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ABSTRACT  

In order to acquire the title of Doctor of Veterinary Medicine, the ‘Instituto de Ciências 

Biomédicas de Abel Salazar (ICBAS)’ required a curricular internship to be performed. The goal 

of this internship was to develop Poultry Science insights bearing its prominence on probiotics. 

Here we will find summarized, a bibliographic review on poultry economics, production, intestinal 

microbiota and enteric health. An intensive 3-week training was attended at ‘Grupo Lusiaves’. 

This proved to be an enriching opportunity to follow the daily routines of a poultry veterinarian and 

to provide a context for the subsequent research project at the Microbiology and Food Technology 

laboratory (Microlab), ICBAS. The project focused on investigating microbiota differences 

between flocks with contrasting zootechnical performances laying the foundations for a future 

probiotic technology. At Microlab, practical microbiology skills were acquired, a protocol to isolate 

bacteria with probiotic potential was developed and more than 150 isolates were obtained. There 

was an opportunity, during this period, to participate in other research projects, such as the 

isolation of Campylobacter in wild game, and technical activities taking place at Microlab. 
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RESUMO 

O Estágio Curricular é a etapa terminal do Mestrado Integrado em Medicina Veterinária do 

Instituto de Ciências Biomédicas de Abel Salazar. O objetivo foi desenvolver o conhecimento 

sobre Ciência Avícola, em especial sobre os probióticos, e adquirir experiência prática em 

microbiologia associada à produção avícola. Neste relatório é feita uma revisão bibliográfica 

sobre a economia e a produção avícola, bem como a saúde e a microbiota intestinal de aves de 

capoeira. A realização dum estágio intensivo de três semanas no Grupo Lusiaves permitiu 

acompanhar de perto as rotinas do seu corpo clínico e contextualizar o projeto de investigação 

realizado no Laboratório de Microbiologia e Tecnologia Alimentar (Microlab) do ICBAS. O projeto 

pretendia investigar as diferenças na microbiota em bandos com performances zootécnicas, 

contrastantes, de forma a construir uma biblioteca de isolados bacterianos que, futuramente, 

sejam candidatos a ser utilizados como probióticos. No Microlab, foram trabalhadas 

competências práticas de microbiologia, foi desenvolvido um protocolo para isolar bactérias com 

potencial probiótico e foram obtidos mais de 150 isolados. Durante este período, foi ainda 

possível participar noutros projetos de investigação, como o isolamento de Campylobacter spp. 

a partir de amostras fecais de caça maior e outras atividades técnicas que decorreram no 

Microlab. 
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INTRODUCTION 

Animal production is of extreme socioeconomic, Public Health and animal welfare importance. 

The consciousness of these aspects, the influence of my ancestors and tutors, the curiosity and 

enthusiasm for innovation were all decisive factor in electing Poultry Science as the field of study 

for this Curricular Internship.  

CURRICULAR INTERNSHIP GOALS 

1. Expand Poultry Science understanding. 

2. Develop medical, microbiology and soft skills. 

3. Build up competences tailored for probiotic development. 

4. Lay the foundations for the study of microbiota differences between poultry flocks. 

As a Veterinary Medicine student, I had limited Poultry Science and microbiology specific 

training. Therefore, to achieve the aforementioned objectives, I studied poultry management and 

disease manuals, economic reports, microbiology manuals and over 150 scientific articles. 

Furthermore, I attended 3 webinars, 2 workshops, 1 symposium and 2 congresses, one of the 

latter containing an oral presentation. Much of this work was performed during a complementary 

‘Extracurricular Internship’ at Microlab, immediately before the Curricular Internship. Hence, this 

work is the culmination of 10 months or 1.700 hours of hard work. 

To achieve goals 1 and 2, the Curricular Internship started with a 3-week externship at ‘Grupo 

Lusiaves’, Marinha das Ondas, in Figueira da Foz, Portugal. Activities included veterinary routine 

visits and stockmen routines (e.g. day-old chick reception,). I was able to expand my knowledge 

on poultry husbandry, postmortem examination, personal and interpersonal skills, as well as 

deepening my clinical reasoning. Moreover, I learnt about the industry’s transition to production 

with reduced antimicrobials use as well as broadening my perception on production metrics, 

economics and workflow. Learning about the idiosyncrasies of the industry, made it possible for 

me to plan the research part of this work, permitting me to attain goals 3 and 4. 

During the Curricular Internship, the lab was called in to help AMIBA, an organization 

responsible for the preservation, improvement, breeding and commercialization of several 

autochthonous breeds, including four Portuguese chicken breeds. Following the clinical case 

(probably Marek’s disease) from the farm to the histopathology study at ICBAS’s Veterinary 

Pathology Laboratory and helping with the composition of the annexed necropsy report proved to 

be a valuable experience. Furthermore, it was possible to continue a study on the prevalence of 

Campylobacter in wild game (boar and deer). These cemented goals 1, 2 and 3.  

The following sections will summarize the study on poultry production history, industry 

dynamics, poultry meat markets, the chicken holobiont, gut dysbiosis and, finally, on modulation, 

which acts as an introduction to the hypotheses which originated this study. Due to page limitation, 
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it was impossible to include the summary on microbiology techniques required for the research 

part of this work and the necropsy report of the abovementioned clinical case. 

Websites are referenced throughout the work using Harvard’s format. Regarding scientific 

nomenclature a) the Centers for Disease Control and Prevention format is adopted. 

For further information (e.g. the full list of isolates and their characterization) please feel free 

to visit researchgate.net/profile/Pedro_Felix7 or send an email to pedrofelix.hg@gmail.com.  

POULTRY PRODUCTION EVOLUTION AND CURRENT INDUSTRY DYNAMICS 

The Red Junglefowl (Gallus gallus) is a bird native to Southeastern Asia which forages the 

jungle for plant matter (e.g. fruit, seeds) and invertebrates (e.g. insects, snails).1 It lays eggs 

during  Spring and Summer.2 Their omnivorous diet, limited need for space, weak flight capacities 

and short generation time could have prompted humans to domesticate  the fowl at least 8.000 

years ago.3 A long stream of artificial selection towards an increasingly reliable  food source made 

the chicken (Gallus gallus domesticus), a bird less fearful, less aggressive and also capable of 

seasonally independent reproduction.4 

After travelling through the Indus Valley b), the Arabian Peninsula and Mesopotamia it reached 

Egypt, where it became a popular commodity as artificial incubation was mastered.5 Since then, 

numerous human communities have relied on the sturdiness and forage capacities of chicken for 

food security, as they can supply protein from minimal inputs (e.g. meal leftovers). Despite the 

low output, family poultry production plays important socio-economic and poultry genetic roles.c) 

In the mid XIX century, after the ‘Hen Fever’, the concept of breeding chicken, especially as 

meat production, emerged along with the lost art of artificial incubation.b) A century later, progress 

in feed technology enabled feed to supply all the nutrients required, triggering high yields and 

performance. Synthetic vitamin D made indoor raising possible, which improved disease and 

operational control.6 Consequently, chicken farmers were persuaded to design houses with 

temperature and air quality management maintaining birds comfortable and healthy, and thus 

productive. The combination of optimal nutrition and environment lowered the fitness cost of 

selecting broilers with high productivity. Commercial breeding companies focused on growth rate, 

yields and feed conversion ratio (FCR) at the expense of rustic characteristics (e.g. sturdiness).7,8 

From the 1950’s to the early 2000’s, mainly due to genetic improvements, the growth rate and 

FCR improved by a factor of 3: broilers reached 1.8 kg in 32 days, a performance objective that 

still stands till present.9,10 

During World War II, the American poultry industry boomed in response to the short meat 

supply. The relationship between hatcheries, chicken farmers and feed mills became increasingly 

a) CDC (2010). Scientific Nomenclature [Online]. Available at: https://wwwnc.cdc.gov/eid/page/scientific-nomenclature 

b) Adler J, Lawler A (2012). How the Chicken Conquered the World [Online]. Available at: 

https://www.smithsonianmag.com/history/how-the-chicken-conquered-the-world-87583657/ (Accessed: January 2020) 
c) FAO (2020). Gateway to poultry production and products [Online]. Available at: http://www.fao.org/poultry-production-

products/production/en/ (Accessed: January 2020) 
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stronger. Entrepreneurs merged the feed mill, hatchery, and processing operations applying the 

vertical integration concept, a strategy that made the industry flourish.6, d) 

Even so, there were poultry dealers who struggled to finance feed and chicks or to sell their 

produce.d),e) However, contracts between them and chicken processors became prevalent. 

These contracts offered chicken farmers a guaranteed market for their product, henceforth cutting 

market risk. In turn, processors controlled quality (e.g. all-in all-out, homogenization) and facilities 

adjustment to new consumer trends.d),e) With regards to quantity, it was easier for them to adjust 

production to deal with retailers by organizing the production flow, increasing (with an enticing 

contract) or decreasing (notifying the chicken raiser) production with no amortization penalties. 

Consequently, the integrator boiled variable costs down to feed’s raw-material costs. In the case 

of high production costs, the biggest chunk of the losses would in this case, be suffered, by the 

chicken farmer.e) Duration varies widely. Longer durations encourage an investment in new 

technology by the chicken raiser.6,11,e) The integrator provides day-old vaccinated chicks, feed, 

veterinary assistance, and advice (e.g. technical, managerial) to the dealers. Plus, the integrator 

deals with the transport to the slaughterhouse, the processing, and wholesaling. Contracts often 

require the poultry farmer to deal with variable costs, such as amortization, labour, biosecurity 

and veterinary expenses, energy, litter material, harvesting, machinery, maintenance and 

insurance.e) Nonetheless, it is common for the contract to stipulate production cost sharing and 

price per bird.6 The latter is based on weight gained and, frequently, on how each poultry grower’s 

performance compares with that of otherse), a meritocratic system that apparently stimulates 

farmers’ commitment, supply and drive to improve their facilities.6 Both sides remain motivated 

as a better production index correlates with a higher remuneration for the poultry dealer and a 

lower consumption of integrator’s supplies (e.g. feed, medications).e) 

  These corporations frequently integrate or hold shares in upstream (i.e. grain farms, 

pharmaceutical operations, solar energy production) and downstream enterprises (e.g. byproduct 

management, transportation operations). A portion of the firm’s poultry production may arise from 

their own chicken houses. 

MARKET DYNAMICS 

SUPPLY 

Important variables affecting supply of poultry birds include professional experience of poultry 

farmers, average production cost, sales price and Avian Influenza (AI), which has been linked to 

the apparent drop in Chinese chicken meat production.12 The poultry meat market is heavily 

influenced by trade disruptions linked to political reasons (e.g. Russian embargo on western food), 

strategic reasons (e.g. European quotas and levies on imported foreign meat) or sanitary reasons 

d) National Chicken Council (2020). U.S. Chicken Industry History [Online]. Available at: 

https://www.nationalchickencouncil.org/about-the-industry/history/ (Accessed: January 2020) 

e) National Chicken Council (2020). Vertical Integration [Online]. Available at: https://www.nationalchickencouncil.org/industry-

issues/vertical-integration/ (Accessed: January 2020) 
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(e.g. Chinese ban on American poultry protein due to AI outbreaks)f).13,14 Other meat industries 

can also be notable (e.g. Chinese swine production crash due to ASF ensuing a rush in imports).15 

Although the main production cost is feed, a surge in its price is not always associated with an 

increase of poultry price (e.g. feed price rise between 2007 and 2008) because poultry’s FCR is 

lower than most animal production.15 

The main contributor for the poultry industry ability to respond to demand and consumer trends 

is the fast production cycle of broilers. This has also contributed to the increasing world poultry 

meat production, which surpassed pig meat production in 2015 and remains the primary driver of 

growth in the global meat production.16 In 2018, poultry meat production represented over 37% 

of the total meat production, at over 128 million tonnes (MT).17 To achieve these numbers, over 

68 billion chickens were slaughtered, 66 fold the number slaughtered pigs.h) One must not forget 

to consider the animal’s welfare and food safety, especially as the fowl’s slaughter process can 

struggle when it comes to risk management. 

As seen in Graphic 1, production continues to be dominated by the United States of America 

(US), Brazil, the European Union (EU), and China.f),i) Production will expand rapidly in countries 

that produce surplus feed grains (e.g. Brazil) and in those with prolonged productivity gains and 

investments (e.g. EU, USA). A rapid production growth due to favorable feed price is expected in 

China, India, Indonesia, Thailand and Turkey.15  

In 2019, the EU produced over 15 MT of poultry meat, 10 MT below pig meat.i) Production has 

progressively risen 25% (3 MT) since 2010. These numbers have been inflated by the inclusion 

of recent Member State (MS) and the impressive Polish production.7 If domestic pig meat prices 

continue to favor poultry meat and feed prices remain relatively stable, poultry production is likely 

to slightly expand in this new decade.7,18 In the near future, production growth is expected to be 

stronger in the EU-N13, where significant investments continue, capitalizing lower costs.18 

f) Braun K (2019). Column: China lifting U.S. poultry ban welcome news amid trade war [Online]. Available at: 

https://www.reuters.com/article/us-usa-agriculture-braun/column-china-lifting-u-s-poultry-ban-welcome-news-amid-trade-war-
idUKKBN1XP12W (Accessed: February 2020) 

g) FAO (2020) FAOSTAT [Online]. Available at: http://www.fao.org/faostat/en/?#data/ 
h) Ritchie H, Roser M (2019). Meat and Dairy Production [Online]. Available at: https://ourworldindata.org/meat-production 

(Accessed: May 2020) 

i) European Commission (2020). Poultry [Online]. Available at: https://ec.europa.eu/info/food-farming-fisheries/animals-and-

animal-products/animal-products/poultry_en (Accessed: May 2020) 
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In 2018, 6 MS produced 69% of EU broilers: Poland (17%), UK (13%), France (11%), Spain 

(11 %), Germany (10 %) and Italy (9%).i The top MS traders are, by far, Germany and Poland 

(Polish exports tripled in 5 years), which respectively have 25% and 22% of the 5.9 MT traded. 

Around 63% of the traded meat was exported to third countries, mainly Japan (31%) and Middle 

Eastern countries (44%). Exported meat to the EU surpassed 9 MT, mostly from the US (3.2 MT) 

and Brazil (3.7MT). The latter will  most definitely upsurge due to a recent trade agreement 

between the EU and the South American trade bloc, the Southern Common Market or Mercosur.14 

 

Portuguese meat production has been in an upward trend since 1989, progressively eating 

away meat production shares from pork, as seen in Graphic 2.j) However, in 2018, there was a 

decrease to 306.000 tonnes (-3.6%), possibly because of a decline (-78%) in live chicken 

imports.i) The last production drop was in 2003, due to the ‘Nitrofuran crisis’, which has been 

excellently explained in this exposé.19 In Graphic 2, the sharp decrease in production and price 

for the producer mark the subsequent sanitary measures and drop in demand.20,j) ‘The Nitrofuran 

Crisis’ is an interesting episode that, together with the history of the ‘Lusiaves Group’, illustrate 

how corporation’s values, sanitary measures and public perception can have a direct influence 

on success.k) 

DEMAND 

Over half of  the world’s population live in cities, which entails a higher income and a dietary 

transition.20,15 Urban residents look for healthy, nutritional, affordable and convenient food that 

suit their busy lifestyle.18 Chicken meat achieves this, plus its versatility enables creating products 

that appeal to the consumers taste.6 

Developed countries tend to consume more high value parts (e.g. breast meat) and processed 

food, while the surplus of low value parts is exported to developing countries (e.g. leg quarters).21 

This is rather noticeable in the EU trade balance since the quantity of exported meat is more than 

double of the amount imported, but the value of exports is equal to that of imports.7 However, this 

j) Instituto Nacional de Estatísticas (2019). Publicações [Online]. Available at: 

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_publicacoes (Accessed: May 2020) 
k) Carreira Garcia P (2019). Lusiaves: Frango para fora [Online]. Available at: https://www.forbespt.com/lusiaves-frango-para-

fora/?geo=pt (Acessed: November 2020) 

Graphic 2 – Portuguese meat production and chicken price to producer (basis: 2018).j) 
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consumer trend may be changing as last year American consumers bought less (-3,4%) breast 

meat  and more (+10,5%) boneless thigh cuts.l) 

A steady growth in world demand for poultry meat in Africa, the Middle East, and particularly in 

ASF-affected countries, is expected in the next couple of years.18 

Important determinants of demand for poultry are income, family size, retail price, AI (note 

its impact over Chinese consumption, in Graphic 3) and consumer trends.12,22 As insight, although 

only 13% of Russian consumers are Muslim, over half of Russian slaughtered fowls have halal 

certificates. Interestingly, most buyers are not Muslim, most probably because products with this 

certificate are perceived as ‘cleaner’.23 Another perception is that there are a growing number of 

consumers eating less meat (i.e. flexitarians) or disregarding it at all for health and/or ethical 

reasons. They constitute an expanding market for plant-based food products, in fact, 8% of the 

younger generations in some EU countries either vegetarians or vegans.24 Several companies 

are developing these products. Cargill is already supplying KFC with a plant-based fried chicken, 

which has been launched in Shanghai at 0.28 United States dollars (USD).m) 

The overall organic market surpassed € 34 billion in sales in 2017 and predictions made 

before the COVID-19 envisaged a sturdy growth.18 Big firms have heeded to the call.n) Albeit, 

converting to this production system has been a challenge, as farmers need to implement  

different production techniques (e.g. lower flock density, limitation in available drugs).18 Owing to 

a higher land use and labour reliance, together with lower yields and higher mortality rate, this 

method does not always result in a higher net income even with the added premiums and 

subsidies.18,25 These factors result in production still lagging behind demand and prices not  rising 

sufficiently due to imports.18 It has been estimated that a 10% premium on the wholesale price of 

whole chicken from slow-growing broilers is needed for producers to breakeven but, to make an 

equal net income, a 29% premium would be necessary.26 

In the EU, broiler production using less extensive indoor (5%), free range (5%) and organic 

(3%) systems is marginal.7 According to the Council Regulation (EC) No 834/2007 and 543/2008 

there are five marketing terms between regular broiler production and organic production. 

Contrary to widespread belief, intensive broiler production may be less harmful to the 

environment than extensive production. This notion becomes rather logical considering that 

feed is the key aspect of both the industry’s environmental impact and its economic success. 

Conventional rearing systems require less feed, land, and water and thus produce less manure.27 

l) Reus BA (2020) . Organic , NAE chicken grow while shoppers seek convenience [Online]. Available at: 

https://www.feedstrategy.com/consumer-trends/organic-nae-chicken-grow-while-shoppers-seek-convenience/ (Accessed: 
February 2020) 
m) Doughman E (2020). KFC tests Cargill ’ s plant-based chicken in China [Online]. Available at: 

https://www.wattagnet.com/articles/40109-kfc-tests-cargills-plant-based-chicken-in-china (Accessed: April 2020) 

n) Davies J (2019). Slow-growing birds are fast becoming mainstream [Online]. Available at: 

https://www.poultryworld.net/Meat/Articles/2019/7/Slow-growing-birds-are-fast-becoming-mainstream-454287E/ (Accessed: 
April 2020) 
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Even though intensive production has many disadvantages (e.g. pollution with heavy metals and 

pathogens, animal welfare issues) it is the system better suited to our current reality.28  

Consumers have conflicting expectations considering that, to improve welfare, efficiency must 

be lost and so, consequently, the carbon footprint (i.e. because of feed imports) and price would 

increase. As a further consideration, a flexitarian diet together with these methods could be of 

interest since this could result in a decrease in demand regarding volume but an increase in 

demand regarding quality. Such a scenario would be an important step for an improved ‘One 

Health’, not only from the aforementioned rationales but also because a slower growth production 

is associated with a decrease on antibiotic usage by a factor of 3.29 Change is possible but, as 

seen with antimicrobial use, must begin on the consumer’s side. All because if there is a demand, 

costs can be estimated, and a new market can emerge. The opposite is extremely risky as there 

would be a product, but potentially no one to buy it.  

CONSUMPTION 

Consumption derives from supply and demand. For instance, Russian consumers did not 

consume broiler meat during the perestroika period. However, a deal between Mikhail Gorbachev 

and George H. W. Bush ensured the supply of chicken as in frozen chicken leg quarters. Russian 

consumption of this surplus American meat was so high that in the 90's this trade agreement was 

worth over 2 billion USD, which represented a staggering 70% of Russian supply and 40% of US 

chicken exports.o)  Nonetheless, consumption trends can have a big impact and can be influenced 

by religious beliefs cultural norms, urbanization, environmental ethical and health concerns.15 

Poultry is the most consumed meat per capita (14 kg) worldwide, except for Europe and Asia, 

where pork still holds that title.15 Kilograms consumed per capita are prodigious in Argentina (46), 

Brazil (47) and the US (50) when compared to the amount consumed in the EU (20) and China 

(6). Still, China’s consumption is equal to the USA and 17% higher than the EU’s consumption.14 
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Graphic 3 – Evolution of poultry meat consumption in the top-4 consumer regions.q) 

 

o) Salt T (2018). Chicken Diplomacy: How President Bush Went For The Gut In The Former USSR [Online]. Available at: 

https://choice.npr.org/index.html?origin=https://www.npr.org/sections/thesalt/2018/12/06/673806672/chicken-diplomacy-how-
president-bush-went-for-the-gut-in-the-former-ussr (Accessed: February 2020) 
p) National Chicken Council (2020). Per Capita Consumption of Poultry and Livestock, 1960 to Forecast 2020, in Pounds 

[Online]. Available at: https://www.nationalchickencouncil.org/about-the-industry/statistics/per-capita-consumption-of-poultry-
and-livestock-1965-to-estimated-2012-in-pounds/ (Accessed: February 2020) 
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Global per capita poultry meat consumption has nearly increased fivefold since the 1960s (3 

kg in 1963 to 15 kg in 2013), more than quadrupled in the US (10 kg, in 1960, to 41 kg, in 2018) 

and it more than tripled in Portugal since the mid 1980’s (14 kg, in 1985, to 43kg, in 2018).h),p),j) 

As mentioned, income is an important demand factor and COVID-19 has been taking its toll 

on global economy. This could translate into a fall in meat prices and a subsequent halt in the 

implementation of the EU Regulation 2019/06, which is going to restrain antimicrobial use. 

In the EU, changes in social structure are expected to increase poultry meat consumption to 

the detriment of pigmeat.15 Self-sufficient MS in 2018 were Italy (107%), Lithuania (111%), 

Hungary (130%) and Poland (255%). The latter has witnessed an increase of 77% in five years.14 

Self-sufficiency usually only takes overall consumption and production into consideration, without 

considering that there might be a bigger appetite for breast meat thus, some of these calculations 

might not be entirely reliable.  

THE CHICKEN HOLOBIONT  

DANCE OF INFORMATION 

Life can be seen as the evolution of nonrandom arrangements, or information, as Claude 

Shannon(1948)30 put it. Information is inevitably destroyed. Cohen (2016)31 defines this as 

entropic selection. If life is an evolving system and species are the vehicle of life then, species 

maintain their existence by evolving and thus replicate (guarantees their existence and results in 

increased volume), diverge (allows them to endure entropic selection, since it offers a collection 

of alternatives) and compete (assures the resource stream needed to support the evolution of 

subjects).31,32 When taking species as the vehicle of life, the concept of self comes closer to an 

interactive being instead of a closed entity.31 This makes it possible to reason behaviours such 

as programmed death, which is vital to maintain the dynamic equilibrium of multicellular 

organisms. Bacteria often use programmed death for their development (e.g. nutrient provision 

to sibling cells) and stress response (e.g. nutrient deprivations, phage infections), therefore 

displaying a behavior that can be compared to multicellular organization.33 

Cohen articulates that to resist entropic selection, coevolving species tend to a steady state 

of cooperation.31 This win-win strategy of life is apparent in the chicken-microbioma relationship. 

However, microbiology was born from germ theory, which attributes communicable disease 

causality to specific microbes with the ability to outcompete the unharmed immune system (IS) of 

the host. As this theory enabled the identification of pathogens and treatment of deadly 

communicable diseases, it is widely adopted.34 Consequently, we tend to think of bacteria as a 

dichotomous concept: beneficial or deleterious, with an inclination towards the latter. Still, 

evidence for microbial origin of disease has only been correlative.35 Alternatively, what happens 

is that an agent disturbs a recurring set of functions that result in recurring physiologic imbalances. 

q) Index Mundi (2020). Broiler Meat (Poultry) Production by Country in 1000 MT [Online]. Available at: 

https://www.indexmundi.com/agriculture/?commodity=broiler-meat&graph=production (Accessed: February 2020) 

https://www.indexmundi.com/agriculture/?commodity=broiler-meat&graph=production
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This way, pathophysiology is similar between holobionts but, since it depends on many middle 

factors that vary between individuals, the result of this imbalance can have different outcomes.34 

It is conflicting to study the intestines from a germ’s theory perspective as it must absorb 

resources from a source shared with potential harmful beings. Its study has been exploring 

causality factors (e.g. the impact of beneficial bacteria loss or the overgrowth of deleterious 

bacteria) and describing its physiology. Even though the latter has opened many new questions, 

it has also evidenced key interactions with those microbial creatures. We now know that enteric 

metabolites impact several systemic functions, with the most impressive being its influence over 

the nervous system, usually considered the source of consciousness.36,37,38  

Accordingly, a growing number of authors are considering a more holistic concept that 

considers the host plus its microbial biome as an entity – the holobiont – in which the microbiota 

cooperates with the host in an interaction resembling that of an organ.34,39,40 This idea aligns with 

Cohen’s ideas of entropic selection and cooperative evolution. Even though this system profits 

from cooperation, there are temporarily benign microbes that, under environmental or host 

pressure, can cause disease – pathobionts.41,40 Some of the mechanisms employed by the 

chicken holobiont to resist entropic selection are going to be briefly reviewed. 

THE GUT ECOSYSTEM 

Host 

The gastrointestinal tract (GIT) of the chicken holobiont is continuously exposed to sundry 

chemicals that may be beneficial or detrimental. Their manipulation via digestive processes 

facilitates absorption of beneficial chemicals and the inhibition of those deleterious. Nutrients from 

feed are mostly absorbed in the small intestines, where physical activities (e.g. mechanical 

grinding, motility) and chemical barriers (e.g. low pH, bile salts) decrease bacterial density.42 

The holobiont interplay in lamina propria and GALT involves macrophages (bactericide or anti-

inflammatory profile), dendritic cells (DC) (chiefly pro-inflammatory profile) and a large number of 

T cells, which produce IgA and cytokines in response to lumen antigens.43,44 DC expressing the 

CX3CR1+ receptor have protrusions across the epithelial barrier that sense, sample and react to 

lumen antigens, including microbiota.43 They also assist in the development of tolerogenic DC.43 

The intestinal mucosa, a physical barrier constituted by a dynamic system of intestinal 

epithelial cells covered by a mucous layer, controls the movement of ions, nutrients and cells 

between the lumen and the host.43 Epithelial tissue is comprised of enterocytes, goblet cells 

(mucin production), enteroendocrine cells, Paneth cells (AP-producers) and M cells (antigen 

presenting cells).45 They are constantly renewed by multipotent stem cells located at the base of 

the crypts of Lieberkühn, where Paneth cells are also located. Epithelial tissue is connected by 

tight junctions and have myriad surface receptors, to which microbial-associated molecular 

patterns (PAMP) might connect and trigger a cascade of intracellular chemical reactions designed 
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to maintain the dynamic equilibrium, such as epithelial cell proliferation, IgA and/or antimicrobial 

peptides (AP) secretion.43 

Defensins, a major class of AP, are small cationic peptides with disulfide bonds. The 

electrostatic binding of the cationic domain of AP to the bacterial membrane of both bacterial type 

Grams forms an aqueous pore that results in bacterial lysis.43,46 Additionally, defensins promote 

innate and adaptive immune reaction, regulate leukocyte differentiation and stimulate 

chemotaxis.43 In mammals, α-defensins are mostly produced in neutrophils and small intestine 

Paneth cells.43,46 Cathelicidins, another class of AP, are expressed on top of colonic crypts.43 

Immune cells, AP and IgA are also present in the mucous layer, which has an inner layer 

(with membrane binding mucins) and an outer layer (with soluble mucins).43 Apart from acting as 

a protective barrier, the mucous layer is also a nutrient source for the attached bacteria which, in 

turn, helps maintain dynamic equilibrium via competitive exclusion (CE).46 

Bacteria 

The microbial biome is mostly organized in biofilms (i.e. aggregates of microbial communities 

embedded within an extra-cellular matrix of polysaccharides, proteins and genetic material), 

largely adhered to the inner mucous, but also planktonic bacteria (i.e. in single form).41 

Consequently, there is a richer microbial community in the mucosa than in the lumen.47 

The layer thickness varies with the presence of microbiota and thus with each GIT region.48 

The richer region is the cecum, where a large population of Firmicutes, which reside closer to the 

epithelium, and Bacteroides, which remain closer to the lumen, can be found.49 This vertical 

distribution might be due to Firmicutes colonizing the gut before Bacteroides spp. and/or the latter 

being better suited to fiber metabolization, chiefly located in the lumen.50 Unlike Bacteroides, 

Firmicutes are mostly associated to butyrate production, which is used by epithelial cells as their 

main energy source, suggesting that the host might regulate this distribution.49,51,52 

There are microorganisms with pathogenic functions (e.g. overstimulation of the IS,  bile 

breakdown) that can increase the demand for resources of the holobiont.53 Nonetheless, the 

development of the chicken holobiont and its steady state, consequently its productivity, is 

partially dependent on interspecies communication. Numerous species outsource chemical 

signals and nutrients to symbionts (e.g. the host relies on microbial vitamins, Akkermansia relies 

on host mucins), which results in fitness gains.46,54 

A few bacterial metabolites that can act as signaling molecules in the host-microbiota network 

are briefly reviewed herein. Classical microbiology takes advantage of many of these chemicals 

to characterize bacteria. Some were used during the research phase of this Internship. 

The amino acid tryptophan can be metabolized by the host (e.g. yielding serotonin, melatonin 

or kynurenines) and microbiota (e.g. predominantly indole but also skatole and tryptamine).55 

These metabolites can activate pathways to ensue numerous concentrations-dependent 
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outcomes (e.g. gut motility and permeability manipulation; AP expression hike; pathobiont 

invasion rebate; tissue damage, by skatole; quorum sensing – biochemical communication 

between bacteria).56 Mice with low tryptophan-metabolizing bacteria levels are more susceptible 

to gut inflammation, which can be reversed by administering bacteria species of the genus 

Lactobacillus, which holds the capacity to metabolize tryptophan.55,57 

Hydrolysis of  the urea is catalyzed by urease. Urea is produced by pathobionts and symbionts 

(e.g. Lactobacillales) as a response to low environmental pH.58 Although urea is linked to mucosa 

damage, it can also optimize cell bioenergetics and nitrogen recycling, which is particularly 

important when the holobiont deals with a low protein diet.59 

Both host and microbiota metabolize L-arginine (e.g. via urea cycle in the animal and aerobic 

bacteria) into ornithine and use decarboxylase to produce putrescine and later spermidine.60 

Putrescine is mainly absorbed in the small intestine and produced in great amounts by microbiota 

in the large bowel.61 Both the host and microbiota have the genetic potential to decarboxylase 

lysine to produce cadaverine.60 These two biogenic amines are positively charged molecules and 

have low molecular weight, thus can bind with acidic sites such as nucleic acids, proteins and 

membranes.60 Consequently, they have multiple ill-defined physiological roles, namely 

inflammation containment, buffering of environmental pH, cell growth and differentiation.60,62,63,64 

Oral administration of fermentable fibers and fructans can stimulate bacteria namely the genera 

Bacteroides and Fusobacteria to produce the mentioned polyamines.62 Trimethylamine, 

produced from cadaverine, betaine or choline, can be oxidized in the liver and the resulting 

metabolite is associated with cardiovascular and kidney disease. Bacteria capable of producing 

trimethylamine are ubiquitous and primarily belong to Clostridiales and Enterobacteriaceae.53 

Hydrogen sulfide (H2S) can be produced by the host and microbiota (mostly genera from 

Proteobacteria, such as Proteus, Helicobacter, Desulfovibrio; and some Actinobacteria like 

Corynebacterium), either enzymatically (e.g. amino acid biosynthesis) or non-enzymatically (e.g. 

via glucose, polysulfides, glutathione). Sulfate-reducing bacteria can obtain energy by reducing 

sulfate or other sulfur species to H2S and use fermentation end products (e.g. SCFAs and H2) as 

electron donors.53,65 H2S is an important signaling molecule that can be beneficial or detrimental 

depending on its location and concentration.66 At the millimolar range, it acts as a smooth muscle 

relaxant, a cytotoxic and/or potentiates redox stress. At the micromolar range, it promotes 

mucosal defense and healing (e.g. intestinal epithelium can oxidize it to produce ATP).66,67 H2S 

has numerous other effects, such as microbiota modulation, limits butyrate oxidation, helps to 

remove H2 from the lumen, prevents nonsteroidal anti-inflammatory drug adverse effects.67,68 H2S 

can also exhibit antimicrobial effects via oxidative damage.69 

Chicken gut bacteria strains can produce specialized peptides with antimicrobial proprieties 

called bacteriocins. Some strains of Lactobacillus salivarius, Pediococcus pentosaceus, Bacillus 
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subtillis and Enterococcus faecium, produce bacteriocins that inhibit Salmonella enterica serovar 

Enteritidis, C. jejuni, C. perfringens and Eimeria oocysts.46 
 

Table 1 – Short Chain Fatty Acids producing bacteria.70,71, 72 

SCFA Genus/Species 

Acetate 
Most enteric bacteria, such as Lactobacillus, Bifidobacterium, Akkermansia muciniphila, 
Bacteroides, Prevotella, Ruminococcus, Streptococcus, Clostridium, Blautia hydrogenotrophica 

Propionate 
Phascolarctobacterium succinatutens, Bacteroides, Dialister, Megasphaera elsdenii, Veillonella, 
Coprococcus catus, Roseburia inulinivorans, Ruminococcus obeum, Salmonella 

Butyrate 
Roseburia, Eubacterium rectale, Clostridium leptum, Eubacterium hallii, Coprococcus catus, 
Coprococcus eutactus, Faecalibacterium, Eubacterium rectale, Clostridium clusters IV and XIVa 

 

Short Chain Fatty Acids (SCFA) particularly acetate, propionate and butyrate - also have 

antimicrobial proprieties and are exclusively produced by the microbiota. Most SCFAs are in ion 

state and thus require specialized transporters but, when unionized, they diffuse via cell 

membrane and can decrease not only extra but also intracellular pH values, which can result in 

enzymatic malfunction.46,51 In order to exert work and thus survive, anaerobic microorganisms, 

such as those present in Table 1, extract energy from carbohydrates via fermentation. SCFA are 

a fermentation product of complex polymerized carbohydrates.65 Due to these fibers having a 

high degree of polymerization, there is a tendency to escape degradation by host enzymes. 

Hence, fiber degradation mostly occurs in the anaerobic cecum and it tendentiously produces 

butyric acid (a lower degree of polymerization tends to generate propionic acid).72,73 Since the 

chemical structure of fiber varies widely, specific enzymes are required for each kind of fiber. 

Consequently, the ability of bacteria to degrade fiber depends on their potential to colonize and 

bind to fiber particles, rate of reaction and ability to capture the released product.74 These 

properties depend on genetically encoded enzymes, which show the importance of the genetic 

diversity within the holobiont. 

SCFAs also impact energy balance, inhibit histone deacetylases (i.e. enzymes that prevent 

DNA transcription, regulating the gene expression) and connect to specific G-coupled protein 

receptors (i.e. activate intracellular signal transduction pathways).75,76 Therefore, they have 

multiple effects on the holobiont, including its IS (e.g. butyrate improves tight junction connectivity, 

reduces inflammation, increases the production of mucins and AP) and nutrition (increase colonic 

metabolic capacity by increasing blood flow).75,76  

Propionate and acetate are transported to the liver, where the former is mostly metabolized.76,70 

Acetate proceeds to peripheral blood and, in mice, can reach the brain to suppress appetite.77 

Butyrate producers from the family Lachnospiraceae are nearly twice higher in high FCR birds 

while the relative abundance of bacteria from the family Ruminococcaceae was 15 times higher 

in birds with a low FCR.78 
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DYNAMIC EQUILIBRIUM 

Dynamic equilibrium of the gut is still poorly understood, especially that of poultry. Since there 

is a strong similarity between animal species and humans, this review extrapolates much 

information from studies conducted in mammalians. 

Under anaerobic conditions, microbiota can self-assemble into a community of microbes that 

stably coexist by forming an anerobic trophic network. Each trophic level represents a nutrient 

niche that can be occupied by any microorganism that fulfills the required metabolic functions.34 

Since the occupant of each nutrient niche is more efficient at using a few limiting resources than 

any other microbe, the formation of this anaerobic trophic network generates metabolite profiles 

that are similar among individuals, regardless of the taxa composing the microbiota (i.e. fiber 

metabolization).34,49 Likewise, it seems the host maintains control over the microbiota without 

imposing constraints on  the specie’s composition. This suggests that the holobiont resilience 

comes not from its phenotype but from its genome. 73,79,80 

This network could assure the plasticity needed to deal with disturbances (e.g. change in fiber 

quality), especially those to which their ancestors survived. This is possible because functional 

characteristics of microbiota stay closely similar to those of the initially acquired 

microbiota, although new microbes can be incorporated.79,81 Each trophic level is in sync with 

the holobiont to produce the correct concentration of metabolites. This cross-feeding system 

might improve the holobiont efficiency and limit the ability of one member to dominate and 

eliminate other species.79 Therefore, anaerobiosis in the lumen of the ceca is crucial.  

Colonic cells are in a hypoxic state and as a result, form a barrier that prevents the diffusion of 

oxygen from the host tissues to the lumen. Butyrate steers the energy metabolism of colonic cells 

from glycolysis to butyrate oxidation, thus achieving the required hypoxic state.34 This also 

stabilizes the hypoxia-inducible factor (HIF).82 

Consequently, obligate anaerobes taxa (e.g. Bacteroidetes and Clostridia) thrive and produce 

fermentation metabolites (e.g. SCFAs).34 Anaerobiosis also prevents the catabolism of these 

fermentation metabolites by facultative anaerobes (e.g. Proteobacteria), subsequently allocating 

nutrients to the host.34 Microbiota control via anaerobiosis might be an evolutionary strategy to 

allocate nutrients to the host by diverging them away from microbiota.34 

ACQUISITION AND MATURATION OF MICROBIOTA 

The chicken holobiont is created in the reproductive tract of the hen, where Actinobacteria, 

Lactobacillales and Bacteroides are present. Then, the embryo shares the inside of the egg with 

the Propionibacterium and Streptococcus. Finally, when the chick hatches, it comes in contact 

with an array of microorganisms from the eggshell, mostly Firmicutes.83,84,85  

However, hatchery hygiene practices to prevent colonization by pathogenic bacteria end up 

disturbing microbiota transfer.56 Consequently, broiler chicks are seeded with bacteria that resist 
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hatchery environment (e.g. Enterobacteriaceae, Clostridiales, Actinobacteria, Lactobacillales), 

the hatchery departments, the shipping and the farm.49,86,87. Despite similarities between these 

environments, they inevitably have different microbial populations, hence broiler microbiota 

acquisition is a stochastic process.49,84,88  

During the first couple of days, intestinal microbiota is dominated by facultative aerobes such 

as Proteobacteria (e.g. E. coli) and Lactobacillales (e.g. Streptococcus).89 Then, at 3-4 days of 

age, probably due to a decrease in redox potential, anaerobes such as Clostridiales (e.g. 

Ruminococcus, Lachnospiraceae) and Actinobacteria (e.g. Bifidobacterium) displace the 

pioneering bacteria, particularly Enterobacteriaceae, an event linked with short chain fatty acid 

(SCFA) levels.90,91,92 The host might contribute to this shift, as SCFAs serve as an important 

source of energy in quickly growing chickens.91 The second shift is around 10 days of age, when 

bacteria acquired from the rearing environment, food and water, as well as slow growing bacteria 

(e.g. Bacteroidetes), colonize the GIT and expand its richness.88,91,90 

These periods of great dynamic competition and succession change are probably the optimal 

time for microbiota modulation.90  

Table 2 – Mature gut microbiota distribution and environmental features.47,56,93,94,95,96  
Label: grey saturation is proportional to bacteria concentration and diversity. F-Firmicutes; B-Bacilli; A-Actinobacteria;                   

L-Lactobacillales; P-Proteobacteria; C-Clostridia; E-Erysipelotrichia; O2t-oxygen tolerance; S-Spore-forming 

Environment Characteristics Main substrates Predominant taxa  O2 t S 

Crop, Gizzard Grinding, low pH 
Easily digestible 

protein and 
carbohydrates 

F: B: Lactobacillales + - 

A: Bifidobacterium - - 

Jejunum, 
Duodenum 

Low pH, bile salts, 
high motility, middle 

range RP 

Easily digestible 
nutrients  

(e.g. starch) 

F: B: L: Lactobacillaceae, Enterococcaceae +- - 

F: C: Clostridiales: Clostridium +- + 

P: Enterobactereaceae +- - 

Ileum Transition Transition 

F: B: L: Lactobacillaceae, Enterococcaceae +- - 

F: E: Turicibacter +- - 

B: B: Bacteroidetes - - 

Caecum 
Low redox potential 

(RP), low motility 

Nondigested 
protein and 

carbohydrates 

F: B: L: Lactobacillaceae +- - 

F: C: Clostridiales - + 

B: B: Bacteroidetes +- - 

Lumen Large biofilms 
Constant nutrient 

flux, fiber 

F: Clostridia; +- + 

Tenericutes +- + 

Mucosa 
Medium to small 

biofilms, planktonic 
bacteria 

Stabler nutrient 
balance 

F: B: Lactobacillales; +- - 

F: C: Clostridiales:  +- + 

F: E: Turicibacter +- +- 

 

Virtually every factor affects the gut microbiota. From geographic location, climate and 

seasonal changes to farm management aspects, including alternative production systems, 

hygiene and biosecurity programs, feed processing and feeding programs, vaccination schemes, 

medication, litter, stress and welfare factors97. Sex, genetic background and the microbiota of the 

hens can also impact microbiota.89,98,99 Therefore, maturation of the gut microbiota depends on 

the environmental exposure and the communication between host and microbiota, where the IS 

can be seen as a manager of this dynamic equilibrium.39,40 This system can disrupt (e.g. CE, lysis 

by AP) or facilitate (e.g. symbiosis, tolerogenic response) the accommodation of new microbes. 
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The dynamism of the equilibrium established between the host and its microbiota could be well 

exemplified by the segmented filamentous bacteria (SFB). This group, genetically related to 

Clostridia, colonizes the ileum cecal tonsils and cecum of poultry mainly during the first couple of 

weeks and then reduces to undetectable levels.100,101,102 SFB were linked with higher performing 

turkey flocks.103 SFB can work symbiotically with the adaptative (e.g. Th17 maturation, IgA 

response) and innate IS. Regarding the latter, SFB are important for CE, as they bind with 

enterocytes similarly to pathobionts (devoid of detrimental inflammatory response) and depend 

on extracellular resource uptake, namely iron, a key element for many pathobionts.41,102 Also, 

SFB tolerate microaerophilia and can counteract oxidative stress thus, they might inhibit 

Proteobacteria, as mentioned below.100  

Despite a mature microbiota not being a stable entity, but instead a dynamic equilibrium that 

intrinsically changes with its environment, predominant taxa are summarized in Table 2. 

GUT DYSBIOSIS REVIEW 

During the externship, we found that most intestinally afflicted flocks exhibited clinical signs 

and necropsy findings that can be associated with dysbiosis. Some of these cases also presented 

kidney and liver macroscopic changes. Similar findings have also been associated with other 

entities that shape the chicken holobiont, namely virus (e.g. chicken astrovirus, avian nephrotic 

virus, IBV) and protozoans (e.g. Eimeria), which can prompt gut imbalance and lead to dysbiosis 

or vice versa.104,105,106,107 It is worth noting that the relationship between all beings composing the 

holobiont have been poorly studied. In the future, they might reveal surprising symbiosis, that is 

to say, some bacteria can produce bacteriocins against oocysts of Eimeria.46,108  

Few studies have focused on characterizing the pathophysiology of poultry dysbiosis whilst 

many have focused causality or therapeutic strategies, a rather short-term strategy but useful to 

secure funding. Fortunately, we can once more rely on, the similarity between animal species and 

humans, this time to infer the basis of fowl dysbiosis.  

Dysbiosis is a state of microbiota dysfunction. It causes an imbalance in the dynamic 

equilibrium of the holobiont. This results in microbial metabolites to become depleted or to be 

produced in harmful concentrations, triggering  the virulence of pathobionts, gut inflammation or 

an altered intestinal motility that culminates in local and/or distant tissue disease.41,56,55 

Tight junction protein expression is decreased in dysbiotic poultry ceca, which might justify the 

increase permeability and the consequent translocation of PAMP (e.g. lipopolysaccharides), their 

increased blood concentration and the inflammation in distant organs, like the kidney and the 

liver.73,109,110 Translocated lipopolysaccharides reach lamina propria and muscle layer where they 

induce the activation of resident macrophages. Consequently, these tissues suffer morpho-

functional changes, such as a reduction of intestinal motility, which further induces dysbiosis and 
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prevents gas to be released.110 Bacteria overgrowth in the small intestine results in a nutritional 

efficiency decrease, which can culminate in performance loss.111 

Likewise, necropsy findings include diminished gut wall elasticity, thickness and strength, 

reduced intestinal tonus; a scattered ballooning pattern; watery, slimy, and/or gaseous gut 

contents with undigested food particles, particularly in the distal gut; intestinal inflammation.112,113 

Histologically, the mucosa of the duodenum and cecum presents diminished villus length, 

decreased tunica muscularis thickness and T-cell infiltration.112 Similarly, clinical signs include 

wet mucoid to greasy feces with orange strips and undigested food particles along with foamy 

cecal droppings, decreased feed intake, growth retardation, reduced gain rates, increased FCR, 

poor flock uniformity, reduced physical activity and fluctuations in water consumption.114,112,113  

A proposed causal factor of dysbiosis is the reversal of colonic hypoxic state, which triggers 

a microbiota shift towards Proteobacteria, a Phylum with several pathobionts. This is usually 

caused by the presence of respiratory electron acceptors in the lumen of the large bowel, which 

might originate from the following events: i) epithelium hyperplasia – in response to damage 

caused by bacteria, viruses or parasites – originates undifferentiated epithelial cells that obtain 

energy through glycolysis;115,34 ii) depletion of SCFA following neutrophil response or antibiotic 

use;34 iii) necrosis of the epithelium with subsequent pseudo membrane formation (e.g. necrotic 

enteritis.116,34 Another causal factor might be the excess of nutrients in the hindgut (e.g. owing to 

nutrient levels in the diet or suboptimal digestion). It can activate an inflammatory response 

towards commensal bacteria with subsequent loss of bacterial diversity.38,117,111 

Physiological reverse peristalsis might spread dysbiotic events to the small intestine.118,38 

Chickens with an unmatured microbiota (i.e. before 3 weeks of age) are more sensitive to 

disruptions and so, to dysbiosis.79,119,120 Still, they have to deal with feed transitions and intensified 

pathobiont pressure.120 Although virtually every factor affects the gut microbiota, the specific key 

points that contribute to the maintenance of a healthy intestinal microbiota  maximizing  chicken 

productivity are yet to be determined.  

GUT MICROBIOTA MODULATION 

Nonetheless, there are numerous strategies to modulate enteric microbiota. The most popular 

has been the rather martial antimicrobial approach. Its presentation is beyond the scope of this 

work, but, as its use is curbed by consumer trends and is going to be restrained in the EU by the 

Article 107 of the EC Regulation 2019/06, one can understand and acknowledge how negative it 

is.121 Diet formulation and other strategies can also be used, but in this work we are going to focus 

on probiotics, i.e. live microorganisms administered to improve health.120,122 

As mentioned before, coevolving species tend to resist entropic selection via cooperative 

relations. This implies that the probiotic rationale is a strategy that life has employed for billions 

of years. Similarly, studies on broilers associate better performances with multiple species 
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probiotics.123 In nature, progenitors would transfer their microbiota to their offspring. Modern 

poultry production however inhibits this. Moreover, the microbiota of breeders has dealt with 

different disturbances than those its offspring must endure. At the same time, sanitary measures 

taken at the farm level inhibit microbiota transmission between flocks. These and previously 

mentioned factors result in flocks with microbiota that might not have the plasticity required to 

deal with the characteristics of the poultry house where the flock is being raised. 

Manipulation via probiotic use is mostly deemed beneficial, especially when administered early 

in life, as aforementioned.90 Some studied mechanisms of action have been mentioned above. 

Though, it is important to understand that, albeit a balanced microbiota can improve the 

performance of a flock by boosting the immunological status and nutritional efficiency, modulation 

of microbiota via probiotics is essentially a preventive strategy, not a therapeutic one. This is 

because a myriad of factors affect the dynamic equilibrium of the chicken holobiont. Therefore, 

for probiotics to work efficiently, it is crucial to reduce variables as much as possible. Similarly, 

host and environment related factors must be taken into consideration, namely good husbandry, 

hygiene practices and vaccination protocols.80 Likewise, probiotics improve farm profitability when 

flocks are healthy and under good farm managment.124,125,126,127,128 

Nevertheless, there are several challenges regarding the development and manufacture of 

probiotics, beginning with legal and public health issues.129,46 Since probiotics are microorganisms 

which, when fed to animals, have a positive effect on the gut flora, they are classified in the EU 

as gut flora stabilizers and integrate the zootechnical group of additives.130 In the EU, probiotic 

strains must be granted a qualified presumption of safety (QPS) status to be administered mixed 

with feed. To achieve this status, a strong body of knowledge about the strain (e.g. taxonomic 

identity; safety concerns in relation to pathogenicity, virulence and safety for the environment) 

must be assessed.r) So being, product research and development has focused on well-studied 

bacteria (especially those with favorable safety status), capable of being cultivated and 

administered as pure cultures. However, in vitro culture diminishes bacteria potential to 

outcompete other bacteria, which translates in a dependence on frequent administrations and 

high doses to obtain measurable effects.129  

Probiotics in animal feed is a growing market. In 2018, it reached 3.6 billion USD in sales and 

is projected to double in less than a decade. Market share is dominated by Lactobacillus (50%) 

and Bifidobacterium (≥25%).s) 

 

 

 

r)EFSA JOURNA (2018) Qualified Presumption of Safety (QPS) [Online]. Available at: 

https://efsa.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1831-4732.QPS (Accessed: May 2020) 
s) Fortune Business Insights (2019) Probiotics in Animal Feed Market Size, Share and Industry Analysis [Online]. Available at: 

https://www.fortunebusinessinsights.com/industry-reports/probiotics-in-animal-feed-market-101018 (Accessed: May 2020) 
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RESEARCH 

HYPOTHESES 

1. Flocks with opposing performances have different fecal microbiota. 

2. Zootechnical performance can be improved by administering bacteria isolated from 

excellent performing flocks. 

 

I set out to enthusiastically study the hypotheses proposed by Prof. Doctor Fernando Moreira 

and in doing so, I would develop my rather limited Microbiology training and potentially assist the 

poultry and probiotic industry. As a student I was fortunate enough to be granted access to the 

resources of Microlab. Professor Paulo Costa as lab advisor, designed the path required for my 

studying hypothesis 1 (steps 1, 2, 3) and hypothesis 2 (steps 3, 4, 5, 6).  

NECESSARY STEPS 

1. Extensive bibliographic review. 

2. Compare microbiome differences between flocks with contrasting performances via 

molecular biology methodologies. 

3. Isolation and phenotypical characterization of isolates from flocks with 

excellent performance.  

4. Identification and screening of virulence and antimicrobial resistance (AMR) of 

selected isolates via molecular biology methodologies. 

5. Compose a consortium from the isolates meeting the criteria. 

6. Investigate the consortium efficacy in vivo. 

 

In spite of the objectives being set far beyond the scope of a curricular internship, important 

steps were taken in order to obtain concrete results whilst training. To this end, a first step 

consisted in a literature review, which would then serve as basis for designing a protocol. 

Previous investigations had demonstrated that flocks with opposing performances had 

different microbiota profiles.131,54 This, in addition to other external circumstances, forced step 

number 2 to be skipped. 

Step number 3 required that I develop classical Microbiology competencies (including basic 

skills such as culture medium preparation and isolation technics) whilst developing and optimizing 

the methodologies described below. Although having designed the protocol with my Advisor and 

understanding its rationale, my applied science training meant I had yet to comprehend the 

principles of the methods used. Combining these factors with how time-consuming and rigid 

classical Microbiology can be, I had to work around the clock, including late hours and weekends.  
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OBJECTIVES 

a) Develop microbiology and soft skills. 

b) Investigate microbiota differences between flocks with opposing performances. 

c) Lay the foundations for probiotic research. 

 

MATERIALS AND METHODS 

SAMPLING AND TRANSPORT 

There were two rounds of studies performed. In the first, samples were collected from two 

conventionally reared broiler flocks (CRBF) raised on the same farm found in Pombal, Portugal. 

CRBF1 comprised 39.100 Ross broilers, while flock CRBF2 comprised 40.000 Cobb broilers. 

During the rearing period of both flocks, essential oils, water acidifiers, a cleaning solution and a 

commercial probiotic (CP) #1 (Bacillus subtilis) were administered via drinking water, while 

anticoccidials were administered via feed. Here, only the essential information is disclosed. These 

products were applied at different times in each flock CP #1 (Bacillus subtilis) was used during 

the 3 days in CRBF1 while it was administered during five days after brooding CRBF2. 

Furthermore, CP #2 (Enterococcus faecium) was used during the first three production days and, 

because of digestive problems, amoxicillin and lincomycin were respectively administered to 

CRBF2 on production days 20-23 and 34-37. Similarly to Torok and colleagues(2011)132, samples 

from CRBF1 and CRBF2 were collected respectively on production day 45 and 41. The last 

vaccination to IBDV had been, respectively, 27- and 23-days prior to sample collection.  

The first round also included a backyard chicken flock (BCF). Flock BCF1 was composed of 

less than 10 adult chickens with access to an area enclosing pigs. This flock was found next to a 

small ruminant farm in Britelo, Celorico de Baixo, Braga, Portugal. 

For the second round of studies, only one flock of each production system was selected. 

Conventionally raised broiler flock 3 was selected from the best historically performing broiler 

house in the region. It included 8.000 birds and is located in Figueira da Foz, Portugal. Its samples 

were collected on production day 17. During its rearing period commercial probiotic 1 was 

continuously administered throughout the first 13 production days. The first IBDV vaccination was 

applied 4 days prior to the sample collection. Additionally, a combination of amprolium 

hydrochloride and water acidifiers had been in use for 3 days prior to the sample collection. 

Backyard chicken flock 2 was composed of less than 10 adult chickens confined to a 

traditional backyard henhouse in Monção, Viana do Castelo, Portugal. 

All CRF were vaccinated in the hatchery for non-disclosed agents. Samples from CRF were 

composed of fresh feces contaminated with litter and were collected following a X pattern along 

the floor of the poultry house. They were transported under refrigeration. B samples included less 

than 10 old feces randomly collected. No cecal discharges were collected.  
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PREPARATION 

Samples were manually homogenized for 3 minutes. Then, 10 g were diluted in 90 ml of 

peptone buffered water (PBW) (Oxoid, USA) and mixed for 3 minutes using a homogenizer 

(Stomacher, UK). Afterwards, the solution was revitalized for 1 hour at room temperature. Next, 

100µL of the revitalized solution was serially diluted into 900µL to log 7. 

SELECTION OF ISOLATES WITH PROBIOTIC POTENTIAL 

 ‘Open protocol’ 

Quantification 

 The drop plate technique (DPT) was applied. This 

method starts by plating volumes of 10 µL in triplicate 

from each dilution (Figure 1). After incubation according 

to the conditions described in Table A of the 

supplementary data, the number of CFU were counted. 

All plates were cultured in aerobiosis besides MRS, 

which was cultured in hypercapnia. Because of the fast-

growing traits of some colonies on PCA, CFU were 

counted every day and only the highest number was 

considered.  

 

Isolation and characterization 

From the revitalized solution, 1µl was streaked onto kanamycin aesculin azide agar medium 

(KAA) (Oxoid, USA). A minimum of two isolates were randomly selected for further isolation and 

confirmation testing on KAA and then Slanetz and Bartley agar medium (SB) (SB, Biokar, 

France), to ensure that the sub cultured colonies were pure and belonged to the intended taxa. 

Purity was confirmed by culturing in Muller Hinton (MH) (Biokar Diagnostics, France). Equivalent 

procedures were performed towards the DPT plates of SB, De Man, Rogosa and Sharpe agar 

medium (MRS) (Biokar, France), plate count agar medium (PCA) (Biokar Diagnostics, France) 

and tryptone bile x-glucuronide medium (TBX) (Biokar Diagnostics, France). From the DPT plates 

of violet red bile glucose medium (VRBG) (Biokar Diagnostics, France), five isolates were 

selected for further study. Presumable Enterobacteriaceae were cultured on Hektoen enteric agar 

medium (HEA) (Biokar Diagnostics, France), brilliant bile green broth (BBG) (Biokar Diagnostics, 

France) when needed. Then, triple sugar agar (TSI) (Oxoid, USA), motility indole urea (MIU) 

(Liofilchem, Italy), ornithine decarboxylase test (ODC) (Liofilchem, Italy), lysine decarboxylase 

test (LDC) (Liofilchem, Italy), citrate test (CIT) (Liofilchem, Italy) and other biochemical tests were 

performed as shown in Table A of supplementary data. Colony morphology was described in 

detail via stereomicroscopy. Corresponding Gram stains were also described under a light 

Figure 1 – Colony counting on VRBG 

agar using the DPT. 
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microscope (x1000 magnification). All isolates were stored at -21°C in a solution of PBW and 

glycerol in a 1:10 proportion, respectively. take a baffling amount 

To characterize their antimicrobial sensibility, isolates obtained from KAA, SB, VRBG and TBX 

were tested according to the Kirby-Bauer method using the active compounds expressed in Table 

F of the supplementary data.133 

Finally, isolates with probiotic potential were tested for oxygen tolerance, by incubating for two 

weeks under aerobiosis on MH incubated at 37°C. 

 ‘Closed protocol’ 

Isolation and characterization 

From the revitalized solution of each sample, 1µl was streaked onto KAA, KAA with VAN discs, 

SB, VRBG, MRS, PCA, Bacillus cereus selective agar (BCA) (Biokar, France), and cultured 

following the conditions expressed in Table B of supplementary data. 

Methodologies were equal to those of ‘open protocol’, except for BCA. A minimum of two 

colonies from BCA were selected and isolated by re-culturing multiple times on BCA and on 

mannitol salt agar (MSA) (Biokar, France), when needed.  

Biochemical tests were performed as described in Table B of supplementary data. 

RESULTS AND DISCUSSION 

Studied flocks were raised under real farm settings. This brings problems such as data 

collection (because of communication and technical challenges) and variable isolation (because 

of heterogeneous management, genetics, feed storage, microbiota and weather).  

To choose which flocks to study can also be problematic. Firstly, flocks performing under the 

expected production metrics are considered unhealthy, hence drugs are administered to bring 

them back to a healthy state. Subsequently, there is a small window of opportunity to sample a 

bad performing flock and the production day it emerges on, will vary. Therefore, lab response 

must be flawless, and the number of samples studied high, something I was unable to achieve. 

Secondly, to select flocks with contrasting performances, the production metrics of all flocks would 

be needed. This is currently unfeasible since data is unavailable until the flocks are processed, 

plus, it relates to the farm, not to individual flocks. Furthermore, farms are coordinated with the 

workflow of the slaughterhouse so, poultry houses are at different production periods, thus 

requiring a wide sampling time span. 

Time and resource constraints restricted the study to aerobes, which prevented the research 

of many critical cecal microbes, especially obligate anaerobes. Notwithstanding, aerobic bacteria 

have been associated with high performance. In fact, a sizable portion of QPS status bacteria are 

oxygen tolerant. Furthermore, it is simpler to study aerobes because fecal samples are accessible 

and non-invasive while being representative of the flock and able to identify most taxa in the 

chicken gut.134,135 This means that basic labs can potentially study the initial idea to a certain 
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degree, which can be interesting considering the direct potential (e.g. flock performance gains) 

and indirect (e.g. tax exemptions) benefits for the poultry company.  

To quantify and isolate aerobic bacteria that might be beneficial to broiler performance and 

useful for future studies, an ‘open protocol’ was designed. Empirically, the priority was directed 

to the quantification and isolation of total mesophilic aerobes (TMA) and more specifically, 

taxonomical groups, like Enterobactereaceae, coliforms, Enterococcaceae and Lactobacillaceae 

on broiler flocks of the same age, raised on the same farm, but with divergent zootechnical 

performances.54,94,136 

 The contrast in performances might be linked with the fact that CRBF1 and CRBF2 were 

involved in a study to test commercial probiotic #2, where CRBF1 was the control. Flocks had 

different management practices, including the prescription of CP #1 after the IBV vaccination, 

instead of an organic acid and/or oregano extract. Furthermore, CRBF1 and CRBF2 were raised 

in poultry houses with 20-year-old and 5-year-old, respectively. This might affect microbiota not 

only because of the inherent differences between environmental control systems, but also 

because poultry houses might develop a richer, tailored microbiota as they age which will improve 

the resilience of the subsequent flocks, since this microbiota might be transmissible even with 

strict disinfections happening between flocks. 

Simultaneously, adult chickens from backyard flocks were studied because of their mature 

microbiota, wider range of microbial exposure a presumable lower antimicrobial pressure, that 

makes them a diversity source to an eventual consortium. As discussed in previous sections, this 

might increase the resilience of the holobiont. 

Flock CRBF2 had a lower CFU count on SB comparing to CRBF1, having as well as a higher 

CFU count on VRBG (Table 3). Considering Gram positives are susceptible to amoxicillin and 

lincomycin while Gram negatives are  generally resistant, this result was expected. Considering 

the use of these drugs in CRBF2, the CFU count on MRS was higher than excepted. However, 

Lactobacillus resistance to lincomycin is documented as high.137 Unfortunately, sensibility to this 

molecule was not verified.  
 

Table 3 – Bacterial counts (CFU/g) in collected fecal samples per culture media. 

 

The ‘open protocol’ is interesting from a scientific perspective, however, if the selected isolates 

do not have QPS status, it will take a baffling amount of time for them to be available to farmers. 

Conscious of this tradeoff, a ‘closed protocol’ was devised to increase the likelihood of isolating 

bacteria with QPS status or present in commercially available probiotics, such as PoultryStar® 

Flock VRBG TBX SB MRS PCA 

CRBF1 2.0x107 1.2x107 1.1x107 9.1x108 1.2x109 

CRBF2 7.3x107 3.0x107 1.5x106 1.4x109 2.7x109 

CRBF3 1.4x108 9.6x107 1.5x108 9.7x108 3.5x108 

BCF1 2.5x107 2.6x107 5.7x108 1.9x108 3.5x108 

BCF2 1.8x108 1.5x108 2.1x108 5.0x108 2.5x108 
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me (Biomin).138,139 Supplementary table E compiles the characteristics of QPS status taxa from 

Lactobacillales. A side aim for this protocol was to reduce the time required for isolation and 

characterization. Due to COVID-19 restrictions, this protocol was unable to be fully tested.  

Both protocols searched for Enterobactereaceae as their ubiquity is something that makes 

them key members in the holobiont. Furthermore, they are used as human probiotics, so it is 

possible they will be allowed in feed.140 In order to assess the most abundant viable organisms, 

the PCA medium was used. To taxonomically characterize these isolates, dichotomous keys can 

be used. 

In the second round of studies, both CRBF3 (the best historically performing poultry house in 

the vicinities of the externship region) and BCF2 revealed an unexpected low CFU count of TMA 

when compared to Enterobacteriaceae and lactic acid bacteria. Both BCF displayed a higher CFU 

count on VRBG than CRBF, a result that might be linked to a higher environmental load. 

The antimicrobial susceptibility of 39 isolates was investigated. Overall, 14 (36%) were 

susceptible to all the antimicrobials tested, 4 (10%) were resistant to one active compound, 11 

(28%) exhibited a double resistance phenotype, 10 (26%) were multiple resistant.The most 

common resistances were to TE and DO, with 18 (46%) and 12 (31%) resistant isolates, 

respectively. As seen in Table 4, the susceptibility of BCF isolates from KAA and SB was 

unexpectedly high. Ten of such isolates (38%) showed resistance to E, 7 (70%) of which came 

from BCF. From a total of 13 isolates from VRBG and TBX (8 originally from CRBF and 5 from 

BCF) 4 (31%) were resistant to SXT, 2 from CRBF and 2 from CBF. Susceptibility to lincomycin 

and tylosin, usually used in digestive clinical cases, was not studied. All isolates were susceptible 

to AMC. Since none of the isolates from KAA with VAN discs where sensible to VAN, it is unlikely 

they are Leuconostoc isolates and thus this method could be inefficient in that regard.141  
 

Table 4 – Proportion of antimicrobial resistance and overall resistance isolates per broiler 
flock sampled and per rearing system. 

 

 

I became progressively aware of morphological differences between colonies, which often 

corresponded to distinct antibiogram results. Afraid of losing strains with scientific value, I 

increased the description thoroughness and the number of isolates obtained per culture media. 

More isolates meant that if a randomly selected colony ended up being the same organism there 

would be a chance of it falling back into another colony. 

AMR per 
isolate 

SB and KAA VRBG TBX Total Total 

CRBF BCF CRBF BCF CRBF BCF CRBF BCF Total 

n % n % n % n % n % n % n % n % n % 

0 5 31 3 30 1 33 1 33 1 25 2 100 8 33 6 40 14 36 

1 3 19 1 10 0 0 0 0 0 0 0 0 3 13 1 7 4 10 

2 3 19 4 40 2 66 1 33 1 25 0 0 6 25 5 33 11 28 

≥3 5 31 2 20 0 0 1 33 2 50 0 0 7 29 3 20 10 26 

Total 16 10 3 3 5 2 24 15 39 
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This task proved to be an endeavor, particularly when ‘impure’ colonies, as seen in Figure 2, 

emerged. Sill, over 150 colonies were isolated, stored and characterized. ‘Impure’ cultures might 

be consortiums of different bacteria colonies. Bacteria consortia are ubiquitous relationships in 

which metabolites released into the environment can benefit neighboring cells (e.g. anaerobic 

trophic levels, holobionts).79 Bacteria consortiums are studied by synthetic biology and are used 

in various industries.142
 

It is possible to design a consortium 

of enteric bacteria that share nutrients, 

so it may be possible to devise and 

administer a consortium to boost the 

metabolic efficiency of chicken. 

Additionally, chicken health might be 

boosted if the replacement of 

pathobionts with genetically modified 

non virulent strains is feasible.79 This 

would be both immunologically (e.g. 

Shigella may support a healthy enteric 

epithelial cell) and nutritionally (e.g. 

Enterobacter may improve fat 

absorption) beneficial.54 

 

To lay the foundations of such a consortium, two groups of bacteria with probiotic potential 

were selected from each protocol. It was stipulated that each group must include 5 to 12 different 

species, with a maximum of three isolates of the same species. Each isolate must survive 2 weeks 

in aerobiosis, grow on media stocked at Microlab and cannot retain resistances to more than 

three antimicrobial drugs. Ideally, each isolate must resist the commonly used antimicrobials in 

the Portuguese poultry industry, namely amoxicillin, lincomycin and tylosin.  

From ‘open protocol’, 11 isolates were selected (Table C of supplementary data). From these, 

C1k3, C2m1, C2p1 could not be cultured after 2 weeks in aerobiosis, so they were excluded. 

CoVID-19 prevented the testing of all isolates from ‘closed protocol’. Still, seven isolates were 

selected (Table D of the supplementary data). They were not tested for aerobic tolerance. 

Biochemical characteristics suggest that isolates belong to genera Enterococcus, Leuconostoc, 

Pediococcus, Lactococcus, Lactobacillus and Bacillus, all of which have species with QPS status. 

The ‘closed protocol’ is better suited to study hypothesis 2 because it has a wider search range, 

despite focusing on QPS status bacteria. Even though it required more labour, it better 

characterized the isolates. Nonetheless, to demonstrate hypothesis 1, it is necessary to add the 

quantification methodology present in the ‘open protocol’. 

Figure 2 – Bacteria consortia on KAA, collected from BCF2. 
Courtesy of ICBAS’s Cellular Biology laboratory. 
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Bacteria isolation is crucial to obtain a comprisable bacterial library from which to choose from 

when designing a probiotic. As this is extremely labour intensive, automated systems to isolate 

and identify bacteria (e.g. sub-micrometer constrictions technology) would improve efficiency.143 

In conclusion, this research project did investigate microbiota differences between flocks with 

divergent performances and laid foundations for a new probiotic technology, thus objectives b) 

and c) were achieved. In doing so, I got training in classical Microbiology and developed soft 

skills, thus objective a) was achieved. Furthermore, a protocol to isolate bacteria with probiotic 

potential was designed, several promising microorganisms were isolated and several new 

potential technologies have been conceptualized. 

FUTURE PRESPECTIVES 

To continue this quest to demonstrate the hypotheses proposed, more resources would be 

required, including time and molecular biology training to complete steps 2, 4, 5 and 6. It would 

also be compelling to study the biotic interactions between the selected isolates. 

Concerning the in vivo study, legal and Public Health issues must be clarified beforehand. 

Then, to monitor efficiency, data collection should be improved. Later, it would be interesting to 

explore biotic interactions of the consortium with pathobionts such as Salmonella spp., 

Campylobacter spp., enteropathogenic E. coli strains, Eimeria spp.  
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ANNEXES 

 
Table A – Summary of the “Open Protocol” methodology. 

Group/Taxa  TMA Enterobactereaceae Coliforms Enterococcus Lactobacillus 

Inoculum 30µl 30µl 30µl 30µl 1µl 30µl 

Dilution 4 to 7 log10 3 to 6 log10 2 to 5 log10 2 to 5 log10 2 log10 2 to 5 log10 

Culture conditions 
PCA 
37 °C 

72 hours 

VRBG 
37 °C 

24 hours 

TBX 
37 °C 

24 hours 

SB 
37 °C 
48h 

KAA 
37 °C 
24h 

MRS 
41,5 °C 

48 hours 

Morphological traits Straw colonies 
Purple/pink colonies with 

or without halos 
Blue or green 

colonies 
Red, maroon or pink. 

Pale 
Small, translucent or black 

colonies, black halo Pale straw colonies 

Minimum no. of isolates 2 5 1 2 2 2 

Gram features Variable Gram- bacilli Gram- bacilli Singular, pared, or small chains of Gram+ cocci Gram+ bacilli, short chains 

Biochemical 
characterization 

Oxidase, 
catalase, motility 

HEA, TSI, MIU, ODC, 
LDC, citrate, TBX 

HEA, BBGB, TSI, 
MIU, citrate 

Catalase, Aesculin, SB growth, LB growth Catalase 

 
Table B – Summary of the Closed Protocol” methodology. 

Group/Taxa Enterobactereaceae Coliforms Enterococcus Lactobacillales Bacillus 

Inoculum 1µl 1µl 1µl 1µl 1µl 1µl 1µl 

Dilution 2 log10 2 log10 2 log10 2 log10 2 log10 2 log10 2 to 5 log10 

Culture conditions 
VRBG 
37 °C 

24 hours 

TBX 
37 °C 

24 hours 

SB 
37 °C 

24 hours 

KAA 
41,5 °C 

48 hours 

KAA hours 
+ 

3 VAN disks 
37 °C 
24h 

MRS 
37 °C 

24 hours 

BCA 
37 °C 

24 hours 

Morphological traits 
Purple/pink colonies with 

or without halos 
Blue or green 

colonies 
Red, maroon 
or pink. Pale 

Pale straw colonies Straw colonies 
Straw colored 

colonies 

Maximum no. of isolates 5 1 2 2 2 2 2 

Gram features Gram- bacilli Gram- bacilli 
Singular, pared, or small chains of Gram+ 

cocci 
Gram+ bacilli, short chains Bacilli 

Biochemical 
characterization 

HEA, TSI, MIU, ODC, 
LDC, citrate, TBX 

HEA, BBGB, 
TSI, MIU, citrate 

Catalase, Aesculin, SB growth, LB growth Catalase 
Oxidase, 
catalase, 
motility 
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Table C – Characterization of selected isolates obtained via “Open Protocol” by media. Green isolates tolerate 2 weeks of aerobiosis. 
Label: +=positive; -=negative; UD-undefined 

Obtained with KAA 

Code Dilution Colony description when grown in KAA Cat LB Gram Resistant to 

C1k3 1 log10 Aesculin -, white, opaque, confluent - NT Gram+; big cocci, parallel pairs, short chains, small clusters R: E, TE 

C2k1 1 log10 Aesculin -, beige, bright + NT Gram+; cocci, chains with clusters R: TE, DO, F 

Obtained with PCA 

Code Dilution Colony description when grown in PCA Cat Oxi Gram 

C1p3 6 log10 Small, beige, plane lobate transparent edge bright, convex - - Gram-variable; pleomorphic coccobacilli, round edge bacilli, chains 

C2p1 6 log10 Very big, white, bright, creamy + - Gram+; pleomorphic cocci, tetrads, small clusters, yeast-like 

B1p2 6 log10 Big, mammillar with circular darker stripe, white center, liquid + + Gram+; pleomorphic coccus, small chained pairs and clusters 

B1p3 6 log10 Small, white, bright, liquid - - Gram-variable; coccobacilli, round edge bacilli, chains 

Obtained with MRS 

Code Dilution Colony description when grown in MRS Cat Gram 

C1m2 5 log10 White center, granulated, firm - Gram-variable; thin long parallel bacilli 

C2m1 5 log10 Big, small white center, big crystals, plane, liquid - Gram+; short wide single/paired bacilli, parallel structures 

C2m2 5 log10 Big, small pointy white center, granular UD Gram+; bacilli, parallel chains 

C2m3 5 log10 White center, granulated, plane, friable - UD 

B1m1 5 log10 Small, white, bright UD UD 
 

 

Table D – Characterization of selected isolates obtained via “Close Protocol” by media. 
Label: G-glucose fermentation reaction; L-lactose fermentation reaction; g-gas production; LDC-lysine decarboxylase test; ODC-ornithine decarboxylase test; Cit-Citrate 

Obtained with KAA 

Code Dilution KAA SB Cat Lit Gram Antibiogram 

C3 k1 1 log10 Aesculin +; white NG + - Gram+; small cocci, short chains of parallel 
pared cocci, small clusters, medium chains 

R: VAN 

C3 k2 1 log10 Aesculin +; grey edge, 
big dark center 

Small, white edge, crisp red center, dense 
dark red pigment, dark red crystals 

+ - Gram+; small slender cocci, medium chains at 
times with parallel pared cocci, clusters 

R: TE, DO 

C3 vk3 1 log10 Aesculin +; transparent 
edge, light grey 

Light red edge to red, filamentous red 
central pigment, crystals  

- + Gram+; slender cocci, chains of transversal 
orientated cocci, pairs, parallel pared cocci 

R: E 

C3 vk6 1 log10 Aesculin +; grey, 
transparent edge, 
brown center 

Very light pink, bulky filamentous red 
pigment, rare red crystals 

- + Gram+; small round cocci, chains, pairs, rare 
clusters 

R: TE, RD 

B2 k3 
 

1 log10 Aesculin +, slow; grey Transparent edge to light pink center, red 
pigment 

- ND Gram+; slender cocci; parallel pairs, short 
chains, clusters 

R: TE 

Obtained with VRBG 

Code Dilution HEA 
TSI 

M I U LCD ODC CIT Antibiogram 
G L g H2S 

C3 v2 5 log10 Green, lighter in the center, liquid + - + - - - - + - - R: TE 

B2 v1 5 log10 Whitish orange, darker center, creamy  + + + - - - - + - - R: AMP, TE 
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Table E – Summary of characteristics of Lactobacillales with probiotic potential.144,145,146 

NR-nitrate reduction; GF-glucose fermentation 

Taxa KAA MRS Catalase Oxidase Aesculin Litsky SB 

Enterococcus + + – / + – + + ++ red 

Gram: Singular, pared, or small chains of cocci. Culture characteristics: 37°C, pH 9.6, 6.5% NaCl, 40% bile. Colony characteristics: NR: (-); GF: + 

Leuconostoc + + – – slow + / - – + small 

Gram: Elongated cocci in pairs or chains. Culture characteristics: 20-30°C, pH5.5-6.5. 

Colony characteristics: slow growth, viscous when cultured with saccharose. GF: + with gas; Indole: -; NR: - 

Pediococcus + + – – slow + – + pink 

Gram: Cocci in pairs with parallel axis, tetrads. Culture characteristics: 22-40°C. Colony characteristics: GF: +; NR: - 

Lactococcus + + – – ? – + 

Gram: Pared cocci/ovoid, short chains. Culture characteristics: 30°C. Colony characteristic: non-motile 

Lactobacillus + + ? – + – + 

Gram: Long bacilli that can be very short resembling cocci. Mainly organized in short chains. Culture characteristics: 30-40°C. Colony characteristic: NR: -; non-motile 

 

Table F – List of the antimicrobial agents tested for each antibiogram type. 

Used for colonies isolated from VRBG, TBX, SB and KAA 

Ampicillin Cefalexin Ciprofloxacin  Nitrofurantoin 

Tetracycline (TE) Doxycycline (DO) Levofloxacin  

Used for colonies isolated from VRBG and TBX 

Amikacin Cefoxitin Cefotaxime Trimethoprim-sulfamethoxazole (STX) 

Cefazolin Ceftazidime Aztreonam Amoxicillin/Clavulanate 2:1 (AMC) 

Imipenem Tobramycin Streptomycin Chloramphenicol 

Used for colonies isolated from SB and KAA 

Penicillin Erythromycin (E) Rifampin Chloramphenicol Linezolid 

Teicoplanin Vancomycin (VAN) Fosfomycin Quinupristin/dalfopristin 
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