / 1 S. Typhimurium
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15.38%  of the sites. Of the 26 sites studied, 4 were 
positive for Salmonella, and the isolated serovars 
were 5, each with a prevalence of 20%.

In Europe, Salmonella infections in laying 
hens are most commonly caused by S. Enteritidis, 
in most cases being isolated from eggs due to S. 
Enteritidis - specific tropism and a mechanism of 
infection of eggs in the formation. In Australia, 
where S. Enteritidis is not endemic, eggs are most 
commonly infected with S. Typhimurium (Wales 
and Davies, 2011). A major way for infecting eggs 
in laying hens with S. typhimurium is the horizon-
tal infection via contaminated feces (Pande et al., 
2016). S. Enteritidis shows affinity to the internal 
organs of the birds and, in particular to the repro-
ductive organs, in the case of laying hens, as a re-
sult of which the eggs are already infected in the 
ovaries, however, secondary contamination with S. 
enteritidis in the external environment is possible 
after laying. In the European countries, the presence 
of S. Enteritidis in laying hens is greater than infec-
tion with S. Typhimurium, a serovar more closely 
related to infected pigs and calves, contaminated 
feed or rodents (Carrique-Mas and Davies, 2008a). 

The Salmonella control program for broil-
ers in Bulgaria started in 2009, with prevalence of 
target serovars as follows: 2009 - 0.37%; 2010 - 
0.1%; 2011 and 2012 - 0%; 2013 - 0.11% and 2014 
- 0.29% (3). In 2015, none of the 18 flocks studied 
were positive for Salmonella spp.. The comparison 
of the results for 2015 in this category with previ-
ous ones has reinforced the broiler flocks as a cat-
egory in which the target serovars are below 1% 
for the seventh consecutive year (Mueller-Doblies, 
2014; SCP-B, 2016). More than five-fold reduc-
tions in Salmonella serovars and their distribution 
in broiler flocks in 2014 and the prognosis for a fa-
vorable trend in limiting Salmonella infections in 
them in the following years in 2015 were justified 
(Dimitrova et al., 2016).

Ibrahim et al. (2013) conducted a sero-epide-
miological study on Salmonella infections in poul-
try and their significance for human health, result-
ing in the fact that, unlike European countries, in 
Egypt the biggest problem was the broiler category 
- with a 16.7% prevalence, an intermediate position 
occupied by the breeding  flocks - with 10% over-
run and the smallest for laying hens -2%. S. Ken-
tucky has been shown to have the highest degree.

When comparing the results of 2014 and 
2015, there are overall differences in three direc-
tions: the prevalence of Salmonella spp. in the 
relevant category, the presence or absence of the 

target serovars and the proof of new serovars for 
the respective category or the formation of perma-
nent presence. In 2014, Salmonella spp. was found 
in each of the studied categories: breeding flocks, 
laying hens, broilers and exotic birds, but with a 
low passage of 0.55%, 0.59%, 0.80% and 37.5%, 
respectively, and without isolation of the two tar-
get serovars (Dimitrova et al., 2016), in contrast 
to 2015, in which Salmonella spp. was not isolat-
ed from broiler flocks, and the drift in cattle, lay-
ing and exotic cattle categories was high at 9.09%, 
15.38% and 100%, respectively. With the  inclusion 
of serovar Thompson in the category of laying hens 
in 2015, the range of serovars expanded and our at-
tention  became more focused, as in 2012  it ranked 
third after the two target serovars (Mueller-Doblies, 
2014).

Unlike Breitsma (2014) and Tauxe et al. 
(2014), who found that over 50% of Salmonella in-
fections were caused by S. Haidelberg and S. Javi-
anu, our results  found serovar Infantis  to exhibit 
the highest  survivability - 33.3%, followed by En-
teritidis, Typhimurium, Corvallis, Thompson - with 
a 16.7% decrease. The results obtained by us reveal 
serovar Infantis as a dominant serovar, and are  in 
agreement with  the results found by Rotaru et al. 
(2012), who surveyed 7 poultry farms in Romania 
in 2009-2010, and recorded the highest prevalence 
for serovar Infantis - 85.4% in 2009 and 76.5% in 
2010 out of a total of 833 samples tested.

Unlike Prodanov et al. (2012), who investi-
gated Salmonella serotypes in laying hens in North 
Macedonia and found that of 61 Salmonella strains 
S. Enteritidis were 35, S. Typhimurium - 17, S. In-
fantis - 3, S. Derby - 2 and one strain S. Heidelberg, 
S. Livingstone, S. Typhi and non-typing, we isolat-
ed serovars Infantis and Isangi in 2014 from laying 
hens and serovars Infantis, Enteritidis, Typhimuri-
um, Thompson and Corvallis in 2015.

Pet birds are considered to be a rare source 
of Salmonella for humans, but children, the el-
derly and those with immunosuppressive diseases 
may become infected (Gerlach, 2013). Ward et al. 
(2003) examined the cause of mortality of 22% of 
decorative birds visiting a zoological exhibition and 
isolated S. typhimurium and non-typable Salmonel-
la group B from internal organs of parrots, and Pic-
cirillo et al. (2010) describe 2 cases of Salmonella 
infection caused by S. Typhimurium and underlined 
the need to control Salmonella spp. in decorative 
and exotic birds for company, exhibitions, zoos and 
import and export. In 2015, we isolated S. typhimu-
rium from internal organs and feces from parrots 
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during their quarantine period after being imported 
into Bulgaria, unlike in 2014, when we also found 
parasites of S. Sentleyvile, which confirmed the re-
sults of other researchers (Ward et al., 2003; Pic-
cirillo et al., 2010; Gerlach, 2013). 
Conclusions

The highest percentage of Salmonella-posi-
tive flocks of laying hens is 15.38 %, with the larg-
est variety of serovars: Enteritidis, Typhimurium, 
Infantis, Corvallis and Thompson, two of which are 
pathogenic to humans.

For the first time in 2015 Salmonella spp. was 
not isolated from flocks of broilers, unlike the pre-
vious 6 years, when at least 3 serovars were con-
firmed per year.

In the category of breeding flocks, the ten-
dency of the previous 6 years with isolated S. In-
fantis and S. Corvallis and lack of target serovars 
Enteritidis and Typhimurium remained unchanged. 
It is recommended that decorative and exotic birds 
be tested for Salmonella spp.
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ACADEMICIAN ANGEL SIMEONOV GALABOV,
EMINENT SCIENTIST AND PUBLIC FIGURE

On February 15, 2019, we celebrated Acade-
mician Angel Galabov’s milestone 80th birthday as 
well as his great merit in Bulgarian science, his en-
deavours in the training of young erudite specialists 
and raising the international prestige of Bulgarian 
scientists, and his active civic engagement and par-
ticipation in the social life of the country.

Academician Angel S. Galabov graduated in 
1962 as a medical doctor. With two successfully 
defended dissertations, he attained the degrees of 
“Candidate of Biological Sciences” in 1968, and 
“Doctor of Medical Sciences” in 1978. He became a 
Professor of Virology at the Institute of Microbiolo-
gy at the Bulgarian Academy of Sciences (BAS) in 
1988. Having been elected to corresponding mem-
bership in 2004, Angel Galabov went on to became 
full member of BAS and be awarded the title of Ac-
ademician of Virology in 2008. He studied under 
Nobel Laureate Andre Lvov (Institut Pasteur, Paris, 
1968) and Academician Vadim Agol (Lomonosov 
University, Moscow, 1975). Academician Angel 
Galabov’s work in the field of science has spanned 

more than 50 years, 32 years of which at BAS.
Throughout his academic career, Academi-

cian A. Galabov has been at the head of research 
teams whose work involved problems of impor-
tance and current interest in the field of virology 
as part of a wide array of national and internation-
al projects, programs and scientific networks. His 
work on the development of new antiviral agents 
- viral replication inhibitors and biological response 
modifiers (interferon inducers, antioxidants) was a 
substantial contribution. In the field of   viral inhib-
itors, a significant achievement was the develop-
ment of screening methods for active substances 
(products of chemical synthesis or natural products) 
with an inhibitory effect on entero-, influenza, ad-
eno-, toga-, flavi-, herpes viruses, etc.; establishing 
their mechanism of action, the emergence of drug 
resistance and approaches to overcoming it; creat-
ing novel schemes of combinig anti-enteroviral in-
hibitors, etc. Investigations of special importance 
for the medical practice were those on virucidal mi-
crobicides, oncolytic parvoviruses, molecular epi-
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demiology of papillomavirus infections, the Balkan 
endemic nephropathy, etc. In recent years, Acade-
mician A. Galabov has largely contributed to the 
investigation and identification of interesting facts 
in the field of population genetics and the origins of 
Bulgarians.

Angel Galabov was actively involved in the 
development and clinical application of various 
drugs, such as Abitilguanid for treatment of epi-
demic keratoconjunctivitis, Manorapid Synergy (a 
highly efficient virucidal disinfectant), etc.

He has authored over 290 scientific publi-
cations (more than 200 in reputable international 
journals), monographs, chapters of books, etc. and 
has published a huge number of popular scientific 
articles and information materials on social issues. 
His role in 40 inventions also deserves special men-
tion. His scientific work has earned him recognition 
both in Bulgarian and international scientific com-
munities, a fact supported by over 1 500 citations.

For his expertise and skilled editorial work he 
has been appointed editor-in-chief and member of 
editorial teams of a number of specialized interna-
tional journals.

By training young specialists, Academician 
Galabov has passed on his knowledge and profes-
sional experience. Numerous graduates and doc-
toral students have studied under his guidance and 
established a career in the field of virology at home 
and abroad. He has been and still is a lecturer at 
Bulgarian and foreign universities, and as a guest 
lecturer has given plenary lectures at a number of 
scientific events.

As a director of long standing of the Institute 
of Microbiology, he has successfully worked to 
raise the prestige of the Institute of Microbiology, 
establish it as a centre of the microbiological sci-
ence in Bulgaria and in the Balkan region, and see 
it included in the European scientific domain. Due 
to his efforts, personal contacts and authority, the 
Institute of Microbiology became a member of the 
Institut Pasteur International Network. During his 
term, the Institute of Microbiology was one of the 

Maria Angelova
Lyubka Doumanova

few BAS institutes to be awarded three “A” grades 
by the 2009 international audit.

The foundation of the Balkan Microbiologi-
cal Society, initiated by A. Galabov and whose 
president he has been for three terms elevated the 
prestige of Bulgarian science. He was also among 
the founders of the Bulgarian National Academy 
of Medicine, currently its Deputy Chairman, and 
founder of the first in Europe Symposium Chain of 
Antiviral Agents. He has been a member of the In-
ternational Society for Antiviral Research (ISAR) 
since 1990, member of ISAR‘s International Coun-
cil, and organized the 24th International Congress 
on Antiviral Research (2011) in Sofia.

Academician Galabov actively participates in 
the life and management of the Bulgarian Academy 
of Sciences, as well as in the life of the scientific 
community in Bulgaria. He has been Deputy Chair 
and Secretary of scientific boards at the Higher 
Attestation Commission (VAK), of the Scientific 
Advisory Board to the Board of Directors of BAS, 
Deputy Chairman of the General Assembly of BAS, 
Chairman of the Scientific Board of the Institute of 
Microbiology at BAS, etc. He has been a member 
of the Union of Scientists in Bulgaria (USB) since 
1965, and has been a member of the USB Boatd. 
He is a long-standing chairman of the Bulgarian 
Microbiological Society at USB. Academician Gal-
abov has been organizer and chairman of a number 
of congresses of the society with international par-
ticipation, and initiator of the Days of Virology in 
Bulgaria.

In recognition of his active scientific and so-
cial activity, Academician Angel S. Galabov has 
been twice conferred the Marin Drinov Honorary 
Sign on a neck ribbon.

Academician Angel S. Galabov is a respect-
ed world renowned scholar, a bold innovator who 
has contributed to the development of virology in 
Bulgaria, teacher of the young, an exquisite master 
of speech, a good and responsive person and col-
league.
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The references used are cited in the manuscript as follows:
•	 In the case of single author - the author’s surname and the year of publication (Petrov, 2012);
•	 In the case of two authors - the authors surnames and the year of publication (Petrov and Vassileva, 

2013);
•	 In the case of more than two authors - the first author’s surname, at all., and the year of publication 

(Christova et al., 2014).
The references included in the section “References” of the manuscript should be arranged first 
alphabetically and then further sorted chronologically if necessary. More then one reference from the 
same author(s) in the same year must be identified by the letters “a”, “b”, “c”, etc. place after the year of 
publication.
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Examples: 
Reference to a journal publication:
Georgiev, P., V. Simeonov, T. Ivanov (2010). Production of thermostables enzymes. Biotechnol. Biotec. 
Eq. 27: 231-238. 
Reference to a book:
John, R., W. Villiam, G. Wilmington (2011). New approach for purification of enteroviral proteins, in: 
Peterson, K., A. Smith (Eds.), Methods in Proteinology. Elsevier, London, pp. 281-304.
Journal names should be abbreviated according to the List of Title World Abbreviations: 
http://www.issn.org/services/online-services/access-to-the-ltwa/
Manuscripts should be submitted to the Editorial Board of the journal Acta Microbiologica Bulgarica in 
electronic version of the paper to the following address: 
vanianik@mail.bg
The publications in Acta Microbiologica Bulgarica are free of charge. The authors of the manuscripts 
need to cover the costs of printing collared illustrations. 
https://library.caltech.edu/reference/abbreviations/
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