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Introduction
The occurrence of intense globalization of 

the food trade is having a major impact on food 
systems worldwide. Food systems are changing 
and are consequently resulting in consistent quality, 
enhanced safety, greater availability and diversity 

of broad assortments of food throughout the year. 
Food issues (quality, adulteration, and food safety) 
have become a hot topic in mass media. Consumers 
have become increasingly concerned and demand-
ing about the quality and safety of the food they 
are eating. The increased demand for safer food 
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Abstract

Currently, food safety is managed through the HACCP system, and different good practices and food 
safety standards at different levels in food supply chain. The impact of food safety culture on the food sup-
ply chain is discussed at different levels and the realisation of it is achieved by various actors in complex 
food networks. Innovative approaches in the food supply chain have a positive impact by raising the level 
of employee qualifications and motivation to work according to the principles of food safety. The food 
business operator or person that is responsible for food safety is a key factor in identifying weaknesses in 
food safety, changing entrenched habits of employees, and introducing innovative approaches to effectively 
and rapidly respond to changes in the internal and external environments. This can build a new dimension 
of food safety, the so-called food safety culture, which is based on ethics in the field of food safety. As has 
been shown, the current maintenance of food safety in the food supply chain can easily break down, but the 
introduction of food safety culture can manage this issue and enhance food safety activities in food supply 
chains. 
Keywords: food handler, training, behaviour, responsibility, food safety culture 
Резюме

В момента безопасността на храните се управлява чрез системата АРККТ, както и различни 
добри практики и стандарти за безопасност на различни нива във веригата за доставка им. Въз-
действието на културата на безопасност на храните върху веригата на доставки на храни се обсъжда 
на различни нива и реализирането му се постига от различни участници в сложни хранителни мре-
жи. Иновативните подходи във веригата на доставки на храни имат положително въздействие чрез 
повишаване нивото на квалификация на служителите и мотивация за работа в съответствие с прин-
ципите на безопасността на храните. Операторът на хранителен бизнес или лицето, което отговаря 
за безопасността на храните, е ключов фактор за идентифициране на слабостите в безопасността 
на храните, промяна на утвърдени навици на служителите и въвеждане на иновативни подходи за 
ефективно и бързо реагиране на промените във вътрешната и външната среда. Това може да изгради 
ново измерение на безопасността на храните, така наречената култура на безопасност на храните, 
която се основава на етиката в областта на безопасността на храните. Както беше показано, текущо-
то поддържане на безопасността на храните в хранителната верига може лесно да се разпадне, но 
въвеждането на култура за безопасност на храните може да управлява този проблем и да подобри 
дейностите по безопасност на храните във веригите за доставка на храни.
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has resulted in the development and introduction 
of quality management systems (QMS), which are 
used to control the quality and safety of products, 
such as standards and good practices (Raspor et 
al., 2013; 2020). Food safety requirements with 
changes in food supply chains, social, health and 
demographic situations, lifestyle and environmen-
tal conditions have led to significant efforts in the 
development of QMS in agribusinesses and food 
industries worldwide. Because such systems differ 
in several aspects, they are combined or integrated 
to assure a list of food quality elements. Quality is 
divided into aspects of product safety, product qual-
ity, and total quality, which embrace product safe-
ty and quality (Raspor and Jevšnik, 2008). Grif-
fith (2010) summarized that safety is an important 
quality attribute and that its production requires an 
effective food safety system coupled with an ap-
propriate food safety culture what is connected to 
food safety climate (Raspor et al., 2019; Tomasevic 
et al., 2020) and adopted practice (Sterniša et al., 
2018). Although systems based upon the Hazard 
Analysis and Critical Control Point system (HAC-
CP) are considered to be the most effective way to 
manage food safety, in recent decades it has been 
determined that the HACCP is not sufficient to as-
sure food safety along the food chain including the 
consumer. EU regulations (852/2004 Article 5(1)) 
now require “all food businesses, other than prima-
ry producers, to put in place, implement and main-
tain a permanent procedure or procedures” (Regu-
lation, 2004) based upon HACCP principles. “Food 
safety” is a broad term that means an assurance that 
food will not cause harm to the consumer when it is 
prepared and/or eaten according to its intended use 
(CAC/RCP 1-1969; 2003). Providing the consumer 
with safe and healthy food in the age of globaliza-
tion represents a major responsibility and is a con-
stant task in developed and developing countries as 
it is linked with different life styles of food hab-
its. Food safety understanding is a concept, which 
begins with technologies and goes all the way to 
the legislation, from the producer to the consum-
er (Raspor, 2004), which indicates that we need an 
inherent “glue” to link and integrate all elements 
in a permanent and timely manner. This glue is the 
food safety culture of food business operators. This 
culture is another risk factor at the organizational 
level of food business operators, and its importance 
has only been recognized relatively recently. It can 
be considered to be an “emerging risk factor”. Grif-
fith and co-authors (2010c) proposed the aggrega-
tion of the prevailing, relatively constant, learned, 

shared attitudes, values, and beliefs contributing to 
the hygiene behaviours used within specific food 
handling environments.

Food safety is of crucial importance to the 
health and wellbeing of consumers, the food indus-
try, and the economy. Despite significant invest-
ment in technology and production and distribution 
facilities, the incidence of foodborne diseases is still 
not decreasing. Foodborne diseases caused by mi-
crobiological hazards are a public health problem 
in Europe and throughout the world. Mishandling 
of food plays a significant role in the occurrence of 
foodborne illness, which affects almost 1 in 10 peo-
ple globally, who become ill every year from eat-
ing contaminated food, and 420,000 die as a result 
(WHO, 2015). According to the last official report 
from the European Food Safety Authority (EFSA), 
a total of 43.3% of reported foodborne outbreaks 
(with convincing evidence) in Europe have been 
traced to food eaten in professional food service 
settings (EFSA and ECDC, 2016). Among profes-
sional settings, catering establishments represent 
the major share. As reported by others (Todd et al., 
2007; Nørrung and Buncic, 2008), infected peoples’ 
bare-hand contact with food, improper hand-wash-
ing practices, and insufficient cleaning of process-
ing equipment are the most frequent errors made by 
professional food handlers, resulting in subsequent 
outbreaks. Previous studies show that training that 
changes knowledge does not always translate into 
changed food-handling practices (Green et al., 
2006). Ovca and co-authors (2017) emphasized 
that European legislation requires food safety train-
ing in all EU countries. All food business operators 
are required to ensure that all their staff engaged 
in food-handling activities are suitably trained and/
or instructed in food hygiene (Regulation, 2004). 
According to employees, training provided by ex-
perts and work supervisors is the most effective 
means of assuring proper food-handling practices, 
especially for those in food production, although 
food businesses (especially small and medium en-
terprises (SME)) often neither have adequate train-
ing practices nor policies for their staff (Jevšnik et 
al., 2008a). We are facing both insufficient knowl-
edge and limited awareness of food safety issues 
amongst food workers but also with substantial 
share of consumers who are not aware of food safe-
ty principles at home. It is truly astonishing that so 
much activity has been invested in this area from 
childhood onward, but the effect somehow remains 
minor (Ovca et al., 2014).
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It has been suggested that European educa-
tion and training systems fall short in providing the 
right skills for employability and are not collaborat-
ing adequately with business or employers to bring 
the learning experience closer to the reality of the 
working environments (Raspor, 2012). 

The inability to effectively improve the sit-
uation is a matter of major concern despite the 
very significant resources allocated to the problem 
of foodborne diseases. A closer look at the food 
field, which combines both the technical sciences 
and the social sciences, is giving a broad spectrum 
of possibilities on how to maintain food safety 
completely, with the consumer who stands at the 
end of the supply chain. Food safety represents a 
cross-section of four important fields: food regula-
tion, food technology, analytics, and finally, public 
food safety knowledge and awareness. The purpose 
of these fields is to protect human health. Today, 
we master food safety with different good practic-
es, which are the consequence of human culture, 
history, and lifestyle. If we analyse good practices 
in the broad spectrum of the field of food, we can 
arrange them in three categories. The first category 
of good practices is directly connected with food 
technology (i.e., Good Manufacturing Practice 
(GMP)). The second category is indirectly connect-
ed with food issues (i.e. Good Research Practice 
(GRP), Good Educational Practice (GEP), Good 
Training Practice (GTrP)). The third category deals 
with all the activities regarding consumers’ food 
handling (Good Housekeeping Practice (GHKP)). 
Finally, it must be acknowledged that food safety 
is not mastered according to the concept “From 
Farm to Fork”, because consumers are not properly 
connected to the food supply chain (Raspor and Je-
všnik, 2008; Raspor, 2008; Ambrožič et al., 2011). 

Currently, food systems represent a historical 
collection of knowledge and skills, which are nec-
essary to handle food “from stable to table”, “from 
farm to fork”, “from spring to drink”. The system of 
relevant good practices contributing to food quality 
and safety is not an integral part of a systems ap-
proach, which could be established scientifically in 
relevant disciplines that create food knowledge, in-
cluding food science, medical science and consum-
er science. Even more, this knowledge is histori-
cally allocated in the fields of agronomy, economy, 
food technology, medicine, microbiology, nutri-
tion, and veterinary medicine, and is not integrated 
in a manner appropriate for building food systems. 
Nevertheless, it is expected that the era of systems 
coined by systems biology will create systems nu-

trition, which will be reflected in good nutritional 
practice on the applied level (Raspor, 2006).
Food safety legislation, standards, and ethics

The history of food safety is probably nearly 
as old as human history itself and may have started 
with the recognition and subsequent avoidance of 
foods that were naturally toxic (Griffith, 2006). Ex-
periences, tradition, practice, and technical and sci-
entific knowledge helped shaped the principles and 
techniques to achieve acceptable food safety. For 
example, the Old Testament contains several instruc-
tions on the manner of handling food. Griffith (2006) 
pointed out that with several thousand years of expe-
rience in food safety combined with over 150 years 
of food microbiology experience, including with the 
latest molecular biology techniques, it might be erro-
neously assumed that problems of food safety would 
have been resolved. In fact, the opposite is true, with 
increased reports of foodborne disease. The biggest 
changes in food production occurred during the 19th 
century (Lasztity et al., 2004). Consequently, the 
first concepts regarding how to handle these issues, 
were borne in that time. The Codex amimenatius 
austiacus certainly represents one such important 
milestone, followed by other national legislation and 
finally by the Codex alimentarius of the 20th centu-
ry. This significant document has inspired all global 
systems since it serves as an excellent transmission 
tool from the most advanced to less advanced envi-
ronments in the food supply chain. It currently seems 
that the EU concept is among the most advanced in 
this area.

The use of HACCP principles at all levels of 
the food chain is compulsory under EU Directive 
93/43/EEC and Regulation 852/2004/EC (Europe-
an Communities Council, 1993; Regulation, 2004). 
The new hygiene rules were adopted in April 2004 
by the European Parliament and the Council. They 
became applicable on 1 January 2006. The main 
change to the law relates to food safety management 
systems. i.e. risk-based methodologies to ensure the 
safety of food. Food business operators shall ensure 
that all stages of the production, processing, and 
distribution of food under their control satisfy the 
relevant hygiene requirements laid down in Regu-
lation (EC) No 852/2004 (Regulation, 2004). The 
application of HACCP principles became law in the 
EU at the beginning of 2006. Successful implemen-
tation of the procedures based on the HACCP prin-
ciples require the full cooperation and commitment 
of food business employees. To this end, employ-
ees should undergo training. The new hygiene rules 
take particular account of the following principles 
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(European Commission, 2015): 
	primary responsibility for food safety borne 

by the food business operator; 
	food safety ensured throughout the food 

chain, starting with primary production;
	general implementation of procedures based 

on the HACCP principles;
	application of basic common hygiene re-

quirements, possibly further specified for 
certain categories of food;

	registration or approval for certain food es-
tablishments; 

	development of guides to good practice for 
hygiene or for the application of HACCP 
principles as a valuable instrument to aid 
food business operators at all levels of the 
food chain to comply with the new rules;

	flexibility provided for food produced in re-
mote areas (high mountains, remote islands) 
and for traditional production and methods.
The US is also progressing well, followed by 

many English-speaking countries around the world. 
After decades of failed regulatory attempts to veri-
fy food safety of the nation’s food supply, the Food 
Safety Modernization Act (FSMA) puts the respon-
sibility for food safety where the liability resides: 
with the food producers and processors. The FSMA 
directs the Centers for Disease, Control and Pre-
vention (CDC) to enhance foodborne illness sur-
veillance systems through the improved collection, 
analysis, and reporting of foodborne illness data. 
The CDC supports the FSMA with key activities 
(CDC and FSMA, 2011):
	creation and management of Integrated Food 

Safety Centers of Excellence with academic 
partners at state health departments to serve 
as resources for local, state and federal public 
health professionals to detect and respond to 
foodborne illnesses and outbreaks;

	implementation of activities to improve the 
collection, analysis, and reporting of food-
borne surveillance data supported by guid-
ance from a multidisciplinary working group;

	development and dissemination of guidelines 
to manage the risk of food allergy and ana-
phylaxis in schools and early childhood edu-
cation programmes.
The FSMA includes the requirements of Haz-

ard Analysis and Risk-Based Preventive Controls 
(HARPC), which necessitate a preventive food 
safety system for facilities handling/processing 
food or food ingredients. The food safety plan un-
der HARPC requires a qualified person in each fa-

cility to evaluate the potential food safety hazards, 
to identify and implement potential preventive con-
trols, to validate the performance of these controls, 
and to maintain records to minimize the occurrence 
of evaluated hazards using a scientific methodology 
(Grover et al., 2016).

For a long time, the ethics of food was only 
concerned with food security (Coff et al., 2008) and 
consequently with the distribution of food within 
developed and developing countries. Technologi-
cal advances and organizational changes affecting 
food systems in recent years have been radical and 
rapid and have created many ethical dilemmas and 
social responsibility gaps. Food safety and its reg-
ulation are becoming major international concern 
in the ethical point of view (FAO, 2002). The eth-
ics of food safety is a dynamic area that continues 
to challenge our perceptions of food consumption, 
health risks and public responsibility for foodborne 
illness. Ethics refers to the values, principles and 
codes by which people live (Food Ethics Council, 
2015). The issue of food safety and foodborne risk 
is gaining widespread public attention. For build-
ing and maintaining the confidence in food safety 
systems, there is a need to define the role of ethics 
in food safety policy development, because ethical 
and moral values are often neglected and intention-
ally forgotten. Highly publicized food safety prob-
lems have given rise to a general state of distrust 
among consumers, the food industry, and the in-
stitutions established to safeguard the food supply 
(FAO, 2002). Managing food safety hazards and 
risks is a top priority for any who is involved at any 
step in the food supply chain, including consumers. 

Olsen and Banati (2014) stressed that food 
production is more complex than ever, and several 
ethical issues are raised in relation to agricultural 
practices and the food supply chain. Making good 
ethical decisions requires a trained sensitivity to 
ethical issues and a practiced method for exploring 
the ethical aspects of a decision. The more novel 
and difficult the ethical choice we face, the more we 
need to rely on discussion and dialogue with oth-
ers about the dilemma. A dialogue about the ethical 
implications of food production, processing, policy, 
supply, and consumption may help involved part-
ners in making better decisions.
Appropriate training approaches enhanced 
food safety

To achieve the prevention of food-related dis-
eases and the assurance of efficient safe food suit-
able for working environments from the hygien-
ic-technical point of view, motivated, satisfied and 
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qualified personnel needs to be assured. Food hy-
giene training is fundamentally important (Jevšnik 
et al., 2007; Jevšnik et al., 2008a). All personnel 
involved in the process must be aware of their role 
and responsibility in protecting food from direct 
and indirect contamination. Those engaged in food 
operation that come directly or indirectly in con-
tact with foods should be trained and/or instructed 
in the control of microbiological hazards to a level 
appropriate to the operations they are to perform. 
Griffith (2010) emphasized that a food handlers’ 
knowledge of food safety is critical: they cannot 
behave hygienically if they do not know how to be-
have and why. This has led to increased emphasis 
on training; however, knowledge of food safety/
hygiene does not always translate into the imple-
mentation of food safety practices (Clayton et al., 
2002). Training provides people with the knowl-
edge allowing them to handle food safety when 
they are motivated to be hygienic (Griffith, 2010). 
A key element in the effectiveness of food hygiene 
training is the support given by managers, both pre- 
and post-training, to motivate food handlers to en-
act the safe food-handling practices learnt during 
training (Seaman and Evans, 2010). However, Sea-
man and Evans (2010) in their study suggest that 
many managers do not have sufficient awareness or 
the correct attitude towards food hygiene training 
to facilitate an effective learning environment with-
in the workplace. Periodic assessment of the effec-
tiveness of training and instruction programmes 
should be made as well as routine supervision and 
checks to ensure that procedures are being carried 
out effectively. That is why the managers and su-
pervisors of food processes and operation facilities 
must also have the necessary knowledge of food 
hygiene principles and practices. Training and in-
structions must be periodically renewed by all food 
operators; as weaknesses are observed, more em-
phasis on refreshing trainings should be given. For 
this type of activities, it is reasonable to collaborate 
with outside experts. Public training courses can 
be organised for consumers too because consum-
ers have inadequate knowledge about the measures 
needed to prevent foodborne illness in the home. 

European legislation requires food safe-
ty training in all EU countries. All food business 
operators are required to ensure that all their staff 
engaged in food-handling activities are suitably 
trained and/or instructed in food hygiene (Regula-
tion, 2004). It has been suggested that European ed-
ucation and training systems fall short in providing 
the right skills for employability and are not collab-

orating adequately with business or employers to 
bring the learning experience closer to the reality of 
the working environments (Raspor, 2012). Which 
type of training will prove to be more effective in 
the future remains a question. Irrespective of that, 
the most important fact according to Seaman and 
Eves (2010) is that the training will only lead to 
an improvement in food safety if the knowledge 
imparted leads to desired changes in behaviour in 
the workplace. For conscientious hygiene, it is not 
important in which enterprise people work, but it 
does depend upon the hygiene awareness, educa-
tion and skills of an individual person. According to 
employees, training provided by experts and work 
supervisors is the most effective means of assuring 
proper food-handling practices, especially for those 
in food production, although food businesses, espe-
cially small and medium enterprises (SME) often 
neither have adequate training practices nor policies 
for their staff (Jevšnik et al., 2008a). Mortlock and 
co-authors (2000) suggested that it is also neces-
sary to recognise that whilst formal training might 
ensure greater consistency and quality (Manning, 
1994), improper training could present a greater 
risk to food safety than no training at all. It is very 
important that those leading training have suitable 
food safety knowledge as well as teaching skills. 
Those people must be competent experts in their 
field so that adequate knowledge and skills can be 
passed on to the employees. Ovca and co-workers 
(2017) established that correct or desired behaviour 
demonstrated by the teacher can influence student 
behaviour, which is evident, for examples, regard-
ing wearing jewellery observed among students 
and teachers. It is evident that teachers’ frequent 
warnings (e.g. hand washing and surface cleaning) 
alone cannot improve bad practices demonstrated 
by students. However, if the system, especially in-
structors in the food business, are not educated and 
monitored, poor practices can also be experienced 
or, as reported before, practices learned correctly 
can be abandoned in the later professional life re-
lated to the food safety culture in food enterprises 
(Ovca et al., 2017).

In the FSMA regulation, the establishment of 
training programmes for personnel and documen-
tation of training are couched in the regulatory lan-
guage of “shall” rather than the “should”, meaning 
they are required and civil and criminal penalties 
could be assessed if companies do not comply. The 
training should be targeted towards defined individ-
ual employees in a culturally appropriate context. 
Training must be appropriate for their level of edu-
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cation and should be delivered in ways that will ac-
commodate the best way for the individual to learn 
(Shinbaum et al., 2016). At regularly scheduled in-
tervals, the training programme should be critically 
evaluated for learning objectives, to understand the 
effectiveness of the training and reassess the need 
for additional training for the individual. When peo-
ple receive “education” they are learning the theory 
and information about a subject; training, however, 
gives people the experience and skills to do some-
thing rather than just knowledge about what their 
job entails (Barnes, 2014). A higher level of aware-
ness of employees’ responsibility and commitment, 
based on ethical principles, is needed to make up an 
integrated food safety system. 

Shinbaum and co-workers (2016) emphasized 
that there are a limited number of research studies 
that have reported on how commercial food-pro-
cessing employees contribute to foodborne illness 
outbreaks; quite a number of reports have found 
that foodservice employees played a defining role 
in almost all of their customers’ illnesses. They 
summarized the findings of some other authors who 
have determined that training programmes in their 
current form are not effective to reduce mistakes 
and foodborne illnesses (e.g., approximately 97% 
of all food service-related foodborne illness could 
be traced back to employees improperly handling 
food (Egan et al., 2006); 98% of the outbreaks were 
caused by poor food worker hygiene and/or food 
preparation practices (Gould et al., 2013). The re-
sults of the study of Jevšnik and co-workers (2008a) 
show poor knowledge about microbiological haz-
ards and their control among employees in retail, 
catering and food production units. Shinbaum and 
co-workers (2016) also pointed out FDA data re-
garding recalls related to current Good Manufactur-
ing Practices (GMP) during 1999-2003 and found 
that 32% of those recalls were related to ineffective 
employee training.

One problem lies in small and medium size 
food establishments (SMEs), in which the owners 
of a company are usually the responsible persons for 
food safety programmes, which also includes train-
ing. Because of a lack of time or poor knowledge, 
such trainings are not carried out as intended by the 
law. MacAuslan (2003) stressed the importance of 
helping managers to understand what is expected 
of them, and giving them a support in managing ef-
fective food hygiene. He pointed out that too much 
reliance has been placed upon certificates and not 
enough on competence. In his opinion, this is de-
fined as the ability of an individual to demonstrate 

the activities within their workplace, or to function 
to the standards expected in a food business.

It seems obvious that we must start to link 
hard and soft sciences more profoundly and trans-
fer mutual findings to all involved in food supply 
chain, especially those who are directly involved 
in the production and distribution of foodstuffs. 
Olsen and Banati (2014) warn that it is not always 
straightforward to determine what is right and what 
is wrong when it comes to the production of food. 
Many ethical questions can be raised regarding the 
food supply chain, including proper systems of food 
safety education and training. Raspor stressed that 
we should have in mind that safe food is the aim of 
all; therefore, every misleading act and piece of in-
formation (intentional or unintentional) that could 
happen in food supply chains, affects consumers in 
the end. A more effective system of primary edu-
cation and lifelong learning of food-related topics 
are needed. To achieve total quality and save lives, 
a multi-disciplinary and an innovative approach, 
which would be capable of quick and effective re-
sponses in the food supply chain is needed. This 
would involve and emphasize the importance of 
the subjective comprehension of health and safety 
concepts, which is a constituent part of wellbeing 
(Raspor and Jevšnik, 2008; Ovca et al., 2017).
Human factors as triggers of food safety culture 
within the food network

The field of food science and technology is 
a part of natural science and thus researched main-
ly with quantitative methodology (Jevšnik et al., 
2006). Reliable and valid scientific discoveries are 
a precondition for achieving the final goal of scien-
tific research (Hlebec, 2001). It is understandable 
that complex behavioural barriers require detailed 
diagnostic tools and matching interventions to ef-
fectively overcome them, especially in the field 
of food safety. Behavioural research offers an in-
novative, yet logical approach to the problems in 
the field of food safety management, and one that 
has so far been mostly untouched (Gilling, 2001; 
Gilling et al., 2001). People do not react to outside 
signals automatically but individually interpret 
their meaning. That is why it is essential to learn in 
detail about various ways of signal interpretation, 
which can be done with qualitative research tech-
niques. Quantitative as well as qualitative method-
ologies have their advantages and disadvantages. 
None of the two methodological techniques can 
deliver completely valid and reliable data, but if 
combined, they can provide important insights into 
the dynamics of a society. In general, quantitative 
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data offer more static insights but enable research 
of basic patterns and structures. Qualitative data, 
in contrast, is less appropriate for determining pat-
terns and structures in general, but enable more 
thorough and in-depth understanding of the process 
of changes in social life (Haralambos and Holborn, 
1999). That is why further multidisciplinary food 
safety research should be encouraged to compre-
hend the importance of the human being in units of 
the food chain. Formal and informal organizational 
structures and relations should be taken into strong 
consideration. Due to the significant increase in in-
formation that scientists from different fields are 
currently facing, a systematic approach to the anal-
ysis of published discoveries has become essential. 
A multidisciplinary approach, including experts for 
food safety, food technology, psychology, sociolo-
gy, and public health, is thus of great importance 
(Jevšnik et al., 2006).

Yiannas (2008) argues that there should be 
a move away from traditional food safety man-
agement systems with a focus on “process, food 
science and a simplistic view of food handler be-
haviour” to ones “incorporating people as well as 
process, behavioural science and the belief that 
behavioural change is complex and not based on 
mere provision of factual information”. Zanin and 
co-workers (2017) discussed the fact that there is 
no translation of knowledge into attitudes/practices 
or attitudes into practices after training. Some sat-
isfactory results were observed in this triad when 
more advanced techniques of education and training 
were used. The knowledge, attitudes, and practices 
(KAP) of food handlers are essential for identifying 
how efficient training in food safety is allowing the 
prioritization of actions in planning training and in 
its final realization in the daily practice. 

Furthermore, one part of management is the 
extent to which managers become personally in-
volved in food safety activities including training, 
and the ability to stay in touch with day-to-day 
food safety issues. The successful application of 
any management system is therefore dependent on 
managers being proactive (Griffith, 2010; Soon et 
al., 2012). In 2001, Gilling and co-authors stated 
that HACCP has been described as a philosophy 
in theory and a tool in practice, so HACCP prob-
lems are a complex mix of managerial, technical, 
and behavioural issues requiring specific remedies 
(Gilling, 2001; Gilling et al., 2001). By taking a 
psychological approach and utilizing practical ex-
perience and a theoretical knowledge of HACCP, 
Gilling and co-workers (2001) identified 11 key 

barriers and organised them around a knowledge, 
attitude, and behaviour framework, which was also 
observed by Jevšnik and others (2006). After that, 
Mullan and co-workers (2016) summarized that a 
variety of theoretical models have been developed 
in to explain and predict behaviour; in particular, 
social cognition models are commonly used and 
known to be effective for developing theory-based 
health interventions. A core assumption of social 
cognition models is that people make rational de-
cisions based on cost/benefit analyses of the poten-
tial outcomes of behaviour. Such models have been 
found to successfully predict health behaviours; 
however, few have investigated safe food-handling 
behaviour. Mullan and co-workers (2016) pointed 
out that there are currently a number of commonly 
used theories in health psychology, but the Theo-
ry of Planned Behaviour (Ajzen, 1991) is the most 
frequently used model in food research and has spe-
cifically been applied to food-handling behaviour.

An increasingly important role for food con-
trol systems is the delivery information, education, 
or advice to participants throughout the farm-to-ta-
ble continuum. Insufficient product information can 
lead to products being mishandled at later stages in 
the food chain, which can result in foodborne illness; 
consequently, the prevention of insufficient product 
information is needed. At present there is both in-
sufficient knowledge and awareness of food safety 
issues among food handlers as well as consumers 
insufficiently informed about food safety princi-
ples at home (Redmond and Griffith, 2003; Jevšnik 
et al., 2008a; Jevšnik et al., 2008b, Jevšnik et al., 
2008c, Jianu and Golet, 2014; Pichler et al., 2014). 
In the study of Oyarzabala and Roweb (2017), less 
than one third of the participants properly defined 
hazards and risks. However, these results highlight 
the need for the incorporation of modules to discuss 
these important food safety terms and include more 
active learning modules to teach food safety class-
es. This study suggests that active learning helps 
food personnel better understand important food 
safety terms that serve as building blocks for the 
understanding of more complex food safety topics.

According to an official report of the Europe-
an Food Safety Authority, a total of 43.3% of food-
borne outbreaks in Europe have been traced (with 
strong evidence) to food eaten in professional food 
service settings (EFSA and ECDC, 2016). Among 
professional settings, catering establishments repre-
sent the major share. As reported by other research-
ers (Tood et al., 2007; Nørrung et al., 2008), infect-
ed peoples’ bare-hand contact with food, improper 
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hand-washing practices, and insufficient cleaning 
of processing equipment are the most frequent er-
rors made by professional food handlers, resulting 
in subsequent outbreaks. It was concluded that em-
ployees do not understand the meaning of proper 
handwashing and are not aware of the microbio-
logical hazards that can occur due to dirty hands. 
The causes for the latter can be found amongst in-
sufficient hygiene training, negligent, insufficient 
employee knowledge, and/or inefficient control by 
supervisors (Jevšnik et al., 2007; Jianu and Golet, 
2014; Pichler et al., 2014; Zanin et al., 2017). Am-
brožič and co-workers (2010) summarized research 
results regarding hand hygiene and pointed out that 
microorganisms are always present on hands be-
cause they are a part of the normal microflora of the 
human body; nevertheless, in food production and 
trade, the presence of some bacteria is not allowed. 
In the research, blood agar plates were used for bac-
teriological analyses of hands, which enabled the 
quick estimation of the hygiene condition in the se-
lected plants. In further analyses, a selective growth 
medium would be used only for bacteria considered 
dangerous; this would show the hygienic status of 
food-processing plants. It was determined that on 
the right hands of employees there were fewer mi-
croorganisms than on the left hands. When study-
ing an individual person, in most cases it was ob-
served that they have either low or high bacteria 
counts on both hands. Therefore, it may be wise to 
take swabs from workers’ hands more frequently 
and to communicate the results, which could be a 
motivation for better hand hygiene at work. How-
ever, as shown in previous studies of food handlers’ 
beliefs and self-reported practices (Clayton et al., 
2002), food handlers were aware of the food safety 
behaviours they should be carrying out, but 63% 
of respondents admitted that they did not always 
carry out these behaviours. Food handlers also re-
ported carrying out food safety practices, particu-
larly handwashing, much more frequently than they 
implemented them (Walker et al., 2003; McIntyre 
et al., 2013; Jianu and Golet, 2014; Pichler et al., 
2014; Mullan et al., 2016; Oyarzabala and Roweb, 
2017). This suggests that food handlers could be 
carrying out food safety practices less frequently 
than the self-reported data imply (Clayton et al., 
2002). Shojaei and co-workers (2006) cited the 
fact that many authors emphasized that the hands 
of food handlers are an important vehicle of food 
cross-contamination and that improved personal 
hygiene and scrupulous handwashing would lead 
to a basic reduction of contaminants and conse-

quently to better food safety. So consequently, ed-
ucation and training is of key importance (Ovca et 
al., 2017; 2018).

Lues and Van Tonder (2007) summarized the 
results of several studies showing that various bac-
teria, amongst others Staphylococcus aureus, Es-
cherichia coli and Salmonella sp., survive on hands 
and surfaces for hours or even days after initial con-
tact with these contaminants.

Every person working in a food-handling 
area must maintain a high degree of personal clean-
liness and wear suitable, clean and (where neces-
sary) protective clothing. It was determined that 
personal hygiene is significantly poorer in SEs 
(small enterprises) than in MEs (medium enterpris-
es). More than a third (36%) of workers in SEs did 
not wear clean and suitable overalls, and more than 
half (52%) performed work with no head-covering. 
The cause of the problem contributing to the stat-
ed results in SEs is lack of control by trained and 
responsible persons. Workers are to a large extent 
left on their own; moreover, the owners do not pro-
vide necessary means for the safe food handling. 
In MEs, the situation regarding personal hygiene is 
better. In most of the MEs, there is a responsible 
person authorized by management, who is respon-
sible for hygiene and has required professional edu-
cation. Periodical training for workers is performed 
in accordance with a plan, and work performance 
is checked daily. The main problem identified 
amongst food handlers in SEs is related to the fact 
that they receive no specific or insufficient knowl-
edge about food hygiene (Jevšnik et al., 2007).

Previous studies show that training that 
changes knowledge does not always translate into 
changed food-handling practices (Clayton et al., 
2002; Green et al., 2006; Rossi et al., 2017; Ovca et 
al., 2017; 2018). Translating knowledge into prac-
tice is a complex process (Liu et al., 2015). Knowl-
edge should be positively correlated with attitudes 
and practices, but there is some disagreement on 
this issue. A meta-analysis of barriers encountered 
during HACCP implementation has shown that 
among twenty-one elements, we can select sev-
en elements (training, human resources, planning, 
knowledge and competence, management commit-
ment) representing 47.8% of all identified barriers. 
The influence of each element on HACCP efficien-
cy was ranked according to the frequency of their 
citation in analysed studies (Jevšnik et al., 2006). 
Practical experience and a review of the food safe-
ty literature indicates that success in developing, 
installing, monitoring, and verifying a successful 
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HACCP system depends on overcoming a complex 
mix of managerial, organisational, and technical 
hurdles. Even the largest and best-equipped food 
companies with significant resources of money, 
technical expertise and management skills face a 
difficult challenge, whilst SMEs often feel that the 
difficulties of HACCP are potentially insurmount-
able. The fact that a person is and will be responsi-
ble for HACCP implementation and further control 
calls for an in-depth analysis and understanding 
of an individual’s reaction to received information 
(Jevšnik et al., 2006). This can be approached from 
different perspectives as was indicated in 2001 for 
complex behavioural barriers in the food safety area 
(Gilling et al., 2001) as discussed above. Obstacles 
regarding HACCP implementation are widespread. 
Because of that there are numerous research pa-
pers dealing with the ways of success to adopt the 
system in various food industries. In an attempt to 
bring the conclusions of the studies together, Je-
všnik and co-workers (2006) reported the outcome 
of a meta-analysis. According to the results, around 
50% of the hurdles were related to training, human 
resources, planning, knowledge and competence, 
and management commitments. Ten of the twelve 
studies investigated in the meta-analysis reported 
barriers related to worker motivation, awareness, 
interest, and familiarity with food safety controls. 
Other barriers classified by Jevšnik and co-workers 
(2006) relate to poor planning of implementation, 
excessive documentation, knowledge and compe-
tence, external support and lack of resources. The 
other results of the meta-analysis have shown that 
among 21 elements, we can select seven elements 
(training, human resources, planning, knowledge 
and competence, management commitment) repre-
senting almost 50% of all identified barriers.

Recent survey studies have determined the 
need for training and education of food handlers 
in public hygiene measures and revealed a general 
lack of knowledge of microbiologic food hazards, 
refrigerator temperature ranges, cross contamina-
tion, and personal hygiene (Walker et al., 2003; 
Green et al., 2006; Shojaei et al., 2006; Lues and 
Van Tonder, 2007; Tood et al., 2007; McIntyre et al., 
2013; Liu et al., 2015; Rossi et al., 2017). Data on 
risk factors for foodborne diseases indicate that the 
majority of outbreaks result from faulty food-han-
dling practices (Clayton et al., 2002). Consuming 
and/or handling poultry meat is the most consistent 
risk factor, linked to the high prevalence of campy-
lobacters in retail poultry meat (Kovač et al., 2014). 
It is apparent in food processing that the risk of 

foodborne illness due to contact with hands or sur-
faces depends on both the level of contamination 
as well as the probability of transfer and the im-
portance of contaminated surfaces in relation to the 
potential transmission of pathogens to food. Proper 
food-handling practices provide the foundation that 
food safety assurance systems are built upon. Poor 
hygienic practices can contribute to outbreaks of 
foodborne illnesses and cause injury. The mishan-
dling of food plays a significant role in the occur-
rence of foodborne illness, which affects a quarter 
of the population of the developed world (Scallan 
et al., 2011). Although there is no comprehensive 
insight into the public health effects of foodborne 
diseases, through the metric of disability-adjust-
ed life years (DALY) aggregating the loss of life 
and health due to illness, at the European level, a 
study done for Greece demonstrates that foodborne 
illnesses accounted for ca. 896 DALY per million 
inhabitants annually (Gkogka et al., 2011).

Factors that have a significant impact on em-
ployers’ behaviour are correlated with the organi-
zational climate in the company, level of job satis-
faction and labour conditions and with relations be-
tween employees. Marolt and Gomišček (2005) de-
scribed a new management approach to employees, 
which motivates them to take initiative, to learn, to 
have devotion to the company, to self-confidence, 
to achieve greater efficiency and better team-work, 
which all contribute to higher successfulness and 
effectiveness of the organisation. 

They emphasized the function of leadership, 
which plays a key role in the realization of the new 
principles into practical work and can thus signif-
icantly contribute to better usage of existing re-
sources. A leader should persuade the employees to 
fulfil their needs and desires by working effectively 
and should enable them to use their potentials and, 
by doing so, to contribute to achieving the goals of 
the team and organisation. Ideally, people would be 
motivated to such level that they would not work 
just because they have to, but would work with 
eagerness and with trust. As skills of a successful 
leader, motivation, communication, improvement, 
and introduction of modifications are mentioned 
(Marolt and Gomišček, 2005). 

In a review of the history of motivational re-
search and theory, Latham and Ernst (2006) sum-
marized that psychologists know the importance of: 
1) taking into account a person’s needs (Maslow’s 
need hierarchy theory, Hackman and Oldham’s 
job characteristics theory), 2) creating a job envi-
ronment that is likely to facilitate self-motivation 
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(Herzberg’s job enrichment theory, Hackman and 
Oldham’s job characteristics theory), and 3) ways 
to directly modify, that is, to directly increase or de-
crease another person’s behaviour by administering 
environmental reinforcers and punishers contingent 
upon a person’s response (Skinner’s contingency 
theory). They also underscore the importance of 
attaining employees’ goals: they not only feel satis-
fied, they generalize their positive affect to the task 
(Jevšnik et al., 2008a). Food handlers are the ones 
who carry out the work in a company, and they are 
the most important factor in food safety behaviour. 
Human behaviour is vital, and it is difficult to con-
trol, so handling people requires situational leader-
ship. Hazards cannot be solved and eliminated just 
through engineering control. They also need to be 
recognised by employees who will minimize their 
effects. Human resource management and educa-
tion of food safety managers in food premises is 
not sufficiently covered by current food safety leg-
islation.
Food handler behaviour 

Researchers’ observations of food handlers 
behaviour has been changing through the decades, 
due to changes of methodology applied in research, 
but also are influenced by food handlers. The food 
handlers’ fluctuation in the food business is higher 
and higher and the employees are coming from eco-
nomically less-favoured countries. 

Griffith (2010) pointed out that while knowl-
edge of microbiology is extremely important in 
food safety an over reliance on “microbiological 
or technological solutions” may have contributed 
to the problem: “Food handlers often do not imple-
ment known food safety procedures”, and “Food 
safety has implications for food, medical and be-
havioural scientists” (Griffith, 2010). Proper food 
handling is vital at each stage of the food chain and 
neglecting human behaviour can be significant. Fol-
lowing an outbreak, the causes or risk factors may 
be investigated, but the underlying root cause(s) 
can be missed (Griffith and Redmond, 2009). For 
example, if the undercooking of food is identified 
as a contributing factor this could be due to faulty 
equipment, changes to raw materials, or human er-
ror. When food handler behaviour has been recog-
nized as a problem, the conventional solution has 
been more knowledge-dominated training without 
considering the use of psychological approaches 
to understand and eventually “modify” behaviour 
(Griffith, 2000). Over the past 20 years, greater at-
tention has been given to food handler behaviour 
rather than just the provision of food safety knowl-

edge; this could prove particularly useful in helping 
to reduce levels of food poisoning in the future. It 
has been suggested that poor food-handling prac-
tices contributed to 97 per cent of foodborne illness 
outbreaks in food service businesses (Howes et al., 
1996), which are the most frequently reported loca-
tion for outbreaks (Griffith, 2000). If correct, this 
would make food-handling behaviour the single 
most important factor affecting the control of food 
hazards. Initial studies of food handlers tended to 
concentrate on their knowledge and beliefs (Clay-
ton et al., 2002). Food handlers’ knowledge of food 
safety is critical: they cannot behave hygienically 
if they do not know how to behave and why. This 
has led to increased emphasis on training; however, 
knowledge of food safety/hygiene does not always 
translate into the implementation of food safety 
practices. 

Da Cunha and co-workers (2014a) established 
that a food handler believes that other food handlers 
are worse than he or she is. Environmental charac-
teristics can empower food handlers and increase 
their optimistic bias, as observed among schools’ 
and hospitals’ food handlers. They emphasized that 
understanding food handlers’ perceptions can ena-
ble the discussion of different effective strategies of 
training. In another paper, Da Cunha and co-work-
ers (2014b) showed that training based on theoret-
ical aspects is not related to the attitudes, self-re-
ported practices and observed practices of Bra-
zilian food handlers from different food services. 
However, training seems to be an effective tool for 
improving knowledge. The current wording of Bra-
zilian legislation motivates food handlers to under-
go training only for certification. Food safety laws 
should not only require certification but also enable 
the establishment of policies to monitor and ensure 
the adequacy of food services. McIntyre and co-au-
thors (2013) established that FOODSAFE-trained 
food handlers reported significantly better hand 
washing practices and attitudes compared with an 
untrained food handler group. These results support 
a requirement for the recertification of trained food 
handlers and demonstrate a need for the education 
of untrained food handlers with a food safety train-
ing programme such as FOODSAFE.

The knowledge, attitudes, and practices 
(KAP) of food handlers are important for identify-
ing how efficient training in food safety is allowing 
prioritize actions in planning training (Zanin et al., 
2017). Lee and co-workers (2017) conclude that 
the studied food handlers had adequate food safety 
knowledge, but the perceived knowledge failed to 
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be translated into practices at work. For that reason, 
Zanin and co-workers (2017) suggest that KAP 
evaluations are important to detect that the assess-
ment be applied before and after training. However, 
the evaluation of KAP is limited to these answers 
and not to deliver refined conclusions about the be-
haviour of the food handler and on action strategies 
related to psychological factors that affect prac-
tices. The researchers understand the evaluation 
of KAP to be the first step to understand the food 
handler´s point of view. After this evaluation other 
diagnostic strategies become necessary to enhance 
this understanding, especially considering the gap 
in the studies included. Consequently, models and 
longitudinal strategies, with environmental suit-
ability, considering psychological, social factors 
and experience that shapes the behaviour of food 
handlers can be designed in the hope of promoting 
food safety and minimizing the causative factors of 
food-borne disease.
Food safety culture 

Nayak and Waterson (2017) summarized 
some facts regarding safety culture and pointed 
out that the Chernobyl accident transformed the 
landscape of industrial safety and gave birth to the 
concept of “safety culture”, although some would 
understand food safety culture to be a much older 
part of human culture. This is based on the proverb 
“Do not serve to anyone any food you would not 
eat yourself or you would not feed your children”. 
However, in modern times, we still understand this 
saying in the frame of food safety, but in food net-
works it is not implemented strictly, since the food 
business operator is not directly facing the one who 
would eat its food product. According to Edwards 
and co-workers (2013), safety culture is considered 
multi-dimensional and is often used to refer to hu-
man and organisational behaviour (what people do 
and the way a company operates). According to 
Cooper (2000), Gadd and Collins (2002) define the 
safety culture in a workplace as a group of people’s 
behaviours (based on their beliefs, perceptions and 
values of safety). Griffith and co-workers (2010b) 
explained that the concept of food safety culture has 
direct parallels with “safety culture” and in the pre-
vention of healthcare-associated infections. Nayak 
and Waterson (2017) summarized from some other 
researchers in this field that in recent years, safety 
culture has been applied within the food industry 
as the food industry is a complex sociotechnical 
system, and a systems approach would be required 
to help adopt a proactive approach. Sarter and Sar-
ter (2012) emphasized that beyond traditional ap-

proaches based on training, food analysis and of-
ficial inspections, there is a need to ensure a “food 
safety culture” to improve food safety performance. 
As defined by Yiannas (2009), food safety culture 
is the way in which an organisation or a group ap-
proaches food safety in thought and in behaviour. 
According to Powell and co-workers (2011), this 
means that operators: 1) know the risk associated 
with the food they produce; 2) know how it should 
be managed and effectively manage it; 3) promote 
a value system that focuses on preventing illness. 
According to Griffith and co-workers (Griffith et 
al., 2010b), food safety culture has been described 
as an emerging risk factor and has been defined as 
“the aggregation of the prevailing relatively con-
stant, learned, shared attitudes, values and beliefs 
contributing to the hygiene behaviours used within 
a particular food handling environment” (Griffith 
et al., 2017). 

As explained and summarized by De Boeck 
and co-workers (2017), the behaviour of all em-
ployees, regardless of their hierarchical position in 
the company, is believed to be influenced by the 
food safety climate prevailing in the company. 

For now, there is limited research in the area 
of food safety culture in different units in the food 
supply chain, although some studies are being as-
sessed within food establishments. However, re-
cent studies have also highlighted the importance 
of food safety behaviour (e.g. decision making and 
execution of procedures) of employees working in 
food-processing companies). It is also important 
to distinguish between two related concepts: be-
tween food safety climate and food safety culture. 
De Boeck and co-workers (2015) presented a dis-
tinction between these two concepts. Food safety 
climate was conceptualized as the perception of 
the individual employees regarding the food safe-
ty situation in their company, whereas food safety 
culture can be considered by all stakeholders in the 
business. Food safety culture was then defined as 
the interplay of the food safety climate perceived 
by the employees and the managers of a company 
(so-called “human route”) and the context in which 
a company is operating, the currently implemented 
Food Safety Management System (FSMS), consist-
ing of control and assurance activities (so-called 
“techno-managerial route”). These two routes can 
be considered to be mechanisms driven by different 
variables, both believed to influence the (microbio-
logical) output (e.g., the safety and hygienic status 
of the final delivered or processed food products, 
production environment, and hands of the work-
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ers) (Boeck et al., 2017). Griffith and co-workers 
(2017) explained that the type of food safety cul-
ture existing within a business can explain why 
food handlers choose not to implement known food 
safety practices and why training, although impor-
tant, may not change practices. Whilst studies on 
food safety culture remain in their relative infancy, 
attempts have been made to identify its underlying 
structure (Griffith et al., 2010c). Yiannas (2009) 
states that if the food safety performance in the food 
supply chain is to be improved, the way people do 
things must be changed. Or, even simpler, he states 
that food safety equals behaviour. However, few 
studies have used perceptual measures to explore 
food safety culture in the food industry.

In accordance with the reviewed literature in 
the field of food safety culture, it has been estab-
lished that the culture in organizations remains very 
poorly understood. However, recent interest has led 
to the development of several tools (questionnaires, 
observational methods) to measure food safety cul-
ture/climate in organizations (Griffith, 2006; Boeck 
et al., 2015). Some of them are developed from the 
perspective of regulators or through their own meas-
urement systems in food companies (De Boeck et 
al., 2017), but commercial measurement systems 
also exist (e.g., Campden BRI/TSI). For example, 
Ungku Fatimah and co-workers (2014) present a 
model for determining the food safety culture with 
the help of a questionnaire, which included nine ar-
eas: leadership, communication, self-commitment, 
management system and style, environment sup-
port, teamwork, accountability, work pressure, and 
risk perception. Recently, Jespersen and co-work-
ers online proposed a food safety culture maturity 
model that combines a survey tool with a more be-
havioural-based assessment to determine the com-
pany’s stage of food safety culture maturity (https://
foodsafetytech.com/feature_article/food-safety-
culture-measure-what-you-treasure/). Nyarugwe 
and co-workers (2016) put forward a system- based 
model, in which the interdependence and relation-
ships of all components are studied, and hierarchies 
of subsystems are indicated. In line with De Boeck 
and co-workers (2015), Nyarugwe and co-work-
ers (2016) stress the importance of measuring both 
food safety culture elements and actual food safety 
performance to obtain a picture of the food safety 
culture in the organization as a whole.

Based on a literature search and expert dis-
cussions. De Boeck and co-workers (2017) extend-
ed existing the food safety culture model, introduc-
ing new variables and relationships establishing 

the individual human route. In their study, model 
safety behaviour is considered twofold: on one 
hand “safety compliance” is considered, being the 
execution of the obligated safety related activities 
(e.g., following of procedures and use of protective 
clothing), on the other hand “safety participation” 
is proposed, being the execution of voluntary safety 
related activities (e.g., assisting colleagues to make 
sure they can work in a safe manner). 

In their research, Nayak and Waterson (2017) 
established that stakeholders valued the importance 
of “food safety culture” and were aware of the risks 
of degradation in safety culture even in “mature” 
organisations. They understood the benefits of as-
sessing safety culture in food businesses and had 
various thoughts on what the factors were that were 
to be measured and how to measure them. But pro-
motion of food safety culture is very much needed 
(Asamani, 2020). Assessing safety culture in one 
guise or another can be useful as it provides valua-
ble insights when used appropriately.

The concept of food safety culture has re-
ceived increased attention in recent years from 
both academics and practitioners. In 2009, Yiannas 
thrust the concept to the forefront, with the pub-
lication of “Food Safety Culture: Creating a Be-
havior-Based Food Safety Management System” 
(Yiannas, 2009). This book provides an overview 
of food safety culture and presents measures and 
tactics to change it in food service establishments. 
Chris Griffith, a renowned researcher in food safety 
culture, published a series of papers in which he dis-
cusses food safety culture based on learnings from 
other disciplines, such as organizational culture 
and occupational health and safety (Griffith et al., 
2010c). Griffith and co-workers suggests that di-
mensions of food safety culture are similar to those 
found in these other disciplines so that knowledge 
gained from studying other organizational cultures 
can be applied to food safety culture. They go on to 
define food safety culture and propose components 
to consider when assessing the effectiveness of it 
but omit the significance of the work group. The 
formation of organizational culture, including food 
safety culture, takes place in groups of individuals 
(Griffith et al., 2010c).

Food culture is complex, and many interlink-
ing factors are at play. The analysis of food culture 
literature showed that food safety culture research-
ers emphasized the importance of food handlers’ 
behaviour at all levels in the food supply chain and 
management system. Nyarugwe and co-workers 
(2016) emphasize that major elements to be con-
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sidered in food safety culture research include or-
ganisational and administrative characteristics (i.e. 
food safety vision, communication, commitment, 
leadership, training), technical facilities/resourc-
es (i.e. food hygiene/safety tools, equipment, and 
facilities), employee characteristics (i.e. attitudes, 
knowledge, perceptions and risk awareness), group 
characteristics, crucial FSMS characteristics, and 
actual food safety performance at global level 
(Nyarugwe et al., 2020).

Throughout the world, major shifts in food 
consumption at global and regional levels are oc-
curring with considerable health consequences, 
which result in increasing food safety and quality 
demands and requirements. A food safety man-
agement system is a set of interacting elements 
forming a network to ensure that food presents a 
minimal risk to consumers and includes good prac-
tices, the HACCP system, management policies, 
traceability systems, and standards considering 

food safety regulation. The vast numbers of laws, 
regulations, standards, good practices, and codes 
confuses everybody, even those who are working 
in the field on a regular basis and are forced to keep 
up with the developments. To achieve the preven-
tion of food-related disease and efficient safe food 
assurance is a complex task. Primarily, we need 
suitable hygienic working environments and, sec-
ondly, motivated, satisfied and qualified personnel. 
It is obvious that we must start to more profoundly 
link the hard and soft sciences and transfer mutual 
findings, experiences, and skills towards consumers 
by engaging all elements of the food supply chain 
(Raspor et al., 2016). Olsen and Banati (2014) 
warned that it is not always straightforward to say 
what is right and what is wrong when it comes to 

the production of food. Many ethical questions can 
be raised regarding the food supply chain (Raspor 
et al., 2016). 

Raspor and Jevšnik (2016) discuss all inter-
actions within food supply chains, and not many 
contact points do have the attention they would de-
serve. This complexity opens questions: shall we 
really discuss the future of food safety management 
in food chains? This implies that we accept linear-
ity as a key principle in current food systems. We 
know from daily practice that this is not the case. 
Thus, we shall start to redesign our approach and 
thinking, and we shall start to think about food sup-
ply networks. It is quite common to speak about 
networking when we speak about people, organiza-
tions, companies, and various subjects in different 
areas of expertise.

The representational model (Fig. 1) indicates 
that food culture is a key driver in the realization of 
food safety and food quality. 

Five elements are essential for the successful 
development and maintenance of food culture in an 
organization in the food supply chain: legal require-
ments, good practices, food handlers, food groups 
and resources. Global food safety will be achieved 
only when every single link in the food chains sys-
tems will master his/her particular area and will 
trust in the activity of both the previous and fol-
lowing links in the food safety circle “from farm to 
table”. For this to occur, we first need knowledge 
of all aspects of food production, preparation, and 
distribution, then we have to educate and train food 
handlers, provide suitable resources, and ensure ad-
equate legal requirements.

As one can see, food culture is not just one el-
ement; it is that which creates the proper milieu for 

Fig. 1. Food culture as key interconnecting elements assuring the realization of food safety and food quality.
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all activities needed along each step of food supply 
chains in the complex food networks of our time.

Based on the concept presented in Fig. 1, it 
is crucial to create proper milieus for all technical 
and nontechnical activities along each step of food 
supply chains, keeping in mind the complexity of 
food networks. Food businesses are intended for 
commercial success and profit, which is not always 
congruent with food safety and the high quality of 
food products or services. Therefore, we must culti-
vate food safety culture daily among all employees, 
not just those dealing directly with food items. 
Conclusion

Undoubtedly, the human factor is the trigger 
of food safety culture within food networks. Fur-
thermore, this issue has a few essential elements. 
First, the large majority of advanced processing 
solutions in current manufacturing practice is run 
by processing equipment and technologies with 
reduced numbers of workers. Second, people are 
excluded as major players in this concept since all 
crucial tasks are planned and controlled by com-
puterized solutions. Third, the food supply chain 
counts on employees with reasonably low educa-
tion and corresponding salaries, which are not the 
most attractive to retain skilled and knowledgeable 
workers for long periods. Consequently, employee 
turnover is high, and there is no time to build strong 
relations in terms of friendly cooperation, trust, and 
long-lasting dedication towards the work and oper-
ational tasks.

Assuming these facts, among other issues 
discussed in the publications survey and mentioned 
in this paper, it is obvious that we have moved from 
known customers to totally unknown customers in 
food production and processing. Today, the over-
whelming majority of global food production is 
not following the basic concept of food supply: “I 
know who will eat it”. In current realty, the food is 
produced for someone, and will be eventually con-
sumed by someone somewhere. Conscious produc-
ers will not be affected by this fact, but the low-paid 
and low-respected workers in the food chain are 
easily vulnerable to this challenge. This is why food 
culture and its propagation are so important in food 
networks. Legislation, traceability, and inspection 
protocols were found to be extremely helpful in the 
previous century, but even these cannot in all cases 
overcome greed in food supply chains. 

We hope that continuous education and build-
ing higher respect for the professions and jobs with-
in food supply networks will bring food safety cul-
ture to the desired point, which will maintain high 

levels quality, safety, and trust in food supply sys-
tems. However, the task of rebuilding home food 
safety culture remains, as it has slowly disappeared 
with the dilution of traditional families and their 
values by the modern lifestyle fuelled by the “all by 
myself” philosophy.
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Introduction
The widespread antibiotic resistance has be-

come a severe global problem. This has directed 
scientists’ attention to the search of new antimi-
crobials from powerful natural sources. Plants and 
their metabolites are a promising source of novel 
antimicrobial molecules. One group of plant me-
tabolites - polyphenols exert strong antimicrobial 
and antioxidant effect at very low concentrations.  

 
Phenol is known as an aromatic compound which 
contains a phenyl ring with one hydroxyl group. 
Polyphenols consist of one or more aromatic rings 
and several hydroxyl groups. They play an impor-
tant role in the defense of plants against bacteria, 
viruses, fungi, insects and herbivores. Polyphenol 
synthesis derives from two aromatic amino acids - 
tyrosine and phenylalanine. As secondary plant me-
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Abstract
This paper deals with the antimicrobial activity of different polyphenols in fruits, vegetables, herbs, 

spices, and honey. Polyphenols are secondary metabolites which protect plants from different pathogens, such 
as viruses, bacteria, fungi, insects, and herbivores. They are divided into two main groups: simple phenols and 
phenolic acids. Flavonoids represent one of the most abundant groups of polyphenols. Polyphenols are usually 
metabolized in the human liver but can also remain unaffected as they pass through the gastrointestinal tract. 
They undergo certain biochemical transformations in the colon under the action of specific lactobacilli and bi-
fidobacteria. Polyphenols are detected in numerous plants - olives, tomatoes, peppers, parsley, onion, garlic as 
well as in honey. Their amount differs significantly across different species and varieties. This landscape anal-
ysis of scientific literature summarizes the antibacterial, antiviral and antifungal activity of polyphenols. Poly-
phenolic extracts obtained at 80ºC show higher antibacterial activity compared to those extracted at 100ºC, 
while methanolic extracts possess greater activity than ethanolic ones. Selected herbs, fruits and vegetables 
rich in antimicrobial polyphenols are a source of highly effective novel antimicrobial substances.
Резюме

Тази статия разглежда антимикробната активност на различни полифеноли в плодове, 
зеленчуци, билки, подправки и мед. Полифенолите са вторични метаболити, които предпазват 
растенията от различни патогени, като вируси, бактерии, гъбички, насекоми и тревопасни животни. 
Те са разделени на две основни групи: прости феноли и фенолни киселини. Флавоноидите 
представляват една от най-разпространените групи полифеноли. Полифенолите обикновено 
се метаболизират в човешкия черен дроб, но също така могат да останат незасегнати, докато 
преминават през стомашно-чревния тракт. Те претърпяват определени биохимични трансформации 
в дебелото черво под действието на специфични лактобацили и бифидобактерии. Полифенолите 
се откриват в множество растения - маслини, домати, чушки, магданоз, лук, чесън, както и в меда. 
Количеството им се различава значително при различните видове и сортове. Този детайлен анализ на 
научната литература обобщава антибактериалната, антивирусната и противогъбичната активност на 
полифенолите. Полифенолните екстракти, получени при 80°С, показват по-висока антибактериална 
активност в сравнение с тези, екстрахирани при 100°С, докато метанолните екстракти притежават 
по-голяма активност от етанолните. Избрани билки, плодове и зеленчуци, богати на антимикробни 
полифеноли, са източник на високоефективни нови антимикробни вещества.
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tabolites, their amount is estimated around only 10 
% of the plant metabolites (Othman, 2019).  

Among the 300 000 plant species that exist in 
the world only 15% have been investigated for their 
pharmacological potential, the rest of them are a 
potential source of new natural antimicrobial prod-
ucts (de Luca et al., 2012). According to the WHO, 
the global market of plant products is estimated at 
the huge amount of US $83 billion and currently 
continues to grow (WHO). 

A wide spectrum of plant secondary metab-
olites can be obtained via aqueous or alcoholic ex-
tracts. Both extracts contain high concentrations of 
flavonoids and polyphenols. Once inside the body, 
phenol is retained in the human body bound to oth-
er molecules, most often to proteins. Absorbed or 
unabsorbed, while passing through the gastrointes-
tinal tract, polyphenols strongly influence human 
microbiota. As described earlier, polyphenols in-
hibit gastrointestinal pathogenic bacteria and enrich 

the beneficial intestinal bacteria. In this way, they 
significantly improve human health (Abbas, 2017). 
According to their chemical structure, polyphenols 
are divided into simple phenols and phenolic acids, 
shown in Fig. 1. Currently, more than 9 000 flavo-
noids have been identified.

Salicylic acid (2), an ortho-hydroxylated ben-
zoic acid, is a beta hydroxy acid that occurs as a 
natural compound in plants. It is highly active as an 
anti-inflammatory agent and is a proven antibacte-

rial agent due to its ability to promote exfoliation. 
Salicylic acid has been found in human liver and 
skin tissues, and has also been primarily detected in 
saliva, feces, urine, and blood. Salicylic acid exists 
in all eukaryotes, ranging from yeast to humans. 
Salicylic acid tastes like phenol and is found in dif-
ferent foods such as cereals and cardamom. 

Gallic acid (3), also known as gallate, be-
longs to the class of organic compounds known as 
gallic acids. It is an organic compound that con-

Fig. 1. Chemical structure of polyphenols: 1 - Phenol (C6H5OH); 2 - 2-Hydroxybenzoic acid 
(Salicylic acid) (HOC6H4COOH); 3 - 3,4,5-Trihydroxybenzoic acid (Gallic acid) (C6H2(OH)3COOH); 
4 - 4-Hydroxycinnamic (p-Coumaric acid) (C9H8O3); 5 - 3,4-Dihydroxycinnamic acid (Caffeic 
acid) (C9H8O4); 6 - 4-Hydroxy-3-methoxycinnamic acid (Ferulic acid) (C10H10O)4; 7 - 4-hydroxy-
3-(3-oxo-1-phenylbutyl)chromen-2-one, Warfarine (Coumarins) (C19H16O4); 8 - 1,4- Benzoquinone 
(p-Benzoquinone) (Quinone)(C6H4O2); 9 - 2,3-Dihydroflavone (Flavanone) (C15H12O2); 10 - 2-Phenyl-
4H-chromen-4-one (Flavone) (C15H10O2); 11 - 3-Hydroxy-2-phenyl-4H-chromen-4-one (Flavonol) 
(C15H10O3); 12 - 7-(1,3-benzodioxol-5-yl)-6-hydroxy-5-methoxy-2,2-dimethylpyrano[3,2-g]chromen-
8-one (Robustin) (Isoflavonoid) (C22H18O7); 13 - 2-(4-Hydroxyphenyl)chromenylium-3,5,7-triol 
(Pelargonidine) (Anthocianidine) (C15H11O5

+); 14 – Anthocianins; 15- 1,3,6-tri-O-galloyl-beta-D-
glucose (Gallotanin) (Tanins) (C27H24O18); 16 - Galloyl 3-O,6-O-[(4,4’,5,5’,6,6’-hexahydroxy-1,1’-
biphenyl)-2,2’-diylbiscarbonyl]-2-O,4-O-[[[(4aS)-3,4,4a,9balpha-tetrahydro-3-oxo-4-(2-oxopropyl)-
4beta,4aalpha,6,7-tetrahydroxydibenzofuran]-1,9-diyl]dicarbonyl]beta-D-glucopyranoside (Elagitannin) 
(Tannins) (C44H32O27) (Source of figures and short description of substances below - Pubchem)
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tains 3, 4, 5-trihydroxybenzoic acid. Gallic acid is 
detected in feces, urine, and blood. Gallic acid also 
exists in all eukaryotes, ranging from yeast to hu-
mans. In addition to the human body, gallic acid 
can be found in a number of foods, such as apple, 
ginger, and yellow pepper. Gallic acid is known as 
a strong antioxidant.

Hydroxycinnamic acids (4) contain cinnam-
ic acid, where the benzene ring is hydroxylated at 
C-4. Similarly, to gallic acid, they can be detected 
in human feces, urine, and blood. Inside the cell, 
hydroxycinnamic acids are compounds of the cy-
toplasm and mitochondria. Trans-4-coumaric acid, 
which is present in all eukaryotes, is widespread. 
The following plants are a source of this acid: green 
pepper, apricot, and blueberry.

Caffeic acid (5) is a polyphenol, a hydrox-
ycinnamic acid derivative. It exhibits antioxidant, 
anti-inflammatory, and antineoplastic activities. 
It prevents oxidative stress leading to prevention 
of DNA damage caused by free radicals. Caffeic 
acid inhibits the histone demethylase (HDM) on-
coprotein gene, which is amplified in squamous 
cell carcinoma 1 and inhibits cancer proliferation.  
In the human body, it was extracted from human 
epidermis and prostate tissues. It is also found in 
the blood, feces and urine. Along with its beneficial 
effect, caffeic acid is classified as a possible carcin-
ogen (IARC classification of cancerogenic xenobi-
otics - Group 2B) and toxic compound.

Ferulic acid (6), known also as ferulate, con-
sists of trans-cinnamic acid bearing methoxy and 
hydroxy substituents at positions 3 and 4, respec-
tively, on the phenyl ring. The name is derived 
from the genus Ferula, referring to the giant fennel 
(Ferula communis) but the ferrulic acid is ubiqui-
tous in the plant kingdom. Root vegetables, barley, 
flaxseeds, cooked sweetcorn andmolluscs are rich 
in ferulic acid. Ferulic acid is a component of lig-
nocellulose, cross-linking lignin. It plays the role 
of an antioxidant, anti-inflammatory agent, and an 
apoptosis inhibitor. Ferulic acid is known as a car-
dioprotective, skin anti-aging substance, and food 
preservative. Ferulate can be found in the human 
epidermis tissue, in the blood and urine. 

Warfarin (7) belongs to the class of 4-hydrox-
ycoumarins and is a synthetic oral anticoagulant. 
Warfarin inhibits the synthesis of vitamin K de-
pendent clotting factors, which include Factors II, 
VII, IX and X, and the anticoagulant proteins C and 
S. Vitamin K is an essential cofactor for the post ri-
bosomal synthesis of the vitamin K dependent clot-
ting factors. The vitamin promotes the biosynthesis 

of gamma-carboxyglutamic acid residues in these 
proteins, which are essential for biological activity. 
Warfarin is a drug which is used for the treatment 
of pulmonary embolism, cerebral embolism, cere-
bral ischaemia, arterial embolism and thrombosis. 
Warfarin is considered to be insoluble in water. It is 
detected in the human blood and urine. In the cell, 
it is located in the membrane. 

1,4-Benzoquinone (8) is the simplest mem-
ber of the class of 1,4-benzoquinones, a metabolite 
of benzene. Quinone, also known as benzoquinone 
or 1, 4-benzoquinon, belongs to the class of organic 
compounds known as p-benzoquinones. These are 
benzoquinones, where the two C=O groups are at-
tached at the 1- and 4-positions, respectively. Solu-
ble in water, it has been found in most human tissues 
and is primarily detected in the urine. Mitochondria 
and the cytoplasm are the cell structures harboring 
quinone.  Quinone takes part in many enzymatic re-
actions. In particular, quinone and L-dihydroorotic 
acid can be converted into orotic acid. A buildup of 
orotic acid can lead to orotic aciduria due to met-
abolic disorders leading to higher release of am-
monia.  Moreover, quinone and dihydroxyacetone 
phosphate can be converted into glycerol 3-phos-
phate and hydroquinone-metabolites of glycolysis. 
Quinone is also responsible for the metabolism of 
many carbohydrates which is catalyzed by the mi-
tochondrial enzyme glycerol-3-phosphate dehydro-
genase. In humans, quinone is involved in ribofla-
vin (Vit. B12) metabolism. Anise, barley, and olive 
are sources of quinone.

Flavanone (9) is the simplest member of the 
class of flavanones that consists of flavan bearing 
an oxo substituent at position 4. Flavone is a fla-
vonoid lipid molecule and is practically insoluble 
in water. This compound has been found in human 
prostate, spleen, and placenta tissues. In the cell, 
flavone is generally located in the membrane. Fla-
vone is a bitter-tasting compound that can be found 
in pomegranate, rosemary, and dill.  

3-Hydroxyflavone (10), also known as flav-
on-3-ol, belongs to the class of organic compounds 
known as flavonols. It is insoluble in water and lo-
cated in the cell membrane within the cell. 3-hy-
droxyflavone is a precursor of tambulin – an an-
ti-aging and anti-Parkinsonian compound.  Foods 
rich in this substance are brassicas, tea, fenugreek 
and papaya.

Another derivative of flavone is Flavonol 
(11), a monohydroxyflavone or 3-hydroxy deriva-
tive of flavone. 

Pelargonidin (13) can be found in almost all 
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berries - blueberries, blackberries, cranberries, rasp-
berries, strawberries, and aronia. Large amounts of 
pelargonidin aretypically found in plums and pome-
granates, and it is also responsible for the color of 
radishes.

Gallotannins (15) is a class of tannins ob-
tained by condensation of the carboxy group of gal-
lic acid and the hydroxy group of glucose.
Antimicrobial activity of selected herbal 
polyphenols 

As it is known, the Mediterranean diet is rich 
in polyphenols. In the last decade, a few Mediter-
ranean herbs containing polyphenols have been re-
ported to demonstrate antibacterial activity against 
B. subtilis. Shehadi et al. (2014), described the 
plants rosemary (Rosemary officinalis), cloves (Eu-
genia caryofillata), mint (Menta piperita), and wild 
cherry (Prunus avium) according to their antibacte-
rial activity. The strongest effect among them was 
shown by the extracts of cloves (1,6 mg/ml) and 
wild cherry (4 mg/ml). An interesting finding of the 
authors is that the effectiveness of the extracts de-
pends on the temperature they are obtained at. Ex-
tracts obtained at 100oC showed lower inhibitory 
effect (0.6 and for cloves and 2.4 mg/ml for wild 
cherry, respectively)    

Other authors (Alamni and Mustafa, 2012) 
reported the antibacterial activity of the castor oil 
plant (Ricinnus communis L.), and leek (Allium am-
peloprasum var. porrum L.) against nine types of 
bacteria – P. aeruginosa, Staphylococcus aureus, S. 
epidermidis, E. coli, Acinetobacter sp., Klebsiella 
pneumonniae, Proteus sp., Micrococcus sp., and 
Bacillus sp. of the two plants, R. communis exhib-
ited higher antibacterial activity. At a concentration 
of 20 mg/ml, its ethanolic leaf extract margined a 
wider inhibition zone of 27 mm while the extract of 
A. ampeloprasum reached 23 mm inhibition zone. 
Among the tested bacteria, the highest activity was 
demonstrated against the Gram (-) P. aeruginosa 
(Gamma-Proteobacteria) and against the Gram (+) 
Micrococcus sp. (Actinobacteria). As described by 
the authors, HPLS analysis confirmed the presence 
of five phenolic compounds in these plants: phenol-
ic acid, cinnamic acid, p-coumaric acid, ferulic acid 
as well as sinapic acid and catechin, all representa-
tives of polyphenols. 

Interesting data on the treatment of resistant 
bacteria MRSA strains using ethanolic exract of 
Syrium propolis were reported by Harfouch et al. 
(2016). The ethanolic extract, abundant in phenolic 
acids, phenolic aldehydes, flavonoids and quinones, 
was also able to inhibit the growth of the causative 

agent of nosocomial infections Acinetobacter bau-
manii. 

Another polyphenol-containing plant – the 
golden chamomile Martricaria aurea L., a typical 
Saudi Arabian herb, was reported to exhibit activi-
ty of its methanolic extract against Bacillus subtilis 
(25 mm) followed by Streptococcus pyogenes (23 
mm), S. aureus and K. pneumoniae (both, 21 mm). 
Comparing the activity of both methanolic and eth-
anolic extracts of the herb, the authors (Rizwana et 
al., 2016) found that the methanolic extract pos-
sesses greater activity than the ethanolic one. Using 
scanning electron microscopy, cell damage and de-
struction of bacteria was observed after implemen-
tation of polyphenolic extracts. GS-MS analysis 
has proven the presence of phenols and phenolic 
acids, as described by the authors.

Many Bulgarian medicinal plants have also 
been reported to contain high polyphenol contents 
(Ivanova et al., 2005). In this paper, the authors have 
proved that Bulgarian plants contain significantly 
higher amounts of polyphenols than foreign plants. 
In this study, seven local plant species were inves-
tigated: Hypericum perforatum L. (Hypericaceae), 
Agrimonia eupatoria L. (Rosaceae), Origanum 
vulgare L. (Lamiaceae), Melissa officinalis L. (La-
miaceae), Rubus sp. diversa (Rosaceae), Cotinus 
coggygria Scop. (Anacardiaceae). In their investi-
gation, the authors found a link between the high-
phenolic content and the high antioxidant activity.

Another Bulgarian research group, Ivancheva 
et al. (1992), reported the anti-infectious activity of 
Bulgarian medicinal plants. The examined extracts 
were effective against both Gram-negative bacteria 
(K. pneumoniae, P. vulgaris, E. coli, P. aeruginosa) 
and the Gram-positive bacterium (S. aureus), and 
against the fungus Candida albicans.

Due to its polyphenol content, parsley also 
demonstrates antibacterial properties. Papuc K. et 
al. (2016) announced the presence of several class-
es of polyphenols in parsley, especially flavonoids. 
The major flavonoids are flavonnols (kaempferol 
and quercetin) and glycosylated flovones (apigenin 
and luteolin). The reason for the sanogenous effect 
is due to the high flovonoid content (100 mg/100 g 
fresh weight). This herb is known for its high anti-
oxidant ability; it is a proven scavenger of free rad-
icals and blood-improver. Tomov et al. (2015) ex-
amined the antibacterial activity of fresh chopped 
parsley but it showed weak antibacterial activity.

The antimicrobial activity of phytochemicals 
against S. epidermidis was described in detail by 
Zou et al. (2019). The antimicrobial activity of la-
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vandula phenolic extract was found by a Moroccan 
research team (Es Zoubi et al. 20). The authors re-
ported that lavandula inhibits the growth of a clin-
ical isolate from a Moroccan hospital. Georgiev et 
al. (2009) reported on the antoxidant activity of 
Lavandula vera as well. Mihajlova et al. (2014) 
describes the phenolic profile and the antibacterial 
activity of mallow (Malvia silvestris).
Antimicrobial activity of selected fruit and 
vegetable polyphenols 

In addition to herbs, phenol-containing fruits 
have also been estimated and proven to be active 
against many bacterial pathogens. Such data were 
supplied for pomegranate (Pommes granatum L.). 
Pomegranate juice is known for its rich polyphenol 
content, including caffeic acid, gallic acid and ep-
igallocatechin, which is also the main component 
of green tea. Divyarhree and Kunniah (2014) ex-
amined the hydrochloric extract on the microor-
ganisms inhabiting the dental plaque. The authors 
found that the extract was active against Porphyro-
monas gingvinalis, the Gram (-) putative anaerobe 
Prevotella intermedia, and the facultative anaerobe 
Aggregatibacter actinomycetemcomitans, a small 
fastidious Gram (-) coccobacillus, all causing ag-
gressive periodontitis.

Remarkable Mediterranean fruits rich in 
polyphenols are olives (Olea europea). The main 
phenolic component in olives responsible for their 
health beneficial effect is hydroxytyrosol (Gorz-
inik-Debicka et al., 2018). Hydroxytyrosol  is a su-
perior antioxidant and radical scavenger, which in-
duces apoptosis and arrests the cell cycle in cancer 
cells. Hydroxytyrosol demonstrated antimicrobial 
activity (Tuck et al., 2002) and is renally excret-
ed via many metabolites as glucuronide conjugate, 
sulfate conjugate, homovalliic acid, and 3,4 – di-
hydrophenylacetaldehide. Along with hydroxytyro-
sol, other phenolic compounds in olives are tyrosol, 
the bitter olive glycoside  oleuropein, oleocanthal 
and oleacein.

The antimicrobial activity of the polyphenols 
containing Sida alba was also proven by phyto-
chemical and pharmacological studies Konate et al. 
(2012). The antimicrobial activity of fruit extracts 
was reported by Marinova et al. (2005), who ex-
amined more than 20 fruits for their polyphenolic 
content. Their results showed a high number of 
phenols in the studied fruits. Vilhelminova-Ilieva 
and Galabov (2017) presented an overview on tan-
nins and their biological role, reporting data on the 
antibacterial effect of tannins as polyphenols. Some 
ambivalent results were published by Docheva et 

al. (2018) discussing the tobacco plant as rich in 
polyphenols and its antioxidant activity. 

Interestingly, polyphenols act synergistically 
in combinations with antibiotics against resistant 
pathogenic bacteria as described in the review on 
polyphenols published by Daglia (2012), Mojzer et 
al. (2016). In the same paper, the authors discussed 
the role of polyphenols as active agents against hu-
man pathogens, acting directly on the pathogenic 
microorganisms, inhibiting the virulence factors. 

Green tea is also rich in polyphenols and pos-
sesses a strong antimicrobial effect (Gopal et al., 
2016). Some authors report the AB activity of to-
matoes. Tomatoes rank second in world consump-
tion among all vegetables (Marti et al., 2016). Our 
previous research (Tomov et al., 2015) showed no 
significant difference between raw and cooked to-
mato products against bacteria. The antibacterial 
effect (up to 7 mm zone) was not a strong one com-
pared to the antibacterial effect of garlic and onion. 
Interestingly, the tomato seeds of two out of six to-
mato varieties slightly inhibited the growth of B. 
subtilis but showed no antibacterial activity against 
E. coli. The inhibition zones were 4 mm to 7 mm 
diameter.  These results coincided with the results 
obtained by Unnisa et al. (2012), who reported low 
antibacterial activity of tomato fruit against E. coli.

Onions are a vegetable with strong antimi-
crobial activity. The antibacterial activity of garlic 
(Allium sativa) was studied by Chen et al. (2013), 
Tomov et al. (2015) and Obied et al., (2018). It pos-
sesses pronounced antibacterial activity and reaches 
a 30 mm zone against B. subtilis (7 mm) and E. coli 
(30 mm) as described by Tomov et al. (2015). A. 
cepa, however, also rich in polyphenols like garlic, 
showed lower antibacterial activity in comparison 
to garlic (Tomov et al., 2015) against the tested 
strains. A. ursinum and its polyphenols were studied 
by Myhaylova et al. (2012). Santas et al. (2010) de-
scribed Allium extracts to be more effective against 
Gram-positive microorganisms, while Gram-neg-
ative bacteria were reported to be less susceptible. 
Ramos (2006) discussed the water extracts from 
yellow onion skin and found that even onion skin is 
active against Gram (-) bacteria. An interesting find-
ing summarized from the literature is that the syn-
thesis of antibacterial substances in onions occurs 
intensively in the mature onion and garlic, not in 
the green ones, and continues at room temperature 
(22oC), ending at refrigerator temperature.

As a matter of fact, two flavonoid classes are 
mainly found in onion – anthocyanins and flavonols. 
Anthocyanins impart the red color of some varie-
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ties. Flavonols as quercetin and its derivatives deliv-
er yellow and brown onion skin. It has been reported 
that 25 different flavonols were phythochemically 
determined in the onion. Among these flavonols, 
quercetin was the single one found in all onion vari-
eties. Two flavonol molecules - quercetin 4’-gluco-
side and quercetin 3,4’-glucoside account for about 
80% of total flavonols in the onion.

Cayenne pepper is known for its high phenol 
content (Hamed et al., 2019). Chili peppers lead 
the ranking of antimicrobial activity, as shown by 
(Omolo et al., 2014).  Our investigations (Tomov 
et al., 2015) on Cayenne pepper fruits and seeds 
showed inhibition of the growth of both E. coli and 
B. subtilis. Pepper tissues displayed no antibacterial 
activity but cayenne pepper discs showed antibac-
terial activity against both E. coli (25 mm zone) and 
B. subtilis (24 mm zone). Interestingly, similarly to 
tomatoes seeds, pepper seeds exhibited inhibition 
zones of 11 mm against E. coli and 7 mm against 
B. subtilis. The results of Mariângela et al. (2011), 
Koffi-Nevri et al., (2012), and Nascimento et al. 
(2014) describe similar activity of the capsicum 
fruit against both Gram (+) and Gram (-) bacteria.

A widely used substance of animal origin, 
propolis, has been described to possess broad-spec-
trum antimicrobial activity against many bacterial 
strains and microscopic fungi. Its phenolic content 
was examined by Cianciosi et al. (2012).
Conclusions

Selected herbs, fruits and vegetables con-
tain high polyphenol concentrations. They show 
pronounced antimicrobial activity acting against a 
plethora of pathogenic bacteria, viruses and fungi, 
especially against resistant ones described in this 
paper. Plant polyphenolic extracts obtained at 80 
ºC possess higher antibacterial activity compared 
to those extracted at 100ºC, while the methanolic 
extracts possess a greater activity than the ethanolic 
ones. Due to their antimicrobial activity, selected 
herbs, fruits and vegetables rich in antimicrobial 
polyphenols are sources of highly effective novel 
antimicrobial substances. 
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Introduction
The cancer disease is characterized by the 

random division and conversion of atypical cells 
and it is a major cause of mortality and morbidity, 
with about 600,000 of most cancer deaths recorded 
in the United States alone, and 1.7 million newly 
identified cases (Hanahan and Coussens 2012). The 
complicated interactions between cells surviving 
genetic damage and their macro- and micro-en-
vironments are referred to as cancers of tissues 
(Siegel et al., 2016). Further to the severe suffering 
inflicted, most cancer cases impose  a significant 

financial burden, whereby $125 billion is spent per 
year in the United States, exceeding health care 
costs (Mariotto et al., 2011).

Intestinal microbiota  is concurrent with the 
human host to influence the host’s physiology and 
digestion in various capacities. Undoubtedly, the 
host and  microbiota are in agreement with each 
other. Specifically, the metabolic movement of gut 
microorganisms was  proposed to work as an assis-
tant, a real organ (Dibaise et al., 2012). Lactobacil-
lus, a genus of anaerobic or small-scale aerophilic, 
gram-positive heterogeneous lactic acid-producing 
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Abstract
Globally, cancer has been estimated to cause about 13% of all deaths in the world, especially in de-

veloping countries. Cancer cells are abnormal cells that disrupt the process of cell division, and there are 
more than 100 types of cancer. The diagnosis of cancer is still the most important factor in the success of 
cancer treatment. Treatment strategies of cancer may include radiation, chemotherapy, and surgery. This 
study was conducted to estimate microbiota counts in cancer patients, finding a method for detection and 
treatment follow up. Lactobacillus and Bifidobacterium counts were determined by qPCR depending on 
the standard curve from known bacterial counts obtained from probiotics. The main results of this study 
showed that the Lactobacillus count significantly increased in newly diagnosed cancer patients, while the 
count of Bifidobacterium decreased compared to the control. Also, chemotherapy led to a decrease in both 
bacteria counts, which may  suggest supporting chemotherapy with probiotics.
Keywords: cancer, microbiota, Lactobacillus, Bifidobacterium, absolute qPCR 
Резюме

В световен мащаб се счита, че ракът причинява около 13% от всички смъртни случаи, особено в 
развиващите се страни. Раковите клетки са анормални клетки, които нарушават процеса на клетъчно 
делене. Съществуват повече от 100 вида рак. Диагнозата рак все още е най-важният фактор за успеха 
на лечението на рак. Стратегиите за лечение на рак могат да включват радиация, химиотерапия и 
хирургия. Това проучване е проведено за оценка на  микробиота при пациенти с рак, за да се намерен 
метод за откриване и проследяване на лечението. Броят на лактобацилите и бифидобактериите е 
определено чрез qPCR в сравнение със стандартна крива от известния брой бактерии, установен в 
пробиотици. Основните резултати от това проучване показват, че броят на Lactobacillus значително 
се увеличава при новодиагностицирани пациенти с рак, докато броят на Bifidobacterium намалява в 
сравнение с контролата. Също така, химиотерапията доведе до намаляване на броя на бактериите, 
което може да предполага поддръжка на химиотерапия с пробиотици.
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microorganism is widespread in the intestinal mi-
crobiota of healthy adults. Neonates receive lacto-
bacilli at birth by exposure to vaginal lactobacilli 
(Salami et al., 2012). Acidic and succinic acids are 
also produced, however, in little amounts. Lactic 
acid during glucose fermentation is the major met-
abolic and final product of lactobacilli (Slover et 
al., 2008). It has also been reported that lactobacilli 
help the body to resist illnesses such as inflamma-
tory bowel disease (IBD), celiac disease (Lieske 
et al., 2005; Schmidt et al., 2010), type 1 diabetes 
(T1D) (Petrovsky, 2010; Roesch et al., 2009), and 
multiple sclerosis (MS) (Salami et al., 2012). Bi-
fidobacterium was initially isolated from a healthy 
breastfed infant in 1899 by the method of Tissier 
at the Pasteur Institute, France. They are anaero-
bic gram-positive, non-spore-forming pleomorphic 
bacilli, that were initially named Bacillus bifidus 
communis (Ishibashi et al., 1997; Bevilacqua et al., 
2012). It has been proven that bifidobacteria have 
various health benefits, which include the elimi-
nation of procarcinogens, immunomodulation, di-
arrhea, prevention of infections of  the intestinal 
tract,  vitamin production, production of antimicro-
bials against  severe intestinal bacteria, fortify the 
mucosal epithelium barrier against  the invasion of 
pathogenic bacteria, and alleviation of constipation 
(Wasilewska and Bielecka, 2003). 

This study was conducted to find a correla-
tion between cancer and microbiota counts, espe-
cially Lactobacillus and Bifidobacterium, by abso-
lute qPCR.
Materials and Methods
Collection of samples

In this experimental study, 50 stool samples  
were collected and distributed as follows: 25 sam-
ples from  cancer patients, and 25 samples from  
apparently healthy persons. The stool samples 
were collected from individuals between ages 9- 
67 years during the period from July 2017 to May 
2018. Cancer patients were diagnosed with cancer 
at the Ramadi teaching hospital. 
Extracting DNA from stool samples

Total DNA was extracted from stool samples 
of patients and controls by AccuPrep Stool DNA 

Extraction Kit from Bioneer Cat. number (K-3036), 
as described by the instruction manual. The extract-
ed samples were checked for purity and concentra-
tion using NanoDrop. 
Primers

The primers for detection of normal Lactoba-
cillus and Bifidobacterium flora (Table1) were de-
signed according to the sequence of specific genes 
obtained from NCBI (https://www.ncbi.nlm.nih.
gov/) by the online tool Primer3+ (http://www.bioin-
formatics.nl/cgi-bin/primer3plus/primer3plus.cgi/).
Standard curves construction for bacteria 

The standard curve method is generally es-
tablished on the Ct values of each, an input set of 
known DNA concentrations or a dilution series of 
a reference DNA sample. The standard curves were 
designed for Lactobacillus and Bifidobacterium 
bacteria through DNA extracted from probiotics 
capsules obtained from Protexin Pharmaceuticals. 
Each capsule contained 200 million bacterial cells. 
A 10-fold  serial dilution of the extracted DNA, 
extending from 1×105 to 1×109, was utilized to 
develop the standard curves for both Lactobacil-
lus and Bifidobacterium. The values of CT in di-
lutions were estimated by absolute qPCR with the 
Lactobacillus and Bifidobacterium to generate the 
standard curves for both bacterial species. The ini-
tial template logarithm of their copy numbers was 
plotted against the CT values. A standard curve was 
created through plotted points linear regression of 
each bacteria. 
Estimation of bacterial numbers

The bacterial numbers for both Lactobacillus 
and Bifidobacterium for patients and control stool 
samples were determined by qPCR, depending on 
the standard curve using a ready-to-use premix re-
al-time PCR kit with the following conditions: pre-
denaturation at 95℃ for 5 min, then denaturation T 
95℃ for 20 sec followed by annealing\extension at 
55-60°C for 40-45 sec.
Data analysis

The free online tool SPSS v.22 was used to 
analyze the current study data. Nominal data were 
described by number and percentage and compared 

Bacteria Primer Sequence 5—3 Annealing Temperature Reference

Lactobacillus
Lac F TGGAAACAGGTGCTAATACCG      

58 This study
Lac R CCATTGTGGAAGATTCCC              

Bifidobacterium
Bif  F CCACCGTTACACCGGGAA

62 This study
Bif  R GGGTGGTAATGCCGGATG          

Table 1.  Primer sequence and annealing temperature
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using X2. Mean ± SD was used for numeric data. 
While two numeric variables comparison was done 
by T-test, the ANOVA F test  was used to compare 
three or more numeric variables. A significance lev-
el of of α=0.05 was applied to the test.
Results

A real-time PCR experiment was performed 
and a standard curve was graphed (Fig. 1a and b). 

The CT values in the results for Lactobacillus were 
shown sequentially from the highest concentra-
tion to the lowest concentration, as follows:10.09, 
13.11, 17.22, 18.28, 21.64. Moreover, the CT val-
ues in the results for Bifidobacterium were shown 
sequentially from the lowest concentration to the 
highest concentration, as follows: 14.92, 16.31, 
19.82, 21.33, 22.27.

*The blue dots represent samples of probiotics serial diluutions, red dots represent study samples
Fig. 2. Estimation of bacterial numbers by absolute curve: (a) for Bifidobacterium, (b) for Lactobacillus 
standard samples blue, samples of the trial under study red dots

*The blue dots represent samples of probiotics serial diluutions 
Fig. 1. Absolute real-time PCR standard curves: (a) Bifidobacterium, (b) Lactobacillus
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All the results and the numbers mentioned in 
the standard curve experiment were calculated on 
the basis that the sample taken for probiotics and 
DNA extraction was from 200 mg feces.

The number of bacteria was calculated auto-
matically by a PCR device based on the standard 
curve that wasgenerated from the standard samples 
whose numbers were already known. The process 
was based on the threshold cycle (Ct) value that the 
device read, as shown in Fig. 2a and b.

The results obtained in this studyshowed a 
difference in the mean values of the number of 
Lactobacillus bacteria between the two groups of 
samples. The mean value ranged from 1145452.95 
to 610680.26. Likewise, a difference was ob-
served in the mean values of the number of Bi-
fidobacterium bacteria between the two groups of 
samples. The mean value of the Bifidobacterium 
count ranged from 63405999.00 to 737988.22 as 
shown in Table 2.

The study results showed that the number of 
Lactobacillus bacteria was affected by cancer, also 
the count connotes the stages of chemotherapy taken 
by the patient in the treatment, as shown in Table 3.

A difference in the mean value of the Lacto-
bacillus bacteria number was shown between the 
three groups of chemotherapy stages. The mean 
value ranged from 3943762.84 to 515170.73. Com-
paring the mean value of Lactobacillus in the treat-
ment stage group (Table 3) with the control group 
(Table 2) significant differences were observed in 
the number of Lactobacillus bacteria in the recent-

ly diagnozed patients in comparison with the other 
two cancer treatment sample groups (Table 3).
An increase was observed in the mean value in the 
case of the recently diagnozed group compared 
to the control group. As for the mean value of the 
dose phase group and the doss completed group, its 
values   were near the control group values.
The number of Bifidobacterium was affected by 
cancer. Also, the count relates to the stages of 
chemotherapy treatment received by the patient, as 
shown in Table 4.

Table 4. Concentration of Bifidobacterium by stage 
of cancer treatment (Recent diagnosis, Doses phase, 
Doses finished)

Cancers 
types N

Concentrations of bacteria
Bifidobacterium spp.

Mean SD
Recent 
diagnosis 4 3906720.94 a  

A 7488592.20

Doses 
phase 13 21619.06 c

B 45535.76

Doses 
finished 5 65561.86 b

B 74415.51

Total 22 737988.22 3217361.60
*Small letters compared vertically between groups.  

Differences in the mean value of the Bifido-
bacterium number were observed between the three 
groups of chemotherapy stages. The mean value 
ranged from 3906720.94 to 21619.06. The num-
bers of Bifidobacterium between all three groups at 

Types N
Concentrations of bacteria

Bifidobacterium spp. Lactobacillus spp.
Mean SD Mean SD

Normal 17 63405999.00 a

A 110063588.90 610680.26 a

B 718968.86

Cancers 22 737988.22 b

B 3217361.60 1145452.95 b

A 2387038.08

Table 2. Concentration of bacteria by sample group (natural, cancer, diabetes, and hypertensive patients).

*Small letters compared vertically between groups, Capital letters compared horizontally between two types of bacteria for each disease.

Cancer types N
Concentrations of Lactobacillus spp.

Mean SD
Recent diagnosis 4 3943762.84 a 5088436.21
Doses phase 13 515170.73 b 499836.55
Doses finished 5 545538.80 b 417258.02
Total 22 1145452.95 2387038.08

Table 3. Concentration of Lactobacillus in the stages of cancer treatment (Recent diagnosis, Doses phase, 
Doses finished)

*Small letters compared vertically between groups
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the different stages of cancer treatment (Table 4) 
showed statistical differences, comparing the mean 
value of Bifidobacterium in the treatment stage 
group (Table 4) with the control group in Table 2.

There was an increase observed in the mean 
value of the recently diagnozed group compared 
with the number of bacteria in the control. As for 
the mean values of the dose phase group and the 
doses finished group, their values showed a strong 
decrease in the number of bacteria in comparsion 
with the control.

The current study results showed that the mean 
values for Bifidobacterium and Lactobacillus were 
very close in the patients with recent diagnosis. The 
mean values for Bifidobacterium and Lactobacillus 
were 3906720.94 and 3943762.84, respectively. Bi-
fidobacterium and Lactobacillus  numbers showed  
no significant differences at the recent diagnosis 
stage. In the case of doses phase, the mean value 
of Lactobacillus was higher than that of Bifidobac-
terium bacteria. The mean value for Bifidobacteri-
um and Lactobacillus bacteria were 21619.06 and 
515170.73, respectively. The numbers of Bifido-
bacterium and Lactobacillus at the doses stage dif-
fered significantelly. While in the case of finished 
dose, the mean value of Lactobacillus was higher 
than that of Bifidobacterium. The mean values for 
Bifidobacterium bacteria and Lactobacillus were 
65561.86 and 545538.80. At the finished dose stage 
the numbers of Bifidobacterium and Lactobacillus 
showed statistically significant differences.
Discussion

The precise number of target DNA molecules 
was determined by  absolute quantitative estima-
tion, while the DNA standards utilized a standard 
curve. The curve was graphed using sequentially 
diluted standards from known concentrations and 
a relationship was formed linearly,  with the loga-
rithm of the primary amount of total template DNA 
and the ct. The accuracy of the absolute quantifi-
cation process depends on the amplification com-
petence of the target and the calibration standard 
curve, which must be considered in the workflow 
analysis (Taur and Pamer, 2016). The standard 
curve method is one of the most accurate methods 
of determining the sample bacterial cell numbers. 
This is in agreement with the method used in this 
study in determining the number of bacteria.

The intestine and its related microorganisms 
prove to play a crucial role in ailments, particularly 
in a wide range of syndromes  due to the interac-
tions between the host’s physiology and intestinal 
microbiota (Woting and Blaut, 2016). Gut micro-

biota share with its host and habit to the micro-en-
vironment in which it live, which is  the digestive 
tract. Intestinal microbiota develops concurrently 
with the host adapting to the environment which 
it inhabits, i.e. the digestive tract (Montandon and 
Jornayvaz, 2017). Nevertheless, there are many 
open questions, for instance, if the changes in gut 
microbiota are the reason or the result of diseases. 
Since bacteria in the intestine have a great influ-
ence on human health and are believed to cause cer-
tain illnesses, hence, their use in treating numerous 
chronic diseases. Additional research is required to 
combat opposition to bacteria-related diseases of 
the intestine (Zhang et al., 2015).

The notable destruction of microbial popu-
lations due to cancer treatment explains why the 
microbiome is central to understanding the devel-
opment of infectious complications arising in the 
intestinal tract (Taur and Pamer, 2016). Using cul-
ture methods, Eubacterium spp., Bacteroides vulg-
atus, Streptococcus hansenii,  Ruminococcus spp., 
Faecalibacterium prausnitzii, and Bifidobacterium 
spp have been observed in the microbiota of human 
feces . The species Eubacterium aerofaciens and 
Lactobacillus S06 have been observed to be exten-
sively higher in human beings with low CRC risk. 
Also, it was observed that Bifidobacterium might 
also additionally enhance chemotherapeutic effica-
cy (Zou et al., 2018). 

The reduction of bacterial total number after 
cnacer chemotherapy was estimated to be higher 
than any change in the number of copies observed in 
the controls (Zwielehner et al., 2011). Interestingly, 
many studies have shown that Lactobacillus or Bi-
fidobacterium consumption may reduce the produc-
tion of toxic metabolites by reducing the concentra-
tions of fecal deoxycholic acid and dehydroxylation 
of primary bile acids (Kahouli et al., 2013).
Conclusion

In this study, it was observed that the numbers 
of Lactobacillus were generally higher in cancer 
patients compared to control samples, while Bifido-
bacterium in cancer samples declined significantly 
compared to the control samples. Furthermore,  the 
results indicated that Lactobacillus and Bifidobac-
terium decreased at the onset of chemotherapy and 
even after the completion of chemotherapy doses. 
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Introduction
Polyester (poly(ethylene terephthalate)  is 

universally used as packaging films, synthetic fi-
bers, bottles for beverage and food, and engineer-
ing plastic components, owing to  excellent thermal 
and mechanical properties, high chemical resis-
tance, and low gas permeability (Goodman et al., 
1969). In recent years, there has been a growing 
public concern over environmental deterioration 
associated with the disposal of conventional plas-
tics. These issues have given plastic waste a signifi-
cant focus within the management of solid waste as 
the plentiful assortment of PET waste is of ecolog-

ical worry because of its non-biodegradability that 
could be a noteworthy deterrent of PET transforma-
tion by customary techniques, such as land filling 
and combustion (Kumar et al., 2007). 

Weather is responsible for the deterioration 
of most exposed materials. Abiotic contributors to 
these conditions are moisture in its variety of forms, 
non-ionizing radiation, and atmospheric tempera-
ture. The ultraviolet (UV) component of the solar 
spectrum contributes ionizing radiation, which 
plays a significant role in initiating weathering ef-
fects in plastics. The hydrophobic nature of PET 
poses a significant barrier to microbial colonization 
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Abstract 
PET bottles present to modern society momentous execution qualities wanted by a wide range of 

shoppers yet the destiny of poly(ethylene terephthalate) in the earth has turned into a huge management 
problem. For this study, bacteria were isolated from soil-contaminated PET plastic surfaces. The bacteri-
al biofilm formation, bacterial division stages, and single individual colonization of Alcaligenes faecalis 
(KY026604) bacteria observed by scanning electron microscopy on UV-exposed PET flakes surfaces were 
compared to UV-untreated PET flakes:  UV can provide a starting point for biofilm formation due to their 
ease of biodegradation. Further, PET degradation was confirmed by FTIR studies, which indicated the for-
mation of a new functional group (C=O bond stretching, C-C bond stretching, C-H bond stretching, C-H 
bond stretching, C-H bond stretching, C-C-O bond stretching) as evinced in day UV exposed PET. 
Keywords: PET, UV light, Biodegradation, FTIR.
Резюме 

Бутилките от поли-(етилентерефталат) (PET) предоставят на съвременното общество 
изключителни качества, които се търсят от широк кръг купувачи, но изхвърлянето им се е превърнало 
в огромен проблем. За настоящото изследване са изолирани бактерии от почва, замърсена с 
пластмасови остатъци от бутилки PET. Образуването на бактериални биофилми, етапите на деление 
на бактериите и колонизирането с единични клетки на Alcaligenes faecalis (KY026604) върху 
UV-експонирани повърхности от PET люспи, в сравнение с UV необработените са наблюдавани 
чрез сканираща електроннна микроскопия. UV-лъчите могат да дадат началото на образуване на 
биофилм поради лесното им биоразграждане. Разграждането на PET е потвърдено от проучвания с 
FTIR, които показват формирането на нова функционална група (C = O, C-C, CH, CCO връзка), както 
е доказано в деня на облъчване на PET с УВ лъчи.
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of the polymer surface thus attenuating effective 
adsorption and access by hydrolytic enzymes to 
accomplish polymer degradation (Atefehoff et al., 
2007). The biotic contributors can strongly assist 
colonization by providing the necessary nutrients 
for microbial growth. Hydrophilic surfaces may 
provide more suitable sites for colonization. Read-
ily available exoenzymes from the colonized area 
can initiate the degradation process.

Many studies have incontestable partial bio-
degradation of synthetic resin has been found (Al-
bertsson et al., 1987). It appears that the biodegra-
dation of synthetic resin is enhanced by oxidation 
pretreatment that increases surface hydrophilicity 
by the formation of carbonyl groups which will be 
used by microorganisms (Cornell et al., 1984; Al-
bertsson et al., 1987). Microbial biodegradation of 
plastics is a widely accepted option and its effec-
tiveness is still being improved (Lee et al., 2012). 
There is a growing interest in non-degradable syn-
thetic polymer biodegradation using effective mi-
croorganisms (Boonchan et al., 2000). Polymers 
that undergo controlled biological degradation by 
microorganisms have become of remarkable inter-
est during the last years (Shakina et al., 2012). In 
this study bacteria were isolated from soil-contami-
nated PET bottle surfaces. UV- exposed PET inocu-
lated with bacteria and biofilm formation confirmed 
by SEM images and further FTIR analysis of chem-
ical changes.
Materials and Methods
Isolation of bacteria from PET waste

Poly(ethylene terephthalate) waste bottles 
were collected from garbage dump site Tiruchirap-
palli, Tamil Nadu, India. The soil particles on the 
surface of the PET waste were removed and washed 
with sterile distilled water and inoculated into nu-
trient broth. After 24 hours of incubation, 100 µl 
of broth culture was inoculated into nutrient agar 
plates. After 24 hours of incubation, the bacterial 
isolates were identified by the methods described 
in Bergey’s Manual of Determinative Bacteriolo-
gy (Sneath et al., 1994). Dominant bacteria were 
selected for further study and 16srRNA sequences 
were analyzed the Institute of Microbial Technol-
ogy (CSIR-IMTECH), Chandigar. Bacterial gene 
sequences and phylogenetic analysis and the ac-
cession number KY026604 are given in previous 
article.
Incubation of PET flakes in MSM inoculated with 
bacteria

Purchased PET bottles were cut into small 

flakes (1×1 cm) and exposed to UV radiation for 
different time durations (10, 20р and 30 days) us-
ing UV light (500W) with an optical filter (250–380 
nm) at room temperature. The distance between the 
PET flakes and the lamp was 3 feet. Then the PET 
flakes were washed with 70% ethanol and again 
washed with distilled water and finally the samples 
were kept at 45oC to dry. After that, UV-exposed 
and UV-unexposed PET flakes samples were direct-
ly inoculated into minimal salt medium containing 
Alcaligenes faecalis. They were kept in an orbital 
shaker for a period of one month at 37oC tempera-
ture at 120 rpm (Control PET flakes: untreated with 
bacteria).
Scanning electron microscopy

Scanning electron microscope (SEM) 
(VEGA3 TESCAN) was used to determine the 
changes on the surface of PET flakes and bacteri-
al colonisation. Control and bacterial treated sam-
ples are generally sputter-coated with gold or some 
metal ions before SEM examination. Analysis was 
carried out using low vacuum 0.68 Torr mode, 10 to 
30 kv at different magnifications 6.13 kx to 500 kx 
and LFD (large field detector) (Kumar et al., 2007).
FTIR spectroscopic analysis of bacterial 
degradation of PET flakes

Fourier-transform infrared (FT-IR) meas-
urements were carried out with a Perkin Elmer 
Spectrum two (Version 10.03.09) in the range of 
4000-400 cm-1. FT-IR spectra were recorded at a 
resolution of 2 cm-1 and at an accumulation of 32 
scans. FTIR analysis was done to detect the chemi-
cal changes of PET inoculated in MSM containing 
A. faecalis.
Results 

The differences in the chemical composition of 
PET samples can be revealed by comparing the IR 
spectra. Compilation of FTIR spectral peaks band as-
signment of PET and 10, 20 and 30 days-UV exposed 
PET flakes revealed the appearance of new peaks and 
disappearance of a few peaks (Fig. 1, Table 1). 

The signature peaks of PET flakes included 
3781 cm-1 (O-H bond stretching), 1716 cm-1 (C=O 
bond stretching), 1407 cm-1 (C-H bond stretch-
ing), 1339 cm-1 (C-H bond stretching), 1242 cm-1 
(C-C-O) bond stretching), 1093 cm-1 (O-C-C bond 
stretching), 1017 cm-1 (C-H bond stretching), 871 
cm-1 (C-H bond stretching) and 723 cm-1 (C-H bond 
stretching). On exposure of PET flakes to UV for 
10 days, new peaks appeared (1237 cm-1: C-O bond 
stretching; 845 cm-1: C-H bond stretching; 790 cm-1: 
C-H bond stretching) was evinced. 
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Table 1. Band assignment of FTIR spectra of PET 
flakes inoculated with A. faecalis in MSM

Wave number 
(cm-1)

Functional group Relative intensity

3928
3783
3698
3661
3636
3282
2925
1709
1595
1407
1339
1234
1085
1013
870
789
721

O-H
O-H
O-H
O-H
O-H
O-H
C-H
C=O
C-C
C-H
C-H
C-O

C-O-C
C-H
C-H
C-H
C-H

VW
VW
VW
VW
VW
VW
VW
W
W
W
W
W
W
W
W
W
S

On prolonged exposure of PET flakes to UV 
for 20 days, the appearance of new peaks at 3429 
cm-1 (O-H bond stretching), 2877 cm-1 (C-H bond 
stretching), 1576 cm-1 (C-C bond stretching), 1238 
cm-1(C = O bond stretching) were evinced, when 
compared to control PET flakes. On prolonged (30 
days) exposure of PET flakes to UV, several new 
peaks appeared (3910 cm-1: O-H bond stretching; 
3422 cm-1: O-H bond stretching; 2971 cm-1: C-H 
bond stretching; 2872 cm-1: C-H bond stretching; 
1578 cm-1:C-C bond stretching; 1482 cm-1, 1432 cm-1,  
1372 cm-1: C-H bond stretching; 1237 cm-1: C-O 
bond stretching; 790 cm-1: C-H bond stretching). 

This phenomenon demonstrates that the degradation 
mechanism of PET flakes exposed to UV for differ-
ent periods (10, 20 and 30 days) is different. Thus, it 
was established that absorption peaks at 1407 cm-1 
and 1242 cm-1 in PET flakes spectra disappeared on 
UV exposure irrespective of the time of exposure. 
The virtually unaltered position of the main C=O 
bond indicates that the main portion of C=O group 
remains bonded in the same configuration. UV treat-
ment resulted in reduction in the intensity of peaks 
in the FTIR spectra of PET. On  the  other hand, 
on  inoculation of PET flakes with A. faecalis, many 
new peaks in the region 4000 to 3000 cm-1 (3928 
cm-1, 3698 cm-1, 3661 cm-1, 3636 cm-1, 3282 cm-1, 
(O-H bond stretching), 2925 (C-H bond stretching), 
1595 cm-1 (C-C bond stretching), 1234 cm-1 (C-O 
bond stretching), 1085 cm-1 (C-O-C bond stretch-
ing) and 789 cm-1 (C-H bond stretching) were no-
ticed. Further, few peaks disappeared at 1242 cm-1, 
and 1093 cm-1. In addition, a shift in absorption 
peaks was evinced from 3781 to 3783 cm-1; 1716 
to 1709 cm-1, 1017 to 1013 cm-1, 871 to 870 cm-1 
and 723 to 721 cm-1 was observed. UV and bacterial 
treatment of PET resulted in the disappearance of 
the absorption peak at 1242 cm-1

, which was a com-
mon phenomenon observed. In general, an increase 
in the intensity of characteristic peaks of PET was 
evinced on exposure to A. faecalis. 

The FTIR spectral analysis of 10 days UV-ex-
posed and 10 days UV + A. faecalis inoculated PET 
allows explanation of the structural differences of 
these materials. Absorption peaks that appeared in 
the FTIR spectra of 10-day UV-treated PET disap-
peared on inoculation with A. faecalis (1237 cm-1, 

Results

The differences in the chemical composition of PET samples can be revealed by 

comparing the IR spectra. Compilation of FTIR spectral peaks band assignment of PET and 

10, 20 and 30 days-UV exposed PET flakes revealed the appearance of new peaks and 

disappearance of a few peaks (Fig. 1, Table 1). 

Fig. 1. FTIR spectra of PET flakes inoculated with A. faecalis in MSM 

Table 1. Band assignment of FTIR spectra of PET flakes inoculated with A. faecalis in MSM 

Wave 
number 
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intensity
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Fig. 1. FTIR spectra of PET flakes inoculated with A. faecalis in MSM
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845 cm-1). As indicated in Fig. 1, there is a doublet 
of C-C vibration mode around the 1500 cm-1 region. 
On exposure to A. faecalis, PET appears  to undergo 
some molecular  conformational changes as indicat-
ed by the  appearance of new  peaks at 1579 cm-1 (C-C 
bond stretching), 1504 cm-1 (C-C bond stretching ), 
1454 cm-1 (C-H bond stretching), 1408 cm-1 (C-H 
bond stretching), 1338 cm-1 (C-H bond stretching), 
1240 cm-1 ( C-C-O bond stretching ), 1044 cm-1 (C-O 
bond stretching), 971 cm-1, and 872 cm-1. Shift in 
absorption at 1711 to 1714 cm-1, 1091 to 1092 cm-1,  
1017 to 1016 cm-1, 790 to 791, 725 to 724 cm-1

 was 
observed. A broad band was recorded at 3366 cm-1, 
and a strong sharp band was noticed at 1714 cm-1, 
1338 cm-1, 1240 cm-1, 1092 cm-1, 1016 cm-1, 971 cm-1,  
872 cm-1, 791 cm-1, and 723 cm-1. A doublet band 
was exhibited at 1454 cm-1 and 1408 cm-1. Inocula-
tion of 20-days UV-exposed PET with A. faecalis 
resulted in the formation of new absorbance in the 
region 3000 to 4000 cm-1 peaking around 3288 cm-1 
(O-H bond stretching) and bands at 1504 cm-1 (C-C 
bond stretching), 1453 cm-1 (C-H bond stretching ), 
1408 cm-1 (C-H bond stretching ), 1092 cm-1 (O-C-C 
bond stretching), 970 cm-1 (C-H bond stretching), 
846 cm-1 (C-H bond stretching), and 792 cm-1 (C-H 
bond stretching). On the other hand, a shift in ab-
sorption peaks was evinced at 1716 to 1713 cm-1,  
1340 to 1339 cm-1, 1015 to 1016 cm-1, 871 to 872 
cm-1, and 724 to 723 cm-1. Furthermore, disappear-
ance of absorption bands at 3429 cm-1, 2877 cm-1 

and 1576 cm-1 was noticed (Fig. 2, Table 2). 

Table 2. Band assignment of FTIR spectra of 10-
day UV treated PET flakes inoculated with A. 
faecalis in MSM

Wave number 
(cm-1)

Functional group Relative intensity

3366
1714
1579
1504
1454
1408
1338
1240
1044
1092
1016
971
872
791
723

O-H
C=O
C-C
C-C
C-H
C-H
C-H

C-C-O
C-O

O-C-C
C-H
C-H
C-H
C-H
C-H

VW
S

W
W
W
W
W
S

W
S

W
W
W
W
S

The intensity of absorption peak at 1238 cm-1 
increased in A. faecalis inoculated 20-days UV-ex-
posed PET when compared to the un-inoculated 
ones. An intensive sharp band was noticed at 1713 
cm-1. Doublet peaks were evident at 1408 and 1339 
cm-1. Strong absorption peaks were evinced at 1238 
cm-1, 1092 cm-1, 1016 cm-1, 872 cm-1, and 723 cm-1 
(Fig. 3, Table 3).

Fig. 2. FTIR spectra of 10 day UV treated PET flakes inoculated with A. faecalis in MSM 

Table 2. Band assignment of FTIR spectra of 10-day UV treated PET flakes inoculated with 

A. faecalis in MSM 

Wave 
number 
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Functional
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Relative 
intensity 

3366
1714
1579
1504
1454
1408
1338
1240
1044
1092
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Fig. 2. FTIR spectra of 10 day UV treated PET flakes inoculated with A. faecalis in MSM
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Table. 3. Band assignment of FTIR spectra of 
20 day UV treated PET flakes inoculated with A. 
faecalis

Wave number 
(cm-1)

Functional group Relative intensity

3288
1713
1504
1453
1408
1339
1238
1092
1016
970
872
846
792
723

O-H
C=O
C-C
C-H
C-H
C-H
C=O

O-C-C
C-H
C-H
C-H
C-H
C-H
C-H

W
S

W
W
W
W
S
S
M
W
W
W
W
S

A. faecalis resulted in chemical changes in 
30-days UV-treated PET, which is represented by 
the appearance of new peaks in the FTIR spectra 
(1954 cm-1: C=O bond stretching, 1505 cm-1: C-C 
bond stretching, 1454 cm-1: C-H bond stretching, 
1408 cm-1: C-H bond stretching, 1339 cm-1: C-H 
bond stretching, 1240 (C-C-O bond stretching ), 
1175 cm-1: C=O bond stretching, 1043 cm-1 (C-O 

bond stretching), 970 cm-1, 872 cm-1, and 847 cm-1: 
C-H bond stretching), and a shift in absorption 
peaks from 3422 to 3423 cm-1, 2971 to 2965 cm-1, 
1709 to1714 cm-1,1372 to 1371 cm-1, 1015 to 1016 
cm-1,790 to 792 cm-1, 725 to 723 cm-1. In addition, 
several peaks disappeared (3910 cm-1, 3784 cm-1, 
2872 cm-1, 1482 cm-1, 1432 cm-1, 1237 cm-1). More-
over, the intensity of absorption peaks at 1714 cm-1, 
1578 cm-1, 1408 cm-1, 1339 cm-1, 1240 cm-1, 1093 
cm-1, 1016 cm-1, 970 cm-1 847 cm-1, 792 cm-1 and 
723 cm-1 increased on inoculation of the 30 days 
UV-treated PET flakes with A. faecalis when com-
pared to the un-inoculated PET flakes (Fig. 4, Table 
4). On the other hand, a doublet was noticed at 1408 
and 1339 cm-1. Irrespective of the period of UV ex-
posure of PET flakes, certain new peaks appeared 
in all the A. faecalis inoculated PET (10 days UV + 
A. faecalis: 1504 cm-1, 1454 cm-1, 971 cm-1; 20 days 
UV+ A. faecalis: 1504 cm-1, 1453 cm-1, 970 cm-1; 
30 days UV + A. faecalis: 1505 cm-1, 1454 cm-1, 
970 cm-1). Vibrational peaks were registered in the 
FTIR spectra of UV unexposed, 10, and 20-day UV 
treated PET flakes on inoculation with A. faecalis. 
Strong and sharp absorption peaks were recorded 
in the FTIR spectra of 30 days UV-treated PET on 
inoculation with A. faecalis (1714 cm-1, 1240 cm-1, 
1093 cm-1, 1016 cm-1, 970 cm-1, 847 cm-1, 792 cm-1, 
723 cm-1).

The intensity of absorption peak at 1238 cm-1 increased in A. faecalis inoculated 20-

days UV-exposed PET when compared to the un-inoculated ones. An intensive sharp band 

was noticed at 1713 cm-1. Doublet peaks were evident at 1408 and 1339 cm-1. Strong 

absorption peaks were evinced at 1238 cm-1, 1092 cm-1, 1016 cm-1, 872 cm-1, and 723 cm-1

(Fig. 3, Table 3). 

Fig. 3. FTIR spectra of 20-day UV treated PET flakes inoculated with A. faecalis in MSM 

Table. 3. Band assignment of FTIR spectra of 20 day UV treated PET flakes inoculated with 
A. faecalis 

Wave
number 
(cm-1)

Functional 
group 

Relative 
intensity

3288
1713
1504
1453
1408
1339
1238
1092
1016
970
872
846
792
723

O-H
C=O
C-C 
C-H 
C-H 
C-H 
C=O

O-C-C 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H

W
S 
W 
W 
W 
W 
S 
S 
M 
W 
W 
W 
W 
S

A. faecalis resulted in chemical changes in 30-days UV-treated PET, which is 

represented by the appearance of new peaks in the FTIR spectra (1954 cm-1: C=O bond 

Fig. 3. FTIR spectra of 20-day UV treated PET flakes inoculated with A. faecalis in MSM
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Table. 4. Band assignment of FTIR spectra 30 day 
UV treated PET flakes inoculated with A. faecalis 
in MSM

Wave number 
(cm-1)

Functional group Relative intensity

3423
2965
1954
1714
1578
1505
1454
1408
1371
1339
1240
1175
1093
1043
1016
970
872
847
792
723

O-H
C-H
C=O
C=O
C-C
C-C
C-H
C-H
C-H
C-H

C-C-O
C=C

O-C-C
C-O
C-H
CH
C-H
C-H
C-H
C-H

W
W
W
VS
W
W
W
S

W
S
S

W
S

W
S

W
M
W
W
S

After one month of incubation with A. faecalis, 
massive bacterial colonies were found on the sur-
face of 10, 20 and 30-day UV-exposed PET flake 
surfaces when compared to UV-unexposed PET 
flakes, which showed adherence of bacterial colo-
nization, bacterial cell divided stages and individu-
al bacterial can be seen on the surfaces of UV-ex-
posed PET flakes (Plate 1).

Discussion 
The bacteria A. faecalis isolated and iden-

tified in this study was found capable of utilizing 
UV-exposed PET as a sole carbon source. During 
the one-month incubation with A. faecalis, with 
UV- exposed and UV-unexposed PET, biodegrada-
tion was measured by FITR, the peaks in the 4000 
to 3000 cm-1 region became broader after degrada-
tion, which was due to the formation of hydroxyl 
and carboxyl groups. This was also confirmed by 
the shift in the absorption peak of C=O stretch-
ing vibration after degradation. This observation 
is well supported by the findings of Weng et al., 
(2013) who have also demonstrated that biodegra-
dation of p (3 HB, 4 HB) films in soil was mainly 
caused by microorganisms and many low molecu-
lar weight polymers were produced (Weng et al., 
2013). Broadening of absorption peaks in the 4000 
to 3000 cm-1 region was observed in the FTIR of 
PET flakes exposed to UV for 30 days. This ob-
servation is in line with the findings of Arkatkar et 
al., (2010) who have opined that PP–SUV (Short 
UV treated Polypropylene) were more hydrophilic 
in the presence of microorganisms. Roughness of 
UV-exposed PET evinced in this study coincides 
with that of Don Rosu et al. (2009) who have con-
firmed through FTIR study that UV-irradiated pol-
yurethane (PU) results in a decrease in the band 
corresponding to the stretching vibration of N-H 
group (3328 cm-1) and have attributed it to the loss 
of urethane structure as a result of UV irradiation. 
Further, the appearance of new peaks in the region 
between 3910 to 2872 cm-1 is in agreement with 

stretching, 1505 cm-1: C-C bond stretching, 1454 cm-1: C-H bond stretching, 1408 cm-1: C-H

bond stretching, 1339 cm-1: C-H bond stretching, 1240 (C-C-O bond stretching ), 1175 cm-1:

C=O bond stretching, 1043 cm-1 (C-O bond stretching), 970 cm-1, 872 cm-1, and 847 cm-1:C-

H bond stretching), and a shift in absorption peaks from 3422 to 3423 cm-1, 2971 to 2965 cm-

1, 1709 to1714 cm-1,1372 to 1371 cm-1, 1015 to 1016 cm-1,790 to 792 cm-1, 725 to 723 cm-1.

In addition, several peaks disappeared (3910 cm-1, 3784 cm-1, 2872 cm-1, 1482 cm-1, 1432 cm-

1, 1237 cm-1). Moreover, the intensity of absorption peaks at 1714 cm-1, 1578 cm-1, 1408 cm-1,

1339 cm-1, 1240 cm-1, 1093 cm-1, 1016 cm-1, 970 cm-1 847 cm-1, 792 cm-1 and 723 cm-1

increased on inoculation of the 30 days UV-treated PET flakes with A. faecalis when 

compared to the un-inoculated PET flakes (Fig. 4, Table 4). On the other hand, a doublet was 

noticed at 1408 and 1339 cm-1. Irrespective of the period of UV exposure of PET flakes, 

certain new peaks appeared in all the A. faecalis inoculated PET (10 days UV + A. faecalis:

1504 cm-1, 1454 cm-1, 971 cm-1; 20 days UV+ A. faecalis: 1504 cm-1, 1453 cm-1, 970 cm-1; 30 

days UV + A. faecalis: 1505 cm-1, 1454 cm-1, 970 cm-1). Vibrational peaks were registered in 

the FTIR spectra of UV unexposed, 10, and 20-day UV treated PET flakes on inoculation 

with A. faecalis. Strong and sharp absorption peaks were recorded in the FTIR spectra of 30 

days UV-treated PET on inoculation with A. faecalis (1714 cm-1, 1240 cm-1, 1093 cm-1, 1016 

cm-1, 970 cm-1, 847 cm-1, 792 cm-1, 723 cm-1).

Fig. 4. FTIR spectra 30 day UV treated PET flakes inoculated with A. faecalis in MSM 

Table. 4. Band assignment of FTIR spectra 30 day UV treated PET flakes inoculated with A. 

faecalis in MSM 

Fig. 4. FTIR spectra 30 day UV treated PET flakes inoculated with A. faecalis in MSM
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Don Rosu et al. (2009) who have also observed 
new peaks in the region between 3080 cm-1 and 
2880 cm-1 in the FTIR peak of UV- irradiated PU. 
They have also reported that the aromatic structures 
from PU are not stable to light and are suscepti-
ble to rapid degradation during UV exposure. They 
have concluded that UV light modifies the chemi-
cal structure of PU. The absorption of UV induces 
the degradation of PU and photo-oxidation of the 
CH2 groups. Chonde Sonal et al. (2012) have con-
firmed through FTIR spectroscopy that Trametes 
versicolor NCIM 1086 mediated degradation of 
the synthetic polymer nylon 6 by the appearance of 
new groups like CH3, CONH2, CHO and CHOOH 
and have reasoned that it could be due to hydrolysis 
or oxidation. They have further attributed it to the 
cleavage of the C-C bond in CH2-CH2 adjacent to 
the nitrogen atom and weakening C=N stretching. 
In addition, they have also noticed a decrease in the 
strength of characteristic band of C (O) NH occur-
ring around 3300 cm-1, 1640 cm-1, 1550 and 1018 
cm-1 after 90 days. The absorption peak observed in 
the FTIR spectra of PET is in parallel to the FTIR 
spectra of PET films reported by Lee et al. (2012). 
They have observed that the intensity of the band at 

1716 cm-1 decreased with increasing the UV irradi-
ation time (0, 30, 60, and 90 days). In the present 
study the intensity of the bands of PET decreased on 
exposure to UV. In addition, a positive cross-corre-
lation was observed peak at (1716 cm-1, 1340 cm-1), 
(1716 cm-1, 1247 cm-1) in the power spectrum ex-
tracted along the diagonal line in the synchronous 
2D correlation spectrum (1340 cm-1, 1247 cm-1) and 
have attributed it to the intensity of the ester linkage 
in the terephthalate moiety and the ethylene group 
decrease together with increasing the UV irradia-
tion time. They have ascribed the changes in the 
intensity at 1716 and 1247 cm-1 in power spectrum 
to the influence of the ester linkage by photodeg-
radation of PET and have suggested that the ester 
moieties in the terephthalate moiety as well as CH2 
groups are strongly involved in the photo-degrada-
tion of PET. This explanation could be extended to 
the present result. Moreover, through synchronous 
2D correlations FTIR spectra, they have suggested 
that photo-degradation of PET films induces spec-
tral changes of the CH2 group adjacent to the ester 
linkage, ester (C (=O)-O and the phenyl ring se-
quentially and have concluded that photo-degrada-
tion of PET films induces faster spectral changes of 

Plate 1. SEM micrographs of PET flakes inoculated with A. faecalis (AF) in MSM: A) 

control; B) UV unexposed; C) 10 days UV exposed; D) 20 days UV exposed; E, F, 

G) 30 days UV exposed. 

Discussion 

The bacteria A. faecalis isolated and identified in this study was found capable of 

utilizing UV-exposed PET as a sole carbon source. During the one-month incubation with A. 

faecalis, with UV- exposed and UV-unexposed PET, biodegradation was measured by FITR,

the peaks in the 4000 to 3000 cm-1 region became broader after degradation, which was due 

to the formation of hydroxyl and carboxyl groups. This was also confirmed by the shift in the 

absorption peak of C=O stretching vibration after degradation. This observation is well 

supported by the findings of Weng et al., (2013) who have also demonstrated that 

biodegradation of p (3 HB, 4 HB) films in soil was mainly caused by microorganisms and 

many low molecular weight polymers were produced (Weng et al., 2013). Broadening of 

absorption peaks in the 4000 to 3000 cm-1 region was observed in the FTIR of PET flakes 

exposed to UV for 30 days. This observation is in line with the findings of Arkatkar et al.,

(2010) who have opined that PP–SUV (Short UV treated Polypropylene) were more 

Plate 1. SEM micrographs of PET flakes inoculated with A. faecalis (AF) in MSM: A) control; B) UV 
unexposed; C) 10 days UV exposed; D) 20 days UV exposed; E, F, G) 30 days UV exposed.
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the methylene groups than that of the terephthalate 
moieties. The emergence of a keto group noticed in 
this study due to UV treatment in the FTIR spec-
tra of PET exposed to UV for 20 days period gains 
support from the observations of Arkatkar et al. 
(2010) who have evinced the occurrence of a 1700 
to 1800 cm-1 region in FTIR spectra indicating the 
presence of oxidized groups. In addition, they also 
observed peaks at 1715 cm-1 or 1711 cm-1 and 1748 
cm-1 corresponding to the formation of keto carbon-
yl and ester carbonyl groups after pretreatments of 
polypropylene and have attributed it to oxidation 
of the polymer. These peaks either became stronger 
and sharper or disappeared at the end of the twelfth 
month.  They have concluded that the post-pre-
treatment FTIR spectrum of PP-ART, PP-FRT and 
PPSUV showed formation of a keto carbonyl peak 
whereas PP-FRT and PP-TT showed formation of 
an ester carbonyl peak indicating oxidation, which 
probably enhanced the attack of microbes. This is 
in contradiction to the present finding that UV in-
duced chemical changes in PET.

In the SEM result, bacteria colonized and 
bacterial division stages were evinced on UV-ex-
posed PET surface and formed a massive biofilm 
on it, a process that seemed to be a prerequisite for 
biodegradation. The adherence of selected bacteria 
A. faecalis (10-, 20-, and 30 days UV-exposed PET 
flakes surfaces) partially agrees with that of Atefeh 
Esmaeili et al. (2013) who have also evinced col-
onisation of mixed culture of fungi (Lysinibacillus 
xylanilyticus and Aspergillus niger) on PET flake 
surfaces when incubated in soil inoculated with L. 
xylanilyticus and A. niger for a period of 126 days 
in the SEM image. 
Conclusions

The observations in the present study reveal 
that PET waste dumped in soil is exposed to a va-
riety of organisms, especially bacteria. A. faecalis 
isolated from PET waste were reinoculated with 
UV-treated PET under laboratory conditions. The 
growth of A. faecalis on PET was evinced in the 
SEM images. Thus, these findings permit us to con-
clude that A. faecalis can colonies and form bio-
films on a PET surface, which indicates that bac-
teria are able to utilize PET as a carbon source for 
their growth. However, the involvement of bacteria 
in degrading PET has to be confirmed by further 
studies. 
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Introduction
Cassava (Manihot esculenta) is an erect per-

ennial shrub, propagated vegetatively from hard-
wood stem cuttings. It is a significant crop within a 
wide range of tropical environments and is an im-
portant part of cropping systems (Apiwatanapiwat 
et al., 2011). It is a food crop that survives extreme-
ly harsh environmental conditions such as drought 
and low nutrient availability.

Cassava peels are one of the main agricultural 
waste in Nigeria and it is generated through the pro-
cessing of cassava tubers for human and industrial  

 
use, for example, in the processing of garri. It is 1 - 
4mm thick and accounts for 20-35% of the weight 
of the tuber (Olanbiwoninu and Odunfa, 2012). 
The cassava peels obtained from garri processing 
are usually discarded as waste and allowed to rot in 
the open, and this could result in health hazards that 
can affect humans and animals. Ethanol obtained 
from agricultural feedstock is known as bioethanol. 
Bioethanol is a form of renewable energy that is 
obtained from the conversion of carbon-based feed-
stock. It is generally investigated as a renewable 
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Ibadan, Nigeria
Abstract

This study compared the yields of bioethanol from the fermentation of pretreated cassava peels using 
yeasts isolated from palm wine, and a pretreatment method with methanol + acid before solid-state fermen-
tation of cassava peels using Trichoderma reesei for 5 days optimally yielded 1.78 g/mL of reducing sugar. 
The hydrolysate was fermented for bioethanol production using Saccharomyces cerevisiae and Candida 
tropicalis. S. cerevisiae performed optimally at 30oC, pH 4.5, and produced ethanol with a concentration of 
about 40.72 g/L, while C. tropicalis produced 29.90 g/L of ethanol concentration at 35oC, and pH 5. Both 
yeast isolates took the same fermentation time of 96 h.  In conclusion, cassava peels are agricultural waste 
that is a degradable material suitable to produce simple reducing sugars, which can be fermented by yeast 
to produce bioethanol. The yield of ethanol was higher for S. cerevisiae than C. tropicalis.
Keywords: methanol, acid hydrolysis, reducing sugar, fermentation, ethanol, palm wine.

Резюме
Това проучване сравнява добивите на биоетанол от стърготини от маниока, предварително 

обработени по 2 различни начина (с дрожди, изолирани от палмово вино или с метанол + киселина) 
и последвала твърдофазова ферментация при използването на Trichoderma reesei. Ферментацията 
продължава 5 дни, а оптималният добив от редуциращи захари е 1.78 г/мл. Полученият хидрролизат 
се подлага на ферментация с участието Saccharomyces cerevisiae and Candida tropicalis. S. cerevisiae 
се култивира при 30°C и рН 4.5 и полученият етанол е с концентрация около 40.72 г/л. В същото 
време, C. tropicalis произвежда етанол с концентрация 29.9 г/л при температура 35°C и рН 5.0. Про-
дължителността на ферментация и при двете дрождеви култури е 96 ч. В заключение, стърготините 
от маниока са селскостопански отпадък и разградим материал, подходящ за получаването на захари, 
които могат да бъдат подложени на ферментация от дрожди за производство на биоетанол. Добивът 
на етанол при използването на S. cerevisiae е по-висок от този при използването на C. tropicalis.
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fuel source because in many respects it is superior 
to gasoline fuel (Jones et al., 1994).

The sap of the oil palm tree (Elaesis guinn-
ensis) serves as a rich and highly nutritious growth 
substrate for various types of microorganisms. The 
palm sap is tapped and allowed to undergo natural 
fermentation that is spontaneous, which allows the 
proliferation of yeast species to convert the sweet 
substrates into an alcoholic beverage. Several oth-
er studies have shown that the alcohol fermenting 
yeast Saccharomyces cerevisiae naturally colonizes 
palm sap (Nwachukwu et al., 2006).

In Nigeria and many developing countries, 
there is an increasing interest in the conversion of 
the huge amount of cassava peels generated into 
ethanol. Several studies have been carried out to 
optimize the yield of ethanol from cassava peels 
using different organisms including S. cerevisiae. 
Aspergillus niger is also used for hydrolysis and 
S. cerevisiae for fermentation. Odunfa and Olan-
biwoninu (2012) also recommended that cassava 
peels could be subjected to pretreatment with dilute 
sulphuric acid or to methanolysis before fermenta-
tion for higher ethanol content. The present study 
was thus aimed at contributing to this ongoing ef-
fort by using the combination of methanolysis and 
dilute sulphuric acid as pretreatments before micro-
bial hydrolysis using Trichoderma reesei, and com-
paring the ethanol yields using S. cerevisiae and 
Candida tropicalis isolated from palm wine.
Materials and Methods
Sample collection and substrate preparation

Fresh cassava peels from the garri (a roast-
ed granular hygroscopic starchy food from cassava 
consumed in the West African sub-region) process-
ing site in Ajibode, University of Ibadan, Ibadan, 
Nigeria, were collected and washed thoroughly 
under running tap water to remove sand and oth-
er impurities, milled using a blender machine and 
dried overnight at 80°C in the laboratory air-oven 
dryer according to the method of Olanbiwoninu 
and Odunfa (2015). The palm wine samples were 
obtained from Ibadan metropolis (Challenge and 
Eleyele) in a sterile plastic container placed in an 
ice-pack and then transported to the Microbiolo-
gy Laboratory of the Department of Microbiology, 
University of Ibadan.
Fungal isolates

An isolate of T. reesei with preceding activi-
ties of the high zone of clearance on 1% CMC agar 
plate (78 mm) and a high index of relative enzyme 
activity (2.299 U/ml)] used in this work was ob-

tained from the Department of Microbiology, Uni-
versity of Ibadan, Nigeria. The isolate was main-
tained on potato dextrose agar (PDA) slant and kept 
at 4oC for further use. The yeast starters for bioetha-
nol production used in this study were isolated from 
palm wine because of their high tolerance to etha-
nol, sugar, and salt during the screening process for 
selection. Yeast isolates were recovered from palm 
wine by aseptically withdrawing 1mL of the palm 
wine and diluting it using ten-fold serial dilution 
techniques. Pour plate method was employed by 
inoculating 0.1 mL of dilutions ranging from dilu-
tion factors of 10-2, 10-4, and 10-6 on a Yeast Extract 
Peptone Dextrose Agar supplemented with 0.002 
mg/mL of Chloramphenicol to suppress bacterial 
growth and incubated at 30oC for 48 hours (Fawole 
and Osho, 2007). 
Identification of the yeast isolates

The yeast isolates were characterized based 
on their cultural characteristics (colony shapes, 
pigment, elevation, edge, consistency, and surface 
appearance), in addition to their morphological and 
biochemical characterization, according to Sanni 
and Lonner (1998); Messa et al. (1999); Barnett et 
al. (2002); Ogbo (2005); Fawole and Oso (2007). 
The yeast isolates were cultured and maintained in 
yeast extract peptone dextrose agar medium. 
Screening of the isolated yeasts

According to the methods of Osho (2005) and 
Shafkat (2013), the ethanol tolerance, thermo-tol-
erance, osmo-tolerance, and growth at 15% sugar 
concentration of both yeast isolates were tested.
Cassava peel pretreatment
Treatment with methanol + acid hydrolysis by 
H2SO4 

This pretreatment was carried out according 
to the method conducted by Olanbiwoninu and 
Odunfa (2012). About 10 g of milled cassava peel 
was suspended in 100 ml of methanol, with 0.05 
M concentrations of sodium acetate as a catalyst. 
After treatment, the solid residues were collected 
and washed under running tap water for 10 min-
utes, oven-dried at 55oC overnight before separate 
hydrolysis with acid. Acid hydrolysis of the meth-
anol pretreated cassava peel powder was carried 
out according to the methods of Olanbiwoninu and 
Odunfa, (2012) and Zainal et al. (2014). Approxi-
mately 15 g of the methanol pretreated cassava peel 
powder was hydrolyzed in 100 ml of 0.5 M sul-
phuric acid at 100oC for 60 min in duplicates. The 
solid residues were collected and neutralized with 
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2 M NaOH until a neutral pH was achieved. The 
residue was oven-dried at 55oC overnight, and then 
subjected to microbial hydrolysis using T. reesei.
Microbial hydrolysis of pre-treated cassava peel 
powder   

Solid-state fermentation design was used in 
the microbial hydrolysis in reference to Ahmed et 
al. (2010) and Agarwal et al. (2014). Approximate-
ly 10 g of the methanol and acid-treated cassava 
peel powder was placed in 250 mL Erlenmeyer 
flasks. The substrate was moistened with minimal 
salt solution (pH 5.0) containing (g/L): KH2PO4 1, 
KCl 0.5, MgSO4 0.5, FeSO4.7H2O 0.01, NaNO3 2, 
stirred properly and then sterilized. The flasks were 
then inoculated with 1mL of 10% (v/w) inoculum 
containing 1×108 CFU/ ml T. reesei conidia under 
aseptic conditions, and then incubated at 300C for 
5 days in duplicates. The conidial suspension was 
prepared by flooding a 7-day-old PDA slant of T. 
reesei with 2 mL of sterile distilled water. The re-
ducing sugar concentration was determined at 24-
hour intervals. After incubation, the fermented sub-
strate was mixed with 100 ml of the sterilized dis-
tilled water (i.e., 1:10 w/v) for 1 hour on an orbital 
shaker at 180 rpm. Finally, the contents of the flask 
were filtered through a muslin cloth, and then the 
filtrate centrifuged at 2500 rpm for 15 minutes to 
obtain the hydrolysate.  Optimization of conditions 
for reducing sugar yield was carried out as well. 
The reducing sugar content was measured quantita-
tively using the DNS method, as recommended by 
Miller (1959).
Estimation of reducing sugar

The reducing sugar concentration was de-
termined quantitatively using the dinitro-salicylic 
acid (DNSA) method according to Miller (1959) in 
duplicates. Approximately, 1 mL of dinitrosalicylic 
acid was added to 1 mL of each supernatant (fil-
trates) in test tubes labeled accordingly, and then 
the mixtures were heated in boiling water for 10 
minutes. The test tubes were cooled rapidly in tap 
water and the volume was adjusted to 12 ml using 
distilled water. A blank containing 1 mL distilled 
water and 1 mL of DNSA was prepared. The opti-
cal density of the samples was measured against the 
blank using a spectrophotometer (JENWAY: Model 
6405, UK) set at 540 nm. The concentration of the 
reducing sugar in the supernatant was estimated us-
ing the glucose standard curve.
Yeast cell preparation

A broth medium containing: 0.3% yeast ex-
tract, 1% peptone, 2% glucose, 1.5% agar, adjusted 

to pH 5.0 was prepared, sterilized, inoculated in-
dividually with 48-hour old culture of each yeast 
isolate, and then incubated at 30°C for 3 days in a 
rotary shaker. The supernatant was discarded, while 
the cells were washed using a buffer with pH 7.0 
before the wet pellet was used for inoculation (Ana, 
2013).
Yeast fermentation of the hydrolysate

Fermentation was carried out in a fermenta-
tion medium, (cassava peel hydrolysate medium) 
which comprised 0.2% yeast extract, 0.2% (NH4) 
NO3, 0.1% MgSO4.7H2O, 0.2% KH2PO4 in 100 ml 
of the hydrolysate. The fermentation medium was 
sterilized at 1210C for 15 min, after which it could 
cool. Fermentation was initiated in an Erlenmeyer 
flask after inoculating the media individually with 
10 ml of 0.5 McFarland standard inoculum sizes 
(1.5×108 cells/mL) of S. cerevisiae and C. tropica-
lis, under aseptic conditions (Gupta et al., 2009). 
This was allowed to ferment and the ethanol con-
centration was monitored at 24-hour intervals for 
5 days. 
Optimization of cultural conditions during yeast 
fermentation

To optimize bioethanol production from the 
substrates, the cultural and nutritional parameters 
such as: fermentation time (24-120 hours), pH (4.0, 
4.5, and 5.0), temperature (30, 35, and 40oC), agita-
tion, and stationary incubation, were optimized for 
higher ethanol production. These were carried out 
in duplicates.
Determination of ethanol concentration using the 
dichromate test 

Ethanol analyses were carried out using the 
method developed by Lees (1975). An aliquot of 1 
mL of each sample of the fermentation broth was 
taken into a test tube. A volume of 1 mL of 10% 
K2Cr2O7 was added, and then the tubes were trans-
ferred to an ice bath for 5 minutes, after that, 5 mL 
of concentrated H2SO4 was added to each tube, and 
then 3 mL of distilled water was added to each tube 
and then mixed well while still maintained in the 
ice bath. The absorbance of the mixture was meas-
ured at 600 nm using a spectrophotometer JEN-
WAY: Model 6405, UK.
Results
Frequency of occurrence of the yeast isolates from 
palm wine

A total of 80 isolates were obtained from dif-
ferent samples such as palm wine, cassava waste-
water, fruits (e.g., mango, orange, pears, apple, and 
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banana), rice wastewater, honey, and fermented 
foods (e.g., kunu and ogi). Freshly prepared cultures 
of these yeast isolates were subjected to screening 
on salt and ethanol incorporated media at differ-
ent concentrations of 6% - 15% (3% intervals) for 
salt, and 2.5%-15 % (2.5% intervals) for ethanol, 
respectively. Thirty yeast isolates showed growth 
on the plates with the highest concentrations of salt 
and ethanol and were further screened by inoculat-
ing 0.5 McFarland standard inoculum size (1.5×108 
CFU/mL) of the yeasts into Yeast Extract Peptone 
Dextrose broth exogenously incorporated with 
15% salt concentration, 50% glucose concentration 
and 15% ethanol concentration in duplicates were 
read at 600 nm wavelength after 48 hours. Two out 
of these thirty yeasts showed promising abilities 
from the results shown in Table 1 and were used as 
a starter culture for bioethanol production. The per-
centage occurrence of the probable yeasts selected 
after the initial screening on salt and ethanol incor-
porated media at different concentrations is shown 
in Fig. 1. 

Fig. 1. Frequency of occurrence (%) of the selected 
yeasts obtained from different samples

Fig. 2. Tolerance of C. tropicalis and S. cerevisiae 
to 15% of Glucose, 15% of NaCl, and 15% of 
ethanol concentration at a different time interval

Table 1. Tolerance of the screened yeasts to sugar, 
salt, and ethanol after 48 hours Incubation.

Probable yeast

OD at 
15% salt 
conc.

OD at 
50% 
glucose 
conc.

OD at 
15% 
ethanol 
conc.

S. cerevisiae 1.772 176 0.141
Saccharomyces sp. 1.855 0.830 0.002
Saccharomyces sp. 1.438 0.939 0.012
Saccharomyces sp. 0.662 0.622 0.101
Saccharomyces sp. 0.869 1.020 0.009
Pichia sp. 1.072 0.858 0.041
S. cerevisiae 1.315 1.058 0.533
Candida sp. 1.699 0.959 0.018
S. cerevisiae 1.183 0.829 0.006
Saccharomyces sp. 0.693 0.705 0.041
Saccharomyces sp. 1.306 0.847 0.360
Saccharomyces sp. 0.070 1.095 0.074
S. cerevisiae 1.607 1.141 0.626
S. cerevisiae 1.964 0.688 0.047
S.cerevisiae 1.326 1.014 0.023
Zygosaccharomyces sp. 0.962 0.582 0.052
Candida sp. 1.484 0.619 0.048
Zygosaccharomyces sp. 1.377 1.079 0.042
Saccharomyces sp. 1.544 1.006 0.030
Candida sp. 1.385 1.130 0.013
Saccharomyces sp. 1.276 0.851 0.033
S. cerevisiae 1.688 0.956 0.018
S. cerevisiae 1.622 0.907 0.037
S. cerevisiae 1.508 0.888 0.008
S. cerevisiae 1.740 0.947 0.009
Saccharomyces sp 1.957 0.992 0.004
Saccharomyces sp. 1.320 0.690 0.020
Candida tropicalis 1.747 1.090 0.566
Saccharomyces sp. 0.380 0.698 0.025
Saccharomyces sp. 0.720 0.899 0.193
Control 0.265 0.364 0.001 

OD= Optical density
Twenty-three, which represents 77%, were 

identified as Saccharomyces sp., 4 out of the 30 
were Candida sp. representing 13%, 2 (7%) were 
Zygosaccharomyces sp., while 1 (3%) belonged to 
Pichia sp. About 7 (30%) of the Saccharomyces sp. 
were obtained from fruits, 7 (30%) from palm wine, 
5 (22%) from food waste, and 4 (18%) from fer-
mented foods.  Zygosaccharomyces sp. was isolat-
ed from honey while Pichia sp. was isolated from 
rotten apple.

distilled water was added to each tube and then mixed well while still maintained in the ice 

bath. The absorbance of the mixture was measured at 600 nm using a spectrophotometer 

JENWAY: Model 6405, UK. 

Results

Frequency of occurrence of the yeast isolates from palm wine

A total of 80 isolates were obtained from different samples such as palm wine, 

Cassava wastewater, fruits (e.g., mango, orange, pears, apple, and banana), rice wastewater, 

honey, and fermented foods (e.g., kunu and ogi). Freshly prepared cultures of these yeast 

isolates were subjected to screening on salt and ethanol incorporated media at different 

concentrations of 6% - 15% (3% intervals) for salt, and 2.5%-15 % (2.5% intervals) for 

ethanol, respectively. Thirty yeast isolates showed growth on the plates with the highest 

concentrations of salt and ethanol and were further screened by inoculating 0.5 McFarland 

standard inoculum size (1.5×108 CFU/mL) of the yeasts into Yeast Extract Peptone Dextrose 

broth exogenously incorporated with 15% salt concentration, 50% glucose concentration and 

15% ethanol concentration in duplicates were read at 600 nm wavelength after 48 hours. Two 

out of these thirty yeasts showed promising abilities from the results shown in Table 1 and 

were used as a starter culture for bioethanol production. The percentage occurrence of the 

probable yeasts selected after the initial screening on salt and ethanol incorporated media at 

different concentrations is shown in Fig. 1.  

Fig. 1. Frequency of occurrence (%) of the selected yeasts obtained from different samples

Table 1. Tolerance of the screened yeasts to sugar, salt, and ethanol after 48 hours 

Incubation. 
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Results of tolerance to ethanol (15% concentration), NaCl tolerance (15% 

concentration), sugar tolerance (15% concentration) for S. cerevisiae and C. tropicalis to 

show their growth pattern at 24- hour intervals are shown in Fig. 2. The absorbance was read 

off spectrophotometrically at 600 nm, at 0, 24, and 48 hours, respectively. 

Fig. 2. Tolerance of C. tropicalis and S. cerevisiae to 15% of Glucose, 15% of NaCl, and 

15% of ethanol concentration at a different time interval 

Reducing sugar concentration

The cassava peel was pretreated with dilute acid after methanolysis with sodium 

acetate as a catalyst. This resulted in the release of 1.26 mg/ml of reducing sugar. Moreover, 

the residue from the pretreatment was subjected to microbial hydrolysis using T. reesei under 

optimized conditions which yielded 1.78 mg/ml of reducing sugar. The untreated control 

released 0.39 mg/ ml of reducing sugar. T. reesei produced the highest reducing sugar 

concentration at the detected optimum cultural conditions of 30oC, pH 5.0, 70% moisture,

using glucose and ammonium sulfate as the best choice of carbon and nitrogen source,

respectively at day 3 (72 hours) of fermentation, as shown in Figures 3, 4, 5, 6, 7, and 8. 
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Tolerance of yeast isolates
Results of tolerance to ethanol (15% concen-

tration), NaCl tolerance (15% concentration), sugar 
tolerance (15% concentration) for S. cerevisiae and 
C. tropicalis to show their growth pattern at 24- 
hour intervals are shown in Fig. 2. The absorbance 
was read off spectrophotometrically at 600 nm, at 
0, 24, and 48 hours, respectively. 
Reducing sugar concentration

The cassava peel was pretreated with dilute 
acid after methanolysis with sodium acetate as a 
catalyst. This resulted in the release of 1.26 mg/ml 
of reducing sugar. Moreover, the residue from the 
pretreatment was subjected to microbial hydrolysis 
using T. reesei under optimized conditions which 
yielded 1.78 mg/ml of reducing sugar. The untreated 
control released 0.39 mg/ ml of reducing sugar. T. 
reesei produced the highest reducing sugar concen-
tration at the detected optimum cultural conditions 
of 30oC, pH 5.0, 70% moisture, using glucose and 
ammonium sulfate as the best choice of carbon and 
nitrogen source, respectively at day 3 (72 hours) of 
fermentation, as shown in Figures 3, 4, 5, 6, 7, and 8.

Fig. 3. Fermentation time for microbial hydrolysis 
of pretreated cassava peel 

Fig. 4. Effect of temperature on microbial hydrolysis 
of pretreated cassava peel (M+A) by T. reesei, MT 
+ Ac=Methanol treated + Acid

Fig. 5. Effect of pH on microbial hydrolysis of 
pretreated cassava peel (MT+Ac) by T. reesei
 MT + Ac=Methanol treated + Acid 

Fig. 6. Effect of moisture content on microbial 
hydrolysis of pretreated cassava peel (MT+Ac) by 
Trichoderma reesei, MT + Ac=Methanol treated + 
Acid 

Fig. 7. Effect of carbon source on microbial 
hydrolysis of pretreated cassava peel (MT+Ac) by T. 
reesei, MT + Ac=Methanol treated + Acid  
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Fig. 5. Effect of pH on microbial hydrolysis of pretreated cassava peel (MT+Ac) by T. reesei
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Fig. 4. Effect of temperature on microbial hydrolysis of pretreated cassava peel (M+A) by T. 
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Fig. 5. Effect of pH on microbial hydrolysis of pretreated cassava peel (MT+Ac) by T. reesei
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Fig. 6. Effect of Moisture Content on microbial hydrolysis of pretreated cassava peel 

(MT+Ac) by Trichoderma reesei, MT + Ac=Methanol treated + Acid 

Fig. 7. Effect of carbon source on microbial hydrolysis of pretreated cassava peel (MT+Ac) 

by T. reesei, MT + Ac=Methanol treated + Acid   
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Fig. 7. Effect of carbon source on microbial hydrolysis of pretreated cassava peel (MT+Ac) 

by T. reesei, MT + Ac=Methanol treated + Acid   
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Fig. 8. Effect of nitrogen source on microbial 
hydrolysis of pretreated cassava peel (MT+Ac) by 
T. reesei, MT + Ac=methanol treated + Acid 
Fermentation of the hydrolysate

The fermentation time for S. cerevisiae and 
C. tropicalis peaked at 96 hours as shown in Fig. 9, 
the yields of both isolates being relatively different, 
recording an ethanol concentration of 29.36 g/L for 
S. cerevisiae, compared to C. tropicalis, which had 
16.41 g/L over the same period. The effect of tem-
perature on the fermentative ability of both isolates 
was studied at different temperatures ranging from 
30oC to 40oC at 5oC intervals. 

Fig. 9. Fermentation time of methanol + acid pre-
treated cassava peels+ microbial hydrolysis by C. 
tropicalis and S. cerevisiae

Figure 10 shows that S. cerevisiae has an op-
timum ethanol concentration of 30.2 g/L at 30oC, 
while C. tropicalis has optimum ethanol concentra-
tion of 18.82 g/L at 35oC. The study of the effect 
of pH on the fermentative ability of both yeast iso-
lates indicated that S. cerevisiae thrives more at pH 
4.5 with a yield of ethanol concentration of 30.41 
g/L, while C. tropicalis has 19.40 g/L at pH 5.0, as 
shown in Fig. 11, the ethanol concentration is max-
imum during agitation compared to the stationary 
incubation, as shown in Fig. 12. During the agita-
tion at revolutions per minute (rpm), C. tropicalis 

and S. cerevisiae gave 29.90 g/L and 40.72 g/L, 
while at stationary incubation it was 18.91 g/L and 
28.68 g/L, respectively.  The optimum conditions 
for ethanol production by S. cerevisiae are pH 4.5 
and incubation temperature of 30oC, while that for 
C. tropicalis are pH 5.0 and temperature of 35oC, 
respectively. The ethanol concentrations obtained 
for C. tropicalis and S. cerevisiae during ethanolic 
fermentation of the hydrolysate were 29.90 g/L and 
40.72 g/L, respectively. 

Fig. 10. Effect of temperature on fermentation 
of methanol + acid pretreated cassava peels + 
Microbial hydrolysis by C. tropicalis and S. 
cerevisiae 

Fig. 11. Effect of pH on fermentation of methanol + 
acid pretreated cassava peels+ microbial hydrolysis 
by C. tropicalis and S. cerevisiae

Fig. 12. Effect of agitation on fermentation of acid +  
methanol pretreated cassava peels + microbial 
hydrolysis by C. tropicalis and S. cerevisiae

Fig. 8. Effect of Nitrogen source on microbial hydrolysis of pretreated cassava peel (MT+Ac) 

by T. reesei, MT + Ac=Methanol treated + Acid

Fermentation of the hydrolysate 

The fermentation time for S. cerevisiae and C. tropicalis peaked at 96 hours as shown 

in Fig. 9, the yields of both isolates being relatively different, recording an ethanol 

concentration of 29.36 g/L for S. cerevisiae, compared to C. tropicalis, which had 16.41 g/L 

over the same period. The effect of temperature on the fermentative ability of both isolates

was studied at different temperatures ranging from 30oC to 40oC at 5oC intervals. Figure 10

shows that S. cerevisiae has an optimum ethanol concentration of 30.2 g/L at 30oC, while C. 

tropicalis has optimum ethanol concentration of 18.82 g/L at 35oC. The study of the effect of 

pH on the fermentative ability of both yeast isolates indicated that S. cerevisiae thrives more 

at pH 4.5 with a yield of ethanol concentration of 30.41 g/L, while C. tropicalis has 19.40 g/L

at pH 5.0, as shown in Fig. 11, the ethanol concentration is maximum during agitation 

compared to the stationary incubation, as shown in Fig. 12. During the agitation at 

revolutions per minute (rpm), C. tropicalis and S. cerevisiae gave 29.90 g/L and 40.72 g/L, 

while at stationary incubation it was 18.91 g/L and 28.68 g/L, respectively.  The optimum 

conditions for ethanol production by S. cerevisiae are pH 4.5 and incubation temperature of 

30oC, while that for C. tropicalis are pH 5.0 and temperature of 35oC, respectively. The 

ethanol concentrations obtained for C. tropicalis and S. cerevisiae during ethanolic 

fermentation of the hydrolysate were 29.90 g/L and 40.72 g/L, respectively. 
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Fig. 12. Effect of agitation on fermentation of Acid + Methanol pretreated cassava peels+ 

Microbial hydrolysis by C. tropicalis and S. cerevisiae

Discussion

In this study, two yeasts isolated from palm wine satisfied the conditions for the 

selection of starter culture to initiate fermentation of pretreated cassava peels hydrolysate for 

bioethanol production. Based on their colony characteristics (white and creamy texture), 

ovoid or ellipsoidal microscopic shape, the presence of budding pattern (multipolar), and

sugar fermentation, the isolates were found to be S. cerevisiae and C. tropicalis, which are 

unicellular ascomycetes according to Sanni and Lonner (1998); Boekhout and Kurtzman 

(2006). They are diverse in sugar utilization and from the sugar tolerance test it was found 

that both S. cerevisiae and C. tropicalis grew well in yeast extract peptone dextrose broth 

incorporated with 15% glucose concentration after 48 hours, with S. cerevisiae showing more 

growth within this period. 

In this study, the osmo-tolerance test of S. cerevisiae and C. tropicalis in 15% 

concentration of NaCl in Yeast Extract Peptone Dextrose broth indicates an increase in 

growth after 48 hours. However, C. tropicalis had a higher salt tolerance level within the 

same period. This finding is in agreement with the work of Maria et al. (1997), who found 

that C. tropicalis, a vigorous respiratory yeast, in glucose media showed a better adaptation to 

Na+ and Li+ and maintained a higher intracellular Na+: Li+ and Na+: K+ ratios than S. 

cerevisiae fermentative yeast.

Ethanol concentrations are the major influencing factors during the fermentation 

process as they inhibit or depress the fermentative yeasts used. Both S. cerevisiae and C. 

tropicalis in this study were able to tolerate and grow in 15% ethanol concentration 
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Discussion
In this study, two yeasts isolated from palm 

wine satisfied the conditions for the selection of 
starter culture to initiate fermentation of pretreat-
ed cassava peels hydrolysate for bioethanol pro-
duction. Based on their colony characteristics 
(white and creamy texture), ovoid or ellipsoidal 
microscopic shape, the presence of budding pattern 
(multipolar), and sugar fermentation, the isolates 
were found to be S. cerevisiae and C. tropicalis, 
which are unicellular ascomycetes according to 
Sanni and Lonner (1998); Boekhout and Kurtzman 
(2006). They are diverse in sugar utilization and 
from the sugar tolerance test it was found that both 
S. cerevisiae and C. tropicalis grew well in yeast 
extract peptone dextrose broth incorporated with 
15% glucose concentration after 48 hours, with S. 
cerevisiae showing more growth within this period.

In this study, the osmo-tolerance test of S. 
cerevisiae and C. tropicalis in 15% concentration 
of NaCl in Yeast Extract Peptone Dextrose broth in-
dicates an increase in growth after 48 hours. How-
ever, C. tropicalis had a higher salt tolerance level 
within the same period. This finding is in agreement 
with the work of Maria et al. (1997), who found 
that C. tropicalis, a vigorous respiratory yeast, in 
glucose media showed a better adaptation to Na+ 
and Li+ and maintained a higher intracellular Na+: 
Li+ and Na+: K+ ratios than S. cerevisiae fermenta-
tive yeast.

Ethanol concentrations are the major influ-
encing factors during the fermentation process as 
they inhibit or depress the fermentative yeasts used. 
Both S. cerevisiae and C. tropicalis in this study 
were able to tolerate and grow in 15% ethanol 
concentration incorporated into YEPD broth after 
48 hours. However, S. cerevisiae showed better 
growth within this period. This finding is in agree-
ment with Nwachukwu et al. (2006), who reported 
that S. cerevisiae isolated from palm wine was able 
to tolerate 16% ethanol concentration. Teramoto et 
al. (2005) reported almost similar 16.5% (v/v) eth-
anol tolerance. The works of Ameh and Okagbue 
(1990) and Ezeogu and Emeruwa (1993) also sup-
port these findings.

The fermentation of the (MT + Ac) pretreat-
ed cassava peel by T. reesei yielded 1.78 mg/mL of 
reducing, sugar which is higher than 1.27 mg/mL 
of reducing sugar reported by Aransiola and Faga-
de (2015) from the microbial hydrolysis of cassava 
peel using T. viride. This could be the result of the 
pretreatment methods used before microbial hydrol-
ysis and also the mold used for the fermentation.

In this study, T. reesei was inoculated into 
methanol+acid pretreated cassava peel to bring 
about cellulose enzymatic hydrolysis under sol-
id-state fermentation. The maximum amount of 
1.78 mg/ml of the reducing sugar was recorded on 
the third day. This is in agreement with the work 
of Olanbiwoninu and Odunfa (2012), who report-
ed maximum hydrolysis of the methanol and acid 
pretreated cassava peel after the third day using A. 
terreus. Contrary to this result were the findings 
reported by Aransiola and Fagade (2015), who re-
corded maximum reducing sugar on the 14th day us-
ing T. viride, and Olayide et al. (2015), who record-
ed maximum reducing sugar on the 7th day using A. 
niger. The variations could be because there was 
no pretreatment of the cassava peels before fermen-
tation as this enhances the release of the reducing 
sugar from the peels (Olanbiwoninu and Odunfa, 
2015). The cultivar of the cassava peel and the cel-
lulolytic ability of the organisms used could be the 
other reasons for this variation.

T. reesei was able to grow over a range of 
temperatures of 30-45oC with maximum reducing 
sugar production obtained at 30oC. This might be 
due to the better growth of T. reesei at this tempera-
ture. This result is considerably similar to what was 
reported by Shafique et al. (2009), who recorded 
optimum temperature for maximum cellulase and 
by implication maximum reducing sugar yield for 
T. reesei at 30 ± 2oC.

The optimum pH for reducing sugar yield in 
this study was achieved at pH 5. This result is in 
agreement with the work of Li et al. (2000), who 
reported that the optimum pH for cellulase pro-
duction from T. viride was at pH 5. It is also in 
agreement with the work of Olufunke and Ogugua 
(2013). Optimum pH for fungal cellulase varies 
from species to species but it is usually in a medi-
um of low acidic level for their growth and enzyme 
biosynthesis (Haltrich et al., 1996).

The optimum reducing sugar yield for the 
cellulose enzymatic hydrolysis by T. reesei was 
obtained at 60% moisture content. This result is 
supported by the work of Olufunke and Ogugua 
(2013), who reported an optimum reducing sugar 
yield at 60% moisture content for the fermenta-
tion of cassava peel by T. viride under SSF. From 
this result, the level of sugar decreases above 60% 
moisture content, which is in disparity with the re-
port by Sun et al. (2010), who showed that cellulase 
production decrease above 70% moisture content. 
The decrease as the case may be could be due to 
a decrease in porosity, which changes substrate in-
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teraction, reduce aeration, and promotes stickiness. 
This results in lowered oxygen movement and thus 
reduces the growth of T. reesei.

In the present research, the medium contain-
ing glucose induced the highest yield of reducing 
sugar followed by sucrose and the least for malt-
ose. This is in agreement with Coban and Biyth 
(2011), who reported that glucose gave the highest 
yield followed by fructose, sucrose, and ethanol. In 
contrast, Szakacs et al. (2006) reported that glucose 
represses the production of cellulase.

The study of the effect of nitrogen source 
showed that ammonium sulfate induced the highest 
reducing sugar yield, and the malt extract the least. 
This is in agreement with the work of Navita et al. 
(2015), who reported that ammonium sulfate was 
found to be the best nitrogen source for the pro-
duction of cellulase enzyme by Aspergillus sp. Olu-
funke and Ogugua (2013) also reported that ammo-
nium sulfate was the best nitrogen source during 
the fermentation of cassava peels for nutritional 
enrichment using T. viride. The work of Inuwa and 
Fagade (2010) also support this finding.  It might 
be due to the fact that ammonium compounds are 
better nitrogen compounds for protein and enzyme 
synthesis as compared to other nitrogen sources.

The production of bioethanol from pretreat-
ed cassava peel hydrolysates is affected by some 
factors such as fermentation time, temperature, pH, 
etc. The fermentation time in this study showed that 
maximum ethanol concentrations were recorded on 
the fourth day for both S. cerevisiae and C. tropi-
calis. This finding is in agreement with the works 
of Zainal et al. (2014), Armanul et al. (2014), and 
Swain et al. (2007). Contrary to this finding is the 
work reported by Jirasak and Buddhiporn (2011). 
They recorded maximum ethanol concentration on 
the second day of fermentation using S. cerevisiae 
7532 on pretreated cassava peel. This variation in 
fermentation time could be as a result of the strain 
of yeast used, the biochemical composition of the 
substrate, and pretreatment methods employed as 
this would affect the initial concentration of reduc-
ing sugar in the fermenting medium and finally, the 
fermentation system put in place for the production 
of the bioethanol (Henk and Linden, 1996; Chen et 
al., 2007).

The specific rate of yeast growth and ethanol 
production are usually influenced by the pH of the 
fermentation medium (Tesfaw and Assefa, 2014). 
In the present study, the optimum pH for maximum 
ethanol concentration during fermentation using 
S. cerevisiae was found to be 4.5. This finding is 

in agreement with the work of Kanagaraj and Ra-
jandran (2013). On the contrary, Akponah and Ak-
pomie (2012) reported optimum pH for bioethanol 
production from cassava effluent using S. cerevisiae 
to be 5.5. Also, the work of Fakruddin et al. (2013) 
does not support this finding. The optimum pH for 
maximum ethanol concentration using C. tropica-
lis was 5.0. This is in agreement with the work of 
Soledad et al. (2015). They reported a pH of 5.0 as 
the optimum pH for maximum ethanol concentra-
tion during the production of ethanol from Olive 
pruning.

In this study, the optimum temperature for S. 
cerevisiae during the fermentation of the pretreat-
ed cassava peel was 30oC with a maximum ethanol 
concentration of 30.2 g/L. This is in agreement with 
the work of Kanagaraj and Rajandran (2013). Also, 
Armanul (2014) reported that maximum ethanol 
concentration was recorded at 30oC during the fer-
mentation of molasses using S. cerevisiae. The op-
timum temperature for C. tropicalis was recorded 
at 35oC with the maximum ethanol concentration 
at 18.82 g/L.

Fermentation of the pretreated cassava peel 
hydrolysate under shaking condition proved to be 
better than the stationary or non-shaking form. In 
this study, the maximum ethanol concentrations 
using S. cerevisiae under shaking conditions was 
29.90 g/L while in the stationary mode it was 40.72 
g/L. Similarly, for C. tropicalis, the ethanol concen-
trations were 26.68 g/L and 18.91 g/L. This better 
yield could be due to the even distribution of the 
nutrients and hence better utilization by the yeast 
cells. 
Conclusion

The results obtained from this work show that 
cassava peel is a source of cheap, degradable ma-
terial for the production of simple reducing sugars, 
which can be fermented by yeast to produce etha-
nol, as a cheap energy source for use in our local 
communities. The yield of ethanol was higher for 
S. cerevisiae than C. tropicalis.
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Dear readers, colleagues,
November 22, 2020, marked the 90th anni-

versary of the birth of Prof. Dr. Dimitar Velyanov, 
Doctor of Biological Sciences, eminent Bulgarian 
scientist and microbiologist!

Prof. Velyanov left us as early as age 63, how-
ever, he remains a prominent representative of the 
generation of scholars who were educated and grew 
professionally at the Stefan Angelov Institute of Mi-
crobiology at the Bulgarian Academy of Sciences, a 
successor and continuator of one of the main lines of 
research for the institute – the nature and interaction 
patterns between microorganisms and the macroor-
ganism.

Professor Velyanov was born in Sofia in 1930, 
into a family of intellectuals. After graduating in 
1948 from the Second Sofia Boys' High School 
with honours, and having successfully passed the 
competitive exam, he was admitted to study vet-
erinary medicine. During his studies, he became a 
member of the study group in the Department of 
Pharmacology under Prof. P. A. Pavlov. He grad-
uated in veterinary medicine in 1954 and started 
work as head of the veterinary service in the town of  
Gotse Delchev, where he stayed until August 31, 
1958. Driven by his passion for knowledge and 
research work, Dr. Velyanov’s field of interest fo-
cused on parasitology and on September 1 of the 
same year he started his research degree at the Cen-
tral Laboratory of Helminthology at the Bulgarian  

 
Academy of Sciences. In 1962, he defended his dis-
sertation entitled “Studies on the role of helminths as 
infection inoculators”.

From December 1, 1962 to June 30, 1966, Dr. 
Velyanov worked in the Department of Microbiol-
ogy at the Higher Institute of Veterinary Medicine 
“Prof. Dr. Georgi Pavlov”, first as an assistant pro-
fessor, then as a senior assistant professor. On July 
1, 1966, he started working at the Institute of Micro-
biology of the Bulgarian Academy of Sciences as a 
research associate, habilitated and became associate 
professor on July 3, 1972. In 1982, the successful 
defence of his doctoral dissertation “Studies on bac-
terial virulence” earned him the degree of Doctor of 
Biological Sciences followed by promotion to full 
professor in the same year.

In the period after his habilitation, he performed 
numerous functions and responsibilities of scientific, 
administrative and public importance: Secretary of 
the Council for problem solving, and the Attestation 
Commission for scientific personnel at the Institute, 
Head of the Division of Pathogenicity and Virulence 
of Microorganisms, Executive Secretary of the Edi-
torial Board of the Acta Microbiologica, Virologica 
et Immunologica journal, member of the Bureau of 
the Microbiology Division of the Union of Scientists 
(now the Union of Scientists in Bulgaria), member 
of the secretariats of the III and IV National Con-
gresses of Microbiology, among others.

In 1970, 1972 and 1981, he did short spe-
cialization courses in the Laboratory of Genetics of 
Bacterial Virulence at the Institute of Epidemiology 
and Microbiology named after N. F. Gamalei at the 
Academy of Medical Sciences in Moscow.

Under his supervision, seven dissertations and 
13 diploma theses were defended.

He was the author and co-author of more than 
160 scientific papers on various aspects of the prob-
lem of bacterial virulence, the monographs Bacteri-
al Virulence and Environmental Aspects of the In-
fectious and Epidemic (Epizootic) Process, and the 
large scale edition of Bibliography of Bulgarian Lit-
erature on Microbiology.

As a scientist and experimenter with extensive 
general and specialized training, erudition and cul-
ture, Prof. Velyanov made theoretical and scientific 
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contribution to the discovery of the mechanisms and 
factors of bacterial virulence, zoonoses, and espe-
cially dangerous infections, the factors determining 
the immune protection of the macroorganism, the 
influence of various antimetabolites and enzymes 
on microorganisms, and other aspects of infectious 
microbiology.

We, his disciples and followers, highly value 
the overall creativity and work of Prof. Dr. Dimi-
tar Krastev Velyanov and will forever preserve the 
memory of the respectable man, teacher, scholar and 
friend that he was.

Corr.-Mem. Hristo Najdenski
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Prof. Dr. Nikola Belev, a figure highly es-
teemed and widely recognized in the veterinary 
medical profession and science in Bulgaria and 
worldwide, passed away on August 3, 2020. His 
name will remain closely linked with the develop-
ment and achievements of the national veterinary 
office, where he was at the helm for 14 years. His 
professionalism, organizational skills, dedication, 
vast erudition and competence contributed im-
mensely to raising both its national and internation-
al prestige.

Nikola Belev was born in Stara Zagora on 
October 26, 1930. After graduating from the Fac-
ulty of Veterinary Medicine at Sofia University "St. 
Kliment Ohridski” in 1954, he started working as 
a district veterinarian in Varna region, rising to the 
position of head of the District Veterinary Clinic, 
Sofia, and went on to become director of the Na-
tional Diagnostic and Research Veterinary Insti-
tute “Prof. Dr. Georgi Pavlov” (1978-1991). He 
was founder and first director-general of the  State  
Union “Veterinarno Delo”. In March 1974, he de-
fended his Candidate of Veterinary Medicine dis-
sertation, in April 1976 was elected to the position 
of senior research associate II, and professor in 
February 1997. In February 1977, Dr. N. Belev was 
nominated for foreign membership in the Russian 
Academy of Agriculture, in 2004 in the Serbian 
Academy of Veterinary Medicine, and in February 
2005 in the Ukrainian Academy of Agriculture. In 
2008, he was elected Doctor Honoris Causa of the  

 
Thracian University in Stara Zagora.

Prof. N. Belev was the initiator of what were 
to become periodic bilateral and multilateral meet-
ings wit  +h the heads of veterinary offices from the 
Balkan countries. He contributed to strengthening 
the cooperation with the European Commission for 
the Control of Foot-and-Mouth Disease at FAO,  
in 1981 was elected a member of the executive 
committee of the Commission, and in 1989-1993 
became its first vice-president. Prof. Belev was the 
one who raised the idea of setting up an institute in 
Sliven for production of vaccines against foot-and-
mouth and other dangerous diseases of livestock, 
which was implemented with the financial support 
of FAO. Within the COMECON, he organized and 
built a stockpile of foot-and-mouth disease vac-
cines against some exotic strains (Asia 1, A-22), 
which played an important role in the prevention 
and control of foot-and-mouth disease in Europe.

The remarkable successes and achievements 
of Prof. Dr. N. Belev in his organizational, manage-
rial, research and international activities stemmed 
from his vast professional knowledge and experi-
ence, great love and dedication to the veterinary 
profession, strategic thinking, exceptional capabil-
ity for work, communication, ability to build, lead 
and work in teams, to take and also demand respon-
sibility from his subordinates when tasks were run-
ning behind schedule or were not up to a standard.

From 1972 onwards, Dr. Belev was Bulgaria's 
permanent delegate to the World Organization for 
Animal Health (OIE). His versatile, dedicated and 
highly effective activities were greatly appreciated 
by the management of OIE. In 1988, he was elected 
a member of the OIE Administrative Commission 
and President of the OIE Regional Commission for 
Europe. In May 2001, he was conferred with the 
highest OIE award, the Gold Medal for Outstand-
ing Service to the Veterinary Science and the World 
Organization. In May 2012, for his outstanding 
merits, Prof. Belev was elected Honorary President 
of the OIE Regional Commission for Europe.

Acad. Angel S. Galabov, 
Corr.-Mem. Hristo Najdenski, 

Prof. Liliya Vasileva 
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ENCHO ZAPRYANOV SAVOV
1950 – 2020

Our highly respected colleague and devoted 
friend, Prof. ENCHO ZAPRYANOV SAVOV, Doc-
tor of Medical Science, passed away on November 
25, 2020, after a short illness.

Prof. Savov was born on November 23, 1950, 
in the town of Pavlikeni. After graduating in medi-
cine (in 1975) in Sofia, he did internship in micro-
biology (1976) at the Higher Military Medical In-
stitute (HMMI), and went on to take up the position 
of head of the medical service at the military unit in 
Sliven. Having successfully defended his doctoral 
degree at the Department of Military Epidemiology 
and Hygiene at HMMI (1981) and acquired a spe-
cialty in microbiology (1983), he joined the team 
of the Laboratory of Microbiology at HMMI and 
successively held various positions before becom-
ing Head of the Department of Microbiology and 
Virology, which remained under his leadership for 
many years. In 2003, Prof. Savov acquired the sci-
entific degree of Doctor of Medical Science, and 
was elected Professor in 2008. He specialized in 
microbiology at world-renowned institutes such as 
the Robert Koch Institute, Germany, Erasmus, Rot-
terdam, Leiden University, the Netherlands, the In-
stitute of Sera and Vaccines, Warsaw, Poland. The 
experience and knowledge accumulated along that 
long professional path established him as a respect-
ed and highly qualified microbiologist, a sought-af-
ter doctor and specialist. 

He will be remembered as one of the most 
prominent microbiologists to receive internation-
al recognition for achievements in science. Prof. 
Savov’s particularly valuable contribution was 
related to elaboration of the diagnosis of bacteri-
al infectious diseases, the study of drug resistance 
mechanisms in problematic microorganisms for 
hospital pathology, as well as to the molecular ep-
idemiology of nosocomial infections. He authored 
and co-authored more than 200 research papers in 
Bulgarian and internationally renowned journals, 
and presented numerous reports at scientific fora. 
We gratefully recall his work as a respected mem-
ber of the Editorial Board of Acta Microbiologica 
Bulgarica and its active contributor. He was also an 
active participant in scientific life as a member of 
the Society of Microbiology at the Union of Scien-
tists in Bulgaria, Chairman of the Club of Clinical 
Microbiology at USB, member of the Medical Un-
ion, national representative for the problems of bi-
ological weapons to NATO, and member of expert 
committees to the National Agency for Evaluation 
and Accreditation.

A popular lecturer, Prof. Encho Savov with 
enthusiasm spread knowledge to his students in 
clinical microbiology at the New Bulgarian Univer-
sity. His dedication, work capacity and principled 
attitudes were exemplary, especially for young sci-
entists and students.

In our memory Prof. Encho Savov will stay 
as the cheerful person that he was, an erudite doc-
tor, a talented teacher, an active public figure and 
most of all - a wonderful friend!

May he rest in peace!

Angel S. Galabov
Hristo Najdenski

Galina Sachanska
Maria Angelova
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