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Review
Gut Microbiome: Probable Relations to Human Health*

Zeynep Cigdem Kayacan
Istanbul University, Istanbul Faculty of Medicine, Department of Medical Microbiology, Capa 34093 
Istanbul - Turkey

Abstract
Humans co-evolve with their microbiota. It is becoming better understood today that health and 

disease are determined by microbiota in many cases. The gut microbiota constitutes the main part of the 
current research on the subject and is already found to be related to many disorders in humans. Diet and gut 
microbiota seem to have a stable relation. 
Key words: Gut microbiota, microbiome, health, disease, diet.

Резюме
Хората са еволюирали успоредно с техния микробиом. Днес все по-добре разбираме, че в мно-

го случаи здравето и болестите са свързани с микробиома. Съществена част от сегашните изслед-
вания по въпроса са посветени на чревния микробиом. Изглежда, че между чревния микробиом и 
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* The paper was presented at the FOOD-3 Conference, 
2017, Sofia, Bulgaria

диетата има стабилна връзка.

Microbiota and Microbiome
Microbiota is the community of microrgan-

isms including bacteria, viruses, archaea, and some 
unicellular eukaryotes, living in a specific environ-
ment; therefore, Human Microbiota is a whole col-
lection of microorganisms living on the surfaces and 
internal parts of the human body. Microbiome is the 
entire collection of all genomic elements of a spe-
cific microbiota (D’Argenio and Salvatore, 2015).

Approximately, the total number of human 
cells is 1013 and that of the microbial cells is 1014 in 
an adult, meaning that the microbe cells are 10-fold 
the number of the human cells in an adult body. 

This same microbiota encodes five million 
microbial genes to make up the human microbi-
ome, meaning that the microbial genes are 150-fold 
the number of the human genes in a human body. 
The microbiota makes up 1-2 kilograms of an av-
erage adult body weight and performs some vital 
functions which the human body cannot manage by 
itself; and this is why the microbiota has recently 
been called the “forgotten organ” in the body of hu-
man beings (Clemente et al., 2012). 

Multiple factors such as the immune system, 

genetic variations, racial origin or ethnic roots, lo-
cal environment, hygienic factors, socioeconomic 
status, lifestyle and diet, determine the human mi-
crobiota and microbiome (Findley et al., 2016). In 
2007, the US National Institute of Health (NIH) 
launched the Human Microbiome Project (HMP) 
for “exploring the microbial parts of ourselves”, in 
order to understand how these microorganisms con-
tribute to our normal and abnormal states, namely, 
to human health and diseases. HMP was considered 
a global interdisciplinary study to break down the 
artificial barriers between medical and environmen-
tal microbiology (Turnbaugh et al., 2007). 

Since most of the human microbiota is in the 
gut, the European Commission, in collaboration 
with China, initiated the Metagenomics Project 
of the Human Intestinal Tract (MetaHIT), for an-
alyzing our intestinal microbiota with a final aim 
to explain the evolution of human chronic diseas-
es. Until now, the MetaHIT Project has produced 
a catalogue of more than three million bacterial 
genes present in the gut and discovered that most 
humans belong to one of the four enterotypes. As 
preliminary outcomes of the MetaHIT, new clues 
have emerged for early diagnosis of chronic diseas-
es, personalized medicine and more healthful food 
(http://www.metahit.eu/). 
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Therefore, the new gut microbiota/micro-
biome research has been focussed now onto three 
main questions: 1. Who is in there and what is it do-
ing? 2. What are the relations to health and disease? 
3. How is it possible to modify the gut microbiome 
to maintain health and treat disease? (Owyang and 
Wu, 2014).

Gut Microbiota
In general, the gut microbiota consists of mi-

croorganisms which are either harmless or are of 
benefit to the human-host. It protects against enter-
ic pathogens, provides the body with nutrients and 
energy from ingested food, produces essential vi-
tamins (such as B3, B5, B6, B12, K), performs vital 
functions (such as encoding some proteins which 
cannot be encoded by the human genome although 
they are necessary for human survival), contributes 
to immune functions (providing signals to promote 
the maturation of immune cells and functions) and 
secretes some neurotransmitters which are neces-
sary for mental well-being (Kau et al. 2011; Clem-
ente et al. 2012; Owyang and Wu, 2014). 

Gut microbiota is highly variable. It varies 
between individuals and fluctuates over time in 
the same individual. The majority of gut bacteria 
consists of only a few bacterial phyla: Firmicutes, 
Bacteroidetes, Actinobacteria, Proteobacteria, 
Fusobacteria, Verrucomicrobia. Sharp changes in 
lifestyles change the microbial ecology (Turnbaugh 
et al., 2007). Gut microbiota of most individuals 
can be categorized into some enterotypes and all 
enterotypes are driven mainly by diet. Different 
enterotypes show different saccharolytic, proteo-
lytic and lipolytic profiles (Turnbaugh et al., 2007; 
Clemente et al., 2012).

Gut Microbiota, Dysbiosis and Disease
Disturbance of the normal balance between 

the gut microbiota and the human-host is called dys-
biosis and it is assumed to lead to many disorders 
such as obesity, malnutrition, inflammatory bowel 
disease, neurological disorders, coronary vascular 
disease, alcoholic and nonalcoholic fatty liver dis-
ease and cirrhosis, insulin resistance and diabetes, 
and colorectal cancer. In the dysbiosis state, the in-
testinal barrier function is disturbed, bacteria and 
their products are translocated, and immune activa-
tion takes place. Microbiome-related internal alter-
ations work together with external factors, such as 
the Western-type diet, to provoke the development 
of disease (Owyang and Wu, 2014).

It is now much better understood that even 

some infectious diseases might result from dysbi-
osis, rather than a single pathogen. Microbial-dys-
biosis-related diseases include mainly the autoim-
mune diseases (such as rheumatoid arthritis, multi-
ple sclerosis, type 1 diabetes, inflammatory bowel 
disease, etc.), allergic diseases, and obesity. The 
autoimmune diseases result from inappropriate ac-
tion of the immune system with the dysbiotic gut 
microbiota. Children with a high risk of diabetes 
have a distinct gut microbiota composition with de-
creased diversity and relative abundance of some 
specific bacteria. Animal models of multiple scle-
rosis and rheumatoid arthritis suggest influence of 
the gut microbiota. Autoimmune diseases do not 
develop in germ-free mice, and multiple sclerosis 
is restored when germ-free mice are colonized by 
specific bacterial taxa. Obesity is related with the 
Western-type diet, which brings some shifts in mi-
crobiota. (Clemente et al., 2012). 

The gut microbiota also communicates with 
the central nervous system through neural, endo-
crine and immune pathways, and influences the 
brain function and behavior. Studies suggest that 
the gut–brain axis even regulates the psychological 
states in humans, including anxiety, mood, cogni-
tion and pain (Cryan and Dinan, 2012).

Genome and Microbiome
It is well known now that humans have two 

genomes: the first is inherited from parents, and 
the second is acquired from microbes (microbi-
ome). The inherited genome is stable over the life-
time. The microbiome also has two parts: (a) the 
core gut microbiome which is stable, and whose 
composition and structure are determined by the 
human-host genetics, (b) the variable gut micro-
biome which changes with age, hormonal cycles, 
therapies, illness, travel and diet (Owyang and Wu, 
2014; D’Argenio and Salvatore, 2015). Changes in 
the gut microbiome lead to pathological dysbiosis, 
which itself leads to intestinal and extra-intestinal 
diseases (Turnbaugh et al., 2007).

Diet and Biodiversity 
Each adult develops a personalized diet pat-

tern and therefore a unique gut microbiome. Di-
verse diet leads to diverse and rich gut microbiome, 
which results in good adaptation to disturbances. 
A greater range of signals enhances greater abili-
ty to maintain homeostasis and health. Microbial 
richness in gut microbiota is therefore, considered 
to correlate with good health. During the past 50 
years, the prevalence of obesity, type 2 diabetes, 
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and inflammatory bowel diseases has sharply in-
creased. The shared finding for all these diseases is 
reduced biodiversity in the gut microbiome (Hei-
man and Greenway, 2016). 

Obese subjects with increased adiposity have 
less microbial diversity and have some gut bacteria 
with inflammatory effects. Lean subjects have more 
diverse microbiota that contains higher proportions 
of different microbes which are correlated with an-
ti-inflammatory responses (Ursell et al., 2014). 

In gut microbiota, two bacterial phyla dom-
inate in general: Firmicutes and Bacteroidetes. A 
high Firmicutes/Bacteroidetes ratio is observed 
to be associated with obesity with or without in-
creased food intake. Gut microbiota regulates the 
expression of genes that affect fat deposition in 
adipocytes. Germ-free mice are resistant to diet-in-
duced obesity (Kau et al., 2011). 

Diet is recognized as a key factor in shaping 
the gut microbiota composition and in promoting 
either the intestinal homeostasis or the inflamma-
tion-associated intestinal dysbiosis. Nondegradable 
food elements such as starch or vegetal fibers are 
degraded and fermented only in the large intestine 
by the resident microbiota. Fiber fermentation end 
products are short-chain-fatty-acids (acetate, pro-
pionate and butyrate), which are used by the host 
colonocytes as an energy source. Short-chain-fatty-
acids have a role in the prevention of colon cancer 
and promotion of immune tolerance, among many 
more. In a comparative study, microbial richness 
and short chain fatty acid production were shown to 
be high in the agrarian diet, which is rich in non-an-
imal protein and vegetal fiber, while both parame-
ters were found seriously low in the Western diet, 
which is rich in animal protein, sugar, starch and 
fat, and low in fiber (Albenberg and Wu, 2014).

Manipulation of the Gut Microbiome
Forcing a change in gut microbiota by fecal 

microbiota transplantation is shown to be very effi-
cient in treating refractory Clostridium difficile in-
fections, inferring that intestinal microbiota would 
be a therapeutic target in humans, particularly to 
treat metabolic diseases (Owyang and Wu, 2014).

Diet is a major issue in non-invasive manipu-
lation of the gut microbiota and its metabolic func-
tions. Diet may influence the whole set of micro-
bial metabolites (metabolome), which in turn may 
affect the host physiology and immune functions 
(Owyang and Wu, 2014).

The sensitivity of the microbiota to exter-
nal factors, such as diet, is a clue on how to shape 
strategies for treating microbiome-linked diseases. 
Clinical applications are expected to lead to per-
sonalized medicine, hopefully in the near future 
(Lozupone et al., 2012; Owyang and Wu, 2014).
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Review
Critical Points of Food Contamination with Human Noroviruses*

Dragoslava Radin
University of Belgrade – Faculty of Agriculture, Nemanjina 6, 11080 Belgrade, Serbia

Abstract
Human noroviruses are identified as the leading cause of foodborne diseases in many countries world-

wide. Since 2011, in the EU the number of outbreaks caused by viruses has more than doubled, while in 
the US they cause 5.5 million foodborne illnesses (58%) annually. Contributing factors are some of the 
characteristics of human norovirus like ability to replicate to high titers, low infectious dose, persistence 
and stability in the environment. Noroviruses are typically spread by the fecal–oral route and transmitted 
by contaminated food, water or aerosols, person-to-person contact, cross-contamination from surfaces and 
contact with fomites. Some critical issues for contamination of foods at risk are: (i) Contamination of water 
sources with enteric viruses, particularly those used for agricultural practices (crop irrigation, food process-
ing). Food at risk are fresh produce like salads and berries and bivalve shellfish due to filter-feeding what 
enables the concentration of norovirus from polluted water in the digestive glands. (ii) Norovirus is highly 
infectious and could be shed in feces at very high numbers (up to 1011 particles/g) for prolonged times (more 
than 3 weeks), which indicates ease of spread by food handlers. Infected foods handlers are the source of 
53% of norovirus foodborne outbreaks. Foods at risk are those that need extensive handling and ready-to-
eat foods that do not undergo further processing. (iii) Human noroviruses are able to attach to inert surfaces 
and persist for up to 28 days on common food-preparation surfaces. Likewise is their high survival on finger 
pads and transfer to, for example, stainless steel surfaces and successively to foods.
Key words: Noroviruses, food contamination, food handler, food contact surfaces.

Резюме
Човешките норовируси са определени като водещи причинители на хранителни болести в све-

товен мащаб. От 2011 броят на разразилите се вирози в ЕС е нарастнал повече от два пъти, а в САЩ 
те причиняват над 5.5 милиона (58%) случая годишно. Характеристиките на човешките норовируси, 
които допринасят за заразата, са: достигането на висок титър при репликацията, ниска инфекциозна 
доза, устойчивост в заобикалящата среда. За норовирусите е типично фекално–оралното разпрос-
траняване и пренасянето със заразена храна, вода, аерозоли, междуличностни контакти, замърсени 
повърхности и извержения. Някои спорни въпроси за замърсяването на храните в риск са (i) замър-
сяване на водните източници с ентеритни вируси, особено водите, употребявани в земеделските 
практики (поливане, преработка). Храните в риск са свежи салати, ягодоплодни, миди (хранещи се 
чрез филтрация в замърсени с норовируси води (ii) норовирусът е високо инфекциозен и може да 
достигне в изпражненията голяма численост (над 1011 частици / g) за продължително време (пове-
че от 3 седмици), което показва улеснено предаване при рабогещите с храни. Те са източника при 
53% от случаите на норовирусни заболявани. Рисковите храни са тези, при които има потребност от 
екстензивна обработка, както и готовите за ядене храни, неизискващи по-нататъшна обработка. (iii) 
Човешките норовируси са способни да се прикрепят към инертни повърхности и да устояват до 28 
дена по повърхността на приготвената по обикновен начин храна. По същия начин те се запазват по 
пръстите, от там по неръждаемата стоманени остриета и по-нататък по храните.

ACTA MICROBIOLOGICA BULGARICA Volume 33 / 2 (2017)

* Corresponding author: dradin@agrif.bg.ac.rs
* The paper was presented at the FOOD-3 Conference, 
2017, Sofia, Bulgaria



53

Introduction
From at least 320,000 different viruses that 

infect mammals (Anthony et al., 2013), human nor-
oviruses (NoV) attract attention due to their identi-
fication as the leading cause of acute gastroenteritis 
(diarrhea and vomiting illness) worldwide. About 
one out of every five cases is caused by NoV, so 
globally; it is estimated to be the most common 
cause of acute gastroenteritis responsible for 685 
million cases every year (Lopman et al., 2015). 
In the European Union in 2014, foodborne virus-
es were, for the first time, identified as the most 
commonly detected causative agent in the report-
ed foodborne outbreaks, followed by Salmonella, 
bacterial toxins and Campylobacter (EFSA, 2015) 
(Table 1). 

Since 2011, the number of outbreaks caused 
by viruses has more than doubled (from 525 in 
2011 to 1,072 in 2014). In the United States, from 
estimated 9.4 million foodborne illnesses annual-
ly, viruses are at the leading position causing 58% 
(5.5 million) (Scallan et al., 2011). Although many 
different viruses are responsible for viral gastro-
enteritis (adenoviruses, coronaviruses, rotaviruses, 
parvoviruses and astroviruses), noroviruses are rec-
ognized as the main cause of epidemic and sporadic 
foodborne gastroenteritis, and represent a substan-
tial public health burden (Head and Lopman, 2016). 

Clinical symptoms of acute NoV-associated 
gastroenteritis are characterized by the sudden on-
set of vomiting, watery diarrhea, or both. Addition-
al symptoms include nausea, abdominal cramping 
and pain, malaise, anorexia, fever, chills, headache, 
and myalgias. After an incubation period of 10 – 51 
h, there is an acute onset of symptoms which usual-
ly resolve in 1– 3 days. The human NoV replicate in 
the intestines of the infected person and are excret-
ed via faeces and vomit, starting during the incuba-
tion period and lasting up to 3 weeks and longer. In 
persons who had been experimentally infected with 
NoV, virus shedding was first detected by RT-PCR 
18 hours after inoculation and lasted a median of 
28 days (range 13–56 days) (Atmar et al., 2008). 
NoV shed at high level in faeces (median 95×109 
genomic copies/g) and vomit (109 genomic copies 
per single episode) are highly contagious (Teunis et 
al., 2008), resulting in a high rate of transmission to 
contacts, partially due to very low infectious dose. 
The 50% human infectious dose (HID50) is esti-
mated to be in the range from 18 to 1,015 genome 
equivalents, though novel estimation is that the 
HID50 is more similar to those of other RNA virus-

es (1,320 to 2,800 particles) (Atmar et al., 2014).
Gastroenteritis caused by the NoV is general-

ly acute and self-limited; however NoV have been 
associated with severe clinical features other than 
gastroenteritis, including acute renal failure, ar-
rhythmia and signs of acute graft organ rejection in 
renal transplant patients (Mattner et al., 2006). The 
most important at-risk groups are infants, elder-
ly, and immunosuppressed persons since they are 
more susceptible to complications due to dehydra-
tion. Children aged < 5 years are at particular risk of 
foodborne diarrheal diseases, with 220 million ill-
nesses and 96,000 deaths every year. The incidence 
of NoV among them is about 4 times higher than 
for children aged ≥ 5 years (O’Brien et al., 2016).

Noroviruses belong to the Caliciviridae fam-
ily, which is composed of five genera, of which 
genera Norovirus and Sapovirus contain primarily 
human viruses, while the other genera contain ani-
mal viruses (Clark et al., 2012). Human norovirus-
es are non-enveloped RNA viruses, approximately 
27 to 38 nm in diameter, have an icosahedral shape 
and contain single-stranded positive-sense RNA 
genomes ranging in size from 7.4 to 8.3 kb with 
3 open reading frames (ORF1, ORF2, and ORF3). 
ORF1 encodes a polyprotein that is cleaved into 
seven nonstructural mature proteins (NS1 to NS7) 
that are involved in viral replication. ORF2 encodes 
the major structural protein (VP1) of approximate-
ly 60 kDa, and ORF3 encodes a minor structural 
protein (VP2). Noroviruses are genetically clas-
sified into 6 recognized genogroups (GI to GVI), 
while tentative genogroup VII is proposed by Vinjé 
(2015). GI and GII viruses are responsible for the 
majority of disease in humans, particularly GII.4 
genotype which is the most detected genotype in 
NoV outbreaks. In NoV epidemiology, it is com-
mon the emergence of new GII.4 variant that re-
place previously predominant ones (Radin, 2013). 
Since 1995, new epidemic variants of GII.4 have 
emerged every two to three years. However, in the 
winter of 2014/15, a novel GII.P17-GII.17 NoV 
strain (GII.17 Kawasaki, 2014) emerged, as a ma-
jor cause of gastroenteritis outbreaks in China and 
Japan, and have replaced the previously dominant 
GII.4 genotype Sydney 2012 variant in some areas 
in Asia (de Graaf et al., 2015).

Norovirus transmission and food contamination
Gastroenteritis viruses are typically spread 

by the faecal–oral route. Human NoV is transmit-
ted indirectly by contaminated food or water, di-
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rectly through person-to-person contact, and by 
cross-contamination from surfaces. Foods at risk 
include those which need extensive handling, most-
ly ready-to-eat foods that do not undergo further 
processing, and those exposed to environmental 
contamination, such as seafood and fresh produce 
(Radin, 2016). Contamination with human NoV 
can happen throughout the entire food production 
chain: at the pre-harvest stage (primary produc-
tion), during harvest, at the post-harvest stage by 
inappropriate practices during handling, process-
ing, preparation, storage, distribution and at the 
point of sale/consumption (Radin, 2014) (Table 2).

Filter-feeding shellfish is the most common 
food contaminated at source (Table 3), but a wide 
range of different cooked and fresh foods take part 
in secondary contamination (Table 4).

Point of food contamination Sources of viruses

Pre-harvest

Fecal pollution / water for irrigation or growing 
Contaminated water used for pesticide preparation
Organic fertilizers
Root intake of pathogen and plant internalization

Harvest
Contact with human feces
Cross-contamination with equipment
Poor hygiene of workers

Post-harvest

Hands of infected food handlers
Contaminated water
Cross-contamination during washing
Cross-contamination from food contact surfaces and 
equipment

Sale/Consumption
Hands of infected food handlers
Cross-contamination from food contact surfaces and 
equipment

Table 2. Sources of food contamination with viruses

US
(Scallan et al., 

2011)

EU
(EFSA, 2015)

Canada
(GC, 2016)

UK
(FSA, 2014)

New Zealand 
(Cressey and 
Lake, 2011)

1. Norovirus Viruses
NoV and HAV Norovirus Campylobacter Norovirus

2. Salmonella Salmonella Clostridium 
perfringens

Clostridium 
perfringens Campylobacter

3. Clostridium 
perfringens Bacterial toxins Campylobacter Norovirus Clostridium 

perfringens

4. Campylobacter Campylobacter Salmonella Salmonella Yersinia 
enterocolitica

Table 1. Overview of pathogens, causes of confirmed foodborne outbreaks in some countries

As already mentioned, one of the well-estab-
lished vehicles of transmission and principal source 
of food-borne virus in outbreaks are bivalve shell-
fish such as oysters, mussels, clams and cockles 
responsible for large, occasionally international, 
outbreaks (Le Guyader et al., 2006). There are sev-
eral reasons why shellfish are at risk, but primarily 
due to their natural habitat and filter-feeding large 
volumes of water (up to 24 l of water/h) that en-
ables the accumulation and concentration of noro-
virus particles from polluted water in the digestive 
glands. Their lifestyle leads to virus concentrations 
which can be hundreds or even thousands times 
higher than that in the surrounding water. It was de-
termined that 76% of samples of oysters analyzed 
at harvest from UK harvesting areas over a two-
year period tested positive for norovirus (CEFAS, 
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Year 2015 2016 2017

# virus alerts 15 13 14

Virus type

NoV 100 % 69% 93%

HAV - 31% 7%

Product type

Strawberries 7% - 22%

Raspberries 20% 16% 7%

Blueberries 7% - -

Spinach - - 15%

Dried tomato - - 7%

Oysters 26% 46% 35%

Clams 40% 38% 7%

Mussel - - 7%

Table 3. Rapid Alert System for Food and Feed: 
Virus alerts in Europe 2015 – April, 2017

2014). Another very important safety point is that 
people in their diet frequently consume uncooked 
or only with a light heat treatment prepared shell-
fish, which is not sufficient to guarantee virus in-
activation. For commercial harvesting, some mea-
sures like the depuration process, offer good pro-
tection against harmful bacteria such as E. coli, but 
are not efficient in the elimination of viruses from 
live shellfish.

Generally, contamination of water sources 
with enteric viruses is a common event to some ex-
tent due to the fact that current wastewater treat-
ments do not guarantee complete virus removal 
(Blatchley, 2007); therefore, non-enveloped RNA 
or DNA enteric viruses become environmental con-
taminants and a public health concern. Water-relat-
ed diseases are associated not only with drinking 
and recreational water but also with those used for 
agricultural practices such as crop irrigation and 
food processing, which may result in foodborne 
outbreaks (Li, 2012). Index viruses of human or an-
imal fecal contamination (human and porcine AdV, 
bovine PyV), and human pathogenic viruses (HAV, 
HEV, and NoV GI/GII) were found in irrigation 

Year Food Vehicle No. of 
outbreaks

No. of 
illness

Place of 
outbreak

2014

Salad/carrots, cucumber, 
green peppers, tomato 1 44

RestaurantGuacamole, sour cream, 
sauces 2 429

Macaroni salad, Caesar 
salad, breads 2 133

Potato salad
Green beans 2 97 Banquet 

Facility
Sandwiches 1 40 Caterer

2015

Chips, rolls, pastries 1 86

Banquet 
Facility

Salad/ Lettuce 1 48
Strawberry sauce 1 123

Cheese and crackers, 
fruit, green beans 1 170

Cupcakes 1 170 Hospital
Sandwiches 1 54 School/college

Cake frosting/icing 1 73 Private home

Table 4. Examples of confirmed norovirus foodborne outbreaks in the US reported by FOOD tool 
(CDC, 2016)
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water samples from the leafy green vegetables and 
berry fruit production chain (Kokkinos et al., 2017). 
Foodborne disease outbreaks associated with fresh 
fruits and vegetables are widespread in the Europe-
an Union and United States, with NoV and Salmo-
nella as the most common pathogens. Noroviruses 
are primarily linked with the consumption of salad 
in the US and of berries in the EU (Callejon et al., 
2015). In the production of fresh fruits and vegeta-
bles even contaminated water used to dilute pesti-
cides could be a source of human noroviruses, since 
their infectivity was unaffected when combined 
with diluted pesticide (Verhaelen et al., 2013a). 
Moreover, recent studies have reported internaliza-
tion and transport of enteric viruses in lettuce plants 
cultivated hydroponically or during irrigation (Wei, 
2011). These findings indicate a possible route of 
contamination by uptake of the virus through the 
root system and subsequent transport of the virus 
into edible portions of the plant via the vascular tis-
sue.

Food contact surfaces
Essentially, all foodborne viruses are shed 

with feces and vomit, therefore easily transmitted 
from person to person, via food, water and different 
surfaces (e.g. stainless steel). Human NoV is able 
to attach to inert surfaces, vegetal and other food 
matrices, as well as hands. Moreover, the survival 
on finger pads is high and its transfer from hand 
to stainless steel surfaces and from stainless steel 
surfaces to vegetable surface could occur relatively 
easily (Table 5).

Furthermore, it has been demonstrated that 
viruses are transferred at different levels from 
gloved fingertips to produce. Viruses are more eas-
ily transferred from fingertips to lettuce as com-
pared to fingertips and soft berries (Verhaelen et al., 

Donor

Recipient

Reference
Lettuce Deli 

meat
Stainless 

steel

Blueberries, grapes Raspberries
dry 

conditions
wet 

conditions
wet 

conditions
Solid 

surfaces 0-26 55-95 Escudero 
 et al., 2012

Hands 58-60 4-12 20-70 4
Sharps 

 et al., 2012
Stainless 
steel to 
hands

2-11 1-50

Table 5. Norovirus transfer efficiency (%)

2013b). Not surprisingly, infected food handlers are 
the source of 53% of NoV foodborne outbreaks and 
may have contributed even to 82% of outbreaks 
(Hall et al., 2012). A very important point is that 
viruses maintain the infectivity for 28 days at room 
temperature on almost all food contact surfaces (ce-
ramic, wood, rubber, glass, stainless steel, plastic) 
which are commonly used (Bae et al., 2014). To 
assess the cross-contamination with equipment, vi-
rus transfer during slicing deli meat type bologna, 
as a model of ready-to-eat foods, the knife blade 
was artificially contaminated with NoV particles. 
For bologna deli, the first two slices contained ini-
tial NoV level, while transfer to slice 3-12 occurred 
with approx. 50% reduction per slice (Radin and 
Velebit, 2015).

It is obvious that cleaning followed by dis-
infection is of top priority. A very good example 
of significance of disinfection in reducing the pres-
ence NoV particles on surfaces is the outbreak that 
happened in a summer camp (Soule, 2014). The 
timetable of the events was as follows: July 5 - three 
people were sick, July 6 - 38 people reported sick; 
July 21 and 22 - 40% of the surfaces tested positive 
for NoV; July 30 - surface cleaning with soap and 
water; Aug. 1 - 73% of surfaces positive for NoV; 
Aug. 14 - surface cleaning followed by disinfection 
and on Aug.15 - 33% of surfaces positive for NoV.

Chemical disinfection of food-contact surfac-
es and rinsing food items with sanitizers is current-
ly applied in order to prevent food-borne outbreaks. 
Among different household disinfectants, sodium 
hypochlorite (3%) was the most effective for viral 
inactivation from food contact surfaces (Girard, 
2010). Treatment with hydrogen peroxide (200-
1000 ppm), quaternary ammonium compounds 
(100-2000 ppm), iodine (25-500 ppm), and 10-
70% ethanol exhibited no disinfection effect (Ha 
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et al., 2016). Enteric viruses are highly resistant to 
many biocides commonly used on fresh produce so 
washing with tap water and chlorine solution (200 
ppm) provides on average 1log reductions in virus 
titer. Enhanced efficiency in removing a norovirus 
surrogate from produce (strawberries, raspberries, 
lettuce and cabbage) is achieved by combining 
chlorine with surfactants like sodium dodecyl sul-
fate, Nonidet P-40, Triton X-100, and polysorbates 
(Predmore and Li, 2011). 

A chemical treatment of foods (when appli-
cable, e.g. fresh cut produce) with e.g. chlorine, 
in order to inactivate viruses is well established. 
However, due to the possible bad impact on the 
environment and production of chlorine health risk 
by-products (Meireles et al., 2016) and the fact that 
some European countries (Germany, Switzerland, 
Belgium, Netherlands, Denmark, United Kingdom) 
introduced a ban on the use of hypochlorite in the 
fresh cut industry, food industry is looking for po-
tential alternatives. One of the candidates is ozone, 
a strong oxidizer, like chlorine. Ozone is environ-
mentally friendly and can inactivate a wide range of 
foodborne pathogens, including viruses, bacteria, 
and protozoa. It can be effective in the gaseous state 
or dispersed in water, and does not form residues 
or by-products. The efficacy of ozone was tested 
on viruses contaminating seeds intended for pro-
duction of sprouts (Wang et al., 2015). Biological 
alternative disinfection methods include bacterio-
cins, bacteriophages, enzymes and phytochemical 
natural antiviral compounds (Radin, 2017).

Conclusion
Viruses are transmitted by contaminated food 

or water, through person-to-person contact, and 
by cross-contamination from surfaces. Foods at 
risk includes those which need extensive handling, 
mostly ready-to-eat foods that do not undergo fur-
ther processing, and those exposed to environmen-
tal contamination, such as seafood and fresh pro-
duce. Strategies to reduce human noroviruses in the 
food chain should, beside good hygiene practice, 
engage interventions to prevent their adsorption to 
food/contact surfaces and inactivation on/within the 
products using successful processing techniques.
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Abstract
Microorganisms are widespread in the environment. Most of them are not dangerous to human health, 

but some produce toxins which are toxic, carcinogenic, mutagenic or teratogenic for humans and animals. 
Their fast reproduction leads to contamination  in food and damage to material goods. Within this experi-
mental research, the effects of nine laboratory- obtained antimicrobial agents of different chemical compo-
sitions and concentrations are determined against foodborne pathogenic microorganisms.  

The following microorganisms were used in the test: Escherichia coli ATCC 8739, Bacillus subtilis 
ATCC 6633 и Staphylococcus aureus 6538, isolate FM2 (yeast from pickled peppers), isolate FM20 (yeast 
from pickle), isolate FM3 (mold from bread), isolate FM4 (mold from jam), isolate FM18 (mold from 
tangerine) and isolate FM15 (mold from meat). The experiment was based on the macrodilution method. 
The microorganisms were exposed to different compositions and different concentrations of components 
of antimicrobial agents (designated from No1 to -No9), and the minimum inhibitory concentration (MIC) 
was determined. 

The results showed that all antimicrobial agents possess antimicrobial activity against the tested mi-
croorganisms, depending on the type of microorgasnisms (procaryiots or eucaryots) and the compositions 
of the antimicrobial agents. The lowest MIC of 3.125% for both procaryots and eucaryots was shown by 
antimicrobial agent   No2 the antimicrobial agent with no or some weak activity for eucaryots was No4, 
and for procaryots agents No7 and No8. Each of the tested agents has a different potential impact on the 
growth and multiplication of the test organisms. These differences result from the composition of the labo-
ratory-obtained antimicrobials and the resistance of the test microorganisms to them.
Key words: macrodilution method; microbial growth; inhibition; antimicrobial activity.

Резюме
Микроорганизмите са широко разпространени в околната среда. Повечето от тях не са опасни 

за човешкото здраве, но други произвеждат токсини, които са токсични, карциногенни, мутагенни 
или тератогенни за човека и животните. Тяхното бързо размножаване води до контаминация на хра-
ните и увреждане на стоките. В настоящата експериментална работа се определят ефектите на девет 
получени в лаборатория антимикробни агента с различен химичен състав и концентрация срещу 
патогенни микроорганизми, пренасяни с храната.

В теста са използвани следните микроорганизми: Escherichia coli ATCC 8739, Bacillus subtilis 
ATCC 6633 и Staphylococcus aureus 6538, изолат FM2 (дрожди от туршия от чушки), изолат FM20 
(дрожди от туршия), изолат FM3 (плесен от хляб), изолат FM4 (плесен от конфитюр), изолат FM18 
(плесен от мандарина) и изолат FM15 (плесен от месо). Експериментът се основава на метода на 
микроразрежданията. Върху микроорганизмите се въздейства с различни по състав и концентрация 
компоненти на антимикробните агенти (обозначени от №1 до №9) и е определена минималната ин-
хибиторна концентрация (МИК).

Резултатите показаха, че антимикробните агенти притежават антимикробна активност срещу 
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изследваните микроорганизми, в зависимост от вида микроорганизми (прокариоти или еукариоти) 
и състава на антимикробния агент. Най-ниска МИК, 3.125% при про- и еукариоти показа антими-
кробен агент №2, антимикробният агент без, или с много слаба активност към еукариоти беше №4, а 
към прокариоти – агенти №7 и №8. Всеки от изследваните агенти има различен потенциален принос 
към растежа и размножаването на тестовите организми. Тези разлики са резултат от състава на полу-
чените лабораторно антимикробни препарати и от резистентността на тестовите микроорганизми.

Introduction
Food production, processing, distribution, 

and preparation have stimulated an increasing de-
mand for food safety research in order to ensure 
a safer global food supply (Arvanitoyannis et al., 
2009). Antimicrobial agents are increasingly being 
incorporated into a wide variety of products for use 
in food industry for different hygiene measures. 
The lack of proper sanitation procedures can cost 
plant operators a lot of money. All food processing 
equipment surfaces are subject to adhesion of mi-
croorganisms, which can even survive after proper 
cleaning and sanitization (Silva et al., 2010), and 
thus become a possible cause of diseases caused by 
contaminated food (Andrade and Macedo, 1996).

The number and the growth of the microor-
ganisms must be controlled because of their fast 
way of reproduction and because of the conditions 
which are crucial for their survival indifferent types 
of mediums.

The choice of the most appropriate antimi-
crobial agents should be carefully taken consider-
ing the potential contaminants as well as the types 
of surfaces found in industries (Kunigk and Almei-
da, 2001). The ideal sanitizers should be approved 
by the competent authorities, have a wide spectrum 
of antimicrobial activity, be able to rapidly destruct 
microorganisms and be stable under several use 
conditions, and present low toxicity and corrosivity 
(Andrade et al., 2008).

The food industry routinely employs a wide 

variety of chemical sanitizers, including quaternary 
ammonium, peracetic acid, sorbic acid, lactic acid 
and alcohols. Of all these recognized compounds, 
just a few sanitizers have a wide spectrum of activ-
ity (Block, 1991). 

There are several antimicrobial agents that 
may be used alone or in combination. Some of 
these, such as chlorine-based and iodine-based 
products, are well established as being very use-
ful in specific situations (eg, dilute bleach is rec-
ommended for cleaning up spillage of body fluids) 
(Boyce and Pittet, 2002) Chloroxylenol (parachlo-
rometaxylenol or PCMX) is used as a preservative 
in cosmetics and other products, and is also used in 
antimicrobial soaps (Boyce and Pittet, 2002). Anti-
microbial agents often block active metabolism and 
prevent the synthesis of macromolecules needed 
for reproduction.

The objective of this work was to evaluate 
the efficiency of nine laboratory- obtained antimi-
crobial agents of different chemical compositions 
and concentrations. The general aim was to employ 
different combinations of several already known 
antimicrobial agents as potential agents to sanitise 
external surfaces in the food industry.

Materials and Methods
Within this experimental research, nine com-

binations of six different components were used in 
different concentrations (Table 1). Also, they were 

Agent 
No

Benzalkonium 
chloride Tartaric acid Benzoic 

acid
Ascorbic 

acid
Sorbic 
acid

Lactic 
acid

1 3% 9% / / / /
2 3% 9% 5% / / /
3 3% 9% / 5% / /
4 3% / / 5% / /
5 3% 9% / / 1% /
6 3% 9% / / / 1%
7 3% 9% / / 1% 1%
8 3% 9% / 5% 1% 1%
9 3% 9% 5% 5% 1% 1%

Table 1. Laboratory obtained antimicrobial agents
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employed in six dilutions (100%, 50%, 25%, 12. 
5%, 6.25% and 3.125%), with 30 minutes of con-
tact time at room temperature.

The microbiological efficiency of the 
sanitizers was measured using the macrodilution 
method. The basic principle of this assay is the 
broth macrodilution assay- a set of test tubes with 
different concentrations of antimicrobial agent with 
the same volumes are prepared. The tubes are in-
oculated with a microbial inoculum adjusted to 
0.5McFarland standard. The solutions were tested 
based on their effectiveness against nine test micro-
organisms (Table 2).

After contact time of 30 minutes for each mi-
croorganism, the inoculum of 100 ml from each tube 
was transferred in Petri plates with Mueller-Hinton 
agar (for bacteria) or Sabouraud-Dextrose agar 
(for yeasts and molds) and incubated for 24 hours 
at 35°C (for bacteria) or for 3-5 days at 25°C (for 
yeasts and molds). 

The observation of cell growth was per-
formed visually and the Minimal Inhibitory Con-
centration (MIC) of each combination against each 
test microorganism was determined. The minimum 
inhibitory concentration is the lowest concentration 
of this chemical food preservative that inhibits the 
visible growth of microorganisms after incubation. 
MICs are used as a research tool to determine the in 
vitro activity of new antimicrobials.

Results and Discussion
In the production of food it is crucial that 

proper measures are taken to ensure the safety and 
stability of the product during its whole shelf-life. 
The most common classical preservative agents are 
the weak organic acids, for example, acetic, lactic, 
benzoic and sorbic acids. These molecules inhib-
it the outgrowth of both bacterial and fungal cells, 

and sorbic acid is also reported to inhibit the germi-
nation and outgrowth of bacterial spores (Sofos and 
Busta, 1981; Blocher and Busta, 1985).

Quaternary ammonium compounds (QACs) 
have antimicrobial activity against gram-negative 
and gram-positive bacteria as well as against some 
pathogenic species of fungi and protozoa (Ivank-
ovic and Hrenovic, 2009).

Figures 1, 2, and 3 show the minimal inhib-
itory concentration mediated by different concen-
trations ranging from 3.125% to 100% of nine lab-
oratory-obtained antimicrobial agents on the nine 
microorganisms. Different organisms have demon-

strated different rankings for the inhibiting effects 
of the antimicrobial agents.

Figures 1, 2 and 3 also show the effective 
MIC concentration of each laboratory- obtained an-
timicrobial agent against all test microorganisms. 
The results showed that S. aureus ATCC 6538 is 
the most sensitive microorganism of all the tested 
microorganisms in this study. Among the nine mi-
croorganisms tested, the antimicrobial agent des-
ignated as No2 (a combination of benzalkonium 
chloride, tartaric acid and benzoic acid) highly in-
hibited the growth of all the microorganisms.

The efficiency of the laboratory-obtained an-
timicrobial agents also depends on the Gram reac-
tion of bacteria. Gram-positive bacteria are more 
sensitive than Gram- negative to the chemicals, ex-
cept B. subtilis ATCC 6633 because of the nature of 
sporogenesis. The cell wall of Gram-positive bac-
teria is composed of peptidoglycan, which is an es-
sential polymer and interference with its synthesis 
or structure leads to loss of cell shapes and integri-
ty, followed by bacterial death (Willey et al., 2011). 
The Gram-negative bacteria are known to possess 
lipopolysaccharide on the outer membrane.

Bacteria Yeasts Molds
Escherichia coli 
ATCC 8739 

FM2 
(yeast from pickled peppers) 

FM3 
(mold from bread) 

Bacillus subtilis 
ATCC 6633 

FM20 
(yeast from pickle) 

FM4 
(mold from jam) 

Staphylococcus aureus 
ATCC 6538 

FM15
(mold from meat) 
FM18 
(mold from tangerine) 

Table 2. Test microorganisms used in the experimental research
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Fig. 1. Efficiency of antimicrobial agents at different concentrations over a 30-min exposure at 25°C against 
tested bacteria

Fig. 2. Efficiency of antimicrobial agents at different concentrations over a 30-min exposure at 25°C against 
tested yeasts
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The resistance to these compounds displayed 
by the tested yeasts and fungi includes enzymes 
that allow compound degradation, and changes to 
the cell envelope that minimize the diffusional en-
try of the preservative into the cell (Piper, 2011).

The antimicrobial agent designated as No2 
was the most effective against the tested molds. 
These results correspond with the results of Ko-
rukluoglu et al. (2006). They showed that ben-
zalkonium chloride, one of the components in the 
compounds tested here, was most effective against 
all tested yeasts and molds at a concentration of 
1%. Ozyurt (2000) announced that A. niger was 
killed with QAC disinfectant at a concentration of 
1% in < 2 min.

Conclusions
Each of the tested agents has a different po-

tential impact on the growth and multiplication of 
the test microorganisms. These differences result 
from the composition of the laboratory-obtained 
antimicrobials and the resistance of the test micro-
organisms to them.

The lowest MIC for both bacteria and eu-
karyots was observed for antimicrobial agent No2 
(a combination of benzalkonium chloride, tartaric 
acid and benzoic acid) with a strength of 3.125%.

It can be recommended that the above com-

Fig. 3. Efficiency of antimicrobial agents at different concentrations over a 30-min exposure at 25°C against 
tested molds

pounds be used for disinfection of food equipment 
in order to achieve safe food production. Therefore, 
by employing such combinations of preservation 
treatments the required level of protection will be 
achieved.
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Abstract
Three 3,6-disubstituted morpholine-2,5-diones (3,6-dimethylmorpholine-2,5-dione 15a, 3-(1-meth-

ylpropyl)-6-(propan-2-yl)-morpholine-2,5-dione 15b and 3-phenyl-6-(propan-2-yl)-morpholine-2,5-dione 
15c) were prepared by cyclization using N-(α-bromoacyl)-α-amino esters as starting reagents. The struc-
tures of the synthesized compounds were established by IR, NMR and theoretical methods. Antimicrobial 
activities of the studied compounds were evaluated against two Gram-positive bacteria (Bacillus subtilis 
and Staphylococcus aureus), three Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa and 
Salmonella typhimurium). Compounds 15a and 15c showed an antimicrobial effect against B. subtilis with 
MIC values of 2 mg/ml while compound 15b had no antibacterial effect.
Key words: cyclodidepsipeptides, morpholine-2,5-diones, synthesis, antimicrobial activity

Резюме
Три 3,6-дизаместениморфолин-2,5-диони (3,6-диметилморфолин-2,5-дион 15а, 3-(1-метилпро-

пил)-6-(пропан-2-ил)-морфолин-2,5-дион 15b и 3-фенил-6-(пропан-2-ил)-мирфолин-2,5-дион 15с) 
бяха получени чрез циклизция, използвайки N-(α-бромоацил)-α-амино естерси като изходни реаген-
ти. Структурите на синтезираните съединения бяха охарактеризирани чрез ИЧ, ЯМР и теоретични 
методи. Антимикробната активност на съединенията беше изследвана срещу два Gram-положител-
ни щама бактерии (Bacillus subtilis и Staphylococcus aureus), три  Gram-отрицателни щама бактерии 
(Escherichia coli, Pseudomonas aeruginosa и Salmonella typhimurium). Съединение 15а и 15с притежа-
ват антимикробна активност спрямо B. subtilis с MIC 2 mg/ml,  съединение 15b няма антимикробен 
ефект.

ACTA MICROBIOLOGICA BULGARICA Volume 33 / 2 (2017)
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Introduction
Cyclodidepsipeptides are small peptide lac-

tones often isolated from natural sources along with 
larger cyclodepsipeptides (1-10, Scheme 1) (Wool-
ley et al., 1955; Abe et al., 1959; Iijima et al., 1992; 
Hasumi et al., 1993; Kagamizono et al., 1995;  Kuo 
et al., 2002;  Oh et al., 2002; Suntornchashwej et 
al., 2005; Pettit et al., 2010; Smelcerovic et al., 
2011; Meng et al., 2011; Ola et al., 2014; Smelcer-

ovic et al.,  2014; Huang et al., 2017). They have 
shown intriguing bioactivities (Iijima et al., 1992; 
Hasumi et al., 1993; Kagamizono et al., 1995;  
Kuo et al., 2002; Oh et al., 2002; Suntornchash-
wej et al., 2005; Pettit et al., 2010; Smelcerovic 
et al., 2011; Meng et al., 2011; Ola et al., 2014; 
Smelcerovic et al., 2014; Huang et al., 2017) and 
additionally, they have been explored extensively 
as monomer units for preparation of synthetic bio-
degradable polymers (Jörres et al., 1998; Feng and 
Guo, 2009; Yu et al., 2012). The pharmacological 
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potential of this class of compounds due to their 
antioxidant and immunomodulatory activities as 
well as inhibitory activities towards α-glucosidase, 
acyl-CoA:cholesterol acyltransferase, xanthine 
oxidase and platelet aggregation were reviewed re-
cently in detail (Smelcerovic et al., 2014). Lateritin, 
denoted in some studies as (3R,6R)-bassiatin (5), 
isolated from the fruiting bodies of Isaria japonica, 
has been shown to induce apoptotic cell death of 
human leukemia cells (HL-60) in a dose-dependent 
manner (Pettit et al., 2010). It inhibited prolifera-
tion and induced apoptosis also of MCF-7 breast 
cancer cells (Meng et al., 2011; Meng et al., 2012). 
Further it was shown that lateritin exhibits cytotox-
icity against other human tumor cell lines as well 
(pancreas BXPC-3, breast MCF-7, CNS SF268, 
lung-NSC H460, colon KM20L2, and prostate DU-
145) (Pettit et al., 2010). In a recent study, bassiatin 
4 and lateritin 5 were screened for their cytotoxic 
activities against the human breast cancer cell line 
MDA-MB-435 and the human lung cancer cell line 
Calu3 (Huang et al., 2017). Interestingly, lateritin 5 
exhibited distinguished cytotoxic activities against 
the cell lines MDA-MB-435 and Calu3, while bas-
siatin 4 did not show any distinct activity with IC 
values higher than 50 mM (Huang et al., 2017).

Antimicrobial activity was found for cyclode-
psipeptides 7 and 8 (Pavlovic et al., 2012), lateritin 
(Pettit et al., 2010) and a synthetic analogue de-
rived from isovaleric acid and alanine 11 (Yanche-
va et al., 2012). The antimicrobial activity of the 
larger depsipeptides is well known (Sarabia et al., 
2004; Lemmens-Gruber et al., 2009; Andavan and 
Lemmens-Gruber, 2010).

In the present contribution we report the syn-
thesis and antimicrobial activity of three cyclo-
didepsipeptides, incorporating residues from lactic 
and α-hydroxy isovaleric acid and alanine, isoleu-
cine and phenylglycine. Additionally, the physi-
co-chemical properties of the synthesized com-
pounds were calculated.

Materials and Methods
Chemistry
Materials

L-Alanine methyl ester hydrochloride, 
L-phenylglycine methyl ester hydrochloride and 
L-isoleucine methyl ester hydrochloride were pur-
chased from Bachem AG. Dichloromethane and 
triethylamine were purchased from Sigma-Aldrich 
Co. (R,S)-2-bromopropanoyl chloride R,S)-2-bro-
mo-3-methylbutanoyl chloride were obtained by 
reacting the corresponding acids with thionylchlo-

ride and N-bromosuccinimide using an earlier re-
ported experimental protocol (Gleason and Harpp, 
1970; Smelcerovic et al., 2011).
Synthesis of noncyclic dipeptides (14a-c)

General procedure: Amino acid methyl ester 
hydrochloride (0.002 mol) was dissolved in 25 mL 
of dry dichloromethane and 0.006 mol of triethyl-
amine was added. The solution was cooled in an ice 
bath, and 0.003 mol of (R,S)-2-bromo-acyl chloride 
was added dropwise. The mixture was stirred for 
2 h, and then the temperature was allowed to rise 
to room temperature. The reaction mixture was 
washed by 0.5 M HCl, 10% NaHCO3 and brine. 
The combined organic layers were dried over so-
dium sulfate and the solvent was removed under 
reduced pressure. 
methyl-2-(2-bromopropanamido)-propanoate (14a)

C7H12BrNO3, M = 238.08; yield = 25 %; m.p. 
90-91 °C; IR (KBr), cm-1: 3317, 2966, 2937, 2879, 
1843, 1657, 1535, 1460, 1437, 1377, 1338, 1255, 
1205, 1149, 1070, 1016, 987, 941, 874, 758, 665, 
615, 542; 1H-NMR (250 MHz, DMSO-d6): δ (ppm) 
8.70 (2H, overl., 2NH), 4.55 (1H, m,  H-6major) 4.52 
(1H, d, J = 9.0 Hz, H-6minor), 4.25 (2H, m, H-3major, 
H-3minor), 3.63 (3H, s, OCH3-10minor), 3.62 (3H, s, 
OCH3-10major), 1.64 (3H, d, J = 6.5 Hz, CH3-11minor),  
1.63 (3H, d, J = 6.5 Hz, CH3-11major), 1.28 (6H, d, J = 
6.5 Hz, 2CH3-12). Mixture of two diastereomers in an 
approximate proportion of 4:1 as determined from 
the integrated intensity of the signals. 13C-NMR 
(62.5 MHz, DMSO-d6): δ (ppm) 172.8 (C-2major), 
172.7 (C-2minor), 169.0 (C-5major), 168.9 (C-5minor), 
52.1 (2C-10), 48.0 (C-3major), 47.9 (C-3minor), 43.2 
(2C, C-6), 21.6 (2C, C-11), 16.8 (C-12minor), 16.7 
(C-12major).
methyl 2-(-2 bromo-3-methylbutanamido)-penta-
noate (14b)

After multiple recrystallization from metha-
nol/water (4:1) mixture, white solid. C12H22BrNO3; 
M = 308.21; yield = 62%; m.p. 170-171oC; IR 
(KBr), cm-1: 3292, 2968, 2936, 2878, 1745, 1654, 
1555, 1462, 1424, 1386, 1371, 1336, 1301, 1248, 
1212, 1194, 1146, 1115, 1055, 1029, 1010, 947, 
851, 782, 743;
methyl 2-(2-bromo-3-methylbutanamido)-2-phe-
nyl acetate (14c): synthetic details are reported in 
[25].
Synthesis of 3,6-dimethylmorpholine-2,5-diones 
(15a-c) 

General procedure: 0.002 mol of N-(α-bro-
moacyl)-α-amino esters (14a-c), dissolved in 2 
ml of abs. ethanol, and 3 ml of 0.5 M NaOH were 
mixed and cooled in ice. 0.3 ml of 5 M NaOH 
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10, Bassiatin A from Cordyceps 
cicadae Shing is a parasitic fungus 
on the larvae of Cicada flammata 
Dist.

11, synthetic derivative 
(Yancheva et al., 2012)
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Scheme 1. Cyclodidepsipeptides isolated from natural sources and synthetic derivatives.
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1, Ergosecalinine from Claviceps 
purpurea (Abe et al., 1959)

2, from Pseudomonas tabaci 
(Woolley et al., 1955)

3, Metacytofilin from a 
fungus Metarhizium sp. 
TA2759 (Iijima et al., 
1992)

4, (3S,6R)-Bassiatin the broth 
of Beauveria bassiana K-717 
(Hasumi et al., 1993)
5, Lateritin (Kagamizono et al., 
1995, Ola et al., 2014), (3R,6R)-
Bassiatin (Oh et al., 2002;  Pettit 
et al., 2010)

6, from the Thai sea 
hare, Bursatella leachii 
(Suntornchashwej et al., 2005)

7-9, from Fusarium 
sporotrichioides, isolated 
from the stem of fresh 
Hypericum barbatum 
Jacq. (Smelcerovic et al., 
2011)

were added and the mixture was stirred for 2 h at 
0°C. The solution was acidified with an equimolar 
amount of 2.5 M H2SO4 (pH 2), and stirred for an-
other 30 min. The mixture was diluted with 25 ml 
of water and extracted with 4 portions of 20 ml di-
chloromethane. The combined organic layers were 
washed by brine, dried over sodium sulfate and the 
solvent was removed under reduced pressure. The 

evaporation yielded a small amount of light yel-
low oil which crystallized upon storage. The crude 
products were purified by multiple recrystallization 
from a methanol/water (4:1) mixture.
3,6-dimethylmorpholine-2,5-dione (15a)

C6H9NO3, M = 143.14; yield = 34 %; m.p. 
169-170 °C; IR (KBr), cm-1: 3305, 3066, 2987, 
1728, 1546, 1457, 1377, 1342, 1285, 1242, 1195, 
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1166, 1110, 1085, 1066, 1047, 987, 926, 842, 771, 
737, 672, 651, 612, 529.

1H-NMR (250.13 MHz, DMSO-d6): δ (ppm); 
8.54 (2H, d, J = 7.0 Hz, NH), 4.55 (2H, m, 2H-6), 
4.18 (2H, m, 2H-3), 1.63 (3H, dd , J = 6.5, 1.5 Hz, 
CH3-9major), 1.62 (3H, dd , J = 6.5, 1.5 Hz, CH3-9mi-

nor), 1.27 (6H, d, J = 7.0 Hz, 2CH3-10). Mixture of 
two diastereomers in an approximate proportion of 
1.3:1 determined from the integrated intensity of the 
signals. 13C-NMR (62.5 MHz, DMSO-d6): δ (ppm) 
173.8 (C-2minor), 173.7 (C-2major), 168.9 (C-5minor), 
168.6 (C-5major) 47.9 (C-3minor), 47.8 (C-3major), 43.52 
(C-6minor), 43.50 (C-6major), 21.8 (C-10major), 21.7 (C-
10 minor), 17.2 (C-9major), 17.0 (C-9minor).

3-(1-methylpropyl)-6-(propan-2-yl)-morpho-
line-2,5-dione (15b): C11H19NO3; M = 213.27; yield 
= 55 %; m.p. 88-89 °C; IR (KBr), cm-1: 3341, 2968, 
2936, 2878, 1724, 1640, 1548, 1462, 1424, 1386, 
1371, 1336, 1288, 1258, 1215, 1194, 1169, 1143, 
1115, 1055, 1029, 1010, 947, 929, 851, 782, 743;

1H NMR (250 MHz, DMSO-d6): δH = 8.4 
(1H, d, J = 7.0, NH), 8.3 (1H, d, J = 7.0, NH); 4.33 
(2H, d, J = 8.0, CHO); 4.2 (2H, m, NCH); 2.08 (2H, 
m, CHMe2); 1.8 (2H, m, CH2CHCH3); 1.4- 1.1(4H, 
m, CH2CHCH3); 1.02 (6H, d, J = 7.0, CH2CHCH3); 
0.90 (6H, d, J = 7.0, CHMe2); 0.87 (6H, d, J = 7.0, 
CHMe2); 0.84 (6H, t, J = 7.0, CH2CH3).
Mixture of two diastereomers in an approximate 
proportion of 1:1.

13C NMR (62.8 MHz, DMSO-d6): δC = 
173.11, 173.07 (COO); 169.0, 168.5 (CON); 57.7, 
57.4 (CHO); 56.9, 56.8 (NCH); 32.4 (CMe2), 32.4 
(CH2CHCH3); 24.5 (2xCH2CHCH3); 20.8,20.7 
(CHMe2); 16.1, 16.0 (CH2CHCH3); 11.7, 11.6 
(CH2CH3). 

3-phenyl-6-(propan-2-yl)-morpholine-2,5-
dione (15c): C13H15NO3;  M = 233.26; yield = 60 
%; m.p. 112-113 °C; IR (KBr), cm-1: 3332, 3282, 
3089, 3065, 3034, 2965, 2931, 2874, 2858, 1723, 
1648, 1587, 1543, 1497, 1468, 1456, 1422, 1388, 
1371, 1322, 1289, 1255, 1232, 1214, 1183, 1114, 
1072, 1030, 1003, 932, 919, 850, 836, 721, 697, 
648, 617, 519, 489;

1H NMR (250 MHz, DMSO-d6): δH = 9.04 
(1H, d, J = 8.0, NH-major); 8.97 (1H, d, J = 8.0, 
NH-minor); 7.4 - 7.3 (10H, overlap,Ph,); 5.36 
(1H, d, J = 7.5, CHO-major); 5.28 (1H, d, J = 7.5, 
CHO-minor); 4.39 (1H, d, J = 8.0, NCH-major); 
4.37 (1H, d, J = 8.0, NCH-minor); 2.06 (1H, m, 
CHMe2-major); 2.11 (1H, m, CHMe2-minor); 1.00 
(3H, d, J = 7.0, CHMe2 -major), 1.05 (3H, d, J = 
7.0, CHMe2-minor), 0.82 (3H, d, J = 7.0, CHMe2 
-major), 0.97  (3H, d, J = 7.0, CHMe2-minor)

Mixture of two diastereomers in an approximate 
proportion of 3:2. 

13C NMR (62.8 MHz, DMSO-d6): δC = 
171.9 (COO-major), 172.0 (COO-minor); 168.2 
(CON-major), 168.6 (CON-minor); 137.3 (2C1-
Ph); 129.0 (2C2-Ph-major), 129.0 (2C2-Ph-ma-
jor); 128.5 (2C3-Ph-major), 129.7 (2C3-Ph-ma-
jor); 127.9 (C4-Ph-major), 128.2 (C4-Ph-major); 
57.28 (CHO-major), 57.3 (CHO-minor); 56.8 (2C, 
NCH); 32.2 (2CMe2); 20.7, 19.8 (CHMe2 -major), 
20.8, 20.7 (CHMe2-minor).
IR spectra measurements

The FT-IR spectra were measured in solid 
state (in KBr) on a Brucker Tensor 27 FT spectrom-
eter at a resolution of 2 cm-1 and 64 scans. 
NMR spectra measurements

The NMR spectra were recorded on a Bruker 
DRX 250 spectrometer in solvent DMSO-d6 using 
TMS as internal standard. The structures of the 
investigated compounds were elucidated with the 
help of 1D and 2D (COSY, HMQC, HMBC) spec-
tra. Standard Bruker pulse sequences and software 
were used to record and process the spectra. 
Antimicrobial activity

The in vitro antimicrobial activity of 15a-c was 
tested against a panel of laboratory control strains be-
longing to American Type Culture Collection Mar-
yland, USA. Antimicrobial activity was evaluated 
against two Gram-positive bacteria (Bacillus subti-
lis ATCC 6633 and Staphylococcus aureus ATCC 
6538) and three Gram-negative bacteria (Escher-
ichia coli ATCC 8739, Pseudomonas aeruginosa 
ATCC 9027 and Salmonella typhimurium ATCC 
14028). The minimal inhibitory concentration 
(MIC) of samples against the tested bacteria was 
determined by using a broth microdilution meth-
od (National Committee for Clinical Laboratory 
Standard, 2003). After overnight cultivation, mi-
crobial suspensions were made in Mueller Hinton 
broth and their turbidity was standardised to 0.5 
McFarland. Dimethyl sulfoxide (10 %, v/v aque-
ous solution) was used to dissolve and to dilute the 
samples. A serial double dilution of the samples 
was prepared in 96 well microtiter plates, using the 
method of Sarker et al. (Sarker et al., 2007). The 
lowest concentration of the sample that inhibited 
visible growth was taken as the MIC value. One 
row was used as a positive control and contained a 
broad-spectrum antibiotic (doxycycline in a serial 
dilution of 200-0.05 μg/ml) to determine the sensi-
tivity of Gram-negative and Gram-positive bacteria 
while the other row contained the solvent as a nega-
tive control. Tests were carried out in triplicate.
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Geometry optimization
All theoretical calculations were performed 

using the Gaussian 09 package (Frisch et al., 
2009) of programs. Geometry and vibrational fre-
quencies of the species studied were performed 
by analytical gradient-based technique without 
any symmetry constraint. All the results were ob-
tained using the density functional theory (DFT), 
employing the B3LYP (Becke’s three-parameter 
non-local exchange (Stephens et al., 1994) and Lee 
at al. correlation (Frisch et al., 2009) potentials 
and 6-311++G** basis set. In order to determine 
the preferred geometry of the compound studied, a 
large number of probable geometries of the neutral 
compound in keto form were constructed taking 
into account the flexibility of the ring system and 
the change-over to chair- and boat-conformations. 
For each boat or chair ring conformation, all rele-
vant combinations of axial and equatorial positions 
of the 3- and 6-alkyl groups were studied. In this 
way, four diastereoisomeric structures, (3R,6R), 
(3R,6S), (3S,6S) and (3S,6R), were optimized for 
each ring conformation. 

Results and Discussion
Synthesis

The preparation of the cyclodidepsipeptide 
15a containing lactic acid and alanine residues was 
first described by in’t Veld et al. (1990; 1992) by 
cyclization of N-(α-bromopropionyl)alanine. Two 
other methods were described by Nakamura et al. 
(1995) and Jörres et al. (1998) applying the cor-
responding N-(α-hydroxypropionyl) alanine and its 
ethyl ester.

Cyclodidepsipeptide 15c was prepared pre-
viously by a multistep reaction from α-hydroxy 
isovaleric acid and DL-phenylglycin-trimethylsily-
lester (Hartwigand Schoellkopf, 1982). 

Herein we have applied a synthetic approach 
route based upon condensation of α-bromo acyl-
chorides with α-amino esters to corresponding 
N-(α-bromoacyl)-α-amino esters and subsequent 
cyclization to cyclodidepsipeptides. The synthesis 
of 15a-c is depicted in Scheme 2.

The structures of 14a-c and 15a-c were con-
firmed with the help of IR, 1H and 13C NMR spec-
tra. The formation of 14a-c was confirmed by the 
characteristic bands for N-H stretching vibration 
of the amide groups between 3280 and 3320 cm-1, 
amide C=О stretching vibration (Amide I) in the 
interval 1654 - 1657 cm-1; N-H deformation vibra-
tion (Amide II) in the interval 1535-1555 cm-1. The 
stretching vibration of the C-N bond of the amide 
group occur around 1250 cm-1 (Amide III). The es-
ter group is characterized by a very strong band at 
1743 cm-1 for the carbonyl stretching vibration. 

The cyclic products 15a-c were identified as 
lactam forms, in accordance with the structure giv-
en in Scheme 1, based on the presence of two very 
strong bands at 1728 cm-1 (estrer C=O group) and 
1652 cm-1 (amide C=O group, Amide I), and an in-
tense band at 1548 cm-1 (N-H bending vibrations, 
Amide II). In polar DMSO-d6 and nonpolar CDCl3 
solvent, the compounds were present also in a lac-
tam form. 

The 1H and 13C spectra indicated the presence 
of a mixture of two diastereoisomers for all com-
pounds. Having in mind that the starting amino acid 
ester has (S) configuration and the mechanism of the 
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amide group formation does not involve conversion 
of the stereo configuration of the amino acid resi-
dues, it is expected that the stereogenic center C3 
retains its initial (S) configuration while the stereo 
configuration of C6, coming from the (R,S)-2-bro-
moacyl chloride, could be either (R) or (S). The two 
forms are expected to differ by the stereo configu-
ration of C6, coming from the (R,S)-2-bromoacyl 
chloride, while the stereogenic center C3, coming 
from the amino acid ester, is expected to retain its 
initial (S) configuration. 

The NMR data of 15a and 15c have been al-
ready published (Stephens et al., 1994; Jörres et 
al., 1998). However, after assigning the 1- and 2D 
spectra, we believed that some of the data for 15a 
should be corrected and those for 15c should be 
complemented. 

In the 1H NMR spectra the signals around 
8.54-9.00 ppm are assigned to the NH groups. 
In the range 5.5-3.7 ppm two doublet signals for 
СН-О and for CH-N were observed, corresponding 
to the two diastereoisomers. The structure and the 
presence of diastereoisomeric mixtures were con-
firmed by 13С NMR spectra, where the signals for 

the ester and amide carbonyl groups are doubled.
Molecular Structure

The geometry of the diastereoisomers of cy-
clodidepsipeptides 15a-c was modeled by taking 
into account (R) and (S) stereo configuration at 
C3 and C6 and optimizing the respective forms at 
B3LYP/6-311++G** level of theory. Based on pre-
vious X-ray (Bolte and Egert, 1994; Chisholm et al., 
2006) and computational (Smelcerovic et al., 2011, 
Yancheva et al., 2012) studies, it is known that the 
morpholine-2,5-dione ring preferably adopts a boat 
conformation, so in the present study chair confor-
mations of the heterocycle were not taken into ac-
count. The optimized geometries of (3S,6R) and 
(3S,6S) diastereoisomers of 15a-c, present in their 
diastereoisomeric mixtures, are shown in Scheme 3.
Antibacterial activity

According to literature data (Sartoratto et al., 
2004), a compound is considered as a weak antimi-
crobial agent when its MIC value is above 1.50 mg/
ml. Therefore, we decided to examine compounds 
15a-c as potential antimicrobial agents, starting 
with a concentration of 2 mg/ml. Compounds 15a 
and 15c showed an antimicrobial effect against B. 

15a (3S,6R)  15a (3S,6S)

15b (3S,6R)  15b (3S,6S)

15c (3S,6R) 15c (3S,6S)

Scheme 3. Stability of the diastereoisomers optimized at B3LYP/6-311++G** level: (3S,6R) > (3S,6S).
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Table 1. Calculated physico-chemical properties of compounds 15a-c, 3 and 5.

anumber of hydrogen-bond acceptors (O and N atoms); bnumber of hydrogen-bond donors (OH and NH groups); cnumber of 
rotatable bonds; d Number of “Rule of five” violations; e molecular volume; TPSA- topological surface area; f Metacytofilin 
(Smelcerovic et al., 2014); g Denoted as bassiatin in Smelcerovic et al. (2014).

subtilis with MIC values of 2 mg/ml. They were 
less effective than the antibiotic used as a reference 
standard (MIC for doxycycline against B. subtilis 
was 1.56 μg/ml). Compound 15b had no antibacte-
rial effect.

The antibacterial activity of compound 15a is 
in accordance with our two recent studies (Pavlovic 
et al., 2012, Yancheva et al., 2012), in which the ac-
tivity of three cyclodidepsipeptides, 7, 8 and 11 was 
tested in vitro against the same five bacteria strains. 
MIC values of the above-mentioned cyclodidepsi-
peptides ranged between 2 and 25 mg/ml (Pavlovic 
et al., 2012, Yancheva et al., 2012). Compound 7 at 
the dose of 2 mg/ml displayed equal activity against 
Gram-positive and Gram-negative bacteria (Pav-
lovic et al., 2012). Compound 8 showed a slight-
ly better activity against Gram-positive bacteria in 
comparison with Gram-negative bacteria, being the 
most susceptible against S. aureus (MIC = 12.50 
mg/ml) (Pavlovic et al., 2012). The synthetic deriv-
ative 11 showed activity against all bacteria except 
for B. subtilis, with minimal inibitory concentration 
(MIC) values from 4.125 to 8.25 mg/ml and mini-
mal bactericidal concentration (MBC) from 8.25 to 
16.50 mg/ml (Yancheva et al., 2012). Compound 11 
was most active against E. coli in comparision with 
other strains (Yancheva et al., 2012).The noncyc-
lic N-(α-bromoacyl)-α-amino esters, precursors of 
compound 15a and 15c, showed no activity against 
the same five bacteria strains in concentrations 1-2 
mg/ml (Yancheva et al., 2015), which indicates 
that the cyclic didepsipeptide structure is essential 
for antibacterial activity. Metacytofilin 3, another 
member of the cyclodidepsipeptide family, did not 
show any antimicrobial activity against bacteria 
and fungi at 100 µg/ml (Iijima et al., 1992). On the 
other hand, lateritin 5 isolated from a Mixed Fungal 
Culture, was found effective against gram-positive 
bacteria and fungi with MICs ranging between 2 

and 16 µg/ml: Candida albicans ATCC 90028, 4-8 
µg/ml; Micrococcus luteus Presque Isle 456, 2-4 
µg/mL; Staphylococcus aureus ATCC 29213, 4-8 
µg/ml; Enterococcus faecalis ATCC 29212, 8 µg/
ml; and Streptococcus pneumoniae ATCC 6303, 
8-16 µg/ml. At 64 µg/ml, lateritin did not inhibit the 
growth of Cryptococcus neoformans ATCC 90112, 
Stenotrophomonas maltophilia ATCC 13637, Es-
cherichia coli ATCC 25922, Enterobacter cloacae 
ATCC 13047, or Neisseria gonorrhoeae ATCC 
49226 (Pettit et al., 2010). 

The physico-chemical properties of the syn-
thesized compounds (15a-c) and compounds 3, 5 
were calculated using Molinspiration tool (Molin-
spiration Cheminformatics, 2016) (Table 1). The 
method is very robust and is able to process prac-
tically all organic and organometallic compounds. 

LogP values and total polar surface area 
(TPSA) are very important parameters for the pre-
diction of oral bioavailability (Veber et al., 2002), 
drug transport properties such as intestinal absorp-
tion (Prasanna et al., 2009) and blood brain barrier 
penetration. Compounds 15a-c and 3 show LogP 
values lower than N-methylated compound 5. This 
is in accordance with the known fact that N-meth-
ylation in peptides leads to increased membrane 
permeability, proteolytic resistance (Turker et al., 
1972; Haviv et al., 1993; Fairlie et al., 1995), and 
conformational rigidity (Fairlie et al., 1995; Cody 
et al., 1997). This better membrane permeability of 
compound 5 might be connected to the observed 
differences in antibacterial activity of 15a-c and 3.

On the other hand, in contrast to most of the 
cyclodidepsipeptides isolated from natural sourc-
es which contain N-methyl group and C-3 and 
C-6 substituents originating from amino acids 
and α-hydroxy carboxylic acids, lateritin 5 has R 
configuration at both chiral C-atoms. Therefore, it 
could be inferred that not only the anticancer activ-

Compound LogP
< 5

MW 
<500

NON
a

<10
NOHNH

b

<5 Nrotb
c Nviol

d
Vol.e TPSA

15a -0.16 143.1 4 1 0 0 127.92 55.40
15b 1.86 213.28 4 1 3 0 211.5 55.40
15c 1.83 233.27 4 5 2 0 216.1 55.40
3f 1.84 306.3 6 3 5 0 286.1 87.6
5g 2.29 261.3 4 0 3 0 249.9 46.6
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ity depends crucially on the stereo configuration of 
cyclodidepsipeptides (Pettit et al., 2010; Ola et al., 
2014), but also the antimicrobial activity is sensi-
tive to this feature. 

Conclusion
3,6-Dimethylmorpholine-2,5-dione (15a), 

3-(1-methylpropyl)-6-(propan-2-yl)-morpho-
line-2,5-dione (15b) and 3-phenyl-6-(propan-2-yl)-
morpholine-2,5-dione (15c) were synthesized  by 
cyclization reaction of  corresponding N-(α-bromo-
acyl)-α-amino esters. The studied compounds were 
characterized by spectral techniques such as IR, 1H 
and 13C NMR / experimental and theoretical meth-
ods. Compounds 15a and 15c showed an antimi-
crobial effect against B. subtilis with MIC values of 
2 mg/ml while compound 15b had no antibacterial 
effect.
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Abstract
Excessive use of pesticides represents a growing problem in agriculture sustainability and food safety. 

The use of antagonistic fungal interactions represents a promising approach to achieve reduced pesticide in-
put. Beneficial saprotrophic fungi from the genus Trichoredma are able to express different mechanisms of 
antagonistic activity and effectively suppress plant pathogens. The aim of the present research was to inves-
tigate the potential use of the antagonistic effect of T. longibrachiatum 10/5 strain against the plant pathogen 
Pythium aphanidermatum. The antagonistic activity of T. longibrachiatum 10/5 strain against P. aphanider-
matum was tested in vitro by dual culture test. A glasshouse trial was conducted with cucumber plants grown 
on commercial substrate. Ten plants per container were inoculated at the cotyledon growth stage with P. 
aphanidermatum mycelium. The experiment was conducted in five replications. The number of inoculated 
plants without symptoms per treatment was recorded. P. aphanidermatum expressed asymmetrical growth in 
the dual culture test, and the colony diameter was reduced by 77% in comparison to the control. Sterile liquid 
culture filtrate of T. longibrachiatum 10/5 showed 50% efficiency in the suppression of cucumber damping-off 
caused by P. aphanidermatum. Metabolites produced by T. longibrachiatum 10/5 showed a suppressive effect 
on P. aphanidermatum damping-off, which has a potential in application in sustainable agriculture.
Key words: Trichoderma longibrachiatum, Pythium aphanidermatum, antagonism, extracellular 
metabolites, disease suppression

Резюме
Екстензивната употреба на пестициди е нарастващ проблем за устойчивото земеделие и безо-

пасността на храните. Прилагането на антагонистичните взаимоотношения между фунги е обещаващ 
подход за намаляване на приноса на пестицидите. Полезните сапрофитни фунги от род Trichoredma 
могат да експресират антагонистична активност с различни механизми и ефектовно подтискат расти-
телните патогени. Цел на настоящото изследване е да се проучи потенциалната употреба на антаго-
нистичния ефект на щам T. longibrachiatum 10/5 срещу растителния патоген Pythium aphanidermatum. 
Антагонистичната активност на щам T. longibrachiatum 10/5 срещу P. aphanidermatum беше проверена 
in vitro чрез двойно култивиране. Тестовете в оранжерия бяха проведени с краставици, култивирани 
върху търговски субстрат. По десет растения в контейнер бяха инокулирани на етапа на котиледон с 
мицел на P. aphanidermatum. Експеримента проведохме с пет повторения. Регистрирахме броя расте-
ния без симптоми след третиране. P. aphanidermatum показа асиметричен растеж при теста с двойно 
култивиране и диаметърът на колониите беше редуциран 77% в сравнение с контролата. Стерилен 
филтрат на T. longibrachiatum 10/5 показа 50% ефикасност в подтискането на изсъхването на краста-
виците, причинено от P. aphanidermatum. Метаболитните продукти от T. longibrachiatum 10/5 показаха 
подтискащ ефект върху изсъхването, причинено от P. aphanidermatum, което сочи потенциал за прило-
жение в устойчивото земеделие.
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Introduction
Raising requirements for agricultural sustain-

ability and reduction of environmental and human 
health risk has indicated the need for a decrease in 
pesticide input. In addition, excessive use of pes-
ticides leads to pest resistance development and 
has a negative impact on the whole agro-biodiver-
sity (Sharma, 2012). The use of antagonistic fun-
gal interactions represents a promising approach 
to achieving reduced pesticide input. These inter-
actions occur naturally in suppressive substrates 
(Kinkel et al., 2011), but their effects can be en-
hanced with soil inoculation practices or use of 
some antagonists’ bioactive metabolites. Tricho-
derma members are known as the most effective 
plant pathogen biocontrol agents, due to their fast 
growth and competitive abilities, production of 
different kinds of antifungal metabolites and my-
coparasitism (Klein and Eveleigh, 1998). Selected 
Trichoderma strains are able to suppress numerous 
plant pathogens such as Pythium, Fusarium, Scle-
rotinia, Botrytisan and Rhizoctonia sp. (Benítez et 
al., 2004). 

Pythium aphanidermatum is one of the most 
important soilborne pathogen, which threatens 
plants at the earliest stages of development, and 
causes severe damping-off in many crops world-
wide (Dick, 1990). It occurs primarily in cold and 
wet soils where young seedlings of directly seeded 
crops may be killed before or soon after their emer-
gence (Watson et al., 1992). The pathogen causes 
seed and seedling diseases in bedding plants, as 
well as in greenhouse-grown transplants (Abbasi 
and Lazarovits, 2006). In addition, roots of mature 
plants may also be attacked (Zitter et al., 1996; Al-
Sa’di et al., 2007).

In the present work, we tested the potential of 
extracellular metabolites of Trichoderma longibra-
chiatum 10/5 strain to suppress cucumber damp-
ing-off caused by P. aphanidermatum. T. longibra-
chiatum 10/5 strain originating from compost has 
been selected as a potent plant pathogen antagonist 
in previous studies (Jovičić-Petrović et al., 2012; 
Jovičić-Petrović and Raičević, 2015). The results of 
previous research showed that T. longibrachiatum 
10/5 exhibited some indirect mechanism of antago-
nistic action related to the production of some extra-
cellular metabolites (Jovičić-Petrović and Raičević, 
2015). In addition, it was shown that those bioac-
tive extracellular metabolites are thermostable, and 
their effect was examined in this study.

The aim of the present research was to con-
sider the potential application of the antagonistic 

effect of T. longibrachiatum 10/5 strain against the 
plant pathogen P. aphanidermatum.

Material and Methods
Fungal cultures

T. longibrachiatum 10/5 belongs to the col-
lection of Department for Environmental Microbi-
ology, Faculty of Agriculture, Belgrade. The strain 
was isolated from composted agro-industrial waste, 
and defined as a potential biocontrol agent (Jo-
vicic-Petrovic, 2014; Jovicic-Petrovic and Raice-
vic, 2015). The culture of P. aphanidermatum used 
in this study is a part of the collection of The Insti-
tute of Pesticides and Environmental Protection.
Dual culture test – in vitro antagonistic activity

T. longibrachiatum 10/5 and P. aphanider-
matum were precultured on Potato Dextrose Agar 
(PDA, Merck, Germany) for three days. Myce-
lia obtained from the edge of the formed colonies 
were used for dual culture test. Five-mm-diameter 
mycelial disks of T. longibrachiatum 10/5 and P. 
aphanidermatum were placed on PDA plate 3 cm 
apart. The experiment was performed in three rep-
licates, and plates were incubated in dark at 25°C 
for 3 days. Evaluation of the fungal interaction was 
done by inhibition percentage calculation. The di-
ameter of P. aphanidermatum colony was measured 
and compared with the colony diameter of the same 
fungi, grown in the pure culture under the same 
conditions.

Inhibition percentage was calculated as:  
inhibition percentage (%) =  (Dc - Da)   x100

        Dc
Dc – P. aphanidermatum colony diameter in the 
control Petri dish
Da – P. aphanidermatum colony diameter in the 
dual culture plate
In vivo trial

Preparation of P. aphanidermatum inocu-
lim. Inoculum of P. aphanidermatum was prepared 
on wheat grains using the procedure described by 
Chellemi et al. (2000). A mixture of 25 ml of deion-
ized water and 20 g of wheat grains was allowed 
to soak for 24 h in each of two 250-ml flasks. The 
flasks were then autoclaved twice on two consecu-
tive days. Each flask was inoculated with five 5-mm 
disks cut from a 2-day-old culture grown on PDA 
(potato dextrose agar) medium. The flasks were in-
cubated for 2 to 4 weeks in the dark at 25°C and 
shaken periodically to ensure uniform growth of 
the inoculum. Then, the inoculum was mixed thor-
oughly with substrate at the rate of 2% and then put 
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in pots (Chellemi et al., 2006).
Preparation of sterile liquid culture filtrate of T. 
longibrachiatum 10/5 (SLCF)

SLCF of T. longibrachiatum 10/5 was pre-
pared by culturing the isolate in potato dextrose 
broth (Merck, Germany) for seven days at 25°C and 
160 rpm in horizontal shaker-incubator (Biosan, 
Latvia). After incubation, the culture was filtrated 
through cheesecloth. The supernatant was collected 
and autoclaved at 121° for 15 min.
Glasshouse trial 

One-week-old cucumber plants, grown in 60-
cell polystyrene trays, were transplanted into 10 cm 
× 5 cm pots filled with 400 ml of sterile growth sub-
strate (Floragard®, Germany).  After inoculation, 
plants were treated with 100 ml of: water (positive 
control), SLCF (the effect of T. logibrachiatum ex-
tracellular metabolites) and propamocarb hydro-
chloride (Bayer Cropscience, Germany). Plants 
grown without addition of P. aphanidermatum 
inoculum were also treated with 100 ml of water 
per each container represented the negative control 
(NC).  

The pots were kept in a greenhouse (20±2°C) 
and regularly watered to ensure good development 
of seedlings. The seedlings were scored as either 
healthy or infected 7 days after SLCF and fungicide 
application. Symptoms ranged from brown necrotic 
lesions at the collar to collapse and death (EPPO, 
2004).
Statistical analysis

The experimental design was a complete ran-
domized block with five replicates per treatment 
and one pot with 10 seedlings per replicate. The ex-
periment was conducted twice (EPPO, 2004). The 
data were analyzed using ANOVA and the means 
were separated by Duncan’s multiple range test. 
The efficacy was calculated using Abbott’s formu-
la.

Results and Discussion
Diseases caused by Pythium spp. are lead-

ing to significant losses in glasshouse production 
where P. aphanidermatum is one of the most abun-
dant plant pathogen. P. aphanidermatum proved to 
be sensitive to competition and antagonism during 
its saprotrophic stage, which represents a key fac-
tor in biological control possibilities (Martin and 
Loper, 1999).  However, disease control practices 
in glasshouses showed much better results than in 
the field, and biocontrol has already gained suc-
cess in P. aphanidermatum suppression (Paulitz 
and Bélanger, 2001). Compost addition has also 

given  significant results in the suppression of P. 
aphanidermatum. Hadar et al. (1992) reported sup-
pression of Pythum dumping-off of up to 90% by 
compost addition to soil. Many studies show that 
antagonistic interactions between plant pathogens 
and compost saprotrophic microflora represent one 
of the mechanisms of disease suppression by com-
post amendment (Van Elsas et al., 2002; Kavrou-
lakis et al., 2006; Chen and Nelson, 2008; Pane et 
al., 2011; Suárez-Estrella et al., 2012). 

The examined strain of T. longibrachiatum 
10/5 is also a member of compost microflora and 
results indicate its potential for P. aphanidermatum 
inhibition. P. aphanidermatum showed asymmetri-
cal growth in the confrontation test with T. longi-
brachiatum 10/5, and its colony diameter was re-
duced by an average of 77% in comparison to the 
control (Fig. 1).  Those results are comparable with 
some other established biocontrol agents belonging 
to genus Trichoderma, such as T. harzianum and 
T. viride strains that showed inhibition percentages 
between 56.5 and 86.4% (Arunachalam and Shar-
ma, 2012).

Knowing that T. longibrachiatum represents 
an opportunistic pathogen, soil inoculation may 
bring a certain health risk and its application in 
agriculture should be conducted with special care 
(Hatvani et al., 2013). That was why the present 
study aimed to evaluate the suppressive effect of T. 
longibrachiatum 10/5 secondary metabolites con-
tained in the SCLF.

Table 1 summarizes the results of the Pythi-
um damping-off severity and the efficacy of SLCF 
of T. longibrachiatum 10/5 applied prior to inocula-
tion. The SLCF of T. longibrachiatum 10/5 showed 
satisfactory efficiency of 50% in suppression of 
cucumber damping-off caused by P. aphaniderma-
tum. 

Fig. 1. Dual culture test: T. longibrachiatum  
10/5 (left) and P. aphanidermatum (right)
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The highest disease supression was recorded in 
cucumber plants treated with the synthetic fungicide 
propamocarb-hydrochloride (86%) compared to 
the inoculated untreated control (Figure 2).

The achieved efficiency of SCLF was signifi-
cantly lower in comparison to the applied chemical 
pesticide, which showed a number of healthy plants 
comparable to the negative control. Further research 
is needed in order to examine the possibilities of ap-
plication of SCLF in combination with a lower dose 
of pesticide aiming to increase efficiency.

Presented results indicate the role of ther-
mostable extracellular metabolites of T. longibra-
chiatum in antagonistic interaction, although some 
other mechanisms are not excluded. Prapagdee et 
al. (2008) indicate that secondary metabolites of 
fungal antagonists of plant pathogens originating 
from the stationary growth phase affect the activity 
of the autoclaved culture, while filtrates obtained 
in the exponential phase of growth more often lose 
their activity after high-temperature treatment. T. 
longibrachiatum 10/5 extracellular metabolites re-
tained their activity against P. aphanidermatum de-
spite the treatment at high temperature that opens 
up the possibilities for application.

Conclusions
T. longibrachiatum 10/5 expresses a signifi-

cant antagonistic activity towards P. aphaniderma-
tum, in vitro. Also, in vivo experiments showed that 
thermostable extracellular metabolites produced by 
T. longibrachiatum 10/5 exerted a suppressive ef-
fect on P. aphanidermatum damping-off with the 
disease incidence reduced to half, which represents 
a potential for application in sustainable agricul-
ture.
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Abstract
Lactic acid bacteria (LAB) are pronounced probiotics. They strongly improve the human immune 

system and produce beneficial for the human health vitamins. Lactobacilli show a strong bactericidal and 
antifungal activity. Due to the synthesis of many enzymes involved in the degradation of toxic substances, 
yogurt is known as a food favorable to longevity. Six top brands of 3.6% cow’s milk yogurt available on 
the Bulgarian market were examined for viable lactobacilli count, and both morphological and biochemical 
analysis of LAB isolates was carried out. Lactobacilli were enumerated in 1 g of yogurt via the Koch meth-
od. API 50-CH kit with 50 different metabolites was applied to examine the biochemical activity of LAB 
isolates and their identification. The morphology of LAB isolates was studied through light microscopy 
and Scanning Electron Microscopy (SEM). Our results revealed that the number of lactobacilli per g in all 
studied yogurt samples conformed to the Bulgarian and EU standards: in Elena yogurt - 0,7x106, in Vereia 
yogurt – 2.6x106, in Na baba yogurt - 3.4x106, in Rodopeia yogurt - 4x106, in Parshevitza yogurt - 2.8x107, 

in LB yogurt - 7.1x107. Slightly under the standard was the number of lactobacilli in Elena yogurt. 12 LAB 
isolates were cultured and identified as Lactobacillus delbrueckii ssp. bulgaricus, being positive in the 
degradation of only four out of totally 50 metabolites: D-glucose, D-fructose, D-mannose and D-lactose. 
In three out of six samples, the score of affiliation reached 99% while for the remaining three samples it 
was lower. The morphology analysis of the isolates via light microscopy and SEM showed characteristics 
typical of lactobacilli. The examined six top yogurt brands available on the Bulgarian market are safe for 
consumption and contain Lactobacillus delbruekii. subsp. bulgaricus at the standard concentrations recom-
mended by the EU. 
Key words: Lactobacilli, commercial yogurt, biochemistry, scanning electronic microscopy 

Резюме
Млечно-киселите бактерии са утвърдени пробиотици, които укрепват имунната система 

на човека и синтезират важни за неговото здраве витамини. Благодарение на синтезата на много 
ензими, включени в разграждането на токсични вещества, киселото мляко е храна, която повлиява 
положително дълголетието. Шест (3.6%), най-често употребявани от българите марки краве кисе-
ло мляко бяха изследвани за брой жизнеспособни лактобацили и беше проведен анализ на тяхната 
морфология, а изолирани от пробите млечно-кисели бактерии бяха идентифицирани с биохимични 
методи. Броят бактерии беше анализиран посредством метода на Кох в 1 грам кисело мляко. За 
изследване биохимиячната активност на изолатите и тяхното идентифициреане беше приложен API 
50-CH кит, чрез който се доказва разграждането на 50 различни въглехидрати. Морфологията на 
изолираните млечно-кисели бактерии беше изучена както чрез светлинна, така и чрез електронна 
микроскопия. Получените резултати показаха достатъчен брой лактобацили в отделните проби 
кисело мляко, съответстващ на българския и европейски стандарт: „Елена“ - 0,7x106, Верея – 
2.6x106, „На баба“ - 3.4x106, Родопея - 4x106, „Пършевица“ - 2.8x107, „LB” - 7.1x107. Близо до стан-
дарта, но с недостатъчен брой млечно-кисели бактерии се оказа кисело мляко „Елена“. Изолирани 
и култивирани бяха 12 изолати на лактобацили, която бяха идентифицирани като Lactobacillus 
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delbrueckii ssp. bulgaricus, показвайки разграждане на 4 от общи 50 метаболити: D-глюкоза, D-фрук-
тоза, D-маноза и D-лактоза. При три от шестте проби, идентичността достигна 99%, а при останалите 
три беше по-ниска. Морфологичният анализ на изолатите чрез светлинна и електронна микроскопия 
показа типични за лактобацилите характеристики. В заключение, изследваните топ-марки кисело 
мляко са здравословни за консумиране, тъй като съдържат Lactobacillus delbruekii subsp. bulgaricus 
в концентрации, препоръчани от българския и европейски стандарти. 

Introduction
Lactic acid bacteria (LAB), a part of human 

microbiota, are pronounced probiotics (probios, for 
life) with century-long proven health benefits to 
the host. They maintain a healthy and equilibrated 
intestinal microbiota (Hoque et al, 2010; Morelli, 
2014). The beneficial effect of lactobacteria in Bul-
garian yogurt was first studied by the Nobel Prize 
winner and Pasteur Institute’s Director Elie Metch-
nikoff. He found a correlation between longevity 
(over 100 years) of rural Bulgarian people and the 
high daily consumption of yogurt (Metchnikoff, 
1907; Gasbarrini at al., 2016). It is well known that 
the Bulgarian medical student in Geneve, 27 year-
old Stamen Grigorov, was the first to isolate and 
describe the bacterium responsible for yogurt fer-
mentation. He named the bacterium after his home 
country – Bacillus bulgaricus, and in 1905 was in-
vited by Metchnkoff to present his results at a con-
ference at the Pasteur Institute in Paris (Grigoroff’s 
biography, Kingsley and Reid, 2007). 

Briefly, genus Lactobacillus unifies more 
than 120 species. LAB produce lactic acid due to 
lactose fermentation. Lactic acid lowers pH in yo-
gurt, thus favouring the growth of acidophilic lac-
tobacilli and conserving this food in a natural way. 
Additionally, lactic acid inhibits the growth of oth-
er microorganisms in the intestinal tract, most of 
which are pathogens. LAB are generally facultative 
anaerobes, microaerophilic, non-spore forming and 
non-respiring rods or cocci. Grampositive, non- or 
rarely motile bacteria and acid tolerant ones. They 
are rod-shaped, 0.5–1.2 /1.0-10 micrometers in size, 
colonies on agar are 2-5 mm, without pigment and 
grow on rich, complex media. LAB possess saccha-
roclastic metabolism, do not reduce nitrates, do not 
liquify gelatin and are catalase-negative. Lactobac-
teria possess cis-fatty acids and grow optimally at 
37-41oC.

One of the valuable properties of lactobac-
teria is their detoxification ability, producing en-
zymes involved in toxicant decomposition. LAB 
improve the human immune system and produce 
beneficial to the human health B-group vitamins 
(LeBlanc et al., 2011). They display a pronounced 

antagonistic effect on Helicobacter pillory (Fuji-
mura et al., 2012) and inhibit biofilm formation of 
other pathogenic bacteria like Staphylococcus au-
reus (Agrawal and Prakas, 2013 ), Clostridium di-
ficile (Naaber et al., 2004), Listeria monocitogenes 
and Escherichia coli (Cleusix et al., 2007). Antimi-
crobial substances, such as low-molecular weight 
bacteriocins, produced by LAB during fermenta-
tion play a crucial role in LAB pathogen antago-
nism (Stoianova et al., 2012). Despite their antibac-
terial activity, LAB also exhibit antifungal activity 
to a variety of molds such as Aspergillus, Penicil-
lium, Fusarioum, Rhizopus and Mucor (Batish et 
al., 2007). The cell wall of LAB has been proven 
to be associated with antitumor activity (Shiby and 
Mishra, 2013). Decrease in serum cholesterol is an-
other beneficial effect of lactic acid bacteria (Shiby 
and Mishra, 2013). During the last decade, LAB 
have been reported to synthesize neurotransmitters 
(Yunes et al., 2015), show resistance to antibiotics 
like tetracycline, vancomycin and erythromycin 
(Qin et al., 2013), act against allergens (de Vreese 
and Schrezenmeyer, 2008), influence positively the 
lipid metabolism and stimulate the mineral absorp-
tion in indirect pattern (Gasbarrini G et al., 2016), 
display antiviral effect via their extracellular poly-
saccharides (Kanmani et al., 2017).

For probiotic and beneficial effect to human 
health, yogurt should contain above 1x10 6 cells of 
Lactobacullus delbruekii subsp. bulgaricus (Bul-
garian State Standard, 2010; EU Codex Standard 
for fermented milk, 2003; Ashraf et al., 2011; Ban-
diera et al., 2013).

The aim of this study was to evaluate quali-
tatively and quantitatively the microbial quality of 
six yogurt top brands via: enumeration of viable 
lactic acid bacteria, lactic acid content, isolation of 
LAB from yogurt samples and morphological and 
biochemical identification of the isolates.

This study is a first comparative analysis of 
microbial quality of commercial yogurts available 
on the Bulgarian market.
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Materials and Methods
Samples collection

Six top cow’s milk yogurt brands were se-
lected on the basis of popularity: “most frequently 
consumed among the Bulgarian population”. Sam-
ples were purchased from a big food retail store. 
All manufacturers declared yogurt does not contain 
any milk powder or preservatives (Fig. 1). The fat 
content of all samples was 3.6 %.

Lactobacilli count in yogurt samples
Lactobacilli were enumerated in 1 g of yo-

gurt via the Koch method with serial dilutions and 
plating on MRS agar (Oxoid, UK). Incubation was 
performed at 45o C for 24 h. 
Isolation and cultivation of lactobacilli from 
yogurt

Lactobacilli were initially enriched in skim 
milk for 48 h at 45 oC and further LAB cultures of 
each yogurt sample were isolated on MRS plates 
(Oxoid, UK). 
pH of yogurt samples

pH of yogurt samples was evaluated using pH 
indicator strips 0-14 (Merck) and pH-meter Hanna 
(Germany)
Lactic acid analysis after Toerner (oT)

10 mL of each yogurt sample were placed 
in a Becher cup and 20 mL of distilled water to-
gether with 3 drops of phenolphthalein were added. 
The mixture was vigorously stirred on a magnetic 
shaker to complete homogenization. Further, under 
continuous stirring, a titration with 0.1 N NaOH 
was accomplished. Titration lasted until the sample 
color became pale pink and was stable for at least 1 
min. Calculation of acidic degrees of Toerner went 
via multiplication of milliliters NaOH spent to 10. 
Liquid acidity can be also presented as % of lac-
tic acid by multiplying the obtained oT by 0.009 (1 
mL 0.1 N of NaOH corresponds to 0.009 g of lactic 
acid). 

Morphology study of LAB isolates
Lactobacteria isolated from yogurt were stud-

ied morphologically using light microscope Olym-
pus CX-21 (Japan) and Scanning Electron Micro-
scope JSM 5510 (Japan). Preparation for the SEM 
analysis included triple washing of the liquid cul-
tures of isolates with 0.9 % NaCl and consequent 
triple centrifugation with Eppendorf centrifuge 
(3000 rpm/ 5 min). Dehydration of the samples 

with rising EtOH solutions (70-90%) was conduct-
ed. Samples were gold filmed for 45 sec prior to 
microscoping and beamed thereafter with 10 kV. 
Objects were observed at various magnifications – 
from x1000 to x20 000.
Biochemical identification of LAB isolates

Isolated LAB cultures were examined for 
their capability to degrade carbohydrates using 
specific for lactobacilli API 50 CH test kit (bioMer-
ieux, France) consisting of 50 different metabolites: 
glycerol, erythrol, D-and L-arabinose, D-ribose, 
D- and L-xylose, D-adonitol, methyl-beta-D-xy-
lopiranoside, D-galactose, D-glucose, D-fructose, 
D-mannose, D-sorbose, L-rhamnose, dulcitol, ino-
sitol, D-mannitol, D-sorbitol, methyl-alpha D-man-
nopyranoside, methyl-alpha D-glucopyranoside, 
N-acetylglucosamin, amygdalin, arbutin, esculin/
ferric citrate, salicin, D-cellobiose, D-maltose, 
D-lactose, D-melibiose, D-saccharose, D-trehalose, 
inulin, D-melizitose, D-rafinose, starch, glycogen, 
xylitol, gentiobiose, D-turanose, D-lyxose, D-taga-
tose, D- and L-fucose, D- and L-arabitol, potassium 
guconate, potassium 2-ketoguconate, potassium 
5-ketoguconate ribose was used for examining the 
biochemical activity of isolates. API software 4.0 
identification was used for data handling.

Results and Discussion
The content of the examined six yogurt sam-

ples (g/100 g) was described by the producers and 

Fig. 1. Yogurt samples: 1 - Vereya, 2 - Na baba, 3 - Elena, 4 - Parshevitza, 
5 - Rodopeya and 6 - LB
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appeared similar in all investigated samples: milk 
protein - 3.2, milk fat – 3.6 and carbohydrates – 4.2. 
pH of samples was found to vary between 4.4 (4 
samples) and 4.5 (2 samples) (Table 1).

As the optimal pH for the members of ge-
nus Lactobacillus is 4.4- 4.6, the studied samples 
showed appropriate pH values. Hoque et al. (2010) 
have reported LAB can grow within a wide pH 
range - from 2.2 to 8.5, which allows them to sur-
vive in acidic gastric conditions. 

The highest concentration of lactic acid (see 
Table 2) was observed in LB yogurt (16.47%), and 
the lowest one in Parshevitsa yogurt (10.53%). 
Overall, in all samples studied the lactic acid con-
tent was above 10%.

The analysis of lactobacilli count revealed 

a sufficient amount of viable lactobacilli per g of 
yogurt in compliance with the Bulgarian and EU 
standards (1x106 - 1x107 CFU Lactobacillus bul-
garicus/g yogurt): Elena yogurt - 0,7x106, Vereia 
yogurt – 2.6x106, Na baba yogurt - 3.4x106, Rodo-
peia yogurt - 4x106, Parshevitza yogurt - 2.8x107, 

LB yogurt - 7.1x107. The highest colonization of vi-
able lactobacilli was found in LB yogurt (7.1x107), 
exceeding the standard by 700 000 LAB per g. The 
lowest, but still close to the standard, number of vi-
able LAB was recorded in Elena yogurt with 300 
000 LAB under the recommended level. (Table 3).

Figure 2 shows colonies of LAB with typical 
Lactobacillus morphology – small, white, oval col-
onies, opalescent, with no ridged edge.

Twelve LAB isolates (2 cultures per sample) 

No Yogurt sample pH value
1 Vereya 4.4
2 Na baba 4.4
3 Elena 4.5
4 LB 4.4
5 Parshevitza 4.5
6 Rodopeia 4.5

Table 1. pH value of yogurt samples

No Yogurt sample oT % lactic acid
1 Vereya 142 12.78
2 Na baba 137 12.33
3 Elena 142 12.78
4 LB 183 16.47
5 Parshevitza 117 10.53
6 Rodopeia 127 11.43

Table 2. Lactic acid content

Table 3. Count of lactobacilli in yogurt samples

No Yogurt sample Lactobacilli CFU/g

1 Vereya 2.6 x 106

2 Na baba 3.4 x 106

3 Elena 0.7 x 10
6

4 LB 7.1 x 107

5 Parshevitza 2.8 x 107

6 Rodopeia 4 .0 x 106 
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were identified using API-CH50 specific for lac-
tobacilli test. As lactobacilli are known to degrade 
only four carbohydrates: glucose (No 11), fructose 
(No 12), mannose (No 13) and lactose (No 29), the 
obtained results and software analysis showed that 
the isolates of Na baba, Elena and LB yogurt were 
98.8% identical with L. delbrueckii subsp. bulgar-
icus. Parshevitsa-, Rodopeya- and Vereya yogurt 
isolates showed lower identity. The results are 
shown in Table 4 and Fig. 3.

Klayruang et al. (2008) described Lab LAB 
isolates from traditional Thai food and also showed 
bile tolerance and gastric juice resistance. A small 
number of isolates have been reported to show an-
tibiotic resistance (to gentamicin and linezolid), a 
larger number were susceptible mainly to protein 
synthesis inhibitors - chloramphenicol, erythro-
mycin, kanamycin, rifampicin, streptomycin and 
tetracycline. Another report (Hoque et al., 2010) 
presented data about LAB isolates, resistant to nali-
dixic acid, metronidazole and cefradine, and sensi-
tive to amoxicillin, clindamycin. In the last decade, 
LAB from yogurt as well as from other fermented 
food could act as reservoirs of antimicrobial/resist-
ance genes (Flores et al., 2005). On the other hand, 
LAB resistance genes could be transferred to path-
ogenic bacteria (Mathur and Singh, 2005).

The morphology of the six yogurt samples 
was initially observed with a light microscope. Fig-
ure 4 displays the diversity in form and shape of 
bacteria at magnification x400.

Fig. 2. Colonies of LAB

Fig. 3. API-CH 50 for L. delbruekii subsp.  
bulgaricus identification (11, 12 and 13 –  
fermented glucose, fructose, mannose;  
29 – fermented lactose)
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VEREIA

NA BABA 1

NA BABA 2

LB

ELENA

PARSHEVITSA

Table 4. API test of LAB isolated from yogurt samples
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Further, a scanning electron microscopy was 
conducted in order to study in detail the morpholo-
gy of the L. delbrueckii subsp. bulgaricus isolates. 
Figure 5 presents SEM pictures of the cultured iso-
late of Na baba-1 yogurt (1-4), isolate of Na baba-2 
yogurt (5,6), isolate of LB yogurt (7) and isolate of 
Elena yogurt (8,9).

SEM analysis, at magnifications x 1000, x 
1800, x 2000, x3000, x5000, x7000 and x10 000, 
undoubtedly shows that the examined bacteria pos-
sess distinctive L. bulgaricus morphology - rod, 
oval edges shape and size (3, 4 to 10 mm length 
and 1 mm width).

Fig. 5. Scanning electron microscopy of LAB isolates. Na baba-1 yogurt (1-4), Na baba-2 yogurt (5, 6), 
LB yogurt (7) and Elena yogurt (8, 9). Magnification x 1000, x 1800, x 2000, x3000, x5000, x7000 and 
x10 000

LB yogurt - isolate Na baba 1 yogurt - isolate Vereya yogurt - isolate

Na baba yogurt-isolate Elena yogurt - isolate Parshevitsa yogurt - isolate

Fig. 4. LAB isolates study using light microscope (x400)
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Fig. 4. LAB isolates study using light microscope (x400)
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Fig. 5. Scanning Electron Microscopy of LAB isolates. Na baba-1 yogurt (1-4), Na baba-2

yogurt (5, 6), LB yogurt (7) and Elena yogurt (8, 9). Magnification x 1000, x 1800, x 2000, 

x3000, x5000, x7000 and x10 000

SEM analysis, at magnifications x 1000, x 1800, x 2000, x3000, x5000, x7000 and 

x10 000, undoubtedly shows that the examined bacteria possess distinctive Lactobacillus 

bulgaricus morphology - rod, oval edges shape and size (3, 4 to 10 µm length and 1 µm

width).

Figure 6 demonstrates the peculiar Y-shape morphology of the isolate from Na baba -2

yogurt sample.

Fig. 6. Scanning electron microscopy of LAB isolate (Na baba -2 yogurt) with typical Y-
shape (magnification x5 000)

Conclusions

All six investigated commercial yogurt brands, known to be the most popular with

Bulgarian consumers, comply with the Bulgarian state and EU standards for yogurt 

production containing between 1x10 6 to 7x107 CFU/g lactobacteria. The highest number of 
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Figure 6 demonstrates the peculiar Y-shape 
morphology of the isolate from Na baba -2 yogurt 
sample.

Conclusions
All six investigated commercial yogurt 

brands, known to be the most popular with Bul-
garian consumers, comply with the Bulgarian state 
and EU standards for yogurt production containing 
between 1x10 6 to 7x107 CFU/g lactobacteria. The 
highest number of lactobacilli was enumerated in 
LB yogurt, exceeding both standards. The same 
brand of yogurt was also found to contain the high-
est lactic acid concentration. LAB isolates were 
identified as L. delbrueckii subsp. bulgaricus. Light 
microscopy and SEM analysis have revealed that 
the isolated LAB possesses morphology distinctive 
of L. bulgaricus. All results obtained definitively 
demonstrate that the examined yogurt brands com-
ply with Bulgarian and EU standards and are safe 
for consumption. This study is the first comparative 
analysis of yogurt microbial quality in Bulgaria.
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Abstract
The usage of fresh fruits and vegetables has risen over the past decades. Due to environmental prob-

lems, agricultural products can be contaminated during cultivation and other activities. The aim of this pa-
per was to determine the microbial quality of soil, irrigation water and fresh vegetables in the central part of 
the Republic of Serbia. Sampling was performed in the summer of 2015 at the Agricultural high-school Svi-
lajnac (AHS), Suburb of Svilajnac (SS), Village Gložane (GL), and Village Grabovac (GR). The microbial 
diversity of the soil and presence of potential human pathogens was determined using agar plate technique 
and MPN method, respectively. MPN method was also used for determination of total and fecal coliform 
bacteria in irrigation water samples. Nutrient agar was uses for determination of aerobic psychrophilic and 
mesophilic bacteria in irrigation water samples and vegetables and Cetrimide agar for Pseudomonas aerug-
inosa determination. Chemical characterization of irrigation water was performed using standard method-
ology. High microbial diversity as well as presence of pathogenic bacteria were noticed in the examined soil 
samples. The water cation and anion content was under the limits of permissible levels for irrigation waters. 
Although patogenic bacteria were detected in irrigation water samples, the obtained values were under the 
limits proposed by several international guidelines. In order to eliminate the possible contamination sourc-
es, principles of good agriculture practice must be implemended in production and manipulation processes.
Key words: water quality, vegetables, irrigation water, soil, coliform bacteria, contamination

Peзюме
В предходните десетилетия употребата на пресни плодове и зеленчуци нараства. Поради 

проблеми в заобикалящата ни среда, земеделските продукти могат да бъдат заразени в периода на 
тяхното отглеждане, свързано с определени дейности. Целта на тази статия е да се определи ми-
кробното съдържание в почвата, поливната вода и пресните плодове и зеленчуци в централната 
част на Република Сърбия. Събирането на проби е осъществено през лятото на 2015 в Земеделската 
гимназия Свилайнац (AHS), предградието на Свилайнац (SS), село Гложане (GL) и село Габровац 
(GR). Микробното разнообразие на почвата и присъствието на възможни човешки патогени е опре-
деляно съответно чрез техники на плаки с агар гел и метода MPN. Методът MPN е използван също 
за определяне на общите и фекалните колиформи в пробите от поливната вода. За определянето на 
аеробни психрофилни и мезофилни бактерии от поливната вода и зеленчуците е използвана храни-
телна агарона среда, а Цетримидов агар за определянето на Pseudomonas aeruginosa. Химическото 
характеризиране на поливната вода е направено по стандратна методология. Голямо микробиално 
разнообразие, а така също наличието на патогенни бактерии е отбелязано в изследваните почвени 
проби. Съдържанието на катиони и аниони е под допустимите нива за поливните води. Въпреки на-
личието на патогенни бактерии във водните проби, получените стойности са под допустимите гра-
* Corresponding author:
E-mail: danka.radic@agrif.bg.ac.rs
* The paper was presented at the FOOD-3 Conference, 
2017, Sofia, Bulgaria
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ници, предлагани в няколко международни наръчници. За да се избегне възможно контаминиране 
е необходимо в процесите на производството и обработката да се прилагат принципите на добрата 
земеделска практика.

Introduction
Consumption of fresh fruits and vegetables 

has been increasing in the past decades (Leon et 
al., 2009; Betts, 2014) and provides benefits for 
the health of consumers (Dauchet et al., 2005). 
However, consumption of these products is one 
of the factors connected to human gastrointestinal 
problems (Pachepsky et al., 2011). Fresh products 
can be microbiologically contaminated during 
production, packing, preparation, and other 
activities. It is evident that irrigation water, which 
includes different surface waters, groundwaters 
and/or aquifers, is one of the major sources of 
contamination (Uyttendaele et al., 2015). Thus, 
microbial quality of irrigation water, as well as, 
its contamination potential, can be affected by the 
design of wells, substrate characteristics, depth of 
groundwaters, etc. (Gerba, 2009). 

In recent years, the accidence of foodborne 
outbreaks connected with fresh vegetables 
contamination has increased worldwide 
(Mukherjee et al., 2006). Several reports indicated 
the contamination of fresh vegetables with 
pathogenic bacteria, such as Salmonella (Greene et 
al., 2008), Escherichia coli (Friesema et al., 2007), 
Listeria (Abadias et al., 2008), etc. As described 
previously, the major source of these pathogenic 
microorganisms are contaminated irrigation water, 
but their incidence may be linked with the usage of 
contaminated seeds (Berger et al., 2010), or organic 
fertilizers as a soil amendment (Franz et al., 2008). 
Compared to traditional production, agricultural 
organic production has increased the risk to public 
health due to organic manure application instead 
of mineral fertilizers, and avoidance of pesticides 

treatments (Oliveira et al., 2010). One of the aims of 
this cultivation method is reduction of the potential 
microbiological contamination of fresh agricultural 
products; however, in some cases, lack of scientific 
arguments to support this statement was noticed 
(McMahon and Wilson, 2001).

Vegetable production is one of the most 
important branch of agriculture of the Republic 
of Serbia (Novković et al., 2012). Due to the 
favourable agro-ecological conditions for vegetable 
production in the Republic of Serbia (especially 
in the central part), it is necessary to support the 
production of high-quality fresh products (Puškarić 
et al., 2009). The aim of this work was to estimate 
the microbial quality of soil, irrigation water and 
fresh vegetables in the central part of the Republic 
of Serbia – Pomoravlje District.

Material and Methods
Sampling of soil, irrigation water and vegeta-

bles (tomato – Solanum lycopersicon; pepper - Cap-
sicum annuum; and carrot – Daucus carota) was per-
formed in the summer of 2015 at several locations in 
the Pomoravlje District (Table 1). 

The total number of bacteria and Azotobacter 
sp. used for determination of the microbiological 
characteristics of soil was estimated on tryptic soya 
agar (Torlak, Serbia), and Fyodorovˈs agar, respec-
tivelly. Most-probable-number (MPN) procedures 
were used to estimate numbers of total coliform 
(TC) and fecal coliform (FC) bacteria. E. coli was 
identified with Eosin Methylene Blue Agar (EMB 
Agar, Biomerieux, France) at the temperature of 
37ºC for 24 h, while Streptococcus faecalis was es-
timated on Bile Esculin Agar (Torlak, Serbia) at the 

Locations Description of 
location Type of sample Type of 

production
Type of 
gardening

1
Agricultural 
high-school 
Svilajnac (AHS) 

Groundwater/soil/tomato, 
pepper conventional greenhouse

2 Suburb of 
Svilajnac (SS)

Groundwater/soil/tomato, 
pepper conventional open field

3 Village Gložane 
(GL)

Groundwater/soil/tomato, 
carrot organic open field

4 Village Grabovac 
(GR)

Groundwater/soil/tomato, 
pepper, carrot organic greenhouse

Table 1. Examined locations in Pomoravlje District
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temperature of 44ºC for 24 h
The ammonia nitrogen content in irrigation 

water was determined using EPA 350.1 method, ni-
trates, nitrites and sulphates by EPA 300.1 method 
(Hautman and Munch, 1997), COD by dichromate 
oxidation method (APHA, 1995), total phosphorus 
by EN ISO 11885 method, and Fe, K, Mn, and Na 
content by ICP-OES method.

In irrigation water samples and vegetables 
samples, the number of aerobic psychrophilic and 
mesophilic bacteria was determined using cultiva-
tion methods on Nutrient agar (Torlak, Serbia) at 
the temperatures of 22ºC for 72 h, and 37ºC for 48 
h, respectively. Determination of TC, FC, E. coli, 
and S. faecalis in irrigation water and vegetable 
samples was performed using the same techniques 
for its abundance in soil. The presence of P. aerug-
inosa in irrigation water and vegetables was de-
tected using Cetrimide agar (HiMedia, India) at the 
temperature of 42ºC for 24 h. 

The population density of the total number of 
bacteria and Azotobacter sp., as well as psychro-
philic and mesophilic aerobic bacteria in soil/veg-
etables and irrigation water samples was expressed 
as colony forming units (CFU) per gram, or mili-
liter, respectivelly. The microbiological quality of 
vegetables was estimated using the criteria pro-
posed by PHLS (2000) and EC 2073/2005.

Results and Discussion
The number of bacterial species in soil may 

be enormous (Dykhuizen, 1998); they play an im-
portant role in the soil ecosystem (van Elsas et al., 
2006). Although microbial diversity of soil has a 
positive effect on the abundance of pathogenic bac-
teria, this effect depends on soil characteristics (van 
Elsas et al., 2012) and agricultural management 

(Messiha et al., 2009).
The results of this study showed a different 

number of microorganisms in the soil, depending 
on the location of sampling, type of production and 
gardening, and vegetable species (Table 2).

In soil samples from village Grabovac, where 
organic production of vegetables was applied, the 
highest total number of bacteria was noticed com-
pared to soil samples from other locations. Also, the 
highest abundance of Azotobacter sp. was noticed 
in Grabovac village in soil under tomato (6.83x104 
CFU/g). At all examinated locations, the number of 
Azotobacter sp. was higher in the soil under tomato 
compared to other vegetables. Other authors sug-
gest the specific role of Azotobacter sp. in tomato 
production, which can be linked with the synthesis 
of auxins, cytokinins and similar stimulative com-
pounds (Azcorn and Barea, 1975). The results pre-
sented in Table 2 show presence of fecal contami-
nation in most samples. The highest value of total 
and fecal coliform bacteria, as well as E. coli, was 
noticed in soil under tomato at SS location. A high 
number of these bacteria was also recorded at AHS 
location. Recent studies of agricultural soils have 
recorded fecal contamination (Faissal et al., 2016; 
Palacios et al., 2017). Some studies suggested that 
pathogenic bacteria can be transported from soil, 
through roots, to the shoots of vegetables (Solomon 
et al., 2002), or from contaminated roots to shoots 
(Bernstain et al., 2007). On the other hand, Sharma 
et al. (2009) confirmed that pathogens found in the 
roots were not detected in the shoot tissue of spin-
ach.

Besides microbiological parameters, the 
quality of water can be evaluated using chemical 
indicators (Reche et al., 2016). Groundwaters are a 
valuable source that sustains life on Earth (DˈAles-

Table 2. Microbiological characteristics of soil

Sample Vegetable
Total number 

of bacteria 
(x107CFU/g)

Azotobacter 
sp.(x104CFU/g)

TC FC E. coli S.
faecalis

MPN/g

AHS tomato 2.29 2.29 >1279 >1279 >1279 <3
pepper 2.59 0.00 >1447 >1447 57 <4

SS tomato 1.48 3.00 >1507 >1507 >1507 <4
pepper 1.66 2.52 <4 <4 <4 <4

GL tomato 3.06 5.44 57 57 57 <4
carrot 1.46 3.84 1279 1279 34 <3

GR
tomato 4.81 6.83 59 59 34 <4
pepper 4.47 4.89 36 36 26 <4
carrot 8.63 3.19 >1158 >1158 >1158 <3
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sandro et al., 2017) and its composition is affected 
by hydrological, geochemical and biological pro-
cesses (Custodio, 2010). In our study, good chemi-
cal quality of all groundwater samples, according to 
Serbian legislation (Službeni glasnik RS 50/2012) 
was recorded (Table 3). 

In all samples, neutral to slighly alkaline re-
action of irrigation water was recorded. The water 
cation and anion content was under the limits of 
permissible levels for irrigation waters according to 
proposed legislation. Similar results were obtained 
for the microbiological characteristics of water 
samples (Table 4).

Except for the SS sample, low numbers of 
psychrophilic and mesophilic bacteria in iriirgation 
water samples were recorded. Absence of P. aerug-
inosa in all samples and low presence of E. coli in 
one sample (GR) was recorded. The number of total 
and fecal coliform bacteria was also under the per-
missible level according to Serbian legislation. The 
values obtained in this research were also under the 
limits proposed by several international guidelines 
for quality of irrigation waters (British Columbia 
Ministry of environment, 1998; Canadian Council 
of ministers of the environment, 1999; DIN 19650, 
1999). 

Most bacteria initially detected on fresh veg-
etables originated from soil ecosystems (Barth et 
al., 2009). The quality of fresh vegetables depends 
on irrigation water quality and application of good 

agriculture practices; unfortunatelly, the contact 
with soil particles, irrigation water and fertilizers, 
impede the control of vegetable contamination by 
pathogenic microorganisms (de Oliveira et al., 
2011).

Our results showed different levels of fresh 
vegetables contamination, depending on the various 
factors (Table 5).

The presented results show a higher level of 
contamination at AHS location - in pepper samples 
compared to tomato, while at SS location vice 
versa. In organic production fields, higher numbers 
of psychrophilic and mesophilic bacteria in carrot 
samples compared to other vegetables were 
recorded. A large number of these bacteria was 
detected in leafy vegetables, carrots and sprouds 
(Abadias et al., 2008), which is in accordance 
with our results. The number of aerobic bacteria in 
tomato was from 0.7 to 468x103 CFU/g, while in 
carrot from 209 to 386x103 CFU/g. These values 
for tomato were lower compared with other reports, 
where the average total aerobic plate count was 
4x107 CFU/g (Razzaq et al., 2014). Also, Jeddi et al. 
(2014) indicate that in most of the samples (70%) 
the number of aerobic bacteria in ready-to-eat salad 
containing tomato, carrot, lettuce, cucumber and 
coleslaw was between 106 and 107 CFU/g. On the 
other hand, Razzaq et al. (2014) reported a lower 
number of aerobic bacteria in carrot (4x104 CFU/g) 
compared to our research. 

Sample pH NH3 NO2
- NO3

- SO4
2- COD total P Fe K Mn Na

mg/l
AHS 7.56 <0.05 <0.020 34.5 73.8 <10 0.091 <0.010 1.92 0.003 19.9
SS 7.57 0.05 <0.020 48.2 83.1 <10 <0.055 0.231 2.59 0.003 20.3
GL 7.46 <0.05 <0.020 45.1 231.8 <10 <0.055 0.011 5,78 0.015 25.5
GR 7.35 <0.05 <0.020 46.8 58.8 <10 0.055 <0.010 2.18 <0.001 22.9

Table 3. Chemical characteristics of irrigation water

Sample
aerobic

P. aeruginosa
coliform E. coli S. fecalispsychrophilic mesophilic total fecal

(x 103 CFU/ml) MPN/100 ml
AHS 0.05 0.04 n.i. 9.2 0.0 0.0 9.2
SS 11.30 31.70 n.i. >16 >16 0.0 0.0
GL 0.58 0.08 n.i. 0.0 0.0 0.0 0.0
GR 0.60 0.70 n.i. 2.2 2.2 2.2 0.0
   n.i. – not identified

Table 4. Microbiological characteristics of irrigation water
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Contamination by coliform bacteria was 
detected in all examined samples. The highest level 
of contamination was noticed in tomato samples at 
AHS and GR location, and in carrot at GL location. 
The presence of E. coli was the highest in tomato 
samples at SS location, and S. fecalis in pepper 
at AHS location. The comparison of the results 
obtained in our research to the results of Razzaq et 
al. (2014) show that the total number of coliforms 
obtained on tomato samples was higher, but in the 
case of carrot it was lower. Our results are similar 
to the results obtained by Shenge et al. (2015), who 
noticed that in most tomato samples the number 
of total coliforms was about 5 Log MPN/100g. 
In the same research, in most of tomato samples, 
E. coli was not identified. Similar observation 
was achieved by Arthur et al. (2007). E. coli 
and S. fecalis were also present in all examined 
vegetable samples. Bohaychuk et al. (2009) 
confirmed the absence of E. coli in organically 
and conventionally grown tomato samples, and its 
presence was noticed only in conventionally grown 
carrot samples, which differs from our results. In 
most samples, contamination of pepper was lower 
compared with tomato and carrot. This observation 
is in contrast with the results of Almuktar and Sholz 
(2015), who indicated insignificant microbiological 
contamination of chillies.

In most samples, absence of P. aeruginosa 
was detected, which is in acordance with several 
previous studies where contamination of vegetables 
by P. aeruginosa was not detected. According to 
critiria proposed by PHLS (2000) based on the 
total aerobic bacteria number, the microbiological 
quality of all tomato and pepper samples from SS 
location was acceptable. The results showed that 
according to EC 2073/2005, most of the vegetable 

samples can be used for human consumption. 
This results indicate the good microbiologi-

cal quality of the examined samples. The principles 
of good agriculture, manufacturing and hygiene 
practice must be applied by producers in order to 
eliminate the possible sources of contamination and 
to improve the quality of vegetables production.
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Abstract
On the basis of own studies and literature data, the most common alternatives to healthy diets and 

the subsequent health risk effects are discussed. The experimental studies presented show that in reduced 
or irregular eating patterns the deficiency of nutrients or their irregular intake activates the systems of ab-
sorption of energetic components of food at the expense of the absorption of the structure ones. This can 
explain the so-called ”yo-yo effect” when normal eating habits are resumed. The authors also discuss the 
“phenomenon of satiety”, characterised by suppression of the systems for hydrolysis and transport of a 
given nutrient during a period of intensive and prolonged intake. At the same time a deficient intake of a 
nutrient stimulates the systems for its absorption. On account of this, eating regimens are discussed, where 
the intake of one nutrient is increased at the expense of another Such types of diets can cause serious met-
abolic disorders with harmful health consequences. Different options of vegetarian diets are analysed with 
emphasis on the risk health effects of the diets with permanent exclusion of animal products. The scientific 
view on “split diet” is discussed and some principles of its use are explained.
Key words: alternative diets, risk, nutrient

Резюме
На базата на собствени проучвания и литературни данни, се обсъждат най-честите алтернативни 

на здравословното хранене диети и рисковете за здравето от тяхното прилагане. Представят се 
собствени експериментални изследвания, маркиращи че при редуцираното и нередовно хранене, 
дефицитът на нутриенти или неритмичното им приемане, активира системите, усвояващи 
енергийните съставки от храната за сметка на пластичните. Това обяснява така наречения „йо 
йо ефект“ след преминаване към обичайното хранене. Обсъжда се и регистрираният от авторите 
„феномен на насищане“, характеризиращ се с потискане на системите, реализиращи хидролизата 
и транспорта на даден нутриент, приеман интензивно за по-продължително време. Същевременно 
дефицитът на някой нутриент, обратно, стимулира системите, свързани с неговото усвояване. По този 
повод се обсъждат режимите на хранене, при които е повишен приемът на един нутриент за сметка 
на друг. Това води до съществени метаболитни нарушения със сериозни неблагоприятни последици 
за здравето. Анализират се различните варианти на вететарианството, като се акцентира върху 
рисковете за здравето от перманентното прилагане на хранителни режими с напълно изключване на 
животинските продукти. От професионална гледна точка се разглежда и така нареченото „разделно 
хранене“, като се обосновават и някои принципи при неговото прилагане.

Introduction
The main principles of a healthy diet concern 

the adequate and regular food intake, the balance 
and diversity of the food. They are:

1. The energy intake should be equal to energy 
expenditure (EE) to keep energy balance

2. A diet should be balanced in terms of the ma-
cronutrient content. That means that proteins 
should be 10-15 E %, fats – 15-30 E% and 
carbohydrates – 50-55 E%

3. A diet should be varied in terms of the food 
products consumed during one week. 
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Fig. 1. Food pyramid for adults with
low physical activity (PA)

Fig. 2. Food pyramid for adolescents and 
adults with high PA

There are different types of Food pyramids 
and plates which give advice about the variety and 
quantity of food intake. The first pyramid (Fig.1) 
shows the recommended food intake for people 
with low physical activity who have lower EE – 
they have to eat more low-calorie food such as fruit, 
vegetables, low-fat milk and dairy products, low-
fat meat and fish, on the other hand they ought to 
eat less grain products, potatoes, rice, pasta, which 
are rich in energy, and different foods rich in fats. 

The second pyramid (Fig. 2) represents the 
recommended food intake for adolescents and 
adults with moderate and high physical activity. 
They should adhere to both groups of cereals, rice 
and potatoes together with vegetables and fruits. 
They need more energy because of the increased 
energy demands. Of course they need essential pro-
tein from meat, fish, eggs and dairy products be-
cause of the prevalence of anabolic processes. 

4. Every human should eat regularly during the 
day – from 3 to 5 times per day with 3 main 
meals and 2 snacks

Materials and methods:
An alternative diet is a diet which significant-

ly differs from the principles of the healthy diet. 
The most popular alternative diets are:

1. Hypocaloric (reducing) diet 
2. Intermittent fasting
3. Vegetarian diet
4. Raw food diet
5. Imbalanced diet
6. Split diet

Results and Discussion:
The hypocaloric diet is a diet when the ener-

gy intake is constantly less than the energy expen-
diture. The energy intake may even be reduced to 
starving when there is less than 500 kkal per day. 
The most frequent reason for such deficient ener-
gy intake is the attempt to reduce overweight. The 
carbohydrates and fats are limited essentially and 
when people starve for more than 10 days substan-
tial disturbances appear in the metabolism, which 
leads to pathological processes in the body. When 
the starvation is more than 72 hours, the glycogen 
levels fall and glucose is derived from gluconeo-
genesis. Since fatty acids cannot be converted into 
glucose, this process in the liver depends on the 
continuing supply of precursor amino acids from 
the muscles – decreased muscle mass. This patho-
physiological mechanism of negative nitrogen bal-
ance leads to a decline in the metabolic rate and 
in the absence of glucose the brain starts utilizing 
ketones as fuel (Soeters et al, 2004).

When different macro- and micronutrient de-
ficiencies are found in the human body, the state is 
called malnutrition. When the patient is malnour-
ished disturbances appear in the mental, muscle, 
cardio-vascular, renal, respiratory, gastrointestinal 
function, in the thermoregulation and the immune 
system. Specific deficiencies in the vitamin B group 
(vitamin B12 and thiamine), calcium, and magne-
sium can lead to anxiety and depression, which 
can recover with refeeding. The fast loss of body 
weight is proportional to decreased heart volume, 
which leads to circulatory failure. Some mineral 
and electrolyte disorders can cause cardiac arrhyth-
mias. The low food intake decreases the gastric, 
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less fat mass than normal. The others had normal weight with significant reduction of 

their weight over the last 3 months. From the functional exams – 62% had impaired 

cognitive function (Fig. 4) , 40,2% - restricted pulmonary ventilation, 54,3% - decreased 

muscle function (Fig. 3). These disorders are connected with the lack of essential 

nutrients – essential amino acids, PUFA, vitamin D etc. 

Fig.3. Muscle function in patients with malnutrition

When determining the Basal metabolic rate (BMR) - 34% of the patients had 

reduced BMR and the others had normal BMR but the nutrient utilisation was 

unbalanced. 17 % had initial cardiac failure and 74% had reduced bone density.

After inclusion of appropriate diet and monitoring of the patients for 2 years, the 

conclusion was that the patients with anorexia nervosa and secondary anorexia with 

anxiety-depressive syndrome improved their anthropometric and functional parameters.

Fig. 4 Cognitive 
impairment in 
malnourished 
patients

51% ;  47 

11% ;  10 
38% ;  35 No cognitive impairment

Mild cognitive impairment  
 
Severe cognitive impairment 
 

7; 7.6%

16; 17.4% 
43

46.7% 

26

28.3%

 50

54.3% 

42

45,7% 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

men women Total 

Normal 
Reduced  

Pa
tie

nt
s (

n)
 

less fat mass than normal. The others had normal weight with significant reduction of 

their weight over the last 3 months. From the functional exams – 62% had impaired 

cognitive function (Fig. 4) , 40,2% - restricted pulmonary ventilation, 54,3% - decreased 

muscle function (Fig. 3). These disorders are connected with the lack of essential 

nutrients – essential amino acids, PUFA, vitamin D etc. 

Fig.3. Muscle function in patients with malnutrition

When determining the Basal metabolic rate (BMR) - 34% of the patients had 

reduced BMR and the others had normal BMR but the nutrient utilisation was 

unbalanced. 17 % had initial cardiac failure and 74% had reduced bone density.

After inclusion of appropriate diet and monitoring of the patients for 2 years, the 

conclusion was that the patients with anorexia nervosa and secondary anorexia with 

anxiety-depressive syndrome improved their anthropometric and functional parameters.

Fig. 4 Cognitive 
impairment in 
malnourished 
patients

Fig. 3. Muscle function in patients 
with malnutrition

Fig. 4. Cognitive impairment in 
malnourished patients

biliary and pancreatic secretion, which contributes 
to malabsorption. The enterocytes and colonocytes 
which have a rapid turnover during an adequate 
diet, during malnutrition can be depleted (Baren-
dregt et al, 2004).

The protein and iron intake is also dimin-
ished and this leads to anaemia. Also, the endocrine 
function is disturbed, especially the thyroidal, su-
prarenal and pituitary glands. In a study by Popo-
va et al, 92 malnourished patients at the Clinic of 
Metabolic and Endocrine diseases were analysed 
(Popova and Popova, 2016). Their diagnoses were 
Anorexia nervosa (19 patients), secondary anorex-
ia with anxiety-depressive syndrome (38 patients) 
and gastro-intestinal diseases (35 patients). The 
analysis showed that their energy intake was about 
72% less than their daily requirements according 
to Ordinance 23/2005. The anthropometric meas-
urements showed that 69 % of the whole group had 
less fat mass than normal. The others had normal 
weight with significant reduction of their weight 
over the last 3 months. From the functional exams 
– 62% had impaired cognitive function (Fig. 4) , 
40,2% - restricted pulmonary ventilation, 54,3% - 
decreased muscle function (Fig. 3). These disorders 
are connected with the lack of essential nutrients – 
essential amino acids, PUFA, vitamin D etc. 

When determining the Basal metabolic rate 

(BMR) - 34% of the patients had reduced BMR and 
the others had normal BMR but the nutrient utilisa-
tion was unbalanced. 17 % had initial cardiac fail-
ure and 74% had reduced bone density. 

After inclusion of appropriate diet and mon-
itoring of the patients for 2 years, the conclusion 
was that the patients with anorexia nervosa and sec-
ondary anorexia with anxiety-depressive syndrome 
improved their anthropometric and functional pa-
rameters.

Other experimental studies demonstrate that 
animals without food intake for different periods of 
time absorb more glucose after refeeding compared 
to regularly fed animals. (Fig. 5). 

That explains the so-called “yo-yo effect” af-
ter a normal diet is resumed. 

The intermittent diet can be described as a 
kind of hypocaloric diet – this is very rare food in-
take, for example once per day, or 3-4 times per 
week. Another experimental study proves the un-
healthy effect of this alternative diet. Animals that 
consume food regularly were compared with ani-
mals that take the same quantity of food but in one 
meal (Fig. 6). 

Glucose absorption again was increased in 
the second group. The conclusion is that both the 
hypocaloric and intermittent diets increase energy 
absorption of diminished food intake.
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Vegetarianism is divided into Vegans, who 
are strict vegetarians who consume just plant food, 
and vegetarians who are several types:

 Lacto vegetarians – they consume plant 
foods as well as milk and dairy products 

 Ovo-lacto vegetarians – they avoid fish 
and meat

 Pesco vegetarians – they avoid only milk
 Pseudo vegetarians – they avoid only red 

meat.
Vegans have serious health risks. The an-

imal protein which contains essential amino ac-
ids is missing. The deficit of lysine, methionine, 
tryptophan and histidine is vital. This reflects on 
the immune system, enzymes and hormones. The 
liver can be damaged by intoxication. The human 
body is vulnerable without essential protein espe-
cially to the adverse effect of the chemical factors 
of the environment. The most serious deficit is vit 
B12, which causes megaloblastic anaemia. There are 
studies that prove the relation between vit B12 and 
homocysteine – the lack or decreased vit B12 leads 
to increased levels of homocysteine, which causes 
adverse effects on the central nervous system and 
a higher risk of cardio-vascular diseases (CVD) 

Fig. 5. I - Glucose absorption; II – Maltase activity

Fig. 6. Glucose absorption 

(Obersby et al, 2013). Vegetarians have a higher risk 
also of diminished bone density because of reduced 
or lack of Ca and vit D intake. These nutrients are 
mainly present in food of animal origin – milk and 
dairy products, meat, fish. The lack of fish in the 
diet leads to a low content of the essential omega-3 
fatty acids, which increases the risk of thrombogen-
esis, CVD, mental disorders and ophthalmopathy. 

There are also positive effects of the vegan 
diet, which is due to the low intake of saturated fat-
ty acids and cholesterol, high intake of fibres from 
the plant foods, and generally the statistics shows 
that vegetarians live healthier life than omnivores 
because they abstain from drinking alcohol and 
smoking and they are more physically active. 

The moderate vegetarians are closer to a 
healthy diet, especially pseudo- and pesco- vege-
tarians. 

The raw food diet has two directions – raw 
food eaters and strict vegans. The strict vegans 
have lower health risk because they consume only 
plant food – fruits, vegetables and nuts. These food 
products cannot cause food-borne diseases such as 
bacterial toxic infection or bacterial intoxication. 
Also, this type of diet is beneficial because of the 
low calorie intake, high fibre intake, and the quanti-
ty of vitamins, minerals and phytochemicals is not 
decreased by thermal food processing. However, 
there are negative sides especially related with the 
small variety of food, the deficiencies of essential 
proteins, calcium, iron, vit B12, which makes the 
diet inadequate for a long term. Besides, raw food 
is less digestible. 

Raw food eaters who are not strict vegans eat 
animal food products which may not be safe. The 
risk of food poisoning from eating raw or under-
cooked food is higher. Raw food contains toxic or 
allergenic substances that are broken down during 
thermal processing. Also cooking boosts some nu-
trients such as lycopene and beta-carotene, which 
have beneficial effects on human health. 

An imbalanced diet is when the balance be-
tween the basic macronutrients – proteins, fats and 
carbohydrates - is disturbed. According to one of 
the principles of the healthy diet, proteins should 
be 15-20 E %, fats – 15-30 E% and carbohydrates – 
50-55 E%. Every variation of that principle leads to 
an improper ratio between the macronutrients. The 
most frequent imbalanced diets are: 

 High-protein diet 
 High-fat diet
 High-carbohydrate diet
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A high protein diet is when the protein intake 
exceeds 20 E% of the daily calorie intake. Usual-
ly, it can be around 30 E%, which in a 2000 kkal 
diet is 150 g of protein. There is no doubt that the 
high-protein diet helps people to lose weight. The 
high-protein intake boosts the metabolism, reduces 
appetite and changes several weight-regulating hor-
mones (Eisenstein et al, 2002; Astrup et al, 2015). 
Protein reduces the levels of the hunger hormone 
ghrelin, while it boosts the appetite reducing hor-
mones GLP-1, peptide YY cholecystokinin. This 
leads to unintentional reduction of calorie intake 
and subsequently to losing weight (Leidy et al., 
2015).

Usually, during digesting and metabolizing, 
food burns calories that are called diet-induced 
thermogenesis. Depending on the type of the nu-
trient intake it is up to 10 % of the total energy ex-
penditure during the day. Protein has a much higher 
thermic effect of food (20-30%) compared to carbs 
(5-10%) and fat (0-3%) (Westerterp, 2004). There-
fore, the high protein intake increases the energy 
expenditure and boosts metabolism. Another posi-
tive effect of that diet is keeping the muscle mass in 
the body, which is metabolically active tissue with 
increased energy expenditure (Clifton et al, 2014).

When the protein intake is about 50-60 E% 
it can lead to some health risks. The first adverse 
effect is increased levels of uric acid, which can 
lead to gout. The protein metabolites are excreted 
through the kidneys, so when protein intake is too 
high, adverse effects can appear in the kidneys. The 
high protein intake changes the pH homeostasis in 
the body as it becomes more acidic and this leads 
to changes in the calcium turn-over with following 
osteoporosis. (Manninen, 2004; Pesta and Samuel, 
2014).

The high-carbohydrate diets include mainly 
vegetables and fruits and there is a lack of the es-
sential amino acids and other micronutrients related 
with strict vegetarianism. 

The high-fat diet has been much discussed 
over the last 30 years because it claims to treat some 
neurological diseases as epilepsy, Alzheimer`s dis-
ease, Parkinson`s disease, cancer (Gasior et al, 
2006). The other name of the high-fat diet is keto-
genic diet because the high fat content in the diet 
replaces the carbohydrates (low-carb diet) and the 
reduction of carbs leads to a different metabolic 
state called ketosis. At present, a large number of 
studies have proved that the ketogenic diet protects 
against seizures in children with difficult-to-treat 
epilepsy (Hemingway et al, 2001; Marsh, 2006). 

These studies showed a good response to the diet 
with a decrease in the number of seizures or even 
prevention of seizures in children. They are not 
completely reliable because of the lack of a con-
trol group, but the diet may claim to have a dis-
ease-modifying activity with improved long-term 
outcome. Alzheimer`s disease patients show im-
proved memory performance after medium-chain 
triglycerides intake. This is in positive correlation 
with plasma levels of β-hydroxybutyrate, which 
is a product of oxidation of the medium-chain tri-
glycerides (Reger et al, 2004). There is increasing 
evidence that the ketogenic diet may also be bene-
ficial as an adjuvant cancer therapy by potentiating 
the antitumor effect of chemotherapy and radiation 
therapy (Vidali, 2015). The high-fat diet does have 
an adverse effect on the cardiovascular system with 
a vascular damage observed after treatment with 
ketogenic diet. The serum levels of cholesterol and 
triglycerides are increased; also, arterial stiffness 
parameters are higher than the same parameters in 
the control group (Coppola et al, 2014).

A split diet is a diet with separated intake of 
different foods (compatible and non-compatible 
foods). The concept does not involve compatibility 
in terms of their chemical characteristics, but com-
petition of the enzymes and transporters of nutri-
ents during their hydrolysis and absorption. When 
a big quantity of food is consumed for a short pe-
riod of time the enzymes cannot be included in the 
utilization of the whole amount of food and a part 
of it is not absorbed (Popov and Vasileva, 1998). 
Also some of the nutrients play the role of inhibi-
tors, others of promoters of nutrient absorption. For 
example, the absorption of glucose diminishes in 
the presence of the amino acid glycine, and glycine 
absorption decreases in the presence of glucose 
(Fig. 7).  

The red column at I is the absorption of glu-
cose and the blue one is the absorption of glucose 
in the presence of glycine. The second red column 

Fig.7. Glycine and glucose absorption 
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is glycine absorption and the second blue column is 
the absorption of glycine in the presence of glucose.

 
Conclusion:

According to these statements, it can be con-
cluded that every diet has both positive and negative 
effects on human health. Every individual has dif-
ferent susceptibility to a specific diet and if the diet 
is appropriate or not depends on the spectrum of the 
consumed foods. The broader the dietary diversity, 
the more adequately it will fulfil the requirements 
of the body and the risk of nutrient deficiencies will 
be the lowest. Undoubtedly, there must be a good 
balance between overdose and deficiency, which 
has to be managed by a professional nutritionist. 
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Ignat Radoslavov Abrashev
1939 – 2017

On May 27, 2017, our colleague and devoted friend, 
Prof. IGNAT RADOSLAVOV ABRASHEV, Doctor of Sciences, 

left us suddenly.

Prof. Abrashev commenced his scholarly career in 1964 at the In-
stitute of Microbiology at the Bulgarian Academy of Sciences and 
for over half a century worked with enthusiasm and devotion to 
raise the prestige and standard of research work in the areas of 

importance for the Institute. He will be remembered as one of the most prominent microbiology scien-
tists in the history of the Institute, whose achievements in science were internationally recognized. His 
most valuable contribution was to the research on the physiology and biochemistry of microorganisms, 
to the ecology of pathogenicity, and he was one of the first Bulgarian microbiologists referred to in 
Bergey‘s manual. In enzymology, he discovered two novel substrates of the enzyme neuraminidase. He 
was author and co-author of over 100 scientific papers and eight patents, presented reports at numerous 
scientific events, and headed research projects.

Prof. Ignat Abrashev founded a scientific school in the field of the molecular bases of pathogenic-
ity, trained a multitude of graduate and doctoral students, lectured at the Medical University of Sofia 
and the Faculty of Chemistry of Sofia University “St. Kliment. Ohridski”.

His dedication, efficiency and adherence to principle were exemplary, especially for young sci-
entists. He was a man of remarkable modesty and of generous attitude to both colleagues and students. 
Professor Abrashev‘s participation lent true academic spirit to the management of the Institute, the 
organization of science forums and public life.

We will remember him as an erudite scholar and public figure, a wise man and a wonderful friend!
May he rest in peace!

Angel Galabov
Maria Angelova

ACTA MICROBIOLOGICA BULGARICA Volume 33 / 2 (2017)

In memoriam
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Cronicle

The Organizing Committee informs that the Tenth Balkan Congress of Microbiology will be held on 
November 16-18, 2017 in the Park Hotel Moskva, Sofia Bulgaria. 

The Congress will be attended by microbiologists, specialists in the fields of general and applied mi-
crobiology, medical microbiology, virology, environmental microbiology, microbial biotechnologies, food 
microbiology, infectious immunology and  parasitology from the Balkan region (Bulgaria, Greece, Turkey, 
Serbia, Romania, Republic of Macedonia, Montenegro, Albania, Bosna and Herzegovina), members of the 
Balkan Society for MIcrobiology.

Scientists from Slovenia, Croatia, Poland, USA, Netherlands, France, Germany, Italy, Russia, Ukraine, 
England, and Portugal will also participate in the Congress.

The scientific program contains plenary lectures given by leading scientists, large oral and poster 
sessions and organized discussions on present milestones in microbiology.

The registration details will be given in the website: www.mb2017.bg

The Congress reports in English will be published in Acta Microbiologica Bulgarica, volume 33, 
issue 4 (2017) and volume 34 issue 1 (2018). The reports have to be prepared according to the „Guide of 
Authors” of the Journal.

Tenth Balkan Congress of Microbiology
Microbiologica Balkanica 2017
Park Hotel Moskva, Sofia, Bulgaria

November 16 – 18, 2017 
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Types of articles

The journal publishes editorials, original research works, research reports, reviews, short 
communications, letters to the editor, historical notes, etc from all areas of microbiology. The manuscripts 
should not represent research results which the authors have already published or submitted in other books 
or journals. The papers submitted for publication in Acta Microbiologica Bulgarica are peer-reviewed by 
two experts from the respective scientific field who remain anonymous to the authors.

Article structure

The papers are published in English, accompanied by a bilingual summary (English and Bulgarian). 
The papers should be typed with double-spacing (28-30 lines), on a white paper in A4 format, with 
margins of 3 cm.

The length of the original research paper, including the annexes (tables, figures, etc.) should not 
exceed a signature or printer’s sheet (30,000 signs, that is, 16 pages with 30 lines each) in Times New 
Roman 12. The length of shorter reports should not exceed seven pages.The submitted manuscript must 
contain the name/s and surname/s of the author/s, the name and address of the institution and or organisation 
where it was prepared. The name and address of the corresponding author should be noted. The abstract 
should not exceed 250 words and should represent briefly the goals, methods, main results (with numerical 
data) and basic conclusions of the research.The most essential six key words must be added to the abstract. 
The manuscript contains the following sections: introduction, materials and methods, results, discussion, 
acknowledgements, references. The introduction must be concise with a clearly defined goal and with 
previous knowledge of the problem. The materials and methods ought to contain sufficient data to enable the 
reader to repeat the investigation without seeking additional information. The results should be presented 
briefly and clearly, and the discussion should explain the results.The measuring units and other technical 
data should be given according to the Sl-system. Illustrations (tables and figures) are submitted separately 
and their places in the text should be clearly indicated. Tables should be given in a separate sheet, numbered 
and above-entitled. The figures must be accompanied by legends in a separate sheet.

Reference style

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.



103

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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