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Summary

SUMMARY

Inclusion of oregano oil and a probiotic feed additive into drinking water of broilers - effects on

performance and gut health

The hypothesis of this study was that the inclusion of oregano oil and a probiotic Enterococcus faecium
strain in drinking water, either singly or alternating, would (1) not negatively affect feed and water intake,
(2) improve growth performance and (3) positively impact on gut health characteristics, of broiler
chickens during a 42-day growth period. Ross 308 chicks (mixed-sex; mean body weight 45.1 g (standard
deviation 1.04 g) were randomly assigned to four experimental groups at the start of the experiment:
control (without supplement), probiotic (continuous supply of an E. faecium commodity [minimum
activity per kg: 3.3 x 1012 colony forming units] with drinking water at 200 mg/L), oregano oil (75,000
mg/kg of product; first three days of each week at 0.2 mL/L drinking water), and oregano oil-probiotic
(addition of oregano oil (0.2 mL/L) for three days and E. faecium commodity (200 mg/L) for four days to
drinking water), each group with 10 replicates and each replicate with 10 chicks. Water and feed intakes
were determined on a pen basis during the 42-day period. Moreover, body weight gain and feed
conversion ratio were calculated to determine overall performance, and weights of liver and abdominal
fat pads were assessed. Gut health characteristics encompassed excreta pH and dry matter content, and
selected histomorphological parameters, i.e., villus height, crypt depth, villus height to crypt depth ratio,
and crypt width.

Water intake was not affected by additives supplied in drinking water. Feed intake was also not different
between the groups during the trial, only a slightly higher feed intake was determined in the oregano oil-
probiotic group in the finisher phase (days 14-42). Congruently, the water to feed intake ratio was not
influenced by additives in drinking water. The data showed a strong correlation between water and feed
intakes. Different additives supplied with drinking water did not affect performance of broiler chickens or
liver and abdominal fat pad weights. Excreta pH and dry matter content were unaffected by dietary
treatment. The probiotic and oregano oil-probiotic supplements affected histomorphological parameters;
the villus height in the ileum was higher compared with the other experimental groups. Moreover, in the
ileum of broilers in the oregano oil-probiotic group, the crypt depth was deeper and the villus height to
crypt depth ratio was wider than for the other experimental groups. Overall, the oregano oil-probiotic
administration in drinking water positively affected selected histomorphological gut characteristics in

growing broiler chickens.

Consequently, the administration with drinking water may be a viable way to supply these types of feed
additives to diets of young chicken without compromising their acceptance to consume water or
negatively affecting performance and gut health characteristics. Future studies should be conducted

applying varying concentrations of the additives supplied with drinking water.



Zusammenfassung

ZUSAMMENFASSUNG

Effekte einer Verabreichung von Oregano6l und eines probiotischen Futterzusatzstoffes im

Trankwasser von Masthiihnern - Auswirkungen auf Leistungsmerkmale und die Darmgesundheit

Die Hypothese der Studie war, dass die Verabreichung von Oreganodl und einem probiotischen
Enterococcus faecium-Stamm im Trankwasser, entweder einzeln oder alternierend, (1) keine
Beeintrachtigung der Futter- und Wasseraufnahme wachsender Masthiihner wéhrend einer 42-tigigen
Mastperiode verursacht, (2) iber diesen Zeitraum die Wachstumsleistung erhéht und (3) giinstige
Auswirkungen aufMerkmale der Darmgesundheit hat. Gemischtgeschlechtliche Kiiken der Herkunft Ross
308 (mittlere Lebendmasse 45.1 g (Standardabweichung 1.04 g) wurden zu Versuchsbeginn zufillig auf
vier Versuchsgruppen verteilt: Kontrolle (ohne Futterzusatzstoff im Trankwasser), Probiotikum
(kontinuierliche Gabe eines E. faecium-Produkts [Mindestaktivitit pro kg: 3.3 x 1012 koloniebildende
Einheiten] im Trankwasser [200 mg/L]), Oreganodl (75,000 mg/kg Produkt; jeweils an den ersten drei
Tagen jeder Woche [0.2 mL/L Trankwasser]) und Oreganodl-Probiotikum (Zugabe tiber das Trankwasser
von Oreganodl [0.2 mL/L] iiber drei Tage und das E. faecium-Produkt [200 mg/L] tiber 4 Tage/Woche).
Jede Versuchsgruppe wurde in 10-facher Wiederholung gepriift und jede Wiederholung bestand aus 10
Kikken. Der Wasser- und Futterverbrauch wurde tiber 42 Tage quantifiziert und die
Koérpermassezunahmen sowie der Futteraufwand wurden als Leistungsmerkmale ermittelt. Zusétzlich
wurden Leber- und Abdominalfettpolstermassen ermittelt. Als Merkmale der Darmgesundheit wurden
der pH-Wert der Exkreta und deren Trockenmassegehlt ermittelt sowie ausgewahlte
histomorphologische Parameter erfasst, namentlich Héhe der Darmzotten, Kryptentiefe, das Verhaltnis

dieser beiden Grof3en und die Kryptenbreite.

Der Wasserverbrauch wurde durch die Zulagen im Trankwasser nicht verdndert. Auch der
Futterverbrauch aller Versuchsgruppen war ahnlich, nur die Oregano6l-Probiotikum-Gruppe wies einen
geringfligig hoheren Futterverbrauch ab der dritten Versuchswoche (Tage 14-42) auf. Entsprechend war
auch das Verhaltnis von Wasser- zu Futterverbrauch in allen Versuchsgruppen ilibereinstimmend und
Wasser- und Futterverbrauch wiesen eine enge Korrelation iiber den gesamten Versuchsverlauf auf. Die
Wachstumsleistung der Masthiihner sowie Leber- und Abdominalfettpolstermassen wurden nicht durch
die Zulagen im Trankwasser beeinflusst (P>0.05). Der pH-Wert der Exreta und ihr Trockenmassegehalt
wurden nicht durch die Zulagen im Trankwasser verdndert. Die Zulage des Pobiotikms und der
Kombination Oreganodl-Probiotikum bewirkte eine grofiere Hohe der Darmzotten im Ileum. Fiir die
Kombination Oreganodl-Probiotikum wurde auch eine ausgepragtere Kryptentiefe ermittelt, die sich in
einem weiteren Verhaltnis von Zottenhohe zu Kryptentiefe widerspiegelte. Insgesamt deuten diese
Befunde auf eine giinstige Beeinflussung der Darmgesundheit durch die gepriiften Zulagen im

Trankwasser hin.

Somit kann die Verabreichung der gepriiften Zusédtze in den gewdhlten Konzentrationen zum
Trankwasser als mogliche Verabreichungsform betrachtet werden, ohne dabei die Bereitschaft der
Masthiihner zur Wasseraufnahme zu beeintrachtigen. Die Leistungsmerkmale sowie Leber- und
Abdominalfettpolstermassen waren ebenso nicht von den Zulagen im Trankwasser beeinflusst. Fiir die
Darmgesundheit konnte fiir einzelne Merkmale eine giinstige Beeinflussung durch die gepriiften Zulagen
im Trankwasser ermittelt werden. In weiteren Studien sollte untersucht werden, wie sich die
Verabreichung unterschiedlicher Konzentrationen der gepriiften Zusatzstoffe im Trankwasser auf Broiler

auswirkt.

II
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Chapter 1. Literature review

CHAPTER 1

Literature review

A healthy gut is essential in broilers for their growth and the provision of healthy products for human
consumption (Yeh et al.,, 2019). Moreover, there is a direct relationship between animal performance and
a ‘healthy’ gut, with no obvious definition that includes all the physiological functions of the intestinal
tract, including nutrient digestion and absorption, host metabolism and energy generation, a stable
microbiome, mucus layer development, barrier function, and mucosal immune responses (Kogut et al,
2017).

For optimum feed intake and proper nutrient absorption, a healthy gastrointestinal tract (GIT) is
necessary (Ducatelle et al, 2018). A well-functioning and healthy gut is the basis of the optimum
performance of the birds. When the gut function and health are impaired, digestion and absorption of
nutrients are affected and thus the health and performance of birds will be compromised (Sugiharto,
2016). The maintenance of gut health is complex and relies on a delicate balance between the diet, the
commensal microflora and the mucosa, including the digestive epithelium and the overlying mucus layer
(Montagne et al., 2003). A strategy to support the gut health is use of in-feed antibiotics which have been
extensively used in animal production for decades. In addition, antibiotics are used therapeutically to
improve the health and well-being of animals. A large portion was used for prophylactic purposes and to
promote growth rate and feed conversion efficiency as antimicrobial growth promoters (Huyghebaert et
al, 2011).

Over the past few decades, no major new types of antibiotics have been produced and almost all known
antibiotics are increasingly losing their activity against pathogenic microorganisms and the levels of
multi-drug resistant bacteria have also increased (Agyare et al., 2018). It is estimated that globally more
than 60 % of all antibiotics that are produced are utilized in animal production for two purposes, namely
therapeutic and non-therapeutic (Agyare et al., 2018). Poultry flocks are raised under intensive conditions
and it was necessary to use large amounts of antimicrobials to prevent and treat disease, also as growth
promoters, but as a consequence antimicrobial resistant poultry pathogens may contribute to occurrence
of treatment failure resulting in economic losses, but also be a source of resistant bacteria/ genes

(including zoonotic bacteria) that may cause risk for health of humans (Nhung et al., 2017).

Antibiotic resistance among the bacterial pathogens and concerns over their widely use in food animals
has gained global interest in limiting antibiotic use in animal agriculture and its importance to find

innovative antimicrobials that provide alternatives to conventional antibiotics (Seal et al., 2013).

Probiotics were described as substitute for in-feed antibiotics which may serve as the best substitutional

option for antibiotics in poultry industry (Alagawany et al., 2018).

Moreover, Guo et al. (2003) stated that the feed additives of plant origin, called as phytogenic feed
additives (PFA) or phytobiotics or phytoadditives are considered to be a better alternative as non-
antibiotic growth promoters, even though there are well established non-antibiotic growth promoters
such as organic acids and probiotics. The PFA as natural non-antibiotic growth promoters can be used in

forms of herbs, spices, essential oils and oleoresins (Yitbarek, 2015).

1. Gastrointestinal tract of poultry

The gut is described by Sugiharto (2016) as an essential organ system which plays a vital role in the food

digestion and host defence.
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1.1. Microbial ecology of the gastrointestinal tract of broilers

The GIT of chicken is as a harbour of a diverse and complex microbiota which has an essential role in
nutrient digestion and absorption, immune system development and pathogen removal (Shang et al,
2018). Due to the short poultry GIT, microbiota that grows with relatively short transit time requires
unique adaptations to adhere to the mucosal wall and to proliferate (Yadav & Jha, 2019). Wei et al (2013)
reported that the microbiota of the GIT is a complex ecosystem predominantly comprised of bacteria, but

also contains viruses, archaea, fungi, and protozoa.

Xiao et al (2017) identified main microbial groups in different gut sections in broiler chickens. Firmicutes
were main phylum in the duodenum, jejunum, ileum, and colon while Bacteroidetes was dominated in the
cecum. The main microbial genera in all gut sections were Lactobacillus, Enterococcus, Bacteroides, and
Corynebacterium, with Lactobacillus prevalent in the upper gut and Bacteroides dominant in the cecum.
Based on another report by Stamilla et al (2021), the gut microbiota in broilers, the ileum was primarily
colonized by the Escherichia/Shigella genus, while the upper tract of the intestine was primarily colonized
by Lactobacillus. The caecum, which has the highest diversity of bacterial species, was dominated by the

genera Clostridium and Bacteroides.

1.1.1. Function of the microbial community of the gastrointestinal tract of broilers

The digestive system is an essential primary source of microorganisms, and different kinds of interaction
occur between broilers and their intestinal microbiota. Functions of the microbes are nutrient exchange,
immunological modulation, physiology of the digestive system, and the exclusion of pathogens (Clavijo &
Flérez, 2018). Bailey (2010) reported that the diverse microbial population of the GIT plays a significant
role in animal health by aiding digestion, producing nutrients, protecting against pathogens and
maturation of the host immune system. Kogut et al. (2020) claimed that intestinal microbiota interacts
with the immune system of the intestine in broilers. Li et al. (2019) revealed that intestinal microbiota can
affect the intestinal morphology of the digestive system in broilers. It has been reported that competitive
exclusion is a process in which gut commensal microbiota has a vital role in preventing colonization by
pathogens in the GIT of chickens (Lan et al., 2005).

1.1.2. Factors affecting the microbial community of the gastrointestinal tract of broilers

Clavijo & Vives (2018) indicated factors which affect the microbiota in the GIT of broilers including age,
location of the microbiota in the GIT, diet, and antibiotics. Shang et al. (2018) reported that the diversity
of the chicken GI microbiota is largely affected by age. Gut dominant microbiota become more
complex as broilers age (Lan et al,, 2005) and the bacterial density of the small intestine increases with
age (Rehman et al,, 2007).

About the location of microbiota, in ceca with a lower passage rate of digesta is favourable to diverse
groups of bacteria to have an effect on nutrient utilization and overall health of poultry (Yadav & Jha,
2019).

According to Fuller (1984) and Gong et al. (2002), the gut microbial population of chicken mostly consists
of gram-positive bacteria, the majority of which are facultative anaerobes from crop to terminal ileum,
although caeca additionally harbour strict anaerobes and the main site of bacterial activity are crop and

caeca and to a lesser extent, the small intestine.
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It has been noted that nutrients in the diet of chickens are able to modulate the growth and establishment
of the microbiota, therefore, diet as a factor has a major impact on the microbiota (Gabriel et al., 2006).

Moreover, antibiotics have an influence on the gut microbiota (Greene et al., 2022).

1.2. Function of the digestive tract of poultry

Several mechanisms are involved in the gut function including transit time, digestive secretions, and
digestive enzyme activities, and the combination of all these effects influences nutrient digestibility in the
GIT (Puvaca et al., 2013). Feed enters the crop to be stored for a short time and fermentation occurs partly
by the resident bacteria; in the proventriculus the feed will be mixed with hydrochloric acid and pepsin,
and next enters the gizzard where mechanical destruction of the feed into smaller particles occurs (Bailey,
2019). In the small intestine amino acids, monomeric carbohydrates, and fatty acids are absorbed. Finally,
after termination of digestion two types of droppings are excreted, namely, cecal and a fecal, with

different shapes.

Table 1.1: Different segments of the gut in poultry - transit times of feed and pH in each segment

Segments Transit time (minutes) pH
Crop 10-50 5.5
Proventriculus/gizzard 30-90 2.5-3.5
Duodenum 5-10 5-6
Jejunum 20-30 6.5-7
[leum 50-70 7.0-7.5
Cecum/colon 20-30 8.0

Source: Ravindran (2013)

1.3. General view of common digestive health disorders in poultry

The gut as the largest surface of the body is exposed constantly to the external environment (Lievin-Le
Moal & Servin, 2006). Yegani & Korver (2008) reported that the GIT is constantly exposed to a wide range
of harmful substances and acts as a selective barrier between the tissues of the bird and its luminal

environment.

The lumen of the GIT normally contains feed and its constituents, resident and transient microbial
populations, endogenous nutrients, and secretions from the GIT and its accessory organs such as the liver,
gallbladder, and pancreas. The GIT must selectively allow the nutrients to cross the intestinal wall into the
body while preventing the harmful components of the diet from crossing the intestinal barrier (Korver,
2006). Intestinal health problems are considered as a major issue in the poultry industry (De Meyer et al.,
2019). Enteric disorders are defined by Hafez (2011) as one of the most significant groups of diseases due
to their impact on poultry, causinghigh economic losses in many parts of the world due to increasing
mortality rates, medication costs, and feed conversion ratios (FCR) and decreasing in weight gain.
Moreover, Hughes (2005) mentioned that metabolic stresses related to diet, environment and
management can have a negative influence on the delicate balance among physical, chemical,
immunological, and microbiological components of the chicken gut and may also severely hamper growth
and FCR in broilers.
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Any damage in the gut caused by pathogens will lead to poor gut health and results in a reduction in
nutrient utilisation efficiency (Choct, 2009). Weakness of the intestinal integrity has a consequence of
increase in bacterial adherence to the mucosa, bacterial translocation, weakness to opportunistic

bacterial infection, and misappropriation of nutrients (Adedokun & Olojede, 2019).

Occurrence of infection in the gut caused by, e.g., coccidiosis or necrotic enteritis results in an unhealthy
gut and leads to inefficiency in digesting and transporting nutrients in the gut (Choct, 2009). Physiological
damage contributes to inflammation, loss, or damage of absorptive epithelial cells, and shortening of the
all-important villi. The dynamic nature of the organ rapidly repairs the villi, but often it consists of
immature and poorly absorptive epithelial cells and ends to a reduction in absorption of nutrients leading
to poor growth and/or stunting, as well as difficulties in maintaining fluid balance, causes diarrhoea and
wet litter (Perry, 2006).

Common clinical signs related to enteric disorders include dehydration, diarrhoea, depression, weakness,
reduced appetite, huddling, vocalization, emaciation, and feed refusal (Perry, 2006). Fast growing broilers
are often affected by diarrhoea in the first weeks of their lives leading to impaired performance or the loss
of animals (Mueller et al., 2012). In the following, a description of the most contributing factors in the gut

disorders is given.

1.3.1. Non-infectious factors in the digestive disorders in poultry

1.3.1.1. Nutritional factors

Gut health and nutrition are closely dependent on one another and optimizing dietary nutrient utilization
cannot be achieved unless the gut is in a healthy state (Ferket & Veldkamp, 1999). Bedford & Schulze
(1998) reported that some ingredients in monogastric diets contain significant amounts of anti-
nutritional factors which reduce their feed value and use. Erdaw & Beyene (2018) and Ohm & Siidekum
(2024) reported that trypsin inhibitors are anti-nutritional factors with considerable activity in legume
grains including soybean but zero amounts in cereal grains. Trypsin inhibitors in poultry diets influences
the pancreas and had a negative impact on growth performance and increased occurrence of sub-clinical
necrotic enteritis in broiler chickens (Palliyeguru et al, 2011) but it can be reduced by either optimum
heating (‘toasting’) or enzyme supplementations. With increasing of raw full-fat soybeans in the diets,
weight of the pancreas, and activity of trypsin increased and also villus height and crypt depth were

negatively affected by raw soybean in the diet of broilers (Rada et al., 2017).

According to Annison & Choct (1991) non-starch polysaccharides (NSP) of cereal grains have anti-
nutritive activity in the diets of broiler, and the high levels of arabinoxylans (pentosans) in rye and {3-
glucans in barley contribute to the reduced nutritive value. Dietary plant f3-mannans (corn-soybean meal-
based diets as well as diets containing guar meal, copra meal, and palm kernel meal) in poultry diets also
had negative impacts ranging from high intestinal viscosity and low nutrient digestibility and also adverse

effects on innate immune response and microbial proliferation in the gut (Shastak et al., 2015).

Dekich (1998) stated that feed-borne toxins may lead to enteric disorders. The most prevalent feed-borne
toxins are mycotoxins and biogenic amines. According to Resanovic et al. (2009), all poultry species and
categories are susceptible to mycotoxins. Susceptibility varies to some extent with type, age and
production category of poultry, their living conditions and nutritional status and partly on the type,
quantity and time period of ingestion of mycotoxins. The presence of mycotoxins causes health disorders
and reduces production performance. Deoxynivalenol as a common Fusarium toxin in poultry feed has
been reported to have a negative influence on gastrointestinal function and leads to disability in the
4
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regulation of poultry immune systems (Awad et al, 2008; Awad et al.,, 2013). Aguzey et al. (2019) stated
that mainly cereal grains in poultry feed are contaminated by Fusarium mycotoxins and exert different
effects ranging from acute, obvious diseases with high morbidity and death to chronic disease, low
resistance to pathogens resulting in lesser animal productivity, and may also have negative influences
such as damage to intestinal morphology, absorption of nutrients, barrier function, and the natural
immune response. Biogenic amines are bioactive materials which are synthesized from amino acids
(Smith et al.,, 2000). Stuart et al. (1986) revealed that biogenic amines caused malabsorption syndrome
characterized by low feed conversion, clinical signs and lesions including enlarged proventriculus, flaccid

gizzard often with erosion, and excess mucus in the digestive tract in broiler chickens.

1.3.1.2. Management and environmental factors

Good rearing management is the first point for healthy and productive birds, and profitable poultry
production in agreement with animal welfare including all factors affecting the health of birds. These
include several factors such as house structure, climatic conditions (ventilation, temperature, and litter
condition), stocking density, feed and water supply, hygienic condition as well as the knowledge and
qualification of the stockman as they affect one another and can promote or inhibit the health condition of
the flock (Hafez, 2011). Adedokun & Olojede (2019) confirmed that stress is a factor which can cause
enteric diseases including leaky gut and GITenteritis in poultry. Dharne (2008) reported a number of
stress factors for birds such as handling, transportation, overcrowding, and rapid changes in environment
which change the gut environment. Burkholder et al. (2008) have shown that acute stressors like 24-h
feed withdrawal and 24-h exposure to high temperature (30°C) in poultry production systems can cause
alterations in the normal intestinal microbiota and epithelial structure, leading to increased attachment of
Salmonella enteritidis. According to Tsiouri et al. (2015) stocking density has a significant effect on the
viscosity of intestinal contents, caecal Clostridium perfringens and the percentage of Necrotic enteritis
positive birds, and the severity of the necrotic lesions. Chronic heat stress has been shown to decrease
production performance of broilers, negatively affects intestinal microarchitecture and also increases
adrenal hormone concentrations (Sohail et al, 2012). It was noted by Wang et al. (2016) that litter
management regimens (fresh vs. reused litter) have an influence on the chicken gastrointestinal

microbiota and may have an impact on the host's nutritional status and intestinal health.

1.4. Alternatives to antibiotic growth promoters as feed additives to improve gut health in

poultry

Alternative products and strategies to improve the maintenance of animal gut health are constantly being
investigated in order to prevent or reduce the prevalence of pathogens in livestock (Dobrowolski et al.,
2019). Numerous antibiotics have been added to poultry diets as growth promoters to increase the
growth and improve feed efficiency and to reduce mortality in the poultry industry. Based on Denli &
Demirel, (2018) all commonly used feed AGP have been banned and not used in the diets of poultry in
certain countries due to greater concerns about the potential for antibiotic resistant strains of bacteria
and residues of antibiotics in animal tissues. Ban on AGP was effective since 1 January 2006 (European
Union Commission, 2006). Ban on AGP in Europe showed that these agents had significant prophylactic
activity and their withdrawal is now associated with a weakening in animal health, including increased
diarrhoea, weight loss, and mortality due to clostridial necrotic enteritis in broilers (Casewell et al., 2003).
Moreover, the ban on the use of nutritive antibiotics in Europe and increased consumer awareness have

created the need for replacements for AGP, as natural and safe feed additives in order to achieve better
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production results for farm animals (Frankic et al., 2009). Alternatives to antibiotics that improve gut
health act by different mechanisms including altering gut pH, maintaining protective gut mucins, selection
for beneficial intestinal organisms or against pathogens, rise in fermentation acids, nutrient absorption,
and humoral immune response (Ferket, 2003). Strategic use of these alternative compounds will improve
growth provided that they are used in a way that complements their modes of action (Ferket, 2003).
Functionality of the different segments of the digestive tract can be influenced by the diet and feeding
systems and functionality of the digestive tract is likely to have a major impact on response to dietary
manipulations such as enzyme and pre- or probiotic additives, and therefore needs to be considered in
experimental design and explanation of results (Svihus, 2014). Probiotics are single or mixed cultures of
live or viable microorganisms which positively influence the host by improving the balance of their
intestinal flora (Fuller, 1989). Advantage of the use of medicinal plants as being safer and cheaper and to
use for safe food production as well as a decrease in mortality in animals (Omolere & Alagbe (2020).
Essential oils as essential aromatic components of herbs and spices which are used as natural substitutes
for AGP in poultry feed because they have antimicrobial, antifungal, antiparasitic, and antiviral properties
(Krishan & Narang, 2014). Probiotic, phytobiotic, or combination of the two additives in broiler feed could
be as alternatives to antibiotics as growth promoters to improve the performance of broiler production
(Alloui et al., 2014; Ferdous et al., 2019).

1.4.1. Phytoadditives in poultry nutrition

In order to increase the overall performance of poultry, phytogenic feed additives can be used as an
alternative to antibiotic feed additives in poultry production (Yitbarek, 2015). Benefits of phytogenic feed
additives include (Yitbarek, 2015):

. feed intake improvement,

. digestion stimulation,

" growth performance enhancement,

. decrease in incidence of disease,

. reproductive parameter improvement,

" feed efficiency improvement,

] profitability, and

] litter ammonia emission reduction in poultry house.

As a report by Puvaca et al. (2013), over the past fifteen years, phytoadditives in animal nutrition have
drawn attention for their potential role as alternatives to AGP. Difficulty arises when comparing different
studies using phytoadditive due to the large variation in composition and sourcing, thus the potential
biological effects of phytogenic compounds may vary; however, there is a large amount of research data
supports a potential role of phytoadditive as natural, non-antibiotic growth promoters in broiler nutrition
(Puvacaetal, 2013).

According to a review, the most common herbs and spices used as PFA in poultry diet are including
oregano, thyme, garlic, horseradish, chilli, cayenne, pepper, peppermint, cinnamon, anise, clove, rosemary,
and sage and beneficial properties of phytogenic compounds attributes to their bioactive molecules which
are carvacrol, thymol, cineole, linalool, anethole, eugenol, allicin, capsaicin, allylisothiocyanate and
piperine (Yitbarek, 2015). PFAs have antimicrobial, antifungal, antiviral, antitoxigenic, antiparasitic and

insecticidal properties (Yitbarek, 2015).

Already Grashorn (2010) reported that in commercial poultry nutrition, mainly whole seeds or extracts of
black cumin (Nigella sativa), oregano (Origanum vulgare), rosemary (Rosmarinus officinalis), sage (Salvia
6
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officinalis), thyme (Thymus vulgaris) and chilli (Capsicum annum) are used separately or in combination as
feed additive.

Results of an experiment indicated that the herbal natural feed additive such as oregano, du-sacch,
quiponin, garlic and thyme may be used as substitutes to an antibiotic growth promoter in broiler
production (Demir et al.,, 2005). It has been noted that the use of phytoadditivess in animal nutrition has
been investigated in the form of extracts, mostly essential oils, in a variety of animal species (Karaskova et
al, 2015).

Evaluation of phytogenics in the form of extracts, cold pressed oils, and EO was carried out in a number of

animals, but the findings are variable (Upadhaya & Kim, 2017).

Through use of these products, we can have a reduction in the use of antibiotics as growth promoters. The
beneficial result of these products will not be obvious, and it depends on a number of other factors
involved in the production process (Bjedov et al,, 2013). Actually, there is currently a great interest in
essential oils as additives for animal nutrition, as they have more biological activity than the raw material
from which they were extracted (Yitbarek, 2015).

In another study Frankic et al (2009) reported that plant extracts are applied in animal nutrition as
stimulants for appetite and digestion and influence on other physiological functions and support to
maintain healthiness and welfare of the animals what can positively affect their performance. Grashorn,
(2010) reported that addition of extracts or essential oils to drinking water is less than feed due to higher

water intake than feed intake in broilers (about 1.8:1).

Essential oils as essential aromatic components of herbs and spices are used as natural substitutes for
AGP in poultry feed because of its antimicrobial, antifungal, antiparasitic, and antiviral properties
(Krishan & Narang, 2014).

1.4.1.1. Different kinds of phytogenic compounds

Windisch et al. (2008) classified phytogenic compounds mainly based on origin and processing into four

groups include:

1) herbs (flowering, non-woody, and non-persistent plants);
2) spices (herbs with an intense smell or taste commonly added to human food);
3) EOs (volatile lipophilic compounds derived by cold expression or by steam or alcohol

distillation); and

4) oleoresins (extracts derived by non-aqueous solvents).

Oregano as herb belongs to the mint family. It is closely related to marjoram, even though the flavours
vary widely. The common oregano variety has the scientific (latin) name of Organum vulgare (Harini,
2014). Light green leaves of oregano are used as a culinary seasoning either as dry or fresh and its use has

elicited sensory effects like pungent, pleasantly bitter, herbaceous, and aromatic (Singletary, 2010).

Researchers reported that Origanum vulgare (Oregano) has been used traditionally to treat a variety of
disorders. Almost every part of O.vulgare (Oregano) including roots, leaves, stem and flower are used in

the systems of medicines for the treatment of several diseases (Singh et al,, 2018).

Furthermore, Gutiérrez-Grijalva et al. (2017) described a variety of herb species classified as oregano that
commonly used in folk medicine to treat inflammation-related diseases, respiratory and digestive
disorders, headaches, rheumatism, diabetes and others.
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According to Gutiérrez-Grijalva et al. (2017), the most important phytochemicals in oregano are divided
based on hydrophilic and hydrophobic properties into two categories: essential oils and phenolic

compounds. Tongnuanchan & Benjakul (2014) reported leave part of oregano contains essential oils.

Essential oils are a combination of aromatic oily liquids derived from plant materials such as flowers,
buds, seeds, leaves, twigs, bark, herbs, wood, fruits and roots (Oyen & Dung, 1999). Essential oils can be
found as natural (vegetable origin) or synthetic form (Mehdi et al, 2018). Essential oils are secondary
metabolites that are highly enriched in compounds based on an isoprene structure that is called terpenes
(Cowan, 1999). It was demonstrated by Gaare et al. (2013) that chemically EO contains monoterpenes,

sesquiterpenes, alcohols, ethers, aldehydes, esters, and ketones as the main constituents.

According to Leyva-Lépez et al. (2017) oregano essential oils are complex natural mixtures as they
composed of the main components such as terpenes, generally mono- and sesquiterpenes. The main
terpenes found in the different species of oregano are carvacrol, thymol, y-terpinene, p-cymene, terpinen-

4-0], linalool, B-myrcene, trans-sabinene hydrate, and -caryophyllene as it is presented in (Figure 1.1).
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Figure 1.1: Chemical structure of some of the main components of essential oil (EO) in oregano (Leyva-
Lépez etal., 2017)

Migliorini et al. (2019) reported composition of oregano EO obtained by gas chromatography as is
presented in (Figure 1.2).
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Figurel.2: Major compounds of oregano (Origanum vulgare) EO (Migliorini et al., 2019)

Among the spices with excellent sources of phenolic compounds, spices such as oregano, thyme, and basil
can be mentioned. Phenolic compounds of spices are classified as anthocyanins, flavonoids, and phenolic
acids (Kruma et al., 2008). Gutiérrez-Grijalva et al. (2017) reported that phytochemical compounds in
oregano such as flavonoids and phenolic acids contributes partially to health benefits of herbs. Flavonoids
and phenolic acids are two of the major and most studied phytochemicals in oregano specie. It was
discovered by Vekiari et al. (1993) that oregano flavonoids obtained from leaves of oregano as lipid
antioxidants including apigenin (flavone), eriodictyol (flavanone) dihydroquercetin (dihydroflavonol),

and dihydrokaempferol (dihydroflavonol).

1.4.1.1.1. Biological effects of oregano essential oils

Oregano essential oils are known for their antimicrobial activity, as well as their antiviral and antifungal
properties. Also, these compounds have antioxidant, antiinflammatory, antidiabetic activities and cancer
inhibitor agents (Leyva-Lopez et al.,, 2017). Some other researchers have also confirmed the properties of
oregano EO as anti-microbial (Dorman &. Deans, 2000; Busatta, et al, 2007), anti-fungal (Koci¢-Tanackov
Sundica et al, 2012), antiviral that carvacrol is an antiviral component in this EO (Vimalanathan & Hudson,
2012; Gilling et al, 2014), anti-toxigenic, (Mitchell et al, 2010), anti-oxidant (Stanojevi¢ et al.,, 2016), and
anti-inflammatory, as thymol is the isomer of carvacrol has been shown to possess this property activity
of oregano EO (Huang & Lee, 2017). Anticoccidial activity of oregano EO in broiler chickens was reported
by (Tsinas et al.,, 2011; Alp et al. 2012). In addition, Tasdemir et al. (2019) reported antiprotozoal activity

of oregano EO.

Moreover, it was detected by biological studies that phenolic compounds of O. vulgare had antioxidant
activity and a weak antiviral activity (Zhang et al,, 2014). Assiri et al. (2016) have shown that oregano’s
aroma is attributable to the presence of the EO that is accumulated in leaf trichomes. Also, as it has been
noted by (Harini, 2014), oregano aroma has a little of bitter taste because of a high concentration of
phenolic acids which differs greatly in potency. Sometimes the strains have uniquely mild or very strong
tastes. It has been reported that aromatic, slightly bitter taste and functional properties of oregano are

related to the quantity and composition of its phenolic components (Karimi et al., 2010).
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1.4.2. Probiotics

Probiotics are described by World Health Organization (WHO). (2002) as live microorganisms with a
benefit for the host healthiness when they are administered in sufficient amounts. According to Dhama et
al. (2011) probiotics include bacteria, fungi and yeasts and improve the health and well-being of animals
or humans. Three basic mechanisms of probiotics include competitive exclusion of pathogenic microbes,
production of antibacterial substances (e.g., bacteriocins or colicins) and immune modulation of the host.
Fioramonti et al. (2003) reported that lactic acid bacteria such as Lactobacillus, Bifidobacterium and
Streptococcus are the most commonly used probiotics. Specific pH-sensitive bacteria are E. coli, Salmonela
spp., Listeria monocytogenes, and Clostridium perfringens, whereas Bifidobacteria and Lactobacillus spp
are not pH sensitive (Haque et al., 2009). Other researchers reported on species utilized in commercial
preparations of probiotic which include Lactobacillus bulgaricus, L. acidophillus, L. casei, L. helveticus, L.
salvarius, L. plantarum, L. faecalis, Streptococcus thermophilus, Enterococcus faecium, Enterobactris

faecalis, Bifidobacteria species, Saccharomyces cerevisiae, and Toulopsis sphaerica (Jadhav et al., 2015).

It has also been reported that lactic acid bacteria are safe microorganisms able to producing different
inhibitory compounds, such as bacteriocins, organic acids as lactic acid, hydrogen peroxide, diacetyl, and
carbon dioxide (Vieco-Saiz et al., 2019). Enterococcus faecium is a lactic acid bacterium that belongs to the
physiological intestinal flora of poultry and is used as a probiotic because of its effect on the intestinal
microflora through the formation of lactate and short-chain fatty acids (Yu et al.,, 2012). This bacterium
competes with pathogenic microorganisms and result in the selective advantage of physiological
intestinal bacteria (Kogut et al., 2013).

1.4.2.1. Modes of action of probiotics

As described by, e.g., Bermudez-Brito et al. (2012), the modes of action of probiotic as feed additives are

mainly based on:

] improvement in the epithelial barrier,

. increase in intestinal mucosal adhesion,

] competitive removal of pathogenic microorganisms,
= antimicrobial substance production,

] immune system modulation.

Probiotics increase barrier function through increased mucus production and secretion, antimicrobial
peptides, and secretory IgA production, competitive adherence for pathogens, and increase tight
junctions’ integrity of epithelial cells (Ohland & MacNaughton, 2010) .Adhesion ability to the host as a
classical selection criterion of potential probiotic bacteria results in a temporal colonisation which helps
to promote immunomodulatory effects and stimulation of gut barrier and metabolic functions
(Monteagudo-Mera et al, 2019). Probiotic strains can be used as alternative method to effectively
decrease the biofilm formation in pathogenic bacteria through competition, elimination and displacement
(Woo & Ahn, 2013). It was discovered by a study that bacteriocins produced by Ent. Faecium SH 528, Ent.
Faecium SH 632 and Ped. Pentosaceus SH 740 isolated from broiler chickens resulted in an inhibitory
activity against enteric pathogens, L. monocytogenes, and Cl. Perfringens (Shin et al., 2008). According to
Kang & Im (2015), live probiotics or their metabolites can interact with various immune cells like antigen

presenting and T cells to have immunoregulatory functions to maintain immune homeostasis by
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balancing pro-inflammatory and anti-inflammatory immune responses, although, their effects is different

in prevention or modulation of ongoing disease even within a same species.

Alternatives to AGP as probiotics which promote growth or production in the modern meat chicken’s

industry and benefits of using probiotics include:

. modified host metabolism;

. immuno-stimulation;

. anti-inflammatory reactions;

. exclusion and killing of pathogens in the intestinal tract;

. reduced bacterial contamination on processed broiler carcasses;
= enhanced nutrient absorption and performance; and

Ll decreased human health risk

(Edens, 2003).

Similarly, Apata (2008) reported that probiotics are increasingly used in animal feed to improve animal
productivity and prevention of gastrointestinal infections. Furthermore, in another report probiotics are
described as microbial food supplements that have positive effect on the host animal by improving its
intestinal microbial balance (Dhama et al., 2008), it also improves feed conversion for the target species,
reduce morbidity or mortality and have benefits for the consumer by improving quality of product (Musa
etal.,, 2009).

In accordance with the previous studies, it has been shown that probiotics can be used as nutritional to
promote growth in poultry feeds, modulate intestinal microflora and inhibit pathogen, modulate immune
and promote poultry meat quality (Lutful Kabir, 2009). Probiotics as growth promoter in the diet of
poultry improved growth performance, feed conversion efficiency, immune responses and was effective
against enteric pathogens (Dhama et al., 2011). Microbial preparations (probiotics) have also been stated
as alternatives to growth promoters of antibiotic type (Thomke & Elwinge, 1998). It has been reported
that live apathogenic microbial strains, singly or as multi-strain probiotics belong to the genus
Lactobacillus, Streptococcus, Bacillus, Enterococcus, Pediococcus, Aspergillus and Saccharomyces used for
poultry (Dhama et al., 2011). Research has shown that supplementation of probiotic (Probiolac) at 100
mg/kg diet had an improvement on body weight gain and immune response in broilers up to 4 weeks of

age. Additionally, probiotic-fed birds were less vulnerable to the E. coli challenge (Panda et al., 2000).

1.5. Water intake in poultry

Water is considered as the most important nutrient for poultry. Supply of clean water is essential at all
times, and deprivation even for a short period can irreversibly depress growth rates (Ravindran, 2014).
Water is involved in many metabolic processes. It has important roles in the digestion and absorption of
food, transport of nutrients in the body, and elimination of waste products via urine (Jafari et al.,, 2006).
The broiler body consists of 70 % water. It is a main component of the cells, also extracellular
environment, and it contributes to the regulation of cellular homeostasis (McCreery, 2015). Leeson et al.
(1976) indicated that drinking water accounts for 70% of total water intake, with feed and metabolic
water accounting for about 10% and 20%. Body water loss is via faeces, urine and evaporative loss from
the respiratory tract. Water reabsorption occurs as a result of hypotonicity to extracellular fluid, in the

coprodeum and urodeum in the range of 25-30 ml/day. Feed and metabolic water together account for
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about 20% of total water supply, therefore they should be considered for estimation of the water balance
of birds (Leeson & Summers, 2005). Leeson & Summers (2005) reported that the amount of water
excreted in the feces and urine is reliant on water intake in broilers and the loss of water is related to
considerable variation in the amount and nature of undigested feed. Under normal physiological
conditions for adult birds, water intake and output are regulated to ensure a constant level of water in the
body. The approximate water consumption in broilers is nearly 1.6 to 2.0 times their feed consumption on
a weight basis (Fairchild & Ritz, 2009). Similarly, Collett (2012) reported that birds consume water twice
more than feed on a weight basis which underpins the importance of water. Besides, poultry growers can
use water consumption to monitor progress of a flock as the simplest and most efficient tool (Watkins &
Tabler, 2009). Butcher et al. (2009) reported reduction in water consumption as a clinical sign of some
diseases in poultry. In addition, Tabler (2003) reported that by knowing water intake, feed intake can be
estimated. Based on a report by Aviagen Brief (2018), inadequate water supply contributes to decrease in
feed intake and provokes health problems, and changes in water consumption are an early sign of health
and performance issues. Besides this, the ratio of water intake to feed intake can be a good way to
determine whether or not water consumption is adequate. Water consumption and water to feed intake
ratio should be measured daily for a flock to ensure birds are receiving enough water (Aviagen Brief,
2018).

Van der Klis & De Lange (2013) noted that water intake in broilers and laying hens can be highly variable
depending on factors such as diet composition, feed form, intestinal health, stress and environmental
conditions. Furthermore, Borges et al. (2011) noted some additional factors affecting water intake
including bird age, environmental temperature, and the level of salts in the diet. Marks & Pesti (1984)
reported higher water intake and water to feed intake ratio with increasing crude protein levels in broiler
diets. Huang et al. (2011) observed that by the addition of increased balanced protein [(the balanced
protein levels were 80, 90, 100 and 120%, relative to the Ross 2007 specification (=100%)] in diets, water
intake increased. Van Der Klis & De Lange (2013) reported that extra mineral supply in excess to the
bird’s requirement resulted in higher water intake because more water is needed for eliminating the
oversupply through the kidneys as urine output. However, it was demonstrated that water consumption

by broilers was not influenced by including up to 600 ppm Fe in drinking water (Fairchild et al., 2006).

According to a study by Van der Klis & De Lange (2013), feed form has an influence on water intake in
broilers, as dietary factors that increase feed intak such as pelleting also impact on water intak. Van der
Klis & De Lange (2013) stated that the effectiveness of water absorption from the intestinal tract is
influenced by healthy intestine as weakened intestinal integrity leads to a reduction in net water
absorption from the intestinal tract and can lead to diarrhea, whereas excess nutrients will increase water

excretion via urine and these two factors consequently stimulate water intake to maintain water balance.

Aviagen Brief (2018) reported that incidence of an intestinal disturbance leads to an increase in water
intake during growth in broilers, as it is shown in (Figure 1.3) and therefore any unusual variations in
water intake may be an indication of intestinal disorder and as a result recording of water intake is very
important. In case of any suddenly increased water intake or prolonged increase in water intake, it is

possible to detect, e.g., intestinal disorder in broilers.
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Figure 1.3: Daily water consumption (L) of healthy birds and birds with dysbacteriosis (Aviagen
Brief, 2018)

Insufficient water consumption causes a reduction in growth rates. Increased water consumption is
associated with higher feed conversions in broilers. Temperature is another factor which affects water
consumption in broilers, as the temperature rises, water consumption increases but feed consumption
decreases (Vo et al., 1978; May & Lott, 1992; Balogun et al., 2013). The NRC (1994) reported an increase

in water consumption in broilers by approximately 7% for each 1°C above 21°C.

Moreover, the pH of water can have an influence on water consumption in broilers, as the pH range of
water to support optimum growth is between 6.0 and 6.8, although broilers tolerate a pH range of 4 to 8.
A water pH higher than 8 results in decreased water consumption in broilers (Fairchild & Ritz, 2015).
Water consumption in broilers decreases as a percentage of BW (Fairchild & Ritz, 2015). Moreover,
because vaccines, vitamins, electrolytes, and antibiotics are offered to the birds through drinking water, it
is necessary to estimate the amount of consumed waterof commercially grown broilers. Therefore, having
information about the exact amount of water, which is consumed by the birds, is essential to supply the

adequate amount of feed additives through drinking water by each bird (Pesti et al., 1985).

1.5.1. Effect of phytoadditives on water intake in poultry

Silva-Vazquez et al. (2015) reported that supplementation of Mexican oregano oil to broiler diets had a
beneficial effect on water intake. Others reported that by the inclusion of some natural feed additives,
such as pomegranate peel powder, black pepper powder, and a combination of these two additives in
drinking water, an increase was observed of water intake of broiler chickens (Al-Shammari et al., 2019).
However, on the contrary, the inclusion of Telfairia occidentalis (fluted pumpkin) leaf extract at different
levels (0, 40, 80, 120, and 160 mL/litre) of drinking water, had no effect on water intake of broilers (Onu,
2012). Adding Satureja khuzistanica EO into drinking water, decreased water intake of broiler chickens
reared under heat stress conditions. In addition, water to feed intake ratio were reduced (Khosravinia,
2015). Supplementation of natural lavender EO in drinking water did not have any influence on water

intake in broiler chickens (Adaszynska-Skwirzynska & Szczerbinska, 2019).

13



References for chapter 1

1.5.2. Effect of probiotics on water intake in poultry

It has been demonstrated that by adding probiotic in drinking water, water intake significantly increased
in broilers in grower phase. This effect was possibly due to a positive correlation between water intake
and feed intake in broilers, because feed intake was increased in broilers in this way (Karimi Torshizi et
al., 2010). It was demonstrated that probiotic incorporated into the water had a significant positive effect

on water intake in quail (Lokapirnasari et al., 2017).
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CHAPTER 2

Scope of the thesis

Increased use of antimicrobial growth promoters in poultry and livestock diets has resulted in an
increased concern and awareness of bacterial resistance in such animal species (Apata, 2009). It is,
therefore, an ongoing worldwide challenge to replace antibiotic feed additives (Lillehoj et al, 2018).
Several beneficial applications of phytogenic feed additives as alternatives to antimicrobial growth
promoters in the diet or drinking water have been demonstrated in numerous experiments by
researchers through testing in a variety of animal species and categories, such as broiler chickens, laying
hens and rabbits. Moreover, positive influences of these feed additives on zootechnical parameters, gut
health and tissue or organ mass in broiler chickens has been observed. In addition, application of
probiotic feed additives has already been examined and results showed positive outcomes regarding
effectiveness of these additives on performance, liver and fat weights, and gut health parameters in
broilers. Chapter 1 was therefore included in this thesis to provide an overview of the above mentioned

topics.

Most studies have focused on application of phytogenic and probiotic feed additives in the diet. Much less
information is available on the efficacy of the named additives when supplied with drinking water.
Therefore, this study was designed to examine the inclusion of oregano oil and a probiotic Enterococcus

faecium strain in drinking water, either singly or alternating, on broiler chickens.

The first manuscript (Chapter 3) followed the hypothesis that the inclusion of oregano oil and a probiotic
Enterococcus faecium strain in drinking water, either singly or alternating, would not negatively affect

feed and water intake of broiler chickens during a 42-day growth period.

The second manuscript (Chapter 4), in the same experiment, tested the hypothesis that the inclusion of
oregano oil and a probiotic Enterococcus faecium strain in drinking water, either singly or alternating,

would improve growth performance of broiler chickens during a 42-day growth period.

The third manuscript (Chapter 5), during the same 42-day growth period, explored, whether the inclusion
of oregano oil and a probiotic Enterococcus faecium strain in drinking water, either singly or alternating,
would impact on gut health characteristics of growing broiler chickens such as excreta pH and dry matter
content, and selected histomorphological parameters, i.e., villus height, crypt depth, villus height to crypt

depth ratio, and crypt width.

In the General Discussion and Conclusion chapter (Chapter 6) the results of this study were evaluated and

discussed taking into consideration diverse and partly inconsistent findings in previous studies.
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The effect of inclusion in drinking water, either singly or alternating, of oregano oil and a
probiotic Enterococcus faecium strain on feed and water intake of growing broiler chickens

.. *
MAHSHID IZADIl’z, HANS-JOACHIM ALERT! and KARL-HEINZ SUDEKUM2

Summary

The hypothesis of this study was that the inclusion of oregano oil and a probiotic Enterococcus faecium strain in
drinking water, either singly or alternating, would not negatively affect feed and water intake of broiler chickens
during a 42-day growth period. Ross 308 chicks (mixed-sex; mean body weight 45.1 g (standard deviation 1.04 g)
were randomly assigned to four experimental groups at the start of the experiment: control (without supplement),
probiotic (continuous supply of an E. faecium commodity [minimum activity per kg: 3.3 x 1012 colony forming
units] with drinking water at 200 mg/L), oregano oil (75,000 mg/kg of product; first three days of each week at
0.2 mL/L drinking water), and oregano oil-probiotic (addition of oregano oil (0.2 mL/L) for three days and E.
faecium commodity (200 mg/L) for four days to drinking water), each group with 10 replicates and each replicate
with 10 chicks. Water and feed intakes were determined on a pen basis during the 42-day period. Water intake
was not affected by additives supplied in drinking water. Feed intake was also not different between the groups
during the trial, only a slightly higher feed intake was determined in the oregano oil-probiotic group in the finisher
phase (days 14-42). Congruently, the water to feed intake ratio was not influenced by additives in drinking water.
The data showed a strong correlation between water and feed intakes. Only the alternating supply of oregano oil
and a probiotic in drinking water had a slight positive effect on water and feed intake but consistent responses
compared to the control were not observed in any supplemented group. Consequently, the administration with
drinking water may be a viable way to supply these types of feed additives to diets of young chicken without
compromising their acceptance to consume water.

Keywords: oregano oil, probiotic, Enterococcus faecium, water intake, feed intake, drinking water, broiler
chickens

1 Nutritional Physiology and Animal Nutrition, University of Rostock, Rostock, Germany,

2 Institute of Animal Science, University of Bonn, Bonn, Germany,
* Email: ksue@itw.uni-bonn.de
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Zusammenfassung

Effekte einer Verabreichung von Oreganodél und eines probiotischen Enterococcus faecium-
Stammes im Trankwasser - einzeln oder alternierend - auf Wasser- und Futteraufnahme von
Masthiithnern.

Die Hypothese der Studie war, dass die Verabreichung von Oregano6l und einem probiotischen Enterococcus
faecium-Stamm im Trankwasser, entweder einzeln oder alternierend, keine Beeintrachtigung der Futter- und
Wasseraufnahme  wachsender ~ Masthithner ~ wédhrend  einer  42-tigigen  Mastperiode  verursacht.
Gemischtgeschlechtliche Kiiken der Herkunft Ross 308 (mittlere Lebendmasse 45.1 g (Standardabweichung 1.04 g)
wurden zu Versuchsbeginn zufillig auf vier Versuchsgruppen verteilt: Kontrolle (ohne Futterzusatzstoff im
Trankwasser), Probiotikum (kontinuierliche Gabe eines E. faecium Produkts [Mindestaktivitit pro kg: 3.3 x 1012
koloniebildende Einheiten] im Trankwasser [200 mg/L]), Oreganodl (75,000 mg/ kg Produkt; jeweils an den
ersten drei Tagen jeder Woche [0.2 mL/L Trankwasser]) und Oreganool-Probiotikum (Zugabe iiber das
Trankwasser von Oreganodl [0.2 mL/L] iiber drei Tage und das E. faecium-Produkt [200 mg/L] iber 4
Tage/Woche). Jede Versuchsgruppe wurde in 10-facher Wiederholung gepriift und jede Wiederholung bestand
aus 10 Kiiken. Der Wasser- und Futterverbrauch wurde iiber 42 Tage quantifiziert. Der Wasserverbrauch wurde
durch die Zulagen im Trankwasser nicht verandert. Auch der Futterverbrauch aller Versuchsgruppen war
dhnlich, nur die Oreganool-Probiotikum-Gruppe wies einen geringfiigig héheren Futterverbrauch ab der dritten
Versuchswoche (Tage 14-42) auf. Entsprechend war auch das Verhaltnis von Wasser- zu Futterverbrauch in
allen Versuchsgruppen tibereinstimmend und Wasser- und Futterverbrauch wiesen eine enge Korrelation iiber
den gesamten Versuchsverlauf auf. Nur bei der abwechselnden Verabreichung von Oreganodl und dem
Probiotikum im Trankwasser deutete sich ein geringfligig hoherer Wasser- und Futterverzehr an, jedoch gab es
bei keiner der supplementierten Gruppen konsistente Effekte im Vergleich zur Kontrollgruppe. Somit kann die
Verabreichung der gepriiften Zusitze in den gewdhlten Konzentrationen zum Trankwasser als mogliche
Verabreichungsform betrachtet werden, ohne dabei die Bereitschaft der Masthiihner zur Wasseraufhahme zu

beeintrachtigen.

Schliisselworter: Oreganodl, Probiotikum, Enterococcus faecium, Wasserverbrauch, Futter- verbrauch,

Trankwasser, Masthiihner

1 Introduction

Water can be considered as the most frequently forgotten nutritional factor in poultry nutrition. It is important to
provide clean water all the time, and even short-term water deprivation will cause growth rates to decline
(RAVINDRAN, 2014). Water must always be available to the animals for ad libitum consumption. Moreover, water
is involved in many aspects of poultry metabolism, including digestion and absorption of nutrients, transport of
nutrients in the body, and elimination of waste products via urine (JAFARI et al., 2006). The animal gets water from
three different sources, namely drinking water, water in feed and metabolic water (MCCREERY, 2015). Feed and
metabolic water together account for about 20% of total water needs, therefore, as broiler ages fat percentage of
body increases and protein content decreases so that the body water content as a percentage of body weight
decreases (MCCREERY, 2015). Inadequate water consumption leads to a reduction in growth performance,
whereas increase in water cause a wastage of water (MCCREERY, 2015) and can result in wet litter, a causative
factor of food pad dermatitis in broilers (VAN DER KLIS and DE LANGE, 2013). On a weight basis, the approximate
water consumption of broilers is about twofold the feed consumption (COLLETT, 2012), which additionally underpins

the importance of water for birds.
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With an increase of the protein content in the diet, the water intake and water to feed ratio increased (MARKS
and PESTI, 1984). Moreover, if protein and minerals are oversupplied, enhanced water intake is required to
allow an increased elimination of nitrogen, in the form of uric acid, and minerals through the kidney as urine (VAN
DER KLIS and DE LANGE, 2013). It has been noted that the pH of the offered water can have an influence on water
consumption in broilers, who prefer pH values between 6.0 and 6.8 and can tolerate a pH range of 4 to 8
(FAIRCHILD and RiTz, 2015). The same authors reported that, as birds age, total water consumption rises but it
decreases as a percentage of body weight (FAIRCHILD and RITZ, 2015). PESTI et al. (1985) estimated that age-
dependant water consumption can be predicted. i.e, water consumption (g) = [5.28 x age (days)]. Temperature is
another factor which affects water consumption in broilers, as it is observed that as temperature rises, water

consumption increases in broilers, but feed consumption decreases (Vo etal., 1978).

Furthermore, as the use of antibiotic feed additives has been banned in many regions worldwide, and,
along with the goal of a general reduction of the use of antibiotics in farm animals, has accelerated the
exploration of alternative feed additives (LEE et al., 2003; AYALEW et al, 2022). Enterococcus faecium belongs
to the physiological intestinal microbiota of poultry and has been characterised as a probiotic because of its
modulating effect on the intestinal microbiota through the formation of lactate and short-chain fatty acids (YU et
al, 2012). This bacterium competes with pathogenic microorganisms and may result in a selection advantage of
the physiological intestinal bacteria (KoGuT, 2013). Inclusion of probiotics in feed or water has repeatedly
resulted in improved broiler performance similar to supplementation of an antibiotic (avilamycin)
(MOUNTZOURIS et al., 2007). Addition of a probiotic to drinking water has increased feed and water intake of
broilers in the grower phase and over the whole growth period (KARIMI TORSHIZI et al., 2010).

Other studies have indicated that herbs, spices, and their extracts, often termed as ‘botanicals’ or ‘phytogenics’,
have a wide range of activities, and among other effects, may stimulate feed intake and intestinal endogenous
secretions (WENK, 2003). The supplementation of Mexican oregano oil to a diet led to a beneficial effect on feed
and water intake in broilers (SILvA-VAzqUEz et al., 2015). Probiotics, phytobiotics, or a combination of these
two feed additive types could thus improve the performance of broilers (ALLOUI et al., 2014). Furthermore, probiotic
addition via drinking water has led to a stronger improvement of growth performance in broilers compared to
the more conventional in-feed method (KArmMI TorsHizZ et al., 2010). Therefore, the objective of this study was to
evaluate the effects of different additives supplied in drinking water, on water intake, feed intake, and water to feed

intake ratio in growing broiler chicken.

The hypothesis was that the inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking
water, either singly or alternating, would not negatively affect feed and water intake of growing broiler chicken.
Consequently, this way of administration may be a viable alternative to supplying these types of feed additives to

diets of young, rapidly growing chicken without compromising their acceptance to consume water.

2 Material and methods

2.1 Experimental design and broiler management

Four hundred one day-old Ross 308 chicks (mixed sex) were purchased from a commercial hatchery. The initial
body weight of each chick was determined at the beginning of the experiment (average (with standard
deviation) 45.1 g (1.04 g). The birds were randomly assigned to four dietary treatment groups, namely control,
probiotic, oregano oil, and oregano oil-probiotic, each with 10 replicates and each replicate with 10 chicks. The
birds were reared in a room from day 0 to 42, housed in pens of the same size, 110 cm x 120 cm for 10 birds.
The pen floors were covered with wood shaving litter with a thickness of 5 cm at the beginning of the trial. Dry

litter was added as necessary to maintain a low moisture level of the litter and lower the risk for foot-pad
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dermatitis. The pens were equipped with one bucket nipple drinker (10-L capacity) and one hanging plastic
feeder. The nipple drinkers were frequently checked to ensure that no leakage occurred and their position was
adjusted to the body size of the birds in regular intervals. All chicken had ad libitum access to drinking water and feed
during the 42-day trial. Moreover, temperature, ventilation, lighting and vaccination (Newcastle disease)

programs followed a protocol established at the research station.

2.2Experimental treatments

A crumbled starter diet was provided to the birds from day 0 to 7, followed by a pelleted grower diet from day
8 to 14, and a pelleted finisher diet from day 15 to 42. The chemical composition of the diets was analysed in
accordance with the methods of the Association of German Agricultural Analytic and Research Institutes
(VDLUFA, 2012) and encompassed dry matter, crude fat, crude fibre, crude protein, and crude ash. Moreover,
nitrogen-free extract (NfE) was calculated subsequently. In addition, starch, sugar, calcium, sodium,

potassium, and phosphorus concentrations were also determined (VDLUFA, 2012).

The N-corrected apparent metabolizable energy (ME) content was calculated from chemical composition
according to WPSA (1984). Data of ingredients and chemical composition of the basal diet are presented in
Table 1.

Tab. 1. Ingredients and chemical composition of the diets
Bestandeteile und chemische Zusammensetzung der Rationen

Periods of age

Starter (days 0-7) Grower (days 8 - 14) Finisher (days 15 - 42)

Ingredients (decreasing order of their proportions)

Wheat Wheat Wheat

Corn Corn Corn

Soybean meal Soybean meal Soybean meal

Soybean Soybean -

Rapeseed meal Rapeseed meal Rapeseed meal

Soybean oil Soybean oil Soybean oil

Calcium carbonate Calcium carbonate Calcium carbonate
Mono-calcium phosphate Mono-calcium phosphate -

Sodium carbonate Sodium carbonate -

- Lignocellulose Lignocellulose

Chemical composition (g/kg unless stated)

ME (M]/kg) 12.1 12.4 133
Dry matter 919 910 912
Crude protein 213 205 175
Crude fat 45.0 58.0 82.0
Crude fibre 55.4 435 44.0
Ash 57.2 50.2 38.0
Sugar 339 314 34.1
Starch 408 407 439
Calcium 10.8 7.00 5.30
Sodium 1.10 1.20 1.10
Potassium 9.50 8.90 7.00
Phosphorus 6.44 5.67 4.57

Abbreviations: ME, N-corrected apparent metabolizable energy (calculated according to WPSA, 1984).
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2.3 Sources of probiotic and oregano oil additives

The probiotic used in this study was E. faecium (DSM 7134, minimum activity per kg: 3.3 x 10" colony forming
units; Lovit Probiotic; Lohmann Animal Nutrition, Cuxhaven Germany) as water-soluble supplement. This
supplement was incorporated constantly into drinking water of the probiotic group at 200 mg/L. Oregano oil
(75,000 mg/kg; Lovit Progano Liquid; Kaesler Animal Nutrition, Cuxhaven, Germany) at level of 0.2 mL/L was
incorporated into drinking water of the oregano oil group for the first three days per week. The combined
treatment group, oregano oil-probiotic, received oregano oil in their drinking water for the first three days and
the probiotic the other four days per week. Additives were mixed with drinking water based on calculated
drinking water usage (mL) per day. The additive-water mixtures were prepared shortly before they were offered

to the birds in the nipple drinkers for each pen.

2.4 Waterintake and feed intake and water to feed intake ratio measurements

To quantify daily water intake, the water was offered to the birds every day at 0700 h and the remaining water in
the nipple drinkers in each pen was weighed on the next morning at 0700 h with a scale to the nearest gram.
These values were divided by the number of birds in each pen to yield averages per pen. The average daily water
intake was calculated as the difference between the average quantity of water given to the birds each day and the
average quantity of remaining water on the next morning. Similarly, weekly water intake was calculated as the

sum of average daily water intake for each week.

Feed intake of broilers was measured for starter, grower, and finisher diets. The offered feed for each pen
was weighed separately and recorded at the beginning of each week and then residual feed in the feeders in each
pen was weighed at the end of each week at day 7, 14, 21, 28, 35 and 42 of the trial; these values were divided by
the number of birds in each pen to yield average values per pen. The average quantity of the offered feed minus the
average quantity of the residual feed at the end of each week resulted in the total consumption per week which
was divided by seven to calculate the average feed intake per bird and day. For the calculation of the water to feed

intake ratio, average water intake was divided by average feed intake.

As an indication of the general health status, daily mortality rate was determined in this way that all diseased
and dead birds were removed from the pen, weighed, marked with a description and recorded. Records of removed
birds were needed for an accurate calculation of water intake and feed intake which were corrected for mortality

records.

For calculation the daily water intake, daily feed intake, and water to feed intake ratio for each period, namely
starter, grower, and finisher periods, data in week 1 of the trial were considered as starter period, week 2 as

grower period and weeks 3, 4, 5, and 6 were considered as finisher period.

2.5 Statistical analyses

The experimental data were statistically analysed as a completely randomized design using SPSS Software (v 19.0;
SPSS Inc, Chicago, IL, USA). Values were checked for normality before conducting an analysis of variance
(ANOVA). Data of all variables were subjected to a one-way ANOVA and comparison between treatment (i.e., diet)
means was conducted using Duncan's multiple range test (DUNCAN, 1955). P-values < 0.05 were considered as
indicating significant differences. A trend was observed when P-values were 2 0.05 but < 0.10. A scatter plot was
created and then a linear regression analysis was performed to identify relationship between water intake and age

as well as feed intake and age.
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3 Results

The additives given into drinking water of broilers had no overall effect on average daily water intake in any
period of the trial (Tab. 2). In terms of water intake during the starter, grower, and finisher periods, there was a

slight reduction in water intake in the oregano oil group during the trial (Tab. 2).

Tab. 2.Effects of supplements added to drinking water on average daily water intake (g/bird) of
broilers
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf die durchschnitt-
liche tdgliche Wasseraufnahme (g/Tier) der Masthiihner

Growth periods Experimental groups
Control  Probiotic  Oreganooil Oregano oil- Pooled P-value
Probiotic SEM

Starter phase 538+ 53.67 + 5256+ 53.66 + 0.409 0.702
(days 0-7) 312 2.07 2.58 2.67
Grower phase 106 + 105+ 101+ 106 + 0.869 0.262
(days 8-14) 517 4.53 591 5.93
Finisher phase 244 241+ 233+ 242 + 1.79 0.147
(days 15-42) 8.96 10.19 13.17 11.00

Note: Data expressed as means * standard deviation.
Abbreviation: SEM, standard error of means.

In accordance with the results on water intake, values presented in Table 3 show that feed intake of broilers,
in general, was also not affected (P > 0.05) by inclusion of different additives in drinking water. Only few small,
insignificant reductions of feed consumption of birds in the oregano oil group compared to the other groups were
observed. Broilers in the oregano oil group consumed less feed than broilers the probiotic group in the starter
period. In addition, in the finisher period chicken in the oregano oil group had slightly lower feed
consumption, whereas on the contrary, chicken in the oregano oil-probiotic group consumed slightly more

feed than the other groups.

Tab. 3. Effects of supplements added to drinking water on average daily feed intake (g/bird) of broilers
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf die durchschnitt- liche
tdagliche Futteraufnahme (g/Tier) der Masthiihner

Growth periods Experimental groups
Control  Probiotic Oregano oil  Oregano oil- Pooled P-value
Probiotic SEM

Starter phase 220+ 225+ 218+ 220+ 0.140 0.322
(days 0-7) 0.594 0.636 1.10 1.06

Grower phase 45.0 454 + 436+ 438+ 0.466 0.485
(days 8-14) 2.44 1.65 3.19 4.03

Finisher phase 130+ 129 128 + 131+ 0.788 0.493
(days 15-42) 3.05 5.44 5.86 5.25

Note: Data expressed as means * standard deviation.
Abbreviation: SEM, standard error of means.

The data presented in Table 4 indicate that the birds did not respond (P > 0.05) to the supplemented
additives in terms of water to feed intake ratio. This result is in line with the observations reported above that

both, water and feed intake, were not or only marginally affected by inclusion of additives in drinking water. The
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data indicate that water to feed intake ratio during the starter and grower periods in the probiotic group was
slightly lower than in the other groups, and the values were slightly higher in the oregano oil-probiotic group.
In the finisher period the water to feed intake ratio was slightly lower in the oregano oil group, and, on the
contrary, in the probiotic and control groups the water to feed intake ratio was marginally higher than in the other

groups. In general, the water to feed intake ratio in the finisher period was lower than in the other periods.

Tab. 4. Effect of inclusion of different supplements to drinking water on water intake to feed intake ratio
(mL/g) of broilers
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf das Verhdltnis von
Wasser- zur Futteraufnahme (mL/g) von Masthiihnern

Growth periods Experimental groups
Control  Probiotic Oregano oil Oregano oil- Pooled P-value
Probiotic SEM

Starter phase 244 + 238+ 242+ 245+ 0.014 0.390
(days 0-7) 0.085 0.039 0.084 0.129

Grower phase 235+ 231+ 233+ 242+ 0.018 0.155
(days 8-14) 0.101 0.091 0.116 0.134

Finisher phase 186+ 1.86%+ 1.81" + 1.83%" + 0.008 0.054
(days 15-42) 0.046 0.049 0.047 0.038

Note: Data expressed as means + standard deviation.

abpifferent superscripts indicate significant differences between the values (p < 0.05).
Abbreviation: SEM, standard error of means.

Because experimental treatments had no effect on water or feed intake, data were averaged across
experimental treatment groups to depict the development of water and feed intake during the 42-day growth
period. Both water and feed intake increased continuously and linearly, which indicate undisturbed

experimental conditions (Fig. 1).
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Fig. 1. Development of daily water and feed consumption of broilers during a 6-week (42-days)
growth period averaged across four experimental treatments
Entwicklung der tdglichen Wasser und Futteraufnahmen von Masthiihnern wdhrend einer
sechswéchigen (42 Tage) Wachstumsperiode im Mittel der vier Versuchsratione
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4 Discussion

Alternative products and strategies to maintain or improve animal gut health are constantly being investigated in
order to prevent or reduce the prevalence of pathogens in livestock (Do-BROWOLSKI et al, 2019). Numerous
antibiotic feed additives have been used in poultry diets over decades to increase growth, improve energy and
nutrient use efficiency, and reduce mortality of poultry. Commonly used antibiotic feed additives have been banned and
are, therefore, no longer used in poultry diets in many regions worldwide due to significant concerns about the
potential for development of antibiotic-resistant bacteria strains and, partly, antibiotic residues in animal tissues
(DENLI and DEMIREL, 2018). The ban on the use of nutritive antibiotics in Europe and increased consumer awareness
have created the need for replacements for antibiotic feed additives and stimulated the exploration of (near-)natural
and safe feed additives in order to maintain or even improve production results for farm animals (FRANKIC et al,,
2009). Herbs in various forms (e.g, whole above-ground biomass, leaves, extracts), belonging to the group of
phytogenic products (WINDISCH et al., 2008), have long been proposed as alternatives to antibiotics in relation to the
productivity of healthy farm animals. Specific herbs have been proposed to regulate feed intake and stimulate
digestive secretions which in turn leads to optimized digestion capacity and reduced risk of digestive disorders (WENK,
2003). Phytogenic feed additives have recently gained considerable attention particularly due to their potential to
enhance performance mediated through a healthy gut environment (MURUGESAN et al, 2015). In addition, live
microbial preparations, i.e., probiotics, have also been stated as alternatives to antibiotic feed additives (THOMKE
and ELWINGER, 1998).

In addition, water intake can be evaluated as it is closely related to feed intake and, even- tually, performance
in broilers. Based on this relationship, in several studies, different types of feed additives as a replacement for
antibiotics have been added to drinking water of broilers and their effects on water intake were studied (KARIMI
ToRsHIZI et al, 2010; KHOSRAVINIA, 2015; ADASZYNSKA-SKWIRZYNSKA and SZCZERBINSKA, 2019). KAMPHUES et al.
(2019) have systematically evaluated pros and cons of supplementation of feed additives to drinking water and
have also noted concerns that distinct additives may change water properties such as nutrient concentrations,
sensory attributes and microbial status. These hints should be considered before feed additives are provided

with drinking water.

Evaluation of effects of inclusion of oregano oil and a probiotic E. faecium strain in drink ing water, either singly
or alternating, on feed and water intake of growing broiler chickens is a novel approach to compare different types
of feed additives. In this study, only marginal effects were observed, namely water intake of birds in the oregano oil
group slightly decreased compared to the control group. Birds have less taste buds than mammals which can be taken
as a proof of lower taste acuity (ROURA et al., 2013) which may also explain that the bitterness of oregano oil did not
provoke a more pronounced negative effect on water or feed intake. On the contrary to our observations, at
supplementation levels of Mexican oregano oil of 200 and 400 mg/kg diet water intake of broilers was improved
(CAZARES-GALLEGOS et al,, 2019). In line with our data, LEE et al. (2003) showed that supplementation of feeds with
cinnamaldehyde reduced water intake in broilers, yet they claimed that the mechanism causing a decrease in

water intake induced by cinnamaldehyde was unidentified.

Water intake in broilers and laying hens can be highly variable depending on factors such as diet composition,
feed form, intestinal health, stress, and environmental conditions (VAN DER KLIS and DE LANGE, 2013). Only few
studies have been conducted to date to investigate the influence of oregano essential oil on water intake in
broilers (Cazares-Gallegos et al, 2019). An effect of extra energy supplied with oregano oil can be largely excluded.
To exemplify this statement, based on 200 mg oregano oil per litre of drinking water in week 1 and a daily water
intake of 53 mL/bird, only 0.40 k] ME would have been additionally consumed and it is very unlikely this small

amount of extra ME did modify the willingness of birds to drink water or consume their feed.

In this study, feed intake was not remarkably different between treatments. Only feed consumption of
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birds in the oregano oil group was slightly lower compared with the other groups, which is in line with
observations on water intake. Consistent with our result it was also reported that dietary oregano oil (ESCALERA-
VALENTE et al, 2016) or oregano essential oil (TEKELI et al., 2006) did not affect feed intake in broilers.
Likewise, AGUILAR et al. (2013) showed that by dietary inclusion of essential oil from copaiba (Copaifera spp.)
feed intake of broiler chicken was not affected. Opposed to these observations, in one study birds fed an oregano
essential oil-supplemented diet consumed significantly less feed in comparison with those fed the negative control
diet (ALP et al, 2012). On the contrary, feed intake in broilers was positively influenced by Mexican oregano oil at
800 mg/kg inclusion level on day 39 of the trial period (SILVA-VAZQUEZ et al., 2015). Summarized, these
observations underpin that effects of flavourings on chicken performance have not been fully investigated
(KHOSRAVINIA, 2015) nor understood. In addition, differences between results of studies might be due to
variations in management practices and bird physiological state (KHOSRAVINIA, 2015) and comparisons across

studies are often restricted due to inadequate characterization of feed additives and their active compounds.

Consistent with previous studies (CAKIR et al, 2008; OLNOOD et al.,, 2015; HIDAYAT et al, 2018) and our
expectations, we did not observe a consistent effect of administration of a probiotic on feed intake. SHEWITA et
al. (2016) reported that E. faecium supplementation of broiler diets caused a slight improvement in average daily
feed intake which is in accordance with our observations on inclusion of E. faecium in drinking water with
marginally higher daily feed intake of birds in the probiotic group as compared to the other experimental
groups. Others have reported that addition of a probiotic in the diet improved feed intake in broilers (REHMAN et al.,,
2020). Many factors affect efficiency of probiotics including species and strain of selected microorganism,
probiotic preparation method - sensory attributes of carrier materials may play a distinct role in feed acceptance
and intake -, survival of microorganisms in the gastrointestinal tract, the environment for raising broilers,
nutritional management (including probiotic application time and route), physical and immunologic status of the
animals, the lineage of birds evaluated, as well as age and lack of association with mother hens and

concomitant use of antibiotics (HASHIM et al., 2021).

Because in this trial water and feed intakes were not or only marginally affected by dietary treatments, it is not
surprising that the water to feed intake ratio across diets in this trial also was uniform. However, water to feed
intake ratios in the starter phase were higher than that of other rearing phases and also, in the finisher phase the
ratios were lower compared to the two other rearing phases. It has been stated that chicks with lower capacity of
gastrointestinal tract consume less feed (ESMAIL, 2013). In this case, lower feed intake in the first week of age in
chickens may be due to incomplete development of gastrointestinal tract and consequently higher water to feed

intake ratio in this period of age.

5 Conclusion

Inclusion of various additives administered through drinking water had no significant effects on daily water
intake in broiler chicken. Moreover, water to feed intake ratio as a tool for measurement of adequate water
intake in broilers was not significantly influenced by additives. Hence the administration with drinking water
may be a viable way to supply oregano oil or a probiotic Enterococcus faecium strain, or both, to diets of
young, rapidly growing chicken without compromising their acceptance to consume water. Further studies are
needed in order to elucidate the effects of different levels of these feed additives on water and feed intake in

broilers.
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The effect of inclusion in drinking water, either singly or alternating, of oregano oil and a
probiotic Enterococcus faecium strain on performance of growing broiler chickens

*
U

MAHSHID lZAD]l’z, HANS-JOACHIM ALERT! and KARL-HEINZ SUDEKUM?2

Summary

The hypothesis of this study was that the inclusion of oregano oil and a probiotic Enterococcus faecium
strain in drinking water, either singly or alternating, would improve growth performance of broiler
chickens during a 42-day growth period. One-day-old Ross 308 chicks (mixed sex; mean body weight 45.1
g (standard deviation 1.04 g) were randomly assigned to four experimental groups at the start of the
experiment: control (without supplement), probiotic (continuous supply of an E. faecium commodity
[minimum activity per kg: 3.3 x 1012 colony forming units] with drinking water at 200 mg/L), oregano oil
(75,000 mg/kg of product; first three days of each week at 0.2 mL/L drinking water), and oregano oil-
probiotic (addition of oregano oil (0.2 mL/L) for three days and E. faecium commodity (200 mg/L) for
four days to drinking water), each group with 10 replicates and each replicate with 10 chicks. Intakes of
water and feed and body weights were determined. Body weight gain and feed conversion ratio were
calculated to determine overall performance. Moreover, weights of liver and abdominal fat pad were
assessed. Different additives supplied with drinking water did not affect (P > 0.05) performance of broiler
chickens or liver and abdominal fat pad weights. Future studies should be conducted applying varying

concentrations of the additives supplied with drinking water.

Keywords: broiler, drinking water, growth performance, oregano, probiotic
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Zusammenfassung

Effekte einer Verabreichung von Oreganoél und eines probiotischen Enterococcus
faecium-Stammes im Trinkwasser - einzeln oder alternierend - auf die
Wachstumsleistung von Masthiithnern.

Die Hypothese der Studie war, dass die Verabreichung von Oreganodl und einem probiotischen
Enterococcus faecium-Stamm im Trankwasser, entweder einzeln oder alternierend, sich giinstig auf die
Wachstumsleistung von  Masthithnern wahrend einer 42-tagigen Mastperiode auswirkt.
Gemischtgeschlechtliche Kiiken der Herkunft Ross 308 (mittlere Lebendmasse 45.1 g
(Standardabweichung 1.04 g) wurden zu Versuchsbeginn zuféllig auf vier Versuchsgruppen verteilt:
Kontrolle (ohne Futterzusatzstoff im Trankwasser), Probiotikum (kontinuierliche Gabe eines E. faecium-
Produkts [Mindestaktivitat pro kg: 3.3 x 1012 koloniebildende Einheiten] im Trankwasser [200 mg/L]),
Oreganool (75,000 mg/kg Produkt; jeweils an den ersten drei Tagen jeder Woche [0.2 mL/L
Trankwasser]) und Oreganodl-Probiotikum (Zu gabe tiber das Trankwasser von Oreganodl [0.2 mL/L]
iiber drei Tage und das E. faecium Produkt [200 mg/L] iiber 4 Tage/Woche). Jede Versuchsgruppe wurde
in 10-facher Wieder holung gepriift und jede Wiederholung bestand aus 10 kiiken. Die Wasser- und
Futterauf nahmen sowie Kérpermassen wurden iiber 42 Tage quantifiziert. Die Kdrpermassezunah men
und der Futteraufwand wurdenals Leistungsmerkmale ermittelt. Zusatzlich wurden Leber- und
Abdominalfettpolstermassen  ermittelt. Die Wachstumsleistung der Masthithner sowie Leber- und
Abdominalfettpolstermassen wurden nicht durch die Zulagen im Trank- wasser beeinflusst (P > 0.05). In weiteren
Studien sollte untersucht werden, wie sich die Verabreichung unterschiedlicher Konzentrationen der gepriiften

Zusatzstoffe im Trankwasser auf das Leistungsgeschehen auswirkt.

Schliisselworter: Masthiihner, Trankwasser, Wachstumsleistung, Oregano, Probiotikum

1 Introduction

Feed additives of various categories for farm animals are typically administered with dry or, sometimes, wet feeds
(FoRBES, 2003; SCHEDLE, 2016). To come into effect in the digestive tract of animals, feed additives need sufficient
volumes of aqueous solutions like saliva, gastric or intestinal juices. As feed is chewed, e.g. in ruminants and pigs,
particles are reduced in size and saliva is secreted to lubricate the bolus and enable swallowing. These processes have
been most intensively studied in cattle and systematically reviewed by, e.g., BEAUCHEMIN (2018). Compared with
ruminant and non-ruminant mammals, chickens and other avian species are distinctly different as they do not
chew their food in the mouth and, therefore, saliva flow is low (7 - 30 mL/d in chickens; compiled by KLASING,
1998 and RODRIGUES and CHOCT, 2018) and plays a minor role in body water flow. This may result in delayed
effectiveness of feed additives, which may further be hampered by the rapid digesta passage through the
gastrointestinal tract of chicken. Based on these considerations, it appears remarkable that only little attention

has been given to studies on administration of feed additives to poultry with drinking water.

Recently, we have observed that the inclusion of oregano oil and a probiotic Enterococcus faecium strain in
drinking water, either singly or alternating, did not negatively affect feed and water intake of broiler chickens
during a 42-day growth period (IzADI et al.,, 2025). Therefore, in the same experiment, performance was
measured and hypothesised that feed additives supplied via drinking water are an efficient way to support and

improve performance without negative side effects.
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2 Material and Methods

2.1Experimental design and broiler management

Four hundred one-day-old Ross 308 chicks (mixed sex) were purchased from a commercial hatchery. The initial
body weight (BW) of each chick was determined at the beginning of the experiment (average (with standard
deviation) 45 g (1.04 g). The birds were randomly assigned to four dietary treatment groups, namely control,
probiotic, oregano oil, and oregano oil-probiotic, each with 10 replicates and each replicate with 10 chicks. The birds
were reared in a room from d 0 to 42, housed in pens of the same size, 110 cm x 120 cm for 10 birds. The pen
floors were covered with wood shaving litter with a thickness of 5 cm at the beginning of the trial. Dry litter was
added as necessary to maintain a low moisture level of the litter and lower the risk for foot-pad dermatitis. The pens
were equipped with one bucket nipple drinker (10-L capacity) and one hanging plastic feeder. All chicken had ad
libitum access to drinking water and feed during the 42-day trial. Moreover, temperature, lighting, and
vaccination programs (Newcastle disease) were performed on the research station during the rearing phase
according to standard recommendations. The experimental protocol was performed following the ARRIVE

guidelines (https://arriveguidelines.org/) and were approved by the responsible Animal Care Committee.

2.2Experimental treatments

A crumbled starter diet was provided to the birds from day 0 to 7, followed by a pelleted grower diet from day
8 to 14, and a pelleted finisher diet from day 15 to 42. The chemical composition of the diets was analysed in
accordance with the methods of the Association of German Agricultural Analytic and Research Institutes
(VDLUFA, 2012) and encompassed dry matter, crude fat, crude fibre, crude protein, and ash. In addition, starch,

sugar, calcium, sodium, potassium, and phosphorus concentrations were also determined (VDLUFA, 2012).

The N-corrected apparent metabolizable energy (ME) content was calculated from chemical composition
according to WPSA (1984). Data of ingredients and chemical composition of the basal diet are presented in Table
1.

2.3Sources of probiotic and oregano oil additives

The probiotic used in this study was E. faecium (DSM 7134, minimum activity per kg: 3.3 x 10" colony forming
units; Lovit Probiotic; Lohmann Animal Nutrition, Cuxhaven Germany) as water-soluble supplement. This
supplement was incorporated constantly into drinking water of the probiotic group at 200 mg/L. Oregano oil (75,000
mg/kg; Lovit Progano Liquid; Kaesler Animal Nutrition, Cuxhaven, Germany) at level of 0.2 mL/L was incorporated
into drinking water of the oregano oil group for the first three days per week. The combined treatment group,
oregano oil-probiotic, received oregano oil in their drinking water for the first three days and the probiotic the
other four days per week. Additives were mixed with drinking water based on calculated drinking water usage
(mL) per day. The water mixtures were prepared shortly before they were offered to the birds in the nipple

drinkers for each pen.

2.4Feed intake and feed conversion ratio

Feed intake of broilers was measured for starter, grower, and finisher diets on a per pen basis. The offered feed for
each pen was weighed separately and recorded at the beginning of each week and then residual feed in the feeders in
each pen was weighed at the end of each week at day 7, 14, 21, 28, 35 and 42 of the trial; these values were
divided by the number of birds in each pen to yield average values per pen. The average quantity of the offered feed
minus the average quantity of the residual feed at the end of each week resulted in the total consumption per

week which was divided by seven to calculate the average daily feed intake per bird. Data in week 1 of the trial were
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considered as starter period, week 2 as grower period and weeks 3, 4, 5 and 6 were considered as finisher

period.

As an indication of the general health status, daily mortality rate was determined in this way that all
diseased and dead birds were removed from the pen, weighed, marked with a description and recorded. Records
of removed birds were needed for an accurate calculation of feed intake which were corrected for mortality

records.

Feed conversion ratio (FCR) was calculated as the ratio of feed consumed (g/day) to daily BW gain
(BWG) in the same period.

Tab. 1. Ingredients and chemical composition of the diets
Bestandeteile und chemische Zusammensetzung der Rationen

Periods of age

Starter (days 0 - 7) Grower (days 8 - 14) Finisher (days 15 - 42)

Ingredients (decreasing order of their proportions)

Wheat Wheat Wheat

Corn Corn Corn
Soybean meal Soybean meal Soybean meal
Soybean Soybean -
Rapeseed meal Rapeseed meal Rapeseed meal
Soybean oil Soybean oil Soybean oil
Calcium carbonate Calcium carbonate Calcium carbonate
Mono-calcium phosphate Mono-calcium phosphate -
Sodium carbonate Sodium carbonate -

- Lignocellulose Lignocellulose

Chemical composition (g/kg unless stated)

ME (M]/kg) 121 12.4 13.3
Dry matter 919 910 912
Crude protein 213 205 175
Crude fat 45.0 58.0 82.0
Crude fibre 55.4 43.5 44.0
Ash 57.2 50.2 38.0
Sugar 339 314 34.1
Starch 408 407 439
Calcium 10.8 7.00 5.30
Sodium 1.10 1.20 1.10
Potassium 9.50 8.90 7.00
Phosphorus 6.44 5.67 4.57

Abbreviations: ME, N-corrected apparent metabolizable energy (calculated according to WPSA, 1984).

2.5 Sampling and measurement of liver and abdominal fat pad weights

One bird in each pen - as close as possible to the average BW of pen mates irrespective of sex - was selected and
weighed with all pen mates after 5 h of starving at day 42. This weight was referred to as final live BW. Chickens were
then slaughtered by cervical dislocation and liver and abdominal fat pad samples were collected as follows. The
collection of abdominal fat pad included leaf fat surrounding the cloaca and abdominal muscles except fat
surrounding the gizzard, and the fat pad weight (g) was determined directly after sampling. The liver was separated
from the carcass and weighed (g). The weight of livers and fat tissues were also divided by the final BW of

chickens before slaughtering (pen-based) and expressed as percentage of final BW:
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Relative weight (%) of liver or abdominal fat pad =
[(liver or abdominal fat pad weight (g))/ (final BW)] x 100.

2.6 Statistical analysis

The experimental data were statistically analysed as a completely randomized design using SPSS Software (v 19.0;
SPSS Inc, Chicago, IL, USA). Values were checked for normality before conducting an analysis of variance (ANOVA).
Data of performance variables were subjected to a one-way ANOVA and comparison between treatment (i.e., diet)
means was conducted using Duncan's multiple range test (DUNCAN, 1955). The nonparametric Kruskal-Wallis test
was applied to evaluate treatment effects on fat pad and liver weights. Correlation coefficients between final BW and
fat pad and liver weights, respectively, were obtained from Pearson's correlations in a 2-tailed test. Moreover, a
scatter plot was generated to determine the relationship between final BW and liver weight. P-values < 0.05 were

considered as indicating significant differences. A trend was observed when P-values were = 0.05 but < 0.10.

3 Results

The values of performance parameters are shown in Table 2. The broilers of all dietary treatment groups
consumed their feed uniformly throughout the starter, grower and finisher periods without any indication of
differences between dietary treatment means. The uniform feed intake was paralleled by a consistent BW and
BWG across the three periods for all four dietary treatment groups. Consequently, also the FCR was not different
among the treatments. In the starter and grower periods, the FCR was close to 1.0 and it increased to

approximately 1.4 in the finisher period.

Tab. 2. Mean values of performance parameters of broiler chickens in response to different additives
supplied with drinking water
Mittelwerte der Leistungsmerkmale von Masthiihnern bei Verabreichung ausgewdhlter Zusatz-
stoffe im Trdnkwasser

Dietary treatment groups

Parameters Control Probiotic  Oregano oil Oregano oil-probiotic =~ SEM P-value

Feed intake (g/d; from IzADI et al., 2025)

d0-7 22.0 225 21.8 22.0 0.140 0.322
d8-14 45.0 45.4 43.6 43.8 0.466 0.485
d 15-42 130 129 128 131 0.788 0.493
Body weight (g)

d0-7 197 202 195 197 1.09 0.178
d8-14 503 508 494 499 3.30 0.521
d 15-42 3085 3032 3033 3081 19.39 0.656
Average daily gain (g/d)

d0-7 21.6 22.3 214 21.8 0.15 0.227
d8-14 43.6 43.7 42.6 43.2 0.36 0.731
d 15-42 92.2 90.2 90.7 92.2 0.65 0.594
Feed conversion ratio (g/g)

d0-7 1.02 1.01 1.02 1.01 0.003 0.352
d8-14 1.03 1.04 1.02 1.01 0.007 0.634
d 15-42 142 1.43 1.42 1.43 0.006 0.748

Abbreviation: SEM, standard error of the means.
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In accordance with the performance parameters presented in Table 2, data shown in Table 3 indicate that broilers
in the four dietary treatment groups had also very similar relative (% of BW) and absolute (g) weights of liver and
abdominal fat pads. Because the liver plays a key role in lipid metabolism, this data demonstrate that the
additives supplied with drinking water did not exert any observable adverse effect but, also no beneficial effect,

on body fat metabolism and accretion.

Tab. 3. Final live body weight and weights of liver and abdominal fat pad of broiler chickens in
response to different additives supplied with drinking water.
Kérpermasse zur Schlachtung sowie Leber- und Abdominalfettpolstermassen von Masthtih-
nern bei Verabreichung ausgewdhlter Zusatzstoffe im Trdnkwasser

Parameters Dietary treatment groups
Control Probiotic Oregano oil Oregano SEM  P-value
oil-probiotic
Liver weight (% of BW) 1.95 1.97 1.94 2.03 0.041 0.884
Abdominal fat pad weight (% of  1.52 1.37 1.60 1.48 0.056 0.538
BW)

Abbreviations: BW, body weight; SEM, standard error of the means.

Furthermore, the relationship between final live BW of broilers and liver weight was positive and significant
(P<0.01; Fig. 1). Itis also evident from Figure 1 that for the heavier birds the liver weights varied much more
than for the lighter animals. Birds weighing not more than 3,000 g at slaughter had very similar liver weights
whereas for the heavier birds the liver weights at the same BW sometimes differed considerably such that the lighter

livers had less than two-thirds of the weight of the heaviest livers.
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Fig.1. Relationship between final live body weight (g) and liver weight (g) of broiler chickens
supplied with different additives in drinking water.
Beziehung zwischen der Kérpermasse zur Schlachtung und der Lebermasse von
Masthiih- nern bei Verabreichung ausgewdhlter Zusatzstoffe im Trdnkwasser.
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4 Discussion

A common nutritional strategy to increase farm animal production and health and reduce side effects of
antibiotics is to utilize phytogenic substances as natural feed additives and microbial preparations as
probiotics that can help to improve performance and promote optimal health of food animals (GADDE et al.,
2017). In our study, the inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking water,

either singly or alternating, on growth performance of broiler chickens was investigated.

TIMMERMAN et al. (2006) studied mortality and growth performance of broilers given drinking water
supplemented with chicken-specific probiotics and observed improved productivity based on an index taking into
account daily weight gain, feed efficiency and mortality. KARIMI TORSHIZI et al. (2010) compared two routes of
administration, namely feed and water, of a probiotic preparation consisting of 9 different microorganisms. They
reported that performance of broilers in terms of BWG, feed intake and FCR improved when probiotic was
provided via drinking water, compared to the control and feed groups. The authors assumed that the improved

performance was induced by an enhanced immune modulation.

Similarly, ECKERT et al. (2010) compared probiotic administration to broilers via feed (post-pelleting
spraying) and via drinking water and observed that BWG and FCR ratio were improved when the probiotic was
administered via drinking water. Similarly, inclusion of Enterococcus faecium in drinking water has improved

performance of broilers (CHAVEZ et al., 2016).

Recently, RAHAYU et al. (2023) compared effects of herbs supplemented to either feed or drinking water on
biochemical blood characteristics of broilers and found inconsistent effects which, at least in part, may be related to
the use of a diverse herb mixture consisting of eight different herbal species. Comparing studies that utilized
different herbal ingredients is extremely difficult because the effectiveness of these studies will be additionally
influenced by various factors like plant composition, supplementation levels, method and prevalence of
application, animal production stage, and environmental stress factors. Furthermore, it is still unclear if certain
individual effects are due to a single component or reflect a synergistic effect of multiple components (HIPPENSTIEL
et al, 2011). Thus, determining the chemical composition of the used herbal substances is essential for

identifying their impact and consequently, optimal composition.

The EFSA Panel on Additives and Products or Substances Used in Animal Feed (FEEDAP, 2010) has
published a “Statement on the use of feed additives authorised/applied for use in feed” and concluded
that “there is no need to separately assess safety and efficacy of an additive administered via water [...],
provided that the exposure of the animals is essentially the same”. More recently, KAMPHUES et al. (2019)
have systematically and comprehensively evaluated pros and cons of supplementation of feed additives to
drinking water and have also noted concerns that distinct additives may change water properties such as
nutrient concentrations, sensory attributes and microbial status, any or all of which could negatively
impact on voluntary water consumption. These hints should always be considered before feed additives

are provided with drinking water.

5 Conclusion

Inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking water, either singly or alternating,
had no effects on growth performance, FCR and on liver and abdominal fat pad weights. Although no beneficial
responses of broilers were observed to the supply of additives with drinking water, the absence of adverse effects,
shows, for the investigated types of additives, the general applicability of the route of administration, i.e.,
supply in drinking water and not in feed. Therefore, it appears justified to conduct further studies in order to
elucidate the effects of different levels of these feed additives on broiler performance when supplied in drinking

water. Future studies should also consider conventional watering systems.
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The effect of inclusion in drinking water, either singly or alternating, of oregano oil and a
probiotic Enterococcus faecium strain on gut health characteristics of growing broiler
chickens

.. *
MAHSHID IZADll'Z, HANS-JOACHIM ALERT1 and KARL-HEINZ SUDEKUMZ'

Summary

The hypothesis of this study was that, during a 42-day growth period, the inclusion of oregano oil and a
probiotic Enterococcus faecium strain in drinking water, either singly or alternating, would positively
impact on gut health characteristics of growing broiler chickens such as excreta pH and dry matter
content, and selected histomorphological parameters, i.e, villus height, crypt depth, villus height to crypt
depth ratio, and crypt width. Four-hundred Ross 308 chicks (mixed-sex; mean body weight 45.1 g
(standard deviation 1.04 g)) were randomly assigned to four experimental groups during the 42-day
growth period: control (without supplement), probiotic (continuous supply of an E. faecium commodity
[minimum activity per kg: 3.3 x 1012 colony forming units] with drinking water at 200 mg/L), oregano oil
(75,000 mg/kg of product; first three days of each week at 0.2 mL/L drinking water), and oregano oil-
probiotic (addition of oregano oil (0.2 mL/L) for three days and E. faecium commodity (200 mg/L) for
four days to drinking water), each group with 10 replicates and each replicate with 10 broilers. Excreta
pH and dry matter content were unaffected by dietary treatment. Only in the finisher phase of the growth
period, the oregano oil group had slightly higher excreta dry matter content. However, the probiotic and
oregano oil-probiotic supplements affected histomorphological parameters; the villus height in the ileum
was higher compared with the other experimental groups. Moreover, in the ileum of broilers in the
oregano oil-probiotic group, the crypt depth was deeper and the villus height to crypt depth ratio was
wider than for the other experimental groups. Yet, crypt width in the ileum was not influenced by
additives. Overall, the oregano oil-probiotic administration in drinking water positively affected selected
histomorphological gut characteristics in growing broiler chickens. Consequently, the administration with
drinking water may be a viable way to supply these types of feed additives to diets of growing broiler
chickens. Future studies should be conducted applying varying concentrations of the additives supplied

with drinking water.
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Zusammenfassung

Effekte einer Verabreichung von Oreganodl und eines probiotischen Enterococcus
faecium-Stammes im Trinkwasser - einzeln oder alternierend- auf Merkmale der
Darmgesundheit von Masthiihnern.

Die Hypothese der Studie war, dass die Verabreichung von Oreganodl und einem probiotischen
Enterococcus faecium-Stamm im Trankwasser, entweder einzeln oder alternierend, giinstige
Auswirkungen auf Merkmale der Darmgesundheit wachsender Masthithner wahrend einer 42-tigigen
Mastperiode hat. Gemischtgeschlechtliche Kiiken der Herkunft Ross 308 (mittlere Lebendmasse 45.1 g,
Standardabweichung 1.04 g) wurden zu Versuchsbeginn zufallig auf vier Versuchsgruppen wahrend der
42-tagigen Mastperiode verteilt: Kontrolle (ohne Futterzusatzstoff im Triankwasser), Probiotikum
(kontinuierliche Gabe eines E. faecium-Produkts [Mindestaktivitit pro kg: 3.3 x 10!2 koloniebildende
Einheiten] im Trankwasser [200 mg/L]), Oreganod6l (75,000 mg/kg Produkt; jeweils an den ersten drei
Tagen jeder Woche [0.2 mL/L Trankwasser]) und Oreganodl-Probiotikum (Zugabe tliber das Trankwasser
von Oreganodl [0.2 mL/L] iiber drei Tage und das E. faecium-Produkt [200 mg/L] tiber 4 Tage/Woche).
Jede Versuchsgruppe wurde in 10-facher Wiederholung gepriift und jede Wiederholung bestand aus 10
Kiken. Als Merkmale der Darmgesundheit wurden der pH-Wert der Exkreta und deren
Trockenmassegehalt ermittelt sowie ausgewahlte histomorphologische Parameter erfasst, namentlich
Hohe der Darmzotten, Kryptentiefe, das Verhéltnis dieser beiden Grofien und die Kryptenbreite. Der pH-
Wert der Exreta und ihr Trockenmassegehalt wurden nicht durch die Zulagen im Trankwasser verandert.
Die Zulage des Probiotikums und der Kombination Oreganodl-Probiotikum bewirkte eine grofdere Hohe
der Darmzotten im Ileum. Fiir die Kombination Oreganodl-Probiotikum wurde auch eine ausgepragtere
Kryptentiefe ermittelt, die sich in einem weiteren Verhédltnis von Zottenhohe zu Kryptentiefe
widerspiegelte. Insgesamt deuten diese Befunde auf eine giinstige Beeinflussung der Darmgesundheit
durch die gepriiften Zulagen im Trankwasser hin. In weiteren Studien sollte untersucht werden, wie sich
die Verabreichung unterschiedlicher Konzentrationen der gepriiften Zusatzstoffe im Trankwasser auf die

Darmgesundheit bei Masthithnern auswirkt.

Schliisselworter: Oreganodl, Probiotika, Enterococcus faecium, Broiler

1 Introduction

The gut is described by SUGIHARTO (2016) as an essential organ system which plays an important role in
feed digestion and host defence. Quantitatively, most of the digestion and absorption take place in the
small intestine (TURK, 1982). In comparison to mammals, the gastrointestinal tract of chickens is
noticeably shorter relative to the body length (YADAV and JHA, 2019). The small intestine acts as a natural
habitat of numerous microbes, therefore, microbial balance in the intestine is an indicator of a healthy
chicken (RIVENIA and ASYROFI, 2015). Moreover, maintenance of normal microarchitecture in the small
intestine is essential for proper growth performance and development of broilers (SOHAIL et al., 2012).
Due to the huge amount of feed handled by commercial poultry breeds, the digestive tract needs to
function properly (SviHus, 2014). The gastrointestinal epithelium forms the boundary between the body
and external environment. It effectively provides a selective permeable barrier that limits the permeation
of luminal noxious organisms or molecules, such as pathogens, toxins, and antigens, while, at the same

time, allowing the appropriate absorption of nutrients and water.

A proven strategy to support gut health was the inclusion of antibiotics in animal feeds which has been
extensively used for decades in animal production systems, inclu sive poultry (HUYGHEBAERT et al., 2011).
Poultry flocks are raised under intensive conditions, hence considerable quantities of in-feed

antimicrobials have been applied to prevent diseases, and, by this means, have acted also as growth
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promoters (NHUNG et al., 2017). However, antimicrobial resistant poultry pathogens may contribute to
occurrence of treatment failure resulting in economic losses and may generate a source of resistant
bacterial genes including zoonotic bacteria (NHUNG et al., 2017). Antibiotic resistance among the bacterial
pathogens as well as concerns over their widely use in animal feed has gained global interest in limiting
antibiotic use in animal agriculture and its importance to find innovative antimicrobials that provide
alternatives to conventional antibiotics (SEAL et al.,, 2013). Furthermore, the use of antibiotic feed
additives has already been banned in many regions worldwide, e.g.,, in the European Union since January
1, 2006 (CASTANON, 2007).

Feed additives of plant origin, called phytogenic feed additives, phytobiotics or phytoadditives, are
considered as alternative, non-antibiotic growth promoters, even though there are well established non-
antibiotic growth promoters such as organic acids and probiotics (GUO et al., 2003). Phytogenic feed
additives may adjust feed intake and stimulate digestive secretions leading to optimization of digestive
capacity and risk reduction of digestive disorders (WENK, 2003). There is currently a great interest in
essential oils from different herbs as feed additives in animal nutrition, as they have a greater biological
activity than the raw material from which they were extracted (YITBAREK, 2015). Oregano (Origanum
vulgare) oil is used in poultry industry as natural additive (AviLA RAMOS et al., 2017). It has been reported
that the aromatic, slightly bitter taste and functional properties of oregano are related to the quantity and
composition of its phenolic components (KARIMI et al.,, 2010). Major components in oregano are including
carvacrol, thymol, y-terpinene, and p-cymene (BURT, 2004). Oregano essential oils are known for their
antimicrobial activity, as well as their antiviral and antifungal properties. In addition, these compounds
have been reported to contain antioxidant, anti-inflammatory, antidiabetic activities and cancer inhibiting

agents (LEYVA-LOPEZ et al.,, 2017).

Moreover, probiotics in the diet of poultry may improve growth performance, feed conversion
efficiency, immune responses and act effectively against enteric pathogens (DHAMA et al, 2011).
Enterococcus faecium belongs to the physiological intestinal flora of poultry and is used as a probiotic feed
additive due to its effect on the intestinal microflora through the formation of lactate and short-chain fatty
acids (YU et al,, 2012). This bacterium competes with pathogenic microorganisms and its activity results

in the selection advantage of beneficial intestinal bacteria (KoGuT, 2013).

Development of the small intestine as a critical digestive organ is essentially involved in nutrient
digestion and absorption, therefore, its development is vital to achieve stable health and performance
(KAWALILAK et al., 2010). The ileum as the most distal segment of the small intestine ends at the ileo-caeco-
colic junction and although some digestion and absorption of fat, protein, and starch may take place, this
segment is mainly thought to play a role as a site for water and mineral element absorption (SVIHUS,
2014). Small intestinal morphological parameters including villus height, crypt depth, and the villus
height to crypt depth ratio are indicative of gut health in broiler chickens (HossAIN et al., 2015). Changes in
the morphology of the gastrointestinal tract by adding appropriate supplements may give some
information about its beneficial effects on the digestive tract (MURUGESAN et al., 2015). Probiotics have
been reported to improve microbial balance in the gastrointestinal tract through bacterial antagonisms,
competitive exclusion and immune stimulation (AWAD et al., 2008). Moreover, essential oil compounds
such as thymol and carvacrol limit bacterial growth and modulate the pathogenicity of the bacteria in the
gut (YIN et al., 2017). Therefore, it is assumed that a synergistic effect of oregano oil and a probiotic feed

additive incorporated into drinking water may effectively improve gut health of broilers.

The hypothesis of this study was that the inclusion of oregano oil and a probiotic Enterococcus faecium
strain in drinking water, either singly or alternating, would positively impact on gut health characteristics
of growing broiler chicken. Consequently, this way of administration would be a viable alternative to

51



Chapter 5. Gut health of growing broiler chickens

supplying these types of feed additives to diets of young, rapidly growing chickens. Data from the same
experiment on feed and water intake (IZADI et al., 2025a) have indicated that the administration with
drinking water may be a viable way to supply oregano oil or a probiotic E. faecium strain, or both, to diets
of growing broiler chickens without compromising their acceptance to consume water. Similarly, [ZADI et
al. (2025b) have reported that inclusion of oregano oil and a probiotic E. faecium strain in drinking water,
either singly or alternating, had no effects on growth performance, feed conversion ratio and on liver and
abdominal fat pad weights. Although no beneficial responses of broilers were observed to the supply of
additives with drinking water, the absence of adverse effects, shows, for the investigated types of
additives, the general applicability of the route of administration, i.e., supply in drinking water and not in
feed.

2 Material and methods

2.1 Animals and diets

Four hundred one-day-old Ross 308 chicks (mixed sex) were purchased from a commercial hatchery. The
initial body weight of each chick was determined at the beginning of the experiment (average, with
standard deviation) 45.1 g, 1.05 g). The birds were randomly assigned to four dietary treatment groups,
namely control, probiotic, oregano oil, and oregano oil-probiotic, each with 10 replicates and each
replicate with 10 chicks. The birds were reared in a room from day 0 to 42, housed in pens of the same
size, 110 cm x 120 cm for 10 birds. The pen floors were covered with wood shaving litter with a thickness
of 5 cm at the beginning of the trial. Dry litter was added as necessary to maintain a low moisture level of
the litter and lower the risk for foot-pad dermatitis. The pens were equipped with one bucket nipple
drinker (10-L capacity) and one hanging plastic feeder. All chicken had ad libitum access to drinking water
and feed during the 42-day trial. Moreover, temperature, lighting, and vaccination programs (Newcastle
disease) were performed on the research station during the rearing phase following a protocol
established at the research station. As an indication of the general health status, daily mortality rate was
determined in this way that all diseased and dead birds were removed from the pen, weighed, marked
with a description and recorded. Records of removed birds were needed for an accurate calculation of

water and feed intake and growth characteristics which were corrected for mortality records.

A crumbled starter diet was provided to the birds from day O to 7, followed by a pelleted grower diet
from day 8 to 14, and a pelleted finisher diet from day 15 to 42. The chemical composition of the diets was
analysed in accordance with the methods of the Association of German Agricultural Analytic and Research
Institutes (VDLUFA, 2012) and encompassed dry matter, crude fat, crude fibre, crude protein, and crude
ash. Moreover, nitrogen-free extract (NfE) was calculated subsequently. In addition, starch, sugar,

calcium, sodium, potassium, and phosphorus concentrations were also determined (VDLUFA, 2012).

The N-corrected apparent metabolizable energy (ME) content was calculated from chemical
composition according to WPSA (1984). Data of ingredients and chemical composition of the basal diet

are presented in Table 1.

The probiotic used in this study was E. faecium (DSM 7134, minimum activity per kg: 3.3 x 1012 colony
forming units; Lovit Probiotic; Lohmann Animal Nutrition, Cuxhaven Germany) as water-soluble
supplement. This supplement was incorporated constantly into drinking water of the probiotic group at
200 mg/L. Oregano oil (75,000 mg/kg; Lovit Progano Liquid; Kaesler Animal Nutrition, Cuxhaven,
Germany) at level of 0.2 mL/L was incorporated into drinking water of the oregano oil group for the first
three days per week. The combined treatment group, oregano oil-probiotic, received oregano oil (0.2

mL/L) in their drinking water for the first three days and the E. faecium commodity (200 mg/L) the other
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four days per week. Additives were mixed with drinking water based on calculated drinking water usage
(mL) per day. The water solutions were prepared shortly before they were offered to the birds in the

nipple drinkers for each pen.

Tab 1. Ingredients and chemical composition of the diets
Bestandeteile und chemische Zusammensetzung der Rationen

Periods of age

Starter (days 0 - 7) Grower (days 8 - 14) Finisher (days 15 - 42)

Ingredients (decreasing order of their proportions)

Wheat Wheat Wheat
Corn Corn Corn
Soybean meal Soybean meal Soybean meal
Soybean Soybean -
Rapeseed meal Rapeseed meal Rapeseed meal
Soybean oil Soybean oil Soybean oil
Calcium carbonate Calcium carbonate Calcium carbonate
Mono-calcium phosphate Mono-calcium phosphate -
Sodium carbonate Sodium carbonate -

- Lignocellulose Lignocellulose

Chemical composition (g/kg unless stated)

ME (M]/kg) 12.1 12.4 13.3
Dry matter 919 910 912
Crude protein 213 205 175
Crude fat 45.0 58.0 82.0
Crude fibre 55.4 43.5 44.0
Ash 57.2 50.2 38.0
Sugar 339 314 341
Starch 408 407 439
Calcium 10.8 7.00 5.30
Sodium 1.10 1.20 1.10
Potassium 9.50 8.90 7.00
Phosphorus 6.44 5.67 4.57

Abbreviations: ME, N-corrected apparent metabolizable energy (calculated according to WPSA, 1984).

2.2 Intestinal parameters

2.2.1 Sampling and histomorphological examination of the ileum

Chickens were slaughtered by cervical dislocation. For intestinal measurements, the small intestine of all
broilers was carefully dissected. Medial parts (length approximately 2 cm) of the ileum between Meckel’s
diverticulum and the ileo-caecal junction were cut out and transferred to plastic bottles containing
formalin solution; then they were refrigerated at 4°C until analysis. For histomorphological examination,

the samples of the ileum segment of each bird were fixed in a 10% buffered formalin solution and gut
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tissues were embedded in paraffin wax blocks and then sections of 5 um thickness were mounted onto
glass slides and stained with Haematoxylin and Eosin. Morphometric analyses were done on 10 well-
oriented and intact villi and 10 crypts. Criterion for villus selection was based on the presence of an intact
Lamina propria (Prakatur et al,, 2019). In addition, morphometric indices were villus height (distance
between the tip of the villus to the crypt), crypt depth (distance between the base of the villus to the
submucosa), and the crypt width measured at the midline of the crypt. Villus height, crypt depth, and
crypt width were measured by using a microscope with image analyser and expressed as micrometers
(um). Also, villus height to crypt depth ratio was estimated subsequently by dividing villus height by crypt

depth. For all parameters, average values for each bird were calculated.

2.2.2 Excreta sampling and analysis

The excreta collection (approximately 200 g) was conducted during the trial from each pen immediately
after fresh droppings were excreted by an unknown number of birds per pen, at the end of each week at
day 7, 14, 21, 28, 35, and 42. To prevent contamination of the excreta, any dropped feathers, feed particles
or foreign materials were removed. Excreta samples of each group were divided into two parts. One part
of the fresh excreta was used to analyse pH values and the other part was stored at -20°C until used for
determination of excreta dry matter content. Week 1 was considered as starter phase, week 2 as grower

phase and weeks 3 to 6 were considered as finisher phase of the growth period.

For measurement of the excreta dry matter content, samples were placed in the crucibles and weighed
using a digital scale. The determination of the dry matter content was done in accordance with method 3.1
outlined in VDLUFA (2012).

A pH meter (SevenMulti, Mettler Toledo Schwerzenbach, Switzerland) was applied to measure the pH
of excreta samples. The fresh excreta sample (1 g) was mixed with 20 mL of deionised water and

homogenized. Then, the pH of each group's excreta was measured and the data was recorded.

2.3 Statistical analysis

All obtained raw data were entered into Microsoft Excel data base system to process the data with using
the relevant statistical calculation module. Values were checked for normality assumption before the
ANOVA. The data were analysed statistically in a completely randomized design and all data were
subjected to one-way ANOVA for all variables using SPSS Software (v 19.0; SPSS Inc, Chicago, IL). Group
means were compared using Duncan's multiple range test (Duncan, 1955). Differences between means

with p < 0.05 were considered significant.

3 Results

The treatments had no effect on excreta pH of broilers throughout the 42-day growth period (Tab. 2). All
pH values were > 7 for all experimental groups and were very homogenous among experimental groups
within growth phase. The only noticeable exception from this general observation yet still not statistically
different from the other experimental groups was the excreta pH value of the probiotic group in the

grower phase.
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Tab 2. Effects of supplements added to drinking water on excreta pH value of broiler chickens
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf den pH-Wert der
Exkremente der Masthiihner

Growth periods Experimental groups

Control Probiotic =~ Oregano oil Oregano oil-Probiotic Pooled  P-value

SEM

Starter phase
(days 0-7) 7.73+0.218 7.70+0.244 7.61+0.206 7.64+0.301 0.038 0.671
Grower phase
(days 8-14) 7.09+0.465 7.54+0.287 7.22+0.373 7.22+0.532 0.070 0.123
Finisher phase 7 ),,0234  7.210.148  7.27+0.164 7.26£0.155 0.027 0.877

(days 15-42)

Note: Data are shown as means + SD (standard deviation).
Abbreviation: SEM, standard error of means.

The supplements added to drinking water did not change (P > 0.05) excreta dry matter content during the
42-day growth period (Tab. 3). Moreover, the dry matter concentrations across growth phases and
experimental groups ranged only from 22.0 to 25.4%, indicating that water flow and water exchange in

the intestines were not affected by dietary supplements.

Tab 3. Effects of supplements added to drinking water on excreta dry matter content (%) of broiler
chickens
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf den Trockenmasse-
Gehalt (%) der Exkremente der Masthiihner

Growth periods Experimental groups

Control Probiotic Oregano oil Oregano oil- Pooled  P-value

Probiotic SEM

Starter phase 24.0 + 6.62 225+4.04  23.6+255 235+2.07 0645  0.886
(days 0-7)
Grower phase 25.4+7.27 221+210 235475 240472 0790  0.552
(days 8-14)
Finisher phase 223+1.11 22.0+2.09 23.3+£1.89 229 +197 0.287 0.334

(days 15-42)

Note: Data are shown as means * SD (standard deviation).
Abbreviation: SEM, standard error of means.

Other than excreta pH and dry matter content, histomorphological characteristics of the ileum segment
responded differently to supplements added to drinking water (Tab. 4). Villus height was greater in the
probiotic and oregano oil-probiotic groups than in the two other groups. The crypt depth was lower in the
oregano oil-probiotic group compared to other experimental groups. The villus height to crypt depth ratio
was wider in the oregano oil-probiotic group than in the other experimental groups. Crypt width was the

only histomorphological parameter which was not affected by experimental treatments.
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Tab 4. Effects of supplements added to drinking water on histomorphological parameters of the ileum
segment of broiler chickens
Auswirkungen von mit dem Trdnkwasser verabreichten Zusatzstoffen auf histomorphologische
Parameter des lleumsegments der Masthiihner

Parameters Experimental groups
Control Probiotic Oregano oil Orgeano oil-
Probiotic
b* a b a

Villus height (um) 535"+ 14.9 5902+ 16.5 553b+27.4 5692+ 13.6
Crypt depth (um) 1512+ 6.76 1592+ 4.35 1542+ 7.99 146+ 10.3
Villus height to 3.550+ 0.23 3.710+ 0.14 3.600+0.11 3.912+ 0.26
crypt depth ratio
Crypt width (um) 95.1+1.68 95.4 +3.32 95.7+2.52 95.2 +3.61

Note: Data are shown as means + SD (standard deviation).
“Different letters within a row indicate significant differences between experimental groups at (P < 0.05).

4 Discussion

Analyses of intestinal health parameters in this trial confirmed that inclusion of oregano oil into the
drinking water did not influence the pH value in the broiler excreta. This data indicates that intestinal
processes including microbial metabolism were not remarkably affected by supplements added to
drinking water. Consistent with our findings, HONG et al. (2012) reported that addition to the diet of
broilers of a mixture of essential oils (125 mg/kg consisting of essential oils derived from oregano, anis
and citrus peel) had no effect on intestinal pH values of different intestinal segments, i.e.,, duodenum,
jejunum and ileum. Other authors reported that pH of the caecal content of broilers also was not different
in response to the addition of a specific blend of essential oil components to the diet (CERISUELO et al.,
2014) or when different protein sources (vegetable versus animal protein) in broiler chicken diets were
used (Hossain et al., 2013). CHANG and CHEN (2003) have reported that inclusion of probiotics in the diet
reduced excreta pH in broilers, which may indicate effects on composition and activity of the intestinal
microbiota. No such effect was observed with the specific probiotic which was administered with drinking

water.

Different additives given into drinking water did not influence excreta dry matter content of broilers in
our study, only a small, non-significant increase was observed for broilers in the oregano oil group in the
finisher phase. Similarly, LEE et al. (2003) reported that, after supplementing the feed with
cinnamaldehyde, the excreta dry matter content was slightly higher than that of other experimental
groups. If these small differences could be amplified and corroborated in future studies, broilers would
benefit from these additives in terms of drier litter and would help to prevent the occurrence of breast
blisters, skin burns, bruising, and condemnations, and the production of ammonia in the broiler farms.
Our study however did not show a marked effect on excreta dry atter content and thus, further studies are

advisable to investigate potential beneficial effects on broiler health and the environment.

Villus height is an important indicator of intestinal activity, while crypt depth and villus height to crypt
depth ratio provide valuable information about the cellular turnover at the villus surface (ASHARAF et al.,
2020). Additives can have a positive effect on the development of beneficial bacteria and improvement in
growth of the anatomical structure in the intestine (OLNOOD et al., 2015). In this study, the ileum villus
height was higher in broilers in the oregano oil-probiotic and probiotic groups than in oregano oil and
control groups. Intestinal villus height depends on the balance between proliferation, migration, and cell

apoptosis. The villi play a vital role in nutritional absorption, an activity which is partly influenced by their
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size (FONSECA-GARCIA et al., 2017). It has been documented that a probiotic E. Faecium strain as a feed
additive increased villus height in the ileum of broilers (SAMLI et al., 2007), which is in line with our
results. Moreover, others have reported that an addition of a Lactobacillus species as probiotic in drinking

water also increased villus height in the ileum of broilers (HIDAYAT et al., 2018).

In our study, crypt depth was greater in the ileum in broilers in the probiotic group than in the
oregano oil-probiotic group. PELICANO et al. (2005) observed a greater crypt depth in the ileum in broilers
in a probiotic group (probiotics based on Bacillus subtilis) than in other experimental groups. Crypts in the
intestine are the source of epithelial cells for villi and crypt depth is strongly linked with epithelial cell
turnover. Thus, shorter crypts imply a reduction in cellular turnover and improved intestinal health
(MURUGESAN et al., 2015). In our study villus height to crypt depth ratio was higher in the ileum in broilers
in the oregano oil-probiotic group than other experimental groups. As it has been described, higher villus
height and deeper crypt depth leads to a higher villus to crypt depth ratio, which is an indicator of mature
enterocytes at the villus tips of birds, a balanced enterocyte migration and sloughing, and efficient
function for nutrient absorption for optimal growth (PAIVA et al., 2014). Deeper crypt depth and higher
villus to crypt depth ratio in the intestine is an improvement indicator of its health by proving the positive
influence of the additive on the digestive system (DRASKOVIC et al.,, 2020) and its overall stability. This, in

turn, would also provide a better intestinal environment for the growth of beneficial bacteria.

5 Conclusions

Supplementation of drinking water with an oregano oil-probiotic additive had positive effects on the
histomorphological parameters villus height and crypt depth and accordingly villus height to crypt depth
ratio in broilers. However, oregano oil, a probiotic, and combination of both additives given into drinking
water did not have any influence on pH and excreta dry matter content in broiler chickens indicating
undisturbed digestion in all experimental groups. Future studies should be conducted applying varying

concentrations of the additives supplied with drinking water.
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CHAPTER 6

Final considerations

6.1. Gut health in broilers

Gut health in broilers is a key issue not only for animal health but also for overall performance as birds
with better gut health have an improved digestion and absorption of nutrients. Antibiotic additives may
or have at least been suspected to negatively impact on the healthiness of people and, therefore, it is

advisable to search for substitutes for antibiotics.

6.1.1. Inclusion of additives in drinking water and excreta characteristics of broilers

Analysis of intestinal health parameters in this study confirmed that the inclusion of oregano oil in
drinking water did not change the pH value in the faeces of broilers. Our findings is to some extent in
agreement with the results of (Hong et al., 2012) who reported that by adding EO (125 ppm including EO
derived from oregano, anis and citrus peel), there was no observed change in intestinal pH values of the
different intestinal segments; duodenum, jejunum and ileum in broilers. In addition, based on research, it
was reported that the pH of the cecal content was not dissimilar by the addition of specific blend of EO
components in the diet of broilers (Cerisuelo et al.,, 2014). Hossain et al. (2013) reported that excreta pH
was not changed by different protein sources (vegetable or animal protein) in broiler chicken diets and
pH value was an average of 7.3, however, in our study, it was used other natural additives. Han et al.
(1999) found that fecal pH was not altered by feeding aspergillus oryzae culture as probiotic to the diet of
laying hens, which agrees with our result. There are not too many published data concerning excreta pH

in broilers available.

In our study, no influence of feed additives supplied with drinking water on excreta DM concentration of
broilers was observed. Similarly, when cinnamaldehyde was added to the diet, Lee et al. (2003) detected
that the excreta DM concentration was only very slightly higher than that of other experimental groups
such that no proof can be given that specific feed additives supplied with either drinking water or the diet

have an impact on excreta DM concentration.

6.1.2. Inclusion of additives in drinking water and histomorphological characteristics in broilers

The small intestine is an important digestive organ involved in nutrient absorption and growth, and the

development of this organ is important for the health and performance of broilers (Kawalilak et al. 2010).

Villus height is an important indicator of intestinal activity, while crypt depth and villus height to crypt
depth ratio provide valuable information about the cellular turnover at the villus surface (Ashraf et al,
2020). Small intestinal villus is the protrusion of the lamina propria into the intestinal lumen that
increases the digestive and absorptive surface area in the intestine (Yamauchi, 2002). Intestinal villus
height depends on the balance between proliferation, migration, and cell apoptosis. The villi play an
important role in nutrient absorption, an activity which is partly dependent on its size (Fonseca-Garcia et
al, 2017). The activity of intestinal mucosa can be affected by the composition of the feed and the
intestinal microbiota (Buctaw, 2016). Mucosa status and their microscopic structure can be a reliable

indicator of the response of the intestinal tract to active substances in feeds (Jamroz et al., 2006).

It has been noted that probiotics strengthen the function of the intestinal mucosa in the GIT against
harmful substances (Hidayat et al., 2018) by mechanisms such as bacterial antagonisms, competitive

exclusion and immune stimulation which improve microbial balance in the GIT (Awad et al., 2008). It has
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also been reported that thymol and carvacrol limit bacterial growth and modulate the pathogenicity of the

bacteria in the gut (Yin et al.,, 2017).

In this study, the ileum villus height was higher in the oregano oil/probiotic and probiotic groups than
CON group, and a trend was observed for an increase in villus height in the ileum of the oregano oil group.
Hussein et al. (2020) reported that probiotic combined with PFA modulated gut health by a reduction in
lesion scores in Clostridium perfringens challenged birds in the intestine of broilers. The authors
concluded that simultaneous application of a probiotic and PFA advantageously affects gut health in
broilers. Svihus (2014) reported that increased villus height may be induced by an increased need for
digestive capacity in the intestinal segments. In our study, only a tendency was observed to higher villus
height in the ileum in the oregano oil group, whereas Dehghani et al. (2018) reported an increase in villus
height of the ileum in quail supplemented with different levels of savory and thyme essential oils in the
diet. A PFA commodity (Digestarom®Poultry) at 150 mg/kg increased villus height compared to the CON

group in the ileum of broiler chickens (Murugesan et al., 2015).

Pluske et al. (1996) have assumed that maximum digestion and absorption are positively correlated with
higher villi, most likely because longer villi increase the absorptive surface of the intestine (Markovic et
al., 2009). The structure of the intestinal mucosa can show information on gut health as stressors that are
present in the digesta result in relatively quick changes in the intestinal mucosa because of the close
proximity of the mucosal surface and the intestinal content (Xu et al., 2003). Yamauchi (2007) noted that
despite several studies reported on intestinal histomorphological features, the link between these
features and intestinal function and/or nutritional value of the feed and, eventually, productivity of

animals has not been precisely studied.

The intestinal tract, however, makes up only 5% of the total BW, but it uses 30% of the whole body's
oxygen consumption and nutrient turnover at maintenance metabolism (Perry, 2006). Any additional
tissue turnover will lead to an increase in energy and nutrient requirements for maintenance and result in
lower efficiency of the animal. Shortening of villi and deeper crypts lead to poor nutrient absorption,

increased secretion in the GIT and reduced performance (Montagne et al., 2003; Xu et al., 2003).

The crypt can be regarded as the villus factory and a large crypt indicates rapid tissue turnover and a high
demand for new tissue. Pelicano et al. (2005) observed deeper ileum crypts with the use of probiotic in
the diet of broilers, which allow for an improved villus regeneration (Bogucka et al., 2019). Enterococcus
faecium as a feed additive increased villus height in the ileum of broilers (Samli et al., 2007), which is
corroborated by our results. Moreover, an increase in villus height in the ileum was also observed by the
addition of probiotic Lactobacillus sp. in drinking water of broilers (Hidayat et al., 2018). Bogucka et al.
(2019) reported that crypt depth was increased significantly with probiotic supplementation in the diet of
broiler chickens which allows for larger villus regeneration. Awad et al. (2009) reported that dietary
supplementation with probiotic increased villus height to crypt depth ratio and tended to increase villus
height in the ileum of broilers which is consistent with our result that probiotic group compared to CON
and oregano oil groups increased villus height to crypt depth ratio in the intestine of broilers. On the
contrary, Shams shargh et al. (2012) reported that villus height, crypt depth, and villus height to crypt
depth ratio in the ileum were not affected by the treatments including two plant extracts (garlic and
thyme), and probiotic as additives into drinking water of broilers. In our study, crypt depth was greater in
probiotic group than in other experimental groups. Previously, Pelicano et al. (2005) reported a greater
crypt depth in ileum of birds supplemented with Bacillus subtilis-based probiotic than in other

experimental groups.
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Crypt width was not altered by the inclusion of different additives. A more detailed discussion of our
findings regarding application of probiotic and oregano oil with drinking water and their effects on
histomorphological characteristics would require a greater number of studies that investigated the effects
of probiotic and oregano oil in drinking water of broilers on villus height, crypt depth, villus height to

crypt depth ratio, and crypt width.

6.2. Effects of additives in drinking water on broiler performance

One hypothesis of our study was that supplementing the drinking water with probiotic, oregano oil, and
oregano oil/probiotic would stimulate growth performance in broiler chickens. Numerous studies have
been conducted on the supplementation of probiotics in the diet with varying and inconsistent effects on
broiler performance. Only very few studies have focused on inclusion of probiotics into drinking water
and their effects on feed intake and performance. Hidayat et al. (2018) observed that the inclusion of
Lactobacillus sp. in drinking water, did not affect feed intake which is consistent with our findings. On the
contrary, incorporation of a multispecies and a chicken-specific probiotic preparation in fluid form via
drinking water improved broiler performance (Timmerman et al, 2006). Moreover, it has been stated
that the application of multi-strain probiotic in the drinking water may improve BW and WG in broilers
(Steiner, 2009).
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7. Conclusions

This study was designed to examine the inclusion of oregano oil and a probiotic Enterococcus faecium

strain in drinking water, either singly or alternating, on growing broiler chickens. Three major hypotheses

were tested:

The inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking water, either
singly or alternating, would not negatively affect feed and water intake of broiler chickens during

a 42-day growth period.

The inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking water, either
singly or alternating, would improve growth performance of broiler chickens during a 42-day

growth period.

The inclusion of oregano oil and a probiotic Enterococcus faecium strain in drinking water, either
singly or alternating, would positively impact on gut health characteristics of growing broiler

chickens.

From the results of the experiment, the following conclusions can be made:

1.

Inclusion of various additives administered through drinking water had no significant effects on
daily water intake in broiler chicken. Moreover, water to feed intake ratio as a tool for
measurement of adequate water intake in broilers was not significantly influenced by additives.
Hence the administration with drinking water may be a viable way to supply oregano oil or a
probiotic Enterococcus faecium strain, or both, to diets of young, rapidly growing chicken without
compromising their acceptance to consume water. Further studies are needed in order to

elucidate the effects of different levels of these feed additives on water and feed intake in broilers.

Inclusion of various additives administered through drinking water had no effects on growth
performance, feed conversion ratio and on liver and abdominal fat pad weights. Although no
beneficial responses of broilers were observed to the supply of additives with drinking water, the
absence of adverse effects, shows, for the investigated types of additives, the general applicability
of the route of administration, i.e., supply in drinking water and not in feed. Therefore, it appears
justified to conduct further studies in order to elucidate the effects of different levels of these feed

additives on broiler performance when supplied in drinking water.

Supplementation of drinking water with an oregano oil-probiotic additive had positive effects on
the histomorphological parameters villus height and crypt depth and accordingly villus height to
crypt depth ratio in broilers. However, oregano oil, a probiotic, and combination of both additives
given into drinking water did not have any influence on pH and excreta dry matter content in

broiler chickens indicating undisturbed digestion in all experimental groups.
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Appendix

Table Al: Effects of supplements added to drinking water on average daily water intake (g/bird) of
broilers during a 42-day growth period

Experimental groups
Age
(days)
Pooled
Control Probiotic Oregano oil Oregano oil/Probiotic ~SEM  Probability
1 16.5bc" £2.58 17.9b +2.24 15.9¢+1.90 20.232£1.45 0.415 <0.001
2 33.82+2.09 35.72+3.67 30.6»%3.19 31.02»+2.81 0.565 <0.001
3 45.7()"+4.38 452@+437 42.8@b+4.19 40.70+4.41 0.732 0.054
4 52.5+4.24 51.4+4.06 52.4+4.11 54.29+5.60 0.710 0.566
5 62.4+4.86 61.4+2.96 63.2+3.49 63.42+4.74 0.635 0.692
6 72.6x4.79 71.3+3.00 72.0+2.86 72.4+4.45 0.593 0.884
7 93.0+3.34 92.9+4.86 91.2+5.35 93.6+2.49 0.649 0.629
8 75.4+6.62 69.9+4.51 74.0+4.83 73.98+3.36 0.822 0.100
9 93.92+4.20 90.82b+6.82  88.1bc+7.65 85.1¢+4.30 1.04 0.014
10 102+4.82 102+5.21 99.0+7.23 104+6.12 0.942 0.328
11 98+11.06 98.6+9.83 93.6+8.84 101+7.71 1.50 0.367
12 105+6.96 103+5.55 98.7+£7.85 106+6.90 1.12 0.144
13 122+7.60 12146.92 116+9.01 124+10.9 1.40 0.260
14 145+11.45 147+7.48 139+9.31 146+11.1 1.59 0.282
15 10523b+5.85 1102+8.63 93.7¢x12.0 98.3bc+6.73 1.63 <0.001
16 139+7.05 140+9.95 134+49.20 134+7.35 1.36 0.248
17 147+10.2 146+18.2 141+7.67 149+15.2 2.09 0.663
18 1612+11.3 152ab+9.00  144b+13.8 151ab+8.29 1.90 <0.05
19 171b<+15.0 1752b+13.6  161<+18.9 1862+9.79 2.65 <0.01
20 176+16.0 173+13.8 169+22.2 180+7.32 2.48 0.460
21 190+18.1 189+15.9 187+13.4 196+10.4 2.30 0.541
22 178+19.5 167+15.6 169+19.3 175+14.5 2.74 0.419
23 211+16.2 201+16.8 196+14.2 199+15.9 2.58 0.161
24 210£20.2 211£19.5 207£16.9 213+14.0 2.73 0.894
25 233@h+13.7 235@+16.3 220®)+12.7 232@)+12.5 2.30 0.092
26 221@+12.3 221@+13.3 206®+14.2 217@b)+13.2 2.24 0.053
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27 235+8.04 234+17.5 223+13.6 227+9.98 2.11 0.112
28 2753b+10.61 2842+12.1 271ab+14.7  266b+18.4 2.42 <0.05
29 238+15.3 250+17.4 243+13.2 248+16.3 2.49 0.326
30 2422+19.1 233ab+12.6  221b+19.8  227b+12.1 2.77 <0.05
31 279ab+10.1 2842+13.3 270b+17.9  2863%9.07 2.22 <0.05
32 2942+16.7 2912+12.4 268b+28.4  291a+14.2 3.31 <0.05
33 270+16.2 270+8.92 259+18.4 276+14.8 2.48 0.110
34 300£16.9 303+10.3 291+21.3 296+18.4 2.71 0.436
35 343+17.8 349+10.0 339+22.9 353+26.3 3.19 0.418
36 2560+11.8 255b+14.7 259b+22.4  2872%21.3 3.47 <0.01
37 306+19.3 300£17.9 293+15.0 285+25.7 3.26 0.134
38 251@)+17.9 2490151  250@)+251 270@+26.2 3.57 0.097
39 323+28.1 303+12.2 305+24.8 303:28.4 3.93 0.191
40 364@220.0 346@0)+15.7  3341)+26.3  349@h)+28.5 3.92 0.053
41 332424.9 315+18.9 313+25.4 312+26.8 3.90 0.229
42 390+32.3 373+27.1 363+28.1 365+20.8 4.51 0.117
1-42d 189+6.15 187+7.16 181+9.83 188+8.03 130 0.115

Values are presented as mean+SD

*a,b,c Means in rows showing different superscripts are different at P<0.05

Abbreviations: SEM, standard error of means.
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