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ABSTRACT 

With the relentless search for antibiotic alternatives, phytogenic additives have shown such 

alternative potential. Three experiments were undertaken to study the effect of grape pomace 

(GP) and red osier dogwood (ROD) extract on broiler chickens’ growth performance, blood 

profile, and intestinal functions with or without Salmonella Enteritidis (SE) or SE-

lipopolysaccharides (SE-LPS). In experiment 1, broiler chickens fed 2.5%GP as an antibiotic-

alternative had enhanced growth, gut morphology, and cecal Bacteroides and Lactobacillus. In 

experiment 2 with SE-LPS challenge, 0.3% and 0.5% ROD extract were fed to challenged and 

unchallenged broiler chickens with sustained growth performance in the same capacity of 

antibiotics, improved ileal morphology, and promoted the proliferation of cecal Lactobacillus 

and Streptococcus. In experiment 3 involving SE infection, 0.3% and 0.5% ROD extract 

maintained growth performance and duodenal morphology, and improved leukocytes, 

monocytes, and immunoglobulin M. In conclusion, GP and ROD extract could possibly replace 

antibiotics in broiler chickens production.
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CHAPTER 1:  Introduction 

A section of this introduction has been published elsewhere: 

Erinle, T.J. and D.I. Adewole. 2022. Fruit pomaces—their nutrient and bioactive 

components, effects on growth and health of poultry species, and possible optimization 

techniques. Animal Nutrition, 9: 357 – 377. https://doi.org/10.1016/j.aninu.2021.11.011. 

 

1. Introduction 

Poultry is one of the commonest livestock species in animal husbandry, with chickens 

being one of the most popularly consumed (Agyare et al., 2018), particularly in Canada 

and the United States (Bedford, 2020; Economic Research Service/USDA, 2021). 

Globally, the chicken industry produces more than 9 trillion kilograms of chicken meat 

annually (Agyare et al., 2018). Current and future projections show that the poultry industry 

is continuously expanding in meat production (OECD/FAO, 2020) with the need to meet 

the protein demand of the ever-growing human population. To meet this increasing 

demand, the livestock feed supply is estimated to increase from 6.0 to 7.3 billion tons of 

dry matter (Kim et al., 2019). Thus, the sustainability and profitability of the poultry 

industry could partly and largely be dependent on nutritional manipulation that could afford 

improved growth and intestinal functionality of birds. 

Pathogenic microbes have been identified as the culprit responsible for the prevalent 

incidence of diseases in livestock production. Consequently, some pathogenic microbes, 

including Salmonella spp could, by bimodal approach, affect chickens and contaminate 

food products of poultry origin. On an annual basis, the poultry industry is constantly 
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battling disease occurrence among flocks and has consequently suffered an economic loss 

of approximately $3 to $6 billion in tackling diseases globally (Chapman, 2014). With the 

use of antibiotics, the poultry industry has recorded a ground-breaking improvement in 

feed conversion efficiency, reduction in disease incidence, and to some extent, the 

improvement in intestinal health of animals (Proctor and Phillips 2019). Despite the 

positive impacts of antibiotics, preponderant health concerns relating to antibiotic-resistant 

pathogens in the food chain have been reported as one of the greatest threats to human 

health (World Health Organization, 2019). Therefore, it becomes imperative to identify 

antibiotic alternatives that could prevent diseases in poultry farms. 

Several reports on the application of grape pomace (GP) and red osier dogwood (ROD) in 

livestock production have shown that they could provide equivalent effects compared to 

antibiotics. However, short-chain fatty acids as indicators of gut health and the incidence 

of breast muscle myopathies in broiler chickens have not been determined in studies with 

GP. In addition to this, there is a paucity of information on the impact of ROD on broiler 

chickens challenged with Salmonella Enteritidis infection and/or their lipopolysaccharide 

metabolites. Thus, the present studies were aimed at investigating the effects of the (i) 

dietary supplementation of GP as an alternative to antibiotics on growth performance, 

blood parameters, intestinal morphology, cecal microbiota, cecal concentrations of short-

chain fatty acids, and incidence of breast muscle myopathies in broiler chickens, and (ii) 

dietary ROD extract as an alternative to antibiotics on the growth performance, blood 

profile, intestinal morphology, and intestinal microbiota in broiler chickens infected with 

live Salmonella Enteritidis or its lipopolysaccharides.  
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CHAPTER 2: Literature Review 

 

A section of this literature review has been published or submitted for publication 

elsewhere: 

Erinle, T.J. and D.I. Adewole 2022. Fruit pomaces—their nutrient and bioactive 

components, effects on growth and health of poultry species, and possible optimization 

techniques. Animal Nutrition, 9: 357 – 377. https://doi.org/10.1016/j.aninu.2021.11.011. 

 

Erinle, T. J., Boulianne, M., Miar, Y., Scales, R., and D. Adewole 2022. Red osier dogwood 

and its use in animal nutrition – A Review. Animal Nutrition, (Submitted) 

 

2. Overview 

The presence of phytogenic substances in plants and their by-products makes them a 

potential antibiotic alternative in animal production. The present literature review 

summarizes existing knowledge on the antimicrobial, immune-modulatory, and growth 

improvement potentials of phytogenic feed additives, namely ROD and GP. A better 

understanding of these key themes is critical to accessing the efficacy of both ROD and GP 

as viable antibiotics alternatives in animal production.  

2.1 Phytogenic feed additives 

Phytogenic feed additives (PFA) refer to essential oils, spices, herbs, plant extracts, or 

combined bioactive ingredients added to animal feed in minute quantities to exert elaborate 
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effects (Steiner and Syed, 2017). For a long time, plants have been used in fighting 

infectious diseases in both humans and animals as ethnoveterinary measures. Generally, all 

plants produce nutrients (e.g., sugars, proteins, and fat), which constitute the primary 

metabolites (Máthé and Hassan, 2015). However, only a few plants produce secondary 

metabolites as an innate defensive mechanism against pathogens and predators (Wenk, 

2003). The secondary metabolites are also referred to as phytochemicals - the active 

ingredients of medicinal plants through which their bioactivities are elicited. Phytogenic 

materials boast of a wide spectrum of biological activities, including antioxidative 

(Embuscado et al., 2015), selective antimicrobial (Mountzouris et al., 2011; Murugesan et 

al., 2015; Giannenas et al., 2013; Steiner and Syed, 2015), immune-modulatory 

(Giannenas et al., 2013), anti-inflammatory (Shen et al., 2010), and anti-parasitic (Ryang 

et al., 2001; Giannenas et al., 2013) bioactivities. 

The antimicrobial properties of PFA have been the cornerstone of an argument that they 

can serve as an alternative to antibiotic growth promoters. Inclusion of plant materials into 

poultry diets has proven a worthy antibiotics reduction and replacement strategy (den 

Hartog et al., 2016) given their phenolic compounds, including rutin, gallic acid, catechins, 

and epicatechins that are known for their strong antimicrobial and antioxidant prowess 

(Windisch et al., 2008; Pucava et al., 2013). While many potential antibiotics alternatives 

including probiotics, prebiotics, organic acids, antimicrobial peptides, and many more have 

been reported (Alfaig et al., 2013; Bednarczyk et al., 2016; Nguyen et al., 2018; 

Daneshmand et al., 2019), the use of plant materials and/or their extracted compounds have 

gained much popularity presumably due to their ready availability, relatively cheap or zero 

price tag, and little or no technical-know-how in their processing. 
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Two worthy examples of such plant materials include grape pomace and red osier dogwood 

extract. 

2.1.1 Grape (Vitis vinifera) pomace 

Grape pomace (GP) is an intermediate product derived after pressing or crushing whole 

fruits to extract their juice, especially in the grape processing industries and wineries 

(Figure 2.1). Generally, fruits, including but not limited to grape, apple, carrot, orange, and 

berries, have been employed in the production of juice with large amounts of pomace 

produced following juice extraction (Kruczek et al., 2016). A measurable amount of the 

nutrients, including vitamins, minerals, polyphenols, and dietary fibre profiles in fruits, are 

also found in their by-products, including pomaces (Juśkiewicz et al., 2015; Kruczek et al., 

2016). With inadequate processing and valorization, GP can undergo oxidation and 

fermentation reactions almost immediately after processing in the presence of oxidants, 

light, and heat (Bhushan et al., 2008; Lou et al., 2014) and may degrade valuable 

compounds within them (Gowman et al., 2019). Their disposal poses an environmental 

health risk due to their high volume and moisture content, thus becoming a suitable 

substrate for obnoxious microbes to thrive. However, appropriate processing, including 

drying pomace following juice extraction, could solve the disposal predicament. Most of 

these by-products are underexploited and are thus mostly discarded or used for 

unproductive purposes like landfills (Gowman et al., 2019). It would be worthwhile to 

adopt these relatively cheap by-products in a dual-capacity as dietary fibre ingredients and 

antioxidants in poultry nutrition, which could consequently reduce feed costs (Colombino 

et al., 2020). Unfortunately, complementary studies on the cost implication of the adoption 
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of fruit pomaces, including GP, in poultry nutrition and production are lacking or do not 

exist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Extraction process of GP during grape juice production. Adapted from Granato 

et al. (2016). *Must is a matrix of juice and remnants of crushed skin, seed, or stalk which 

are not completely removed following mechanical pressing of grape. 

2.1.1.1 Nutrient composition and polyphenolic profile of GP 

The amount and type of dietary fibre and phenolics in GP are largely dependent on its 

varieties and technology employed in the wine-making process. The most abundant 

polyphenols in GP include phenolic acids (caffeic acid, gallic acid, protocatechuic, 4-

Grape 

(Red or Green) 

Crushing 

Mechanical 

pressing 

Must* 

Grape 

pomace 

Grape 

juice 

Filtration 
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hydroxybenzoic, and syringic acid), phenolic alcohols (hydroxytyrosol), flavonoids 

(catechin, epicatechin, quercetin-3-O-rhamnoside, and luteolin), stilbenes (resveratrol), 

and proanthocyanidins (Teixeira et al., 2014; Erinle et al., 2022a). The ability of GP to 

significantly improve the synthesis of vitamin E in the liver of poultry birds has been 

reported (Goñi et al., 2007). Increased vitamin E concentration in the body suggests a 

reinforced antioxidant capacity. In addition, the antioxidant potential of GP has been 

implicated in increased levels of glutathione peroxidase and superoxide dismutase enzyme 

activities in the gastrointestinal tract (Kithama et al., 2021). Besides the bioactivities of GP, 

reports have shown that it contains some nutrients, including protein, fibre, soluble sugar, 

etc. The nutrient and total phenolic contents and antioxidant capacity of GP are reported in 

Table 2.1 and 2.2.
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Table 2.1. Nutrient composition and fibre fractions of grape pomace reported in literature. 

All values are expressed on dry weight basis and in 1 decimal place. 

X Average nutrient composition of grape pomace obtained in two different locations in Slovakia. 

ME = Metabolizable Energy, Kcal/kg; DM = Dry Matter, %; CP = Crude Protein, %; EE = Ether Extract, %; CF = Crude Fibre, %; TDF = Total Dietary Fibre, %; 

IDF = Insoluble Dietary Fibre, %; SDF = Soluble Dietary Fibre, %; NDF = Neutral Detergent Fibre; ADF = Acid Detergent Fibre 

Fruit pomace Nutrient composition Fibre fractions References 

 ME 

(Kcal/kg) 

DM 

(%) 

CP 

(%) 

EE 

(%) 

CF 

(%) 

Ash 

(%) 

TDF 

(%) 

IDF 

(%) 

SDF 

(%) 

NDF 

(%) 

ADF 

(%) 

 

Red grape 

Grape  

Grape 

Grape 

Grape 

White grape 

Red grape 

Grape  

Blue grape 

Red grape 

Fermented grape 

Grape 

Red grape 

GrapeX 

Grape pomace 

Grape pomace 

Grape pomace 

Grape pomace 

- 

- 

- 

- 

- 

4,466 

4,968 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,398 

2,433 

93.3 

- 

- 

- 

91.0 

30.5 

27.3 

86.8 

85.5 

- 

- 

- 

96.6 

93.9 

- 

89.9 

91.5 

- 

10.4 

13.8 

13.9 

13.9 

9.5 

9.3 

15.5 

15.9 

3.6 

13.9 

28.3 

12.6 

11.4 

10.1 

13.9 

12.3 

8.9 

13.3 

10.1 

10.3 

1.0 

1.0 

8.7 

4.8 

7.0 

7.7 

1.8 

1.0 

3.8 

5.9 

71.0 

9.2 

9.1 

6.0 

7.0 

8.4 

- 

32.5 

15.2 

15.2 

- 

19.9 

31.2 

- 

- 

34.3 

22.2 

18.8 

- 

18.2 

14.3 

35.2 

30.2 

19.3 

- 

2.4 

2.4 

2.4 

2.7 

- 

- 

- 

1.7 

2.4 

8.5 

4.1 

- 

3.9 

23.7 

2.8 

3.3 

4.5 

- 

- 

- 

- 

- 

- 

- 

54.7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

50.2 

28.2 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4.5 

12.8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46.3 

- 

- 

- 

- 

30.6 

50.7 

- 

- 

- 

- 

- 

40.9 

38.3 

- 

- 

- 

- 

48.4 

- 

- 

- 

- 

25.7 

36.5 

- 

- 

- 

- 

- 

32.3 

32.5 

- 

- 

- 

- 

Erinle et al. (2022a) 

Goni et al. (2007) 

Brenes et al. (2008) 

Sayago-Ayerdi et al. (2009) 

Baumgartel et al. (2007) 

Baumgartel et al. (2007) 

Swanson et al. (2001) 

Nagarajaiah et al. (2016) 

Nagarajaiah et al. (2016) 

Chamorro et al. (2015) 

Gungor et al. (2021) 

Gungor et al. (2021) 

Jonathan et al. (2021) 

Hanušovský et al. (2019) 

Alm El-Dein et al. (2017) 

Vlaicu et al. (2017) 

Ebrahimzadeh et al. (2018) 

Hosseini-Vashan et al. (2020) 
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Table 2.2. Total phenolic content and radical scavenging activity of dried grape pomace 

Grape pomace TPC  Total antioxidant activity  References 

   DPPH• RSA ABTS ORAC   

Red grape (RG) 

 

 

RG cultivars; 

Touriga Nacional 

Touriga Franca 

Tinta Roriz 

12.3 

12.4 

 

 

69.3 

100 

132 

 - 

- 

 

 

0.52 

0.87 

1.09 

- 

- 

 

 

- 

- 

- 

- 

- 

 

 
- 

- 

- 

- 

- 

 

 

1,054 

1,343 

2,337 

 Erinle et al. (2022a) 

Kasapidou et al. (2016) 

 

 

Tournour et al. (2015) 

Tournour et al. (2015) 

Tournour et al. (2015) 

≃ Approximately. 

TPC = Total phenolic content, mg gallic acid equivalent (GAE) per gram dry weight. 

w Values with unit as mg GAE per gram fresh leaf. 

*Methanol-acetone extracted TPC value reported in mg gallic acid equivalent (GAE) per 100 gram dry weight. 

DPPH = 1,1 diphenyl-1-picryl hydrazyl assay, µmol trolox equivalent per gram. 

z DPPH Total antioxidant activity reported as percentage (%). 

RSA = radical scavenging activity, mg ascorbic acid equivalent per gram dry weight. 

ORAC = oxygen radical absorbance capacity, µmol trolox equivalent per gram. 

ABTS = 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), µmol trolox equivalent per gram. 
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2.1.1.2 Potential of GP in poultry nutrition 

The potential of GP in poultry nutrition, as reported in recent literature, is presented in 

Table 2.3. 

2.1.1.2.1 The use of GP to improve growth performance of poultry birds 

Grape pomace has been reported to majorly maintain growth performance in poultry 

species, mostly chickens. This could be partly due to their dietary fibre constituents and 

polyphenolic profile, which may limit their inclusion levels in poultry diets. The adoption 

of GP as a nutraceutical and alternative ingredient in poultry production has gained 

momentum in the last two decades. The capacity of grape by-products to improve growth 

performance is mainly dependent on the form of the by-product and the amount 

incorporated into the diet (Erinle et al., 2022a). The study conducted by Kumanda et al. 

(2019) was the only study that reported that the addition of 7.5% GP improves the growth 

performance of broiler chickens. Viveros et al. (2011) demonstrated that feeding 6% GP 

improved the growth of birds like avoparcin antibiotics did. Goñi et al. (2007) and Sáyago-

Ayerdi et al. (2009) submitted that dietary GP could be added up to 6% in broiler chicken 

diets without impairing growth performance. Contrarily to the reports of Kumanda et al. 

(2019), Goñi et al. (2007), Brenes et al. (2008), Sáyago-Ayerdi et al. (2009), Chamorro et 

al. (2015), and Ebrahimzadeh et al. (2018) reported that dietary supplementation of dietary 

GP in the range of 5 to 10 % did not affect growth performance of broiler chickens. 

However, a lower dosage of raw or fermented supplemental GP of less than 3% has been 

demonstrated to improve growth performance in broiler chickens (Pop et al., 2015; Aditya 

et al., 2018; Erinle et al., 2022a; Gungor et al., 2021; Altop and Erener, 2021). Increasing 

the inclusion level of GP from 1 to 2 % resulted in the improvement of BW and FCR in 



 

 11  
 

broiler chickens (Pop et al., 2015). However, incorporation of GP at 2.5% was also 

observed to improve feed intake and FCR in the same magnitude as bacitracin methylene 

disalicylate antibiotics (Erinle et al., 2022a). 

There are a lot of variations when it comes to the significance GP on feed intake, BW, and 

other growth parameters of poultry birds. As earlier mentioned, the variations in most 

reports are due to the variation in the inclusion levels and antinutritional factors present in 

GP. From a critical perspective, GP might improve growth performance; however, the 

capacity of their polyphenols to reduce abdominal fat is noteworthy and could account for 

the reduced body weight compared to antibiotics. 

2.1.1.2.2 The use of GP to improve gut morphology of poultry birds 

The gut performs an indispensable role in digestion and absorption of nutrients and plays 

a selective barrier function by regulating the passage of metabolites and strengthening its 

structural integrity against pathogens. There is a constant cross-interaction between 

gastrointestinal epithelial tissue and its environment. The crucial gut functions may be 

compromised under certain conditions, such as feeding a low-quality diet. Bioactive 

substances present in GP have the capacity to improve broiler feed efficiency by increasing 

nutrient digestibility, motility of the gastrointestinal tract, and bile acid function. In gut-

related poultry studies, villus height and crypt depth in small intestinal segments are often 

considered indicators for nutrient absorption and a slower rate of enterocyte epithelial cell 

renewal. Although there is a dearth of information on the impacts of GP on gut health, few 

studies have reported that the supplementation of GP at 6% and 2.5% inclusion levels have 

been reported to improve villus height to crypt depth ratio in broiler chickens (Viveros et 

al., 2011; Erinle et al., 2022a). Villus height (VH) and VH:crypt depth (VH:CD) were 
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reported to decrease when 7.5% and 10% GP was fed to broiler chickens; however, at a 

5% inclusion level, there was a significant improvement in the VH:CD at the duodenum 

and jejunum (Ebrahimzadeh et al., 2018).  

In the small intestine, dietary fruit pomaces were found to reduce digesta viscosity and 

increase the concentration of short-chain fatty acids, mainly acetic and butyric acid, 

compared to control-fed birds (Colombino et al., 2020). Butyric acid provides the suitable 

form of energy necessary for the stimulation of growth of intestinal epithelial cells and 

mucin production, thus, maintaining the tight junction integrity at the intestinal level (Jung 

et al., 2015; Peng et al., 2009). 

2.1.1.2.3 The use of GP to improve gut microbiota of poultry birds 

The gut microbiome plays a significant role in the health and metabolism of poultry species 

(Lin et al., 2016). In a healthy state in the poultry gut, Firmicutes, Bacteroidetes, and 

Proteobacteria are the three most abundant bacteria phyla; however, phyla Bacteroidetes 

and Firmicutes are considered the relative most abundant (Qin et al., 2010; Almeida et al., 

2019; Forster et al., 2019). The novel application of probiotics, prebiotics, exogenous 

enzymes, and phytogenic compounds have been shown to modulate the gut microbiome of 

poultry (Dibner and Richards, 2005; Oakley et al., 2014). Interestingly, dietary fibre has 

also been reported to induce a beneficial effect on gut health, including serving as a 

prebiotic to selectively enrich beneficial gut bacteria (Gong and Yang, 2012). This suggests 

that the phenolic compounds and dietary fibre component of fruit pomaces, including GP, 

could be adopted to modulate the gut microbial population.  
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Grape pomace was reported to increase the Bifidobacteria counts in chickens and rats 

(Chacar et al., 2018; Islam et al., 2020, 2019). Viveros et al. (2011) and Islam et al. (2019) 

also reported a decrease in the abundance of Enterococcus bacteria in GP and wild 

blueberry-fed birds, respectively, compared to the control group. Unfortunately, 

Enterococcus species have been implicated in the incidence of colorectal cancer and 

damaged eukaryotic cellular DNA in the colon epithelial cell by stimulating the secretion 

of superoxides and hydroperoxides (Huycke et al., 2002; Balamurugan et al., 2008; Jones 

et al., 2008). While the gut of chickens houses communities of microbes, Lactobacillus, 

Clostridium, Enterococcus, and E. coli are recognized normal residents. The relative 

abundance of genus Bacteroides, Bifidobacterium, and Faecalibacterium were reported to 

be increased following dietary incorporation of wild blueberry and GP in broiler chickens’ 

diets (Islam et al., 2019; Erinle et al., 2022a). Bacteroides were suspected of contributing 

to the degradation of indigestible carbohydrates found in its host. Louis et al. (2010) 

reported that Faecalibacterium, a member of the Ruminococcaceae, contributes to the 

production of butyrate, which could perform anti-inflammatory functions in the host cell. 

However, Bifidobacterium and Bacteroides also contribute to mucin degradation (Hooper 

et al., 2002; Ruas-Madiedo et al., 2008). The synergistic effect resulting from the 

combination of different fruit powders has also been reported. An in vitro study by Vattem 

et al. (2005) showed that combined supplementation of blueberry, grape seed, and oregano 

extract enhanced the antioxidant and anti-Helicobacter pylori activity of cranberry powder. 

While GP tends to have modulatory effects on the gut microbiota of poultry, their inclusion 

at higher levels could antagonize its potential beneficial modulatory effects. In GP trials, 

Chamorro et al. (2017) reported that GP-fed at 5% and 10% did not influence the 
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population of ileal Lactobacillus. The inclusion of GP at 10% was shown to upturn the 

antimicrobial effect of GP against Clostridium perfringens (Chamorro et al., 2017). 

Viveros et al. (2011) also demonstrated that 6% dietary GP significantly increased the 

concentration of E. coli, Lactobacillus, Enterococcus, and Clostridium. A similar result 

was reported when 0.72% grape seed extract was fed to the birds. At a lower inclusion 

level, 1 to 4 % GP was reported to significantly increase the relative abundance of 

Bacteroides and Lactobacillus bacteria species (Hafsa and Ibrahim, 2018; Erinle et al., 

2022a) and a significantly reduced relative abundance of genera Escherichia-Shigella and 

Clostridia_unclassified (Erinle et al., 2022a). A reduction in the abundance of Bacteroides 

has been associated with inflammatory bowel disease, Crohn’s disease, and ulcerative 

colitis disease conditions (Zhou and Zhi, 2016). Another mechanism of action of 

Lactobacillus is to secrete antimicrobial peptides known as bacteriocins and lactic acid, 

which lowers the pH of their immediate environment, thereby inhibiting the proliferation 

of pathogenic bacteria, including E. coli, Campylobacter jejuni, and Clostridium 

perfringens (Murry et al., 2004; Neal-McKinney et al., 2012). 

2.1.1.2.4 The use of GP to improve oxidative stress in poultry birds 

Proanthocyanidins, one of the most reliable antioxidants of plant origin, is reported to 

possess about 20 times and 50 times higher antioxidant bioactivity compared to vitamins 

E and C, respectively (Shi et al., 2003). Interestingly, GP is particularly a rich source of 

these compounds. A chicken study conducted by Goñi et al. (2007) revealed that 

supplementation of GP at 0.5, 1.5, and 3 % inclusion levels significantly increased vitamin 

E concentrations in the liver and antioxidant capacity of the chicken meat, especially at the 

highest inclusion level of the pomace. This suggests that GP could be used as an alternative 
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to antibiotics and synthetic vitamin E in the poultry diet and, thus, may reduce costs related 

to the purchase of the vitamin additives. 

Lipoxidation reactions have been implicated as one of the leading causes of quality 

deterioration in lipid-containing substances, including meat and derived meat products in 

poultry. The possibility of improving the quality and shelf life of meat has been correlated 

with the enhanced antioxidant capacity in the muscle (Tavárez et al., 2011). Like other fruit 

pomaces, consumption of dietary GP with or without enzyme was reported to reduce 

oxidation in chicken meat by reducing MDA concentration upon storage in the exact 

equivalent of dietary α-tocopheryl acetate (Chamorro et al., 2015). Supplementation of α -

tannase into a 10% GP diet was found to achieve a similar protective effect without 

impairing the growth of birds. Furthermore, the success of grape by-products as anti-

lipoxidation in beef patties, pork, turkey and chicken meats, and fish have been extensively 

reported (Lau and King, 2003; Pazos et al., 2005; Mielnik et al., 2006; Bañón et al., 2007; 

Carpenter et al., 2007).
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Table 2.3. Growth performance and health of poultry birds fed fruit pomaces as reported in recent literature. 

Grape pomace Inclusion levels (%) Poultry 

species 

Effects References 

1. Red GP 2.5 Broiler 

chickens 

i. Birds’ FI was higher when 2.5% RGP was 

fed and was compared favourably to 

antibiotic-treated birds. Reduced BW was 

observed in RGP-birds during the grower 

phase; however, overall FCR was similar 

compared to antibiotics. 

ii. Significant improvement in gut 

histomorphometric on the RGP-fed birds and 

was better compared to antibiotic treatments. 

iii. Significantly decreases Firmicute to 

Bacteroidetes ratio and improves the 

population of beneficial microbes, including 

Lactobacillus spp. 

Erinle et al. 

(2022a) 

2. Red GP (RGP) 1.5, 3, 4.5, and 6 Cockerels 

(chickens) 

 

i. The increasing dietary RGP did not affect the 

overall FI, body WG, FCR and slaughtered 

weight of cockerels. 

ii. MCH and GLB increase significantly with 

increasing inclusion levels of RGP. 

Jonathan et al. 

(2021) 

3. GP 0.045, 0.035, and 

0.025 % of bird’s 

BW 

Broiler 

chickens 

i. Similar BW was reported across the dietary 

treatments. 

Dupak et al. (2021) 

16 
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Grape pomace Inclusion levels (%) Poultry 

species 

Effects References 

   ii. There was a significant reduction in LDL of 

birds at 450 mg/kg inclusion of GP. 

iii. Increased SOD at the highest dose of GP 

while GPx was not affected. 

 

4. GP  

± Fermentation 

1.5 Broiler 

chickens 

i. Fermented GP (FGP) improves final BW in 

the same capacity as the synthetic antioxidant 

treatment; however, it was better when 

compared to raw GP. 

ii. Raw GP at 1.5% significantly increased 

serum GPx and SOD, while CAT was 

increased when 1.5% FGP was fed. 

iii. FGP significantly decimates Clostridium 

perfringens population compared to other 

treatments; however, other bacterial species, 

including Lactobacillus were not affected. 

iv. Regardless of fermentation, the GP 

treatments significantly reduce VH and 

VH:CD. 

Gungor et al. 

(2021) 

5. GP 

 

7.5 and 15 Broiler 

chickens 

i. Dietary GP significantly lowered FI and FCR 

and higher BW and was compared 

favourably to birds fed Vitamin C and E, 

respectively. 

Mankola et al. 

(2021) 
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Grape pomace Inclusion levels (%) Poultry 

species 

Effects References 

   ii. Dietary GP significantly lowered AST, ALT, 

and TAG and higher TP, GLB, HDL; 

however, it was similar to the Vitamin C, and 

E-fed birds. Additionally, 15% GP reduced 

TC and LDL compared to other treatments. 

iii. Dietary GP significantly increased IgG, IgM, 

IgA, and SOD, lower MDA and were 

comparable to Vitamin C and E. 

 

6. GP 

± Enzyme complex 

± Tannase 

5 and 10 Broiler 

chickens 

i. 5% dietary GP significantly increased protein 

and total polyphenol digestibilities. However, 

supplementation of enzyme complex or 

tannase or a combination of both reduced the 

two digestibilities. 

ii. Significant increase in the plasma α-

tocopherol and antioxidant capacity of birds 

fed 5%GP and Vitamin E, respectively. 

Chamorro et al. 

(2017) 

7. RGP 2.5, 4.5, 5.5, and 7.5 Broiler 

chickens 

i. Average weekly FI and FCR significantly 

reduced when 7.5% RGP was fed compared 

to other RGP levels and control. However, 

overall WG was not affected. 

ii. Blood parameters and carcass characteristics 

were not affected. 

Kumanda et al. 

(2019) 
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Grape pomace Inclusion levels (%) Poultry 

species 

Effects References 

8. GP 5, 7.5, and 10 Broiler 

chickens 

i. No difference in the performance of birds by 

the increasing inclusion levels of GP. 

ii. Blood antioxidants, SOD and GPx, were 

significantly higher while MDA was reduced 

among 5 and 7.5% GP-fed birds. 

iii. All inclusion levels of GP reduced serum 

TAG and LDL while HDL was increased. 

iv. Significantly increased antibody titre against 

NDV among birds fed 5 and 10% GP. 

Ebrahimzadeh et 

al. (2018) 

9. GP 5, 10, and 20 Broiler 

chickens 

i. Increasing levels of GP increased FI, 

particularly at the starter and grower phase; 

however, BW gain and FCR were not 

affected. 

ii. Increasing levels of GP reduced abdominal 

fat in heat-stressed birds. 

iii. Increasing levels of GP reduced plasma 

cholesterol, LDL, AST, MDA, and TAG, 

while HDL, TP, GPx, and SOD were 

increased. 

iv. GP increased the weights of immune organs, 

bursa and thymus. 

Hosseini-Vashan et 

al. (2020) 
19 



 

 20  
 

Grape pomace Inclusion levels (%) Poultry 

species 

Effects References 

10. RGP 

and White GP 

(WGP) 

20 RGP and 20 

WGP 

Broiler 

chickens 

i. Dietary WGP did not affect BW, daily WG, 

FI and FCR, while RGP increased overall 

FCR. 

ii. Dietary WGP increased the antioxidant 

capacity of breast and leg meat compared to 

the RGP and control treatments. 

Reyes et al. (2020) 

11. GP 1, 2, 3, and 4 Laying hens i. Dietary GP at 3 and 4% improved FCR, %EP, 

EM, SOD, and GPx compared to control 

treatment. 

ii. The %EP, EN, and EM were significantly 

higher among 4% GP-fed birds compared to 

those fed Vitamin E. 

Alm El-Dein et al. 

(2017) 

12. RGP 1.5, 3.5, and 5.5 Quail i. Overall, FI was significantly improved at 

3.5% RGP compared to other treatments. 

However, overall BW gain, FCE, and final 

BW were not influenced by the varying 

inclusion level of RGP. 

ii. Similarly, the serum biochemical parameters 

of the birds were not affected. 

Mnisi et al. (2021) 

FI = Feed intake; BW = Body weight; WG = Weight gain; EM = Egg mass; EW = Egg weight; EN = Egg number; FCR = Feed conversion ratio; FCE = Feed 

conversion efficiency; FE = Feed efficiency; %HDP = Percentage hen-day production; %EP = Egg production; EPEI = European production efficiency index; 

SOD = Superoxide dismutase; CAT = Catalase, GST = Glutathione transferase; GPx = Glutathione peroxidase; MDA = Malondialdehyde; IgM = 

Immunoglobin M; IgG = Immunoglobin G; IgA = Immunoglobin A; TAG = Triglycerides; HDL = High density lipoprotein; LDL = Low density lipoprotein; 

20 
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VLDL = Very low density lipoprotein; RBC = Red blood cell, PCV = Packed cell volume, haemoglobin, MCV = Mean corpuscular volume, and MCH = 

Mean corpuscular haemoglobin; AST = Aspartate transaminase; ALT = Alanine transaminase; TP = serum Total protein; GLB = serum Globulin; TC = Total 

cholesterol.
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2.1.2 Red osier dogwood 

Red osier dogwood belongs to the genus Cornus (Cornaceae family, usually shrubs) and has 

several attributable names because of its color, geographical location, or ethnical 

perceptions. Botanically, ROD is named Cornus sericea, Cornus stolonifera, Swida sericea, 

Swida stolonifera or Thelycrania sericea. However, some of its common names include red-

stemmed dogwood, red osier dogwood, American dogwood, California dogwood, creek 

dogwood, western dogwood, poison dogwood, waxberry cornel, red twig dogwood, red-osier 

cornel, red willow, red brush, red rood, and Kinnikinic. 

Red osier dogwood prevalently inhabits riparian, wet and boggy areas of the northern-

temperate zone; however, it is by no means limited to the Canadian provinces and the United 

States. It produces white flowers, white to blue berries, and red stalk, sometimes referred to 

as winter dogwood and often attracts birds and other animals (Gucker, 2012). Generally, 

plant species belonging to the genus Cornus are usually hardy, including ROD. They can 

withstand unfavourable cold temperatures and thrive in several soil conditions with varying 

nutrient and pH levels (Hardy, 1989; Pijut, 2004; Gucker, 2012). In addition, they can 

tolerate flooding because of their non-tap rooting system (Beaudry, 1999), especially when 

fully established. Although it does well during the warm season, a laboratory study showed 

that ROD could be withstand extreme cold weather conditions (Gucker, 2012). Propagation 

of ROD is achieved by seeding or vegetatively by cutting and easily dispersed by animals. 

However, several methods of cultivating ROD are documented by Swanson (2019). Upon 

seeding, it takes about 60 days to germinate and attain heights of 15.24 cm and 60.96 cm in 

the first and second year, respectively. The optimum temperature for germination ranges 

from 10 – 25 0C (Acharya et al., 1992). 
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2.1.2.1 Phenolic and nutrient profiles of ROD 

Depending on the season when harvested, ROD could be recognized as one of the most 

potent phytogenic additives given its rich polyphenolic profile and high total polyphenol 

concentration. The extraction of polyphenol content in air-dried, spray-dried, or freeze-dried 

ROD has been demonstrated using methanol with 2% formic acid (Isaak et al., 2013; Scales, 

2015) or hydrothermal method at 98 0C (Apea-Bah et al., 2020). While both methods are 

commercially used, proponents of the hydrothermal extraction method worry over the health, 

safety, and flammable concerns of the alcohol extraction model. Without prejudice to the 

foregoing, there are no comparative studies to determine the best-optimized extraction 

methods in ROD. 

Phytochemical analysis of ROD plant parts, including leaves, stem, fruit, flowers, and root, 

revealed that ellagic acid, quercetin, and gallic acid and their derivatives were the prominent 

phenolics (Vareed, 2005; Isaak et al., 2013; Scales, 2015), the combination of which has 

significant health importance in a living system (Mehrzadi et al., 2020; Patil and Killedar, 

2021). In addition, tyrosol, catechin, epicatechin, rutin, kaempferol, cyanidin, caffeic acid, 

and anthocyanins were reportedly present (Balasundram et al., 2006; Isaak et al., 2013; 

Scales, 2015; Lee et al., 2018). These phenolic compounds are known for their strong redox 

buffering and antimicrobial bioactivities (Hagiwara et al., 2010; Isaak et al., 2013; Nair and 

Nair, 2013; Puvača et al., 2013; Abuelsaad et al., 2014; BenSaad et al., 2017). Quercetin and 

kaempferol were specifically shown to reduce gastric inflammation in mice infected with 

Helicobacter pylori through the downregulation of IL-8 and p38 mitogen-activated protein 

kinase (Zhang et al., 2017; Yeon et al., 2019). The general molecular structure of quercetin, 

gallic acid, and anthocyanin are shown in Figure 1.  
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Figure 2.2. Predominant polyphenols in red osier dogwood. 

Although these compounds could be found in many other plants, including olive (Serreli and 

Deiana 2018), however, in the most recent comparative studies conducted by Isaak et al. 

(2013), methanol-extract of air-dried ROD sourced in Manitoba contains a very high amount 

of total phenolic content (TPC) with the peak value at 220 mg gallic acid equivalence (GAE) 

g-1 dry weight (DW) and was higher than the 40.27 mg GAE g-1 DW reported by Makris et 

al. (2000) for olive extract. Another medicinally important plant is garlic which has been 

consistently noted for its powerful antioxidant capacity due to the phenolic and organosulfur 

compounds. Studies that evaluated total polyphenolic content in some garlic cultivars and 

extracts reported that their TPC ranges from 21.27 to 33.96 mg GAE g-1 fresh weight (Chen 

et al. 2013) and 6.95 to 19.69 mg GAE g-1 fresh weight (Lu et al. 2011), respectively. Wei et 
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al. (2019) also reported that the TPC of ROD was higher when compared to lemongrass, 

lavender, rosemary, and calendula. The peak TPC value in ROD may range from 220 to 265 

mg GAE g-1 (Isaak et al., 2013; Wei et al., 2019; Yang et al., 2019; Erinle et al., 2022b). The 

amount of phenolic content in a plant material has been considered an important determinant 

of its redox buffering capacity (Isaak et al., 2013). This suggests that ROD is a better plant 

material that is yet to receive the necessary attention it deserves.  

In-feed polyphenols have been extensively reported to interfere with nutrient digestion due 

to their enzyme-inhibition tendency. Interestingly, such interference could be associated with 

the concentrations of polyphenols, the plant type from which they are derived, and the 

constituent food matrix in which they are incorporated. A complete understanding of the 

pharmacokinetics and pharmacodynamics of plant bioactive substances, from their digestion 

in the mouth to metabolism at organ-specific sites, is essential in determining their beneficial 

health effect in animal production. Unfortunately, both concepts are yet to be 

comprehensively unraveled in research. However, many research hypotheses have 

speculated such metabolic pathways of polyphenols in humans and animals using in vitro 

simulation methods (Tarko et al., 2013; Smeriglio et al., 2016). Recent studies reported that 

phytochemicals, including anthocyanins, are rapidly absorbed during digestive processes in 

the stomach and small intestine of rats which is characterized by the intense red coloration 

of the stomach and intestine (Talavéra et al., 2003; He et al., 2009; Mullen et al., 2010). In a 

study mimicking the absorption of ROD polyphenols in humans using an in vitro co-culture 

model, rapid absorption and transportation of quercetin-3-glucoside, quercetin-glucuronide, 

rutin, quercetin-3-O-malonylglucoside, and kaempferol-glucoside without any hindrance 

(Jiang et al., 2019). Furthermore, anthocyanins, including cyanidin-3-O-galactoside, 
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pelargonidin-3-O-glucoside, and pelargonidin-3-O-rutinoside, which are predominantly 

found in some Cornus, were reported to be high when exposed to an acidic condition of the 

stomach (David et al., 2019). This is an indication of the extent of bioavailability of ROD 

polyphenols; as a result, it could afford a high concentration of ROD bioactive substances in 

the blood and eventually at some target organs, given its rapid absorption and transportation. 

In addition to the polyphenolic profile, ROD plant, usually the shoot, has been shown to 

contain a considerable amount of nutrients, as shown in Table 2.4. These include 6.7 % crude 

protein, 4.2 % ether extract, 29.2 % crude fibre, 56.8 % nitrogen-free extract, 1.13 % calcium, 

0.33 % phosphorus, and 1586 IU/lb carotene (Fashingbauer and Moyle, 1963). Meanwhile, 

Lee et al. (2018) reported 88.6 % dry matter, 9.61 % crude protein, 13.25 % neutral detergent 

fibre, 10.10 % acid detergent fibre, 4.40 % ether extract, 4.93 % total starch, and 3,881 kcal 

kg-1 gross energy. Thus, ROD plant material could be considered both a phytogenic and 

nutritional feed additive; however, its high phenolic concentration could deter its high 

inclusion level as a composite feed ingredient for poultry species. Given the nature of the 

gastrointestinal tract (GIT) of ruminants with high ruminal microbial populations that 

specialize in the fermentation of forages, high inclusion levels of ROD plant materials could 

be more tolerable. It has been estimated that approximately 90% of polyphenols are digested 

in the GIT sections with highly populated microbial communities (Tarko et al., 2013). 
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Table 2.4. The nutrient profile of red osier dogwood (Cornus sericea). 

Nutrient composition 
Fashingbauer and 

Moyle (1963) 

Lee et al. (2018) Wei et al. (2018) Gomaa et al. (2018) 

Dry matter (%) - 88.6 93.3 - 

Crude protein (%) 6.70 9.61 10.8 8.8 

Ether extract (%) 4.20 4.40 - - 

Crude fibre (%) 29.2 - - - 

Nitrogen-free extract (%) 56.8 - - - 

Neutral detergent fibre (%) - 13.3 23.6 37.3 

Acid detergent fibre (%) - 10.1 31.7 - 

Total starch (%) - 4.93 - - 

Organic matter (%) - - 92.1 92.1 

Gross energy (kcal kg-1) - 3881 - - 

Calcium (%) 1.13 - - - 

Phosphorus (%) 0.33 - - - 

Carotene (IU/lb) 1586 - - - 
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2.1.2.2 Seasonal variation of phenolic component of ROD 

Red osier dogwood plant contains varying concentrations of total polyphenolic compounds 

depending on seasons (Isaak et al. 2013), as shown in Figures 2. Seasonal variations have 

been reported to influence the phytochemical profile in medicinal plants due to varying 

duration of sunlight rather than temperature (Anesini et al. 2008; Isaak et al. 2013). 

According to Harbowy et al. (1997), sunlight plays a significant role in the biosynthesis of 

phenolic compounds in plants and usually, plants exposed to more sunlight contain more 

phenolics. The concentration of total phenolics in ROD has been consistently highest 

during the summer (Isaak et al., 2013; Scales, 2015), while anthocyanin peaked in autumn 

and winter seasons (Isaak et al., 2013). The antioxidant bioactivity of ROD is not affected 

by the varying temperature. The plant protects itself from light-induced oxidative damage 

by increasing anthocyanin production in autumn (Feild et al., 2001). From the extrapolated 

and analyzed data from the Environment Canada’s National Climate Data and Information 

Archive (2012), which showed normal ranged temperatures during the summer and fall 

seasons, but low precipitation in the summer of 2011, Isaak et al. (2013) concluded that 

precipitation could be one of the confounding factors contributing to the variation in 

phenolic compounds in C. stolonifera. Besides temperature or precipitation, sunlight was 

considered another factor influencing the variation in total polyphenol content in amaranth 

cultivars, with plants exposed to more sunlight having the highest TPC and lowest in 

shaded plants (Khandaker et al., 2008). In addition to this, Popović et al. (2018) advocated 

that geographical location may also be responsible for the variability in phenolic 

compounds in two species of Cornus, namely, C. mas and C. sanguinea. Besides possible 

interaction between phenolics and food matrix, integration of these factors may be 
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responsible for the inconsistent results obtained in many in vivo phytoadditive studies. 

While it cannot yet be affirmatively concluded that one factor is primely responsible for 

the variation, there could be a need for more environmental studies to validate these 

speculations. 

 

Figure 2.3. A bar chart showing an approximate total phenolic concentration 

(TPC) gallic acid equivalent mg/dry weight per season. Adapted from Isaak et al. 

(2013) by finding average of TPC per season in span of three years; 2010, 2011, 

and 2012. 

2.1.2.3 Antioxidant capacity of ROD 

Given that various plants, including ROD, contain varying concentration levels in their 

phenolic constituents, oxygen radical absorbance capacity (ORAC) would therefore be 

sufficient to compare the efficacy of ROD with some selected medicinal plants used in 

animal nutritional studies. The ORAC assay is one of the standard methods of evaluating 

the total antioxidant activity of polyphenols and has also been applied in some ROD 
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studies. Red osier dogwood was reported to have a peak ORAC value of 1,632 µmol trolox 

equivalents (TE) g-1 DW in the summer (Isaak et al., 2013) compared to the ORAC values 

of 627.14µmol TE g-1 DW, 744.95 µmol TE g-1 DW, 524.76 µmol TE g-1 DW, and 1,280 

µmol TE g-1 DW in methanol-extract of leaves of tea, parsley, basil, and olive plants, 

respectively as reported by Wojcikowski et al. (2007). The ORAC of these plants is 

graphically presented in Figure 3. Comparing the red and green leaves of ROD, Scale 

(2015) reported that the ORAC was higher in dark green ROD leaves, which could be 

obtained during the summer. This is not surprising as a higher concentration of ellagic and 

gallic acids was recorded in the dark green leaves. Generally, red-colored leaves are rich 

in anthocyanins. Anthocyanins, including cyanidin 3-O-galactoside, pelargonidin 3-O-

glucoside, and pelargonidin 3-O-rutinoside, are effective antioxidants, inhibitors of gram-

negative bacteria, anticancer, and anti-inflammatory agents (Bruce et al., 2000; Kang et al., 

2003; Cooke et al., 2005; Smeriglio et al., 2016). The higher ORAC values reported in 

ROD suggested it could be more effective and efficient at abating oxidative stress caused 

by microbial contamination and free radicals in the gut. Scales (2015) found that ellagic 

acid and gallic acid concentration levels in green leaves of ROD were higher during the 

summer months. 
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Figure 2.4. Oxygen reactive absorbance capacity of ROD and some plants 

A strong antioxidative prowess of gallic acid has been demonstrated in mice (Palafox-

Carlos et al., 2012; Nair and Nair, 2013). In the reports of Hagiwara et al. (2010) and 

BenSaad et al. (2017), ellagic acid has shown the capacity to prompt the occurrence of 

death of cancer cells and exert their antimicrobial and immunomodulatory activity. Both 

ellagic and gallic acids are predominantly present in ROD, as shown in Figure 4. The rutin 

present in ROD could be easily hydrolyzed to quercetin and rutinose in the presence of HCl 

at 100 0C. The antioxidant capacity of individual phenolics using ABTS●+ revealed that 

gallic acid and quercetin have higher antioxidative activity compared to catechin (Kopjar 

et al., 2016).  
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Figure 2.5. A stacked bar chart showing varying compositions of phenolics (106 Trolox 

Equivalent/100g samples) in red osier dogwood at different months of summer and autumn 

seasons. Adapted from Scale (2015) 

Anthocyanin is an important group of flavonoids, a sub-class of phenolic compounds 

characterizing the bright coloration (other than green) in response to stress conditions in 

plants (Steyn et al., 2002; Hatier and Gould, 2008). The concentration of anthocyanins in 

the ROD plant was highest during winter but had a correspondingly lower ORAC (Isaak et 

al., 2013). The complementary findings reported by Scales (2015) and Isaak et al. (2013) 

showed that the ORAC value of ROD was higher when the leaves were dark green, which 

is obtainable in the summer compared to the red ROD leaves during the autumn and winter. 

During summer periods, there is high irradiance from the sun, which excites chlorophyll in 

plants, thus increasing the rate of biosynthesis of metabolites (Buttery and Buzzell, 1977). 

The increased rate of photosynthesis of primary metabolites could facilitate an increased 

synthesis of secondary metabolites; this might be explained by the higher antioxidative 
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capacity in green ROD leaves obtainable during summer compared to during winter and 

autumn. There is a higher possibility that blending a fixed proportion of ROD leaves at the 

summer (higher in ellagic acid, gallic acid, quercetin, etc.) and winter (higher in 

anthocyanins) could potentiate higher antioxidative properties of ROD than when singly 

used. Possible synergistic effects from a combination of polyphenols have been reported 

(Palafox-Carlos et al., 2012; Kopjar et al., 2016). The beneficial health effects of Cornus 

polyphenols have been extensively reported by Vareed (2005). 

In vitro studies have demonstrated ROD’s antioxidant capacity in the upregulation of 

hemeoxygenase-1, superoxide dismutase (SOD), and glutathione peroxidase (GPx) (Yang 

et al., 2019). In addition, both Jiang et al., (2019) and Yang et al. (2019) reported that 

polyphenols in ROD extracts also prevented pro-inflammatory responses in Caco-2 cells 

by repressing gene expression of inflammatory cytokines. This was not surprising as ROD 

has shown to be a potent redox buffer due to its high ORAC values. 

2.1.2.4 Potentials of ROD in monogastric animal production 

2.1.2.4.1 Effects of ROD on the growth performance and gut morphology of 

monogastric animal 

Determination of growth performance is one of the important parameters considered in 

assessing the efficacy of feed or feed additives in animal production. In recent times, the 

use of bioactive substances from plants has shown the potential to influence the growth and 

health of animals (Salobir et al., 2012). The effects of air-dried raw or extract of ROD 

reported in the literature is presented in Table 2.5. In studies using air-dried raw ROD, the 

ROD is usually a mixture of the plant parts, including 75% leaves and 25% bark (Koo et 

al., 2020), 75% leaves, 10% bark, and 15% stem (Gomaa et al., 2018; Wei et al. 2018, 
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2019) or 60% leaves and 40% bark (Amarakoon, 2017). It is not unexpected that animals 

would respond differently to the varying dietary supplements. This raises some knowledge-

based questions as to what the growth response of animals fed different ROD compositions 

would be like.  

The application of ROD in swine and poultry research is gaining momentum as their 

antibiotic-replacement potentials have been currently reported in some studies. Koo et al. 

(2018, 2020) and Jayaraman et al. (2018) reported that dietary supplementation of 4% air-

dried raw ROD (containing 75% leaves and 25% bark) helped to maintain the growth 

performance of weaned piglets challenged with E. coli in the same capacity as those 

receiving 0.025% in-feed bacitracin methylated disalicylate (BMD). In a study 

demonstrated by Lee et al. (2018), dietary inclusion of 0.2% and 0.4% ROD extract were 

reported to reduce average daily gain in weaned piglets; however, specifically at the 0.4% 

ROD extract inclusion level, the body weight of the piglets was observed to marginally 

improve body weight compared to antibiotic and control fed piglets. In another study where 

0.5% ROD extract was applied in matured pigs, growth performance and volatile fatty 

acids (VFA) were not affected; however, the average daily gain was numerically higher 

among pigs fed dietary 0.5% ROD extract compared to control (Zheng et al., 2021). Given 

the above, it could be assumed that the best inclusion levels of either air-dried raw ROD or 

ROD extract are yet to be attained. Similarly, in broiler chickens, Mogire et al. (2021) 

established that incorporation of ROD extract did not influence growth performance, feed 

conversion ratio, and relative organ weight in broiler chickens; however, it favourably 

matched up with the expectations when compared with the broiler chickens fed avilamycin 

antibiotic. Regarding ROD-antibiotic comparison, Mogire et al. (2021) reported that ROD 
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improved birds' livability by their mortality-reductive capacity. Furthermore, Erinle et al. 

(2022b) demonstrated that in broiler chickens challenged with Salmonella Enteritidis 

lipopolysaccharides (SE-LPS), feeding ROD extract at 0.3% and 0.5% maintained average 

feed intake, feed efficiency, and mortality compared to feeding bacitracin diet. This 

suggests the prospect that comes with the use of ROD, particularly in the pursuit of 

reducing antibiotic use in animal production. The inclusion of ROD into the diets of broiler 

chickens and rabbits have proven to reduce mortality (Scales, 2015; Mogire et al., 2021). 

The stepwise biochemical mechanism with which the phytogenic compounds in ROD 

influence growth performance has not been fully unravelled; however, the selective 

antimicrobial action of ROD polyphenols could be related to the reduced mortality.  

On gut morphology, there are significant impacts of ROD extract on the architecture of the 

small intestinal section. In studies comparing the efficacy of ROD with antibiotics, Mogire 

et al. (2021) and Erinle et al. (2022b) reported that ROD improved villus height to crypt 

depth ratio (VH:CD) in the jejunal and ileal section of the GIT of broiler chickens fed diets 

supplemented with 0.1 and 0.3 % ROD extract. Meanwhile, in chickens challenged with 

SE-LPS, a deeper crypt depth was reported in chickens fed 0.3 and 0.5 % ROD extract, 

which was perceived to be ROD’s ameliorative mechanism in improving the gut (Erinle et 

al., 2022b). In weaned piglets, higher inclusion levels of air-dried raw ROD at 2 - 4% were 

demonstrated to enhance VH:CD in the jejunal and ileal section of the GIT (Jayaraman et 

al., 2018; Koo et al., 2020). In the small intestine, high VH:CD indicates more surface area 

for nutrient digestibility and absorption (da Silva et al., 2009). It could be perceived that 

ROD polyphenols do not impede nutrient digestion and absorption in monogastric animals. 

According to Mogire et al. (2021), supplementation of ROD extract increased ileal 
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digestibility of amino acids (AA) and crude fat in broiler chickens, while crude fat, protein, 

and dry matter digestibilities were not affected. Contrary to the existing belief that 

polyphenols may negatively impact nutrients, the polyphenol profiles of ROD extract were 

shown to upregulate AA transporter genes, including B0AT1 and CAT1 (Mogire et al., 

2021). Although there are only a few existing studies that have applied ROD extract in 

broiler chickens and swine, the promising research outcome with ROD begs for more 

studies to reinforce the existing beneficial effects of ROD and determine the optimum 

inclusion levels, which are yet to be reported in swine and poultry research. 

2.1.2.4.2 Effects of ROD on oxidative and immune-related stress in monogastric 

animal 

Oxidation is a common metabolic chemical process involved in the release of energy in 

living systems; however, it may also produce free radicals which are unstable, capable of 

independent existence and highly reactive due to the presence of their unpaired electrons. 

Drawing on the bodily-produced antioxidants causes their downregulation, thus, distorting 

the oxidative and immune status of animals. 

In swine farming, piglets are reported to be highly susceptible to oxidative stress at weaning 

age, especially when infected with E. coli (Amarakoon, 2017). This is ascribable to the 

piglets’ immature immune system during their early life. Immaturity of the immune system 

in newborns and infants has been related to their increased susceptibility to virulent 

pathogens (Russell et al., 2012). In most monogastric animals, particularly pigs, the 

weaning phase has been dubbed a critical and stress-inciting phase due to the increased 

susceptibility to pathogenic microbes and endotoxins and gastrointestinal disorders (Pié et 

al., 2007) in the young ones. In E. coli-challenged weaned piglets, Koo et al. (2020) and 
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Amarakoon (2017) demonstrated that a 4% inclusion level of ROD in weaners’ diet did not 

only depress levels of thiobarbituric acid reactive substances (TBARS) and 

malondialdehyde MDA but also caused upregulation of SOD when compared to both 

unchallenged and antibiotic-treated birds thereby neutralizing the oxidative stress induced 

by the bacteria. The antioxidant potential of polyphenol-rich plant materials cannot be 

overemphasized. Polyphenols of GP, apple, leaves of green teas and olive were reported to 

increase the levels of plasma GPx and total antioxidant capacity in weaned piglets (Jiang 

et al., 2014). It is incredible that ROD polyphenols do not only directly improve body 

antioxidant enzymes but also have been reported to increase blood parameters, including 

white blood cells, lymphocytes, monocytes, and granulocytes which is an indication of 

improved lymphocyte function and cell-mediated immunity following the attainment of 

active immunization in beef heifers (Wei et al., 2019). In broiler chickens, the body's 

antioxidant enzyme system and immune organs do not seem to have benefited from the 

antioxidant benevolence of ROD extract. Erinle et al. (2022b) reported that 

supplementation of 0.3% and 0.5% ROD extract did not improve serum SOD and total 

antioxidant power in broiler chickens challenged or unchallenged with SE-LPS. Both 

Mogire et al. (2021) and Erinle et al. (2022b) reported that the incorporation of 0.1 – 0.5 

% dietary ROD extract did not have an effect on the weights of immune-related organs, 

particularly the liver and spleen. 

2.1.2.4.3 Effect of ROD on gut microbiota of monogastric animal 

Microbial community in the gut of animals, including bacteria, fungi, archaea, protozoans 

and viruses, impact nutrient utilization (Stanley et al., 2012; Park et al., 2017), immune 

system (Schokker et al., 2017; Lazar et al., 2018; Akinyemi et al., 2020), hormonal action 
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(Zhenping et al., 2013), maturation of the gastrointestinal tract (Kelly and Conway, 2005) 

and general well-being of the animal. Bacteria species are the most reckoned microbe in 

the GIT, with approximately 1011 – 1012/g organism of bacteria species colonizing the 

caecum compared to the 108 – 109/ g organisms in the ileum of chickens (Witzig et al., 

2015; Thomas et al., 2019). The five most abundant bacteria phyla reported in the literature 

are the Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria, and Spirochaetes 

(Thomas et al., 2019; Akinyemi et al., 2020; Mogire et al., 2021). 

In broiler chickens, dietary supplementation of 0.1% and 0.3% ROD extract were reported 

to have no influence on the community diversity of both ileal and cecal microbiota; 

however, an increase in the population of Firmicutes and a decrease in Bacteroidetes phyla 

were observed (Mogire, 2020). This suggests an increased Firmicutes to Bacteroidetes ratio 

(FBR). Increased FBR has been positively correlated with increased body weight and 

energy utilization efficiency in broiler chickens (Singh et al., 2008). On the contrary, Erinle 

et al. (2022b) reported that Firmicutes, Actinobacteria, and Proteobacteria were the only 

phyla found in the cecal microbiota of broiler chickens fed 0.3% and 0.5% ROD extract; 

however, the relative abundance of genera Lactobacillus and Streptococcus were greater 

than what was obtained among the antibiotic-fed birds. In matured pigs, dietary 

supplementation of 0.5% ROD polyphenol extract was reported to increase alpha diversity 

of the ileal microbiota and commensal bacteria counts, which are mostly Firmicutes and 

Proteobacteria phyla (Zheng et al., 2021). Remarkably, ROD polyphenol exhibited 

prebiotic effects on the gut microbiota by tremendously increasing the microbial population 

of Lactobacilli, particularly Lactobacillus delbrueckii and Lactobacillus mucosae, Sharpea 

and Dialister, and Lachnospiraceae _bacterium_DJF_LS97k1 (Zheng et al., 2021). Many 
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strains of Lactobacillus species are gut-friendly and have been shown to be capable of 

maintaining intestinal barrier function, especially in a diseased condition, by modulating 

the expression of heat shock protein or tight junction proteins or by restricting adhesion of 

pathogens (Yu et al., 2012; Liu et al., 2015a; Sun et al., 2015; Zheng et al., 2021). Although 

there is no sufficient research evidence on the selective antimicrobial action of air-dried 

raw or extract of ROD on the dynamics of gut microbiota, their capacity to consistently 

improve the population of gut-friendly Lactobacillus is noteworthy.
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Table 2.5. Summary of the potential application of ROD. 

Research topics Application rates Findings References 

IN VITRO 

Red dogwood extract (RDE) prevents 

inflammatory responses in Caco-2 

Cells and Caco-2 BBe1/EA.hy926 

Cell co-culture 

 

100 µg/mL 

 

i. ↑ Rate of polyphenols absorption. 

ii.  Prevention of IL-8 production. 

iii. ↓ Gene expression of IL-8, TNF-α, IL-6, ICAM-

1, VCAM 1, and COX-2 in TNF-α inflamed 

Caco-2 cell. 

 

Jiang et al. (2019) 

Effect of Manitoba-grown RDE on 

recovering Caco-2 cells from H2O2-

induced oxidative damage. 

100 µg/mL i. ↑ Cell viability. 

ii. Prevention of IL-8 and ROS production. 

iii. ↑ Gene expression of HO-1, SOD, GSH-Px, and 

Nrf-2. 

iv. ↓ Diffusion of fluorescein. 

v. ↑ Transepithelial resistance. 

vi. ↑ Relative mRNA concentration of tight 

junction claudin-1, claudin-3, and occludin. 

vii. Repaired structural integrity of ZO-1. 

viii. ↑ Protein expression of ZO-1 and claudin-3. 

Yang et al. (2019) 
40 
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Research topics Application rates Findings References 

Inclusion of red osier dogwood (ROD) 

in high-forage and high-grain diets 

affected in vitro fermentation. 

0, 3, 6, or 12 % i. ↑ ROD levels ↓ total VFA concentration. 

ii. ↑ Acetate to propionate ratio. 

iii. ↓ DMD and fermentation pattern at lower pH. 

iv. ↓ Rumen acidosis caused by high grain diets. 

Wei et al. (2018) 

Effect of dried distillers grains with 

solubles and RDE on fermentation 

pattern and microbial profiles of a 

high-grain diet in an artificial rumen 

system. 

0 and 1 % i. ↑ Acetate to propionate ratio. 

ii. ↓ Starch disappearance and possible reduce 

rumen acidosis. 

iii. Little variation in Shannon diversity index. 

iv. ↑ Rumen Treponema. 

Gomaa et al. 

(2021) 

 

IN VIVO (Swine) 

Dietary supplementation of ROD 

polyphenol extract changes the ileal 

microbiota structure and increases 

Lactobacillus in a pig model. 

 

 

0 and 0.5 % 

 

 

i. ↑ Lactobacillus delbrueckii and Lactobacillus 

mucus suggesting a prebiotic-effect of ROD 

polyphenol extract. 

 

 

Zheng et al. (2021) 

Effects of dietary ROD on growth 2 and 4 % i. No effect on growth performance. Koo et al. (2020) 

41 
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Research topics Application rates Findings References 

performance, blood profile, ileal 

morphology, and oxidative status in 

weaned pigs challenged with E. coli 

K88+. 

 ii. ↑ SOD and ↓ MDA concentrations in the serum 

in equal capacity of an antibiotics. 

iii. ↓ Ileal crypt depth and ↑ ileal VH:CD. 

 

Effects of dietary supplementation 

with ground ROD on oxidative status 

in weaned pigs challenged with E. coli 

K88+. 

2 and 4 % i. ↓ Serum and ileal MDA with 4% ROD 

supplementation which is comparable to 

antibiotics. 

ii. Both 4% ROD and antibiotics ↓ serum and ileal 

SOD. 

iii. Serum and ileal MDA and SOD were not 

affected by 2% ROD. 

Koo et al. (2018) 

PSIV-30 Effects of dietary 

supplementation with ground ROD on 

growth performance, blood profile, 

and ileal histomorphology in weaned 

pigs challenged with E. coli K88+. 

2 and 4 % i. No effect on growth performance. 

ii. No effect on PUN and plasma glucose. 

iii. ↓ Ileal crypt depth and marginally ↑ ileal 

VH:CD. 

Jayaraman et al. 

(2018) 

PSI-31 Effects of ROD extract on 0.2 and 0.4 % i. ↓ BW in 0.2% fed weaned piglets compared to 

those fed antibiotics diet. 

Lee et al. (2018) 

42 
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Research topics Application rates Findings References 

nutrient digestibility and growth 

performance of weaned piglets. 

 ii. ↓ ADG in ROD treatments; however, the ADG 

was similar to weaned piglets fed basal diet. 

iii. No effect on fecal score, apparent total tract 

digestibility of dry matter and energy. 

 

Regulation of oxidative stress in 

weaned piglets challenged with E. 

coli. 

2 and 4 % i. No effect on BW. 

ii. ↓TBARS among weaned pigs fed 4% ROD and 

antibiotics similar to the unchallenged pigs. 

iii. ↑ SOD activity in the serum and ileum. 

Amarakoon (2017) 

    

IN VIVO (Poultry) 

Effects of ROD extracts on growth 

performance, intestinal digestive and 

absorptive functions, and meat quality 

of broiler chickens 

 

0.1 and 0.3 % 

 

i. No effect on growth performance. 

ii. ↑ Birds livability. 

iii. ↓ Jejunal crypt depth among chickens fed 0.1% 

and ↑ VH:CD in both 0.1% and 0.3% ROD 

treatments. 

iv. ↓ mRNA abundance for cationic amino acid 

transporter in ROD and antibiotic treatments. 

 

Mogire et al. 

(2021) 
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Research topics Application rates Findings References 

  v. ↑ mRNA abundance for neutral amino acid 

transporter. 

vi. 4% ROD ↑ apparent ileal digestibility of crude 

fat. 

vii. All the ROD and PC treatments ↑ amino acid 

digestibility. 

 

Effect of ROD extract on growth 

performance, blood biochemical 

parameters, and gut functionality of 

broiler chickens challenged or 

unchallenged with Salmonella 

Enteritidis lipopolysaccharides. 

0.3 and 0.5% i. Both levels of ROD extract marginally improved 

AWG of broiler chickens compared to antibiotic-

treated birds.  

ii. No effect on cecal SCFA, relative immune 

organs, and serum antioxidants. 

iii. ↑ Relative abundance of cecal Lactobacillus and 

Streptococcus genera. 

iv. ↑ crypt depth and VH:CD in both unchallenged 

and challenged group of birds. 

v. ↑ Plasma GLB and ↓ A:GLB among birds 

receiving 0.3% ROD extract. 

Erinle et al. 

(2022b) 
44 
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2.1.2.5 Improving the efficiency of ROD for use in poultry nutrition 

Some plant extracts have been reported to have no effect on the growth performance and 

health of an animal, particularly poultry species (Hernández et al., 2004; Aydin et al., 2008; 

Al-Kassie et al., 2011), with an implication on their polyphenol content. The impact of 

polyphenols on digestive enzymes is controversial in the literature, with many studies 

suggesting polyphenols reduce enzymatic activities. Considerable research shreds of 

evidence have also been presented that polyphenol derived from some plants, including green 

tea and chameleon plants, increased pepsin activity (Tagliazucchi et al., 2005; Garg et al., 

2019). Ironically, the enzyme-inhibition tendency of ROD polyphenols could be of interest 

in ruminant production, given its capacity to improve protein efficiency and reduce rumen 

acidosis. In fact, ROD extract polyphenols were shown to improve digestibility and 

absorption of AA and crude fat, while other nutrient digestibilities remain unaffected in 

chickens (Mogire et al., 2021). Therefore, enhancing ROD for animal use should be targeted 

toward further enrichment of their polyphenol profile rather than the polyphenol-enzyme 

inhibition concerns. 

Based on the available reports, ROD used in most current studies is made up of a varying 

proportion of plant parts, including 75% leaves, 10% bark, and 15% stem (Gomaa et al., 

2018; Wei et al., 2018, 2019), 60% leaves and 40% bark (Amarakoon, 2017) or 75% leaves 

and 25% bark (Koo et al., 2020) obtained from immature ROD plant. Improving the use of 

ROD for animal use could be through the inclusion of their flower/fruit/seed in the 

preparation protocol prior to its incorporation in the animal feed. Biosynthesis of plant 

polyphenols is a systematic and dynamic process that is dependent on the plant, plant parts, 

and seasonal variation. According to Feduraev et al. (2019), there is a significant spike in the 
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phenolic compounds and antioxidant activity in flowers/seeds compared to the roots, stems, 

and leaves. In fact, the authors reported a decreasing antioxidant activity in the following 

order: flowers/seed > leaves > root > stem. Although, this ordering pattern is not static and 

would greatly depend on the specific storage organ of the resident plant. In little bur-clover, 

leaf and seed extracts were reported to accumulate more phenolic and flavonoid compounds; 

thus, the two structures contain the highest TPC compared to the root and stem (Kabtni et 

al., 2020). Vareed et al. (2005) highlighted that the flower/fruit of most Cornus species 

harbours arrays of phytochemicals compared to their leaf, stem, and root. Given the above 

information, we suspect that TPC could be higher in ROD flower/fruits/seeds compared to 

other plant parts. Thus, the inclusion of ROD flower/fruit/seed in either raw or extract of 

ROD would afford a broader spectrum of polyphenol profiles and possibly a more 

comprehensive range of beneficial bioactivities. However, future in vitro and in vivo studies 

would be needed to confirm this speculation.
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CHAPTER 3:  Dietary grape pomace – Effects on growth performance, intestinal 

health, blood parameters, and breast muscle myopathies of broiler chickens 

 

This work has been published elsewhere: 

Erinle TJ, Oladokun, S, MacIsaac J, Rathgeber B, Adewole D. 2022. Dietary grape pomace 

– Effects on growth performance, intestinal health, blood parameters, and breast muscle 

myopathies of broiler chickens. Poult. Sci.; 101519. 

https://doi.org/10.1016/j.psj.2021.101519 

 

The work has also been presented at: 

2021 PSA Annual Meeting - Poultry Science Association 

 

3. Abstract 

The search for alternatives to antibiotics in poultry production is still ongoing and has been 

directed towards the investigation of the efficacy of different potential alternatives. 

However, it is important that the sought alternatives are cost-efficient and have no negative 

impact on meat quality, for ease of adoption and profit maximization. This study aimed 

at exploiting an agro-industrial waste, grape pomace (GP) as an alternative to in-feed 

antibiotics and assessing the effects on growth, intestinal morphology, cecal microbiota, 

cecal short-chain fatty acid (SCFA) concentration, blood biochemical parameters, and 

breast muscle myopathies of broiler chickens. A total of 576 one-day-old Cobb-500 broiler 

chicks were randomly allotted to three dietary treatments – Negative control (NC, a corn-

wheat soybean-based diet), NC + 0.05% bacitracin methylene disalicylate (BMD), and NC 

+ 2.5% grape pomace (GP). Each treatment was assigned to eight replicate pens with 25 

birds per pen. Body weight (BW), feed intake (FI), and feed conversion ratio (FCR) were 

determined weekly. On d 36, two chickens/pen were euthanized for measuring blood 

https://doi.org/10.1016/j.psj.2021.101519
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biochemical parameters, cecal SCFA, and cecal microbiota. White striping (WS) and 

wooden breast (WB) incidence were assessed in 4 chickens/pen on d 42. The GP diet 

increased (P<0.05) average FI throughout the feeding phases compared to the other 

treatments, but overall FCR was similar. Birds in the GP treatment had higher (P<0.05) 

villus height (VH) and increased VH:crypt depth ratio in the duodenum and jejunum 

compared to other treatments. The level of cecal SCFA and the incidence of WS and WB 

was the same for all treatments. Plasma Ca and P were significantly higher (P<0.05) in 

birds fed GP and BMD, compared to the NC. Birds in the GP treatment had significantly 

reduced (P<0.05) plasma aspartate transaminase than other treatments. Birds receiving GP 

had a higher (P<0.05) relative abundance of the phylum Bacteroidetes and reduced 

(P<0.05) Firmicutes compared to other treatments. The relative abundance of Bacteroides 

and Lactobacillus genera were higher (P<0.05) among birds fed GP compared to other 

treatments. Inclusion of 2.5% GP in broiler chicken diets improved gut morphology and 

modified the cecal bacterial community and blood biochemical profiles with no adverse 

effect on growth performance and meat quality. 

Keywords: grape pomace, broiler chickens, growth performance, gut morphology, cecal 

microbiota. 

3.1 Introduction 

The advent of antibiotics and their adoption in livestock production has unequivocally 

contributed to improvements in growth performance and gastrointestinal functionality of 

many livestock species, including poultry. However, the constant use of antibiotics in 

livestock as disease prophylaxis rather than a curative measure has contributed to the 

evolution of pathogenic microbes that are resistant to antibiotics, including those used in 

human medicine (Mehdi et al., 2018). Public outcry regarding antibiotic-resistant 

infections has ushered strict restrictions placed on the use of antibiotics as growth 
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promoters in livestock production in Europe (European Parliament and the Council of the 

European Union, 2003), and other countries have taken the cue (Chicken Farmers of 

Canada, 2020). The embargo placed on the prophylactic use of antibiotics has contributed 

to the proliferation of pathogenic microbes and could negatively impact the economy of 

the poultry industry. Therefore, there is a need to identify not only a potent but also a 

relatively cost-efficient alternative to antibiotics that could afford performance 

optimization of the birds. 

Grape (Vitis vinifera) pomace (GP) is a downstream product that can be obtained from the 

production of grape juice and wine (Muhlack et al., 2018). It is comprised of residual seeds, 

skin, and stems of grapes. The global wine industry used roughly 60 million tons of grapes 

in the production of wine, while the Canadian fruit processing and winery industry in 

Ontario alone produced approximately 89,000 tonnes of grapes in 2017 (García‐Lomillo 

and González‐ SanJosé, 2017; Gowman et al., 2019). About 20 - 25% of the weight of 

grape produced is attributable to the weight of GP after wine pressing (Muhlack et al., 

2018; Gowman et al., 2019) and poses a challenge on how to safely dispose it. It is 

noteworthy that these grape by-products contain appreciable amounts of phenolic 

compounds, insoluble dietary fibre, and protein (Dwyer et al., 2014; Hogervorst et al., 

2017; Heuzé and Trans, 2020). Phenolic compounds have been harnessed in some poultry 

nutritional studies as potential alternatives to antibiotics because of their antioxidant and 

antimicrobial capacities. Over the years, grape by-products have been underexploited, with 

large portions used for unproductive purposes like disposal in landfills, thus generating 

environmental concerns. 

Optimum exploitation of grape bio-waste as a nutraceutical for poultry birds could enhance 

the performance and general well-being of chickens and improve the profit margin for both 

chicken farmers and wineries. Although previous studies have investigated the effect of 
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GP on the growth performance of broiler chickens, studies showing the possibility of GP 

to improve growth of broiler chickens are very scanty (Sáyago-Ayerdi et al., 2009; Viveros 

et al., 2011; Chamorro et al., 2015; Ebrahimzadeh et al., 2018; Aditya et al., 2018; 

Kumanda et al., 2019). This might be partly due to the high inclusion levels of GP (usually 

within the range of 5-10%) as mostly reported. Except for the report of Kumanda et al. 

(2019), dietary supplementation of GP within 5-10% has been reported to show no 

significant improvement in the growth performance of broiler chickens. It is, therefore, 

imperative to investigate the effect of a lower inclusion level of GP, particularly in 

comparison to antibiotics. At the intestinal level, the use of grape by-products showed 

modulatory effects on gut morphology in the duodenal mucosa of pigs (Gressner et al., 

2013; Wang et al., 2020) and the relative abundance of Enterobacteriaceae, E. coli, 

Lactobacillus, Enterococcus, Clostridia, Campylobacter, Salmonella, and Helicobacter 

pylori (Viveros et al., 2011; Chamorro et al., 2019; Nardoia et al., 2020). 

Besides the digestive tract, antioxidants provide potential benefits in other systems of the 

body, including circulatory and muscular systems. Fibrosis and oxidative damage resulting 

from tricarboxylic acid cycle, excess nitric oxide, and accumulation of long-chain fatty 

acids have been implicated in the incidence of breast muscle myopathies in poultry birds 

(Mogire, 2020). The incidence of myopathies in breast muscle, including white striping 

(WS) and wooden breast (WB), has been associated with a heavier body weight of birds 

(Kuttappan et al., 2012), thus making broiler chickens highly susceptible. In the studies by 

Makris et al. (2007), Chamorro et al. (2015), and Brenes et al. (2016), GP 

supplementation was reported to reduce oxidative stress in blood and muscle tissues of 

monogastric animals. These studies suggest that dietary GP could be effective in 

preventing WS and WB in broiler chickens. To the best of our knowledge, no study 

has investigated the effect of dietary GP on the incidence of WS and WB and cecal SCFA 

concentration as an indicator of gut health in poultry. In addition, data on the effect of GP 
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on other measures of chicken health, such as gut microbiota, morphology, and blood 

biochemistry are limited. 

Given the above, it was hypothesized that lower inclusion of dietary GP at 2.5% would 

improve growth performance, reduce breast muscle myopathies, and modulate gut health 

in the equal capacity of antibiotics. Therefore, the current study was aimed at investigating 

the impact of 2.5% dietary GP as an alternative to in-feed antibiotics, by evaluating its 

effect on cecal short-chain fatty acid concentration and breast muscle myopathies, in 

addition to growth performance, blood biochemistry, and intestinal morphology of broiler 

chickens. 

3.2 Materials and Methods 

The experimental protocols (Animal Care Certification Number 2020-027) were subjected 

to approval by Dalhousie University Animal Care and Use Committee, and birds were 

handled in accordance with the guidelines established by the Canadian Council on Animal 

Care (2009). 

3.2.1 Experimental birds and management 

A total of 576 one-day-old mixed-sex Cobb-500 broiler chicks were obtained from 

Atlantic Poultry Incorporated, Port Williams, Nova Scotia, and were raised on floor pens. 

Room temperature was monitored daily and was gradually reduced from 30 to 22.6 0C 

from d 0 to 42. The lighting program was set to produce 18 hours of light and 6 hours of 

darkness throughout the experimental period, and illumination was gradually reduced from 

20 1x on d 0 to 5 1x on d 39.  

3.2.2 Diets and experimental design 

The GP used in this study was obtained from Gaspereau Vineyards, Nova Scotia. The 

product was freeze-dried using a Supermodulyo freeze-dryer (Model:220 Thermo Savant; 
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Holbrook, New York, USA) and ground using a coffee grinder. The birds were randomly 

allotted to three treatments groups containing eight replicates, with 25 birds per replicate 

and fed the following diets: (1) A corn-wheat-soybean meal diet (NC); (2) NC + 0.05% in-

feed bacitracin methylene disalicylate (BMD); and (3) NC + 2.5% GP (GP). The 

experimental diets were formulated to meet the nutrient requirements of broiler chickens 

as recommended by NRC (1994), and birds were fed on a phase-feeding program as 

follows: starter (1 to 14 d of age), grower (14 to 24 d of age) and finisher (24 to 42 d of 

age). The ingredient and nutrient compositions of the diets for the three phases are shown 

in Table 1. The chemical composition of GP was presented in Supplementary Table 1. The 

chemical composition of the diets was determined following AOAC (1990) procedure. 

Total polyphenols in the GP and control diets and polyphenols profile of GP (Figure 1) 

were determined using ultra-performance liquid chromatography-tandem mass 

spectrometer (UPLC-MS/MS) at the Institute of Nutrition and Functional Foods, Quebec, 

Canada. 
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Table 3.1. Gross and nutrient compositions of experimental diets (as-fed basis, %, unless otherwise stated)1 

Ingredients Starter phase (1-14 days)  Grower phase (14-28 days)  Finisher phase (28-42 days) 
 

NC BMD GP  NC BMD GP  NC BMD GP 

Corn 42.77 42.67 40.03  45.92 45.82 41.80  50.71 50.62 46.71 

Soybean meal 39.95 39.96 38.64  36.22 36.24 36.31  31.17 31.19 31.24 

Wheat 10.00 10.00 10.00  10.00 10.00 10.00  10.00 10.00 10.00 

Animal fat/vegetable oil blend  2.72 2.76 4.26  3.75 3.78 5.28  4.34 4.37 5.77 

Grape pomacev -- -- 2.50  -- -- 2.50  -- -- 2.50 

BMD 110 G W -- 0.05 --  -- 0.05 --  -- 0.05 -- 

Limestone 1.81 1.81 1.77  1.65 1.65 1.62  1.50 1.50 1.47 

Dicalcium phosphate 1.22 1.22 1.24  1.05 1.05 1.07  0.90 0.90 0.91 

DL Methionine Premix X 0.61 0.61 0.63  0.53 0.53 0.55  0.49 0.49 0.51 

Starter Vitamin/mineral premixY 0.50 0.50 0.50  -- -- --  -- -- -- 

Grower/Finisher Vitamin/mineral premixZ -- -- --  0.50 0.50 0.50  0.50 0.50 0.50 

Salt 0.40 0.40 0.40  0.37 0.37 0.38  0.38 0.38 0.38 

Lysine HCl 0.03 0.03 0.04  -- -- --  0.01 0.01 0.01 

Calculated Analysis            

Crude Protein  23 23 23  21.5 21.5 21.5  19.5 19.5 19.5 

Metabolizable Energy (kcal kg-1) 3,000 3,000 3,000  3,100 3,100 3,100  3,200 3,200 3,200 

Calcium 0.96 0.96 0.96  0.87 0.87 0.87  0.78 0.78 0.78 

Available Phosphorus  0.48 0.48 0.48  0.44 0.44 0.44  0.39 0.39 0.39 

Digestible Lysine 1.28 1.28 1.28  1.15 1.15 1.15  1.02 1.02 1.02 

Digestible Methionine + Cystine  0.95 0.95 0.95  0.87 0.87 0.87  0.8 0.8 0.8 

Sodium 0.19 0.19 0.19  0.18 0.18 0.18  0.18 0.18 0.18 

Analyzed Analysis            

Crude Protein  20.24 18.90 22.04  19.46 19.52 21.72  18.66 19.51 19.31 

Calcium  0.92 0.80 0.94  1.06 0.87 0.89  0.89 0.86 0.80 

Total Phosphorus  0.60 0.54 0.61  0.53 0.55 0.52  0.53 0.51 0.50 

Sodium  0.15 0.17 0.19  0.14 0.18 0.15  0.16 0.18 0.16 

53 
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Ingredients Starter phase (1-14 days)  Grower phase (14-28 days)  Finisher phase (28-42 days) 

 NC BMD GP  NC BMD GP  NC BMD GP 

Crude Fat  4.50 5.03 6.53  7.22 6.98 7.42  5.23 4.74 6.90 
1NC, Negative control diet, BMD, antibiotic diet, GP, diet containing 2.5% grape pomace. 

v Grape pomace: 93.29% dry matter; 10.43% crude protein; 10.05% crude fat; 48.44% acid detergent fibre; 46.27% neutral detergent fibre; 0.47% calcium; 1.56% potassium; 

0.08% magnesium; 0.24% phosphorus; 12.40ppm copper; 11.73ppm zinc. 

W Bacitracin methylene disalicylate (providing 55 mg/kg mixed feed); Alpharma, Inc., Fort Lee, NJ, US. 

 X Supplied/kg premix: DL-Methionine, 0.5 kg; wheat middlings, 0.5 kg. 

YStarter vitamin-mineral premix contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin K; 7.6 mg riboflavin; 13.5 

mg Dl Ca-pantothenate; 0.012 mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 2.9 mg thiamine; 70.2 mg manganese; 

80.0 mg zinc; 25 mg copper; 0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone. z Grower and Finisher vitamin-mineral premix 

contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin K; 7.6 mg riboflavin; 13.5 mg Dl Ca-pantothenate; 0.012 

mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 2.9 mg thiamine; 70.2 mg manganese; 80.0 mg zinc; 25 mg copper; 

0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone. 55 
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3.2.3 Growth performance 

Average body weight (ABW) and average feed intake (AFI) were determined weekly on 

a pen basis, and mortality was recorded daily to correct for AFI and feed conversion 

ratio (FCR). Birds that died were sent to the Veterinary Pathology Laboratory, Nova Scotia 

Department of Agriculture for post- mortem. 

3.2.4 Blood biochemistry analysis 

On d 36, two birds were randomly selected from each pen, individually weighed, and 

euthanized by electrical stunning and exsanguination. Blood samples were collected 

from each bird into 5 mL heparinized tubes and were centrifuged at 5000 rpm for 10 m 

and shipped on ice to Atlantic Veterinary College, University of Prince Edward Island 

Pathology Laboratory, where samples were analyzed using Cobas® 6000 analyzer series. 

Serum immunoglobulin G and M were analyzed using enzyme-link immunosorbent assay 

(ELISA) kits from Bethyl Laboratories, Inc. (catalog number E33-104-200218 and E33-

102-180410, respectively) following manufacturer instructions. 

3.2.5 Short-chain fatty acid concentrations and total eubacteria count 

Digesta from the pair of ceca were mixed and divided into two sub-samples; one portion 

was placed in BioFreeze™ sampling kits (Alimetric Diagnostics, Espoo, Finland) for the 

determination of short-chain fatty acid (SCFA) profile and quantity. In addition to the 

cecal SCFA concentration, the analysis of the most prevalent bacterial species was 

performed by Alimetrics Diagnostics Ltd. 

3.2.6 Gut morphology 

One centimeter of the duodenal, jejunal, and ileal midpoints was removed from each 

euthanized bird, and preserved in formalin for three days. The intestinal segments were 

then immersed in paraffin and cut at the thickness of 2 µm. Each of the cut excised 

segments was mounted on a glass slide (n = 16 per treatment) and stained with Alcian blue 
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and periodic acid-Schiff (PAS) reagents. The morphological slides were examined using a 

microscope coupled with a digital camera. Ten well-oriented and distinct villi on each 

slide were identified and measured for villus height (VH), villus width (VW), and crypt 

depth (CD). Villus height was measured from the tip of the villus to the villus crypt 

junction, i.e., top of the lamina propria of each villus. Crypt depth was measured from the 

villus crypt junction to the tip of the muscularis mucosa (Shang et al., 2020). The villus 

height:crypt depth (VH:CD) was subsequently calculated. 

3.2.7 Gut microbiota 

The second portion of the mixed cecal digesta was stored in plastic RNAse and 

DNAse-free tubes, placed in liquid nitrogen, and afterward kept at -80°C for analysis of gut 

microbiota. Specimens were placed into a MoBio PowerMag Soil DNA Isolation Bead 

Plate (Qiagen, Carlsbad, CA). DNA was extracted following MoBio’s instructions on a 

KingFisher robot. Bacterial 16S rRNA genes were PCR-amplified with dual-barcoded 

primers targeting the V4 region (515F 5’-GTGCCAGCMGCCGCGGTAA-3’, and 

806R 5’-GGACTACHVGGGTWTCTAAT-3’), as per the protocol of Kozich et al. 

(2013). Amplicons were sequenced with an Illumina MiSeq using the 300-bp paired-end 

kit (v.3). Sequences were denoised, taxonomically classified using Greengenes (v. 13_8) 

as the reference database, and clustered into 97%-similarity operational taxonomic units 

(OTU) with the mothur software package (v. 1.39.5) (Schloss, 2009), following the 

recommended procedure (https://www.mothur.org/wiki/MiSeq_SOP; accessed Nov 

2020). Bioinformatics analyses were conducted in the R statistical environment. 

3.2.8 Breast muscle myopathy 

Breast muscle samples were collected on four birds (two males and two females) per pen 

(32 birds per treatment) on d 42 and were evaluated visually and scored by one observer 

for precision. The breast muscle samples were also sliced into fillets. The visual 

http://www.mothur.org/wiki
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myopathies were scored based on the incidence of white striping (WS) and wooden breast 

(WB) scores following a method modified by Kuttappan et al. (2012). 

3.2.9 Statistical analysis 

One-way ANOVA was carried out using Minitab LLC, (2019) software with treatments 

(NC, BMD, and GP). Following ANOVA, differences between significant means were 

tested using Tukey’s honest significant difference (HSD) test in the same statistical 

package. The parametric dataset was analyzed by one-way ANOVA, while non-parametric 

data were analyzed by Kruskal Wallis’ median test in the same statistical package. 

Analyzed data were presented as means, standard error of the mean (SEM), and probability 

values. Values were considered statistically different at P<0.05. 

3.3 Results 

3.3.1 Total polyphenol content (TPC) 

The results of the TPC (Folin-Ciocalteu) (mg gallic acid equivalent GAE/g) in the NC and 

GP diets are presented in Figure 3.1. The TPC of diets supplemented with 2.5% GP at the 

starter, grower, and finisher diets were 2.18, 1.95, and 2.08 mg GAE/g, respectively. In 

the NC treatment, TPC in the starter, grower, and finisher diets were 1.78, 1.94, and 1.83 

mg GAE/g, respectively. The profile of polyphenols (mg gallic acid equivalent GAE/g) in 

whole GP was present in Figure 3.2. Epicatechin, catechin, and gallic acid were observed 

to be the most abundant polyphenols in whole GP. 
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Figure 3.1. Total polyphenols content (mg gallic acid equivalent GAE/g) in treatments 

offered to broiler chicken according to production phases. NC, BMD, and GP diets per 

production phase. NC = Negative control diet (corn-wheat-soybean meal diet), NC + 0.05% 

in-feed bacitracin methylene disalicylate diet = BMD and GP = diet containing 2.5% grape 

pomace.  

 

Figure 3.2. Polyphenols profile of whole grape pomace by UPLC-MSMS (mg standard 

equivalent/g) 
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3.3.2 Growth Performance 

The growth performance of broiler chickens fed GP as an in-feed antibiotic replacement is 

presented in Table 3.2. At the end of the starter phase, AFI and AWG were significantly 

higher (P<0.05) among birds fed GP and antibiotic diets compared to the control-fed birds. 

The FCR of birds was not significantly affected by the dietary treatments. In the grower 

phase, all the growth parameters were significantly influenced (P<0.05) by the dietary 

treatments. The average feed intake of birds fed GP and antibiotic diets was statistically 

similar and higher (P<0.05) than the birds receiving the control diet. The AWG of birds 

fed GP and control were statistically similar but significantly lower (P<0.05) compared 

to the antibiotic- fed birds. In the finisher phase, GP and antibiotic-fed birds had higher 

(P<0.05) AFI compared to the control birds; however, average AWG and FCR were 

similar across all treatments. On an overall performance basis, FCR was not significantly 

influenced by the dietary treatments; however, GP and antibiotic treatments had higher 

(P<0.05) AFI compared to the control. Compared to the GP and control diet, the average 

AWG was significantly higher (P<0.05) in birds fed the antibiotic diet. 
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Table 3.2. Effect of dietary supplementation of grape pomace as a substitute for synthetic 

antibiotics on growth performance of broiler chickens examined at phase levels. 

Phases Parameters Treatments1 SEM2 P-value 

    NC BMD GP     

Starter (d 1 - 14) Average feed 

intake 

(g/bird) 

942b 1017a 1008a 10.5 0.002 

 

Average 

weight gain 

(g/bird) 

296b 342a 333a 5.72 <0.001 

 
FCR 1.58 1.48 1.5 0.02 0.116  
           

Grower (d 14 - 28) Average feed 

intake 

(g/bird) 

2,811b 3,086a 2,930ab 38.6 0.004 

 

Average 

weight gain 

(g/bird) 

907b 1028a 894b 15.3 <0.001 

 

FCR 1.57ab 1.50b 1.64a 0.02 0.020  
      

Finisher (d 28 - 42) Average feed 

intake 

(g/bird) 

5,143b 5,411a 5,196ab 40.8 0.012 

  Average 

weight gain 

(g/bird) 

1,422 1,455 1,418 12.4 0.413 

 
FCR 1.80 1.85 1.82 0.02 0.422  
      

Overall Average feed 

intake 

(g/bird) 

4,354b 4,743a 4,571a 45.7 <0.001 

 
Average 

weight gain 

(g/bird) 

2,629b 2,828a 2,648b 25.8 <0.001 

  FCR 1.72 1.65 1.69 0.02 0.358 
1NC, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, GP, diet containing 

2.5% grape pomace.  

2SEM = standard error of the mean. 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s 

procedure). 
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3.3.3 Gut morphology 

The effects of the dietary GP on the morphology of intestinal segments of broiler chickens 

is presented in Table 3.3. In the duodenal section, GP significantly increased (P<0.05) VH 

and VH:CD of the birds compared to other treatments, while VW and CD were similar 

across the treatments. In the jejunal segment, VH and VW were higher (P<0.05) in the GP 

and control treatments compared to the antibiotic treatment. Although CD was lower 

(P<0.05) in birds fed GP and antibiotic treatment compared to the control, VH:CD was 

highest (P<0.05) in bird fed GP compared to other treatments. In the ileal portion, VH was 

significantly higher (P<0.05) among birds fed the control diet compared to the GP and 

antibiotic treatments. Crypt depth was similar between the NC and GP groups; however, it 

was significantly higher (p<0.05) in the NC group when compared to the antibiotic 

treatment. Also, in this gut section, VH:CD was similar across the treatments.
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Table 3.3. Effect of dietary grape pomace on intestinal morphology of broiler chickens 

Parameters (mm)  Treatment effect1    

  NC BMD GP  SEM2 P-value 

Duodenum        

Villus height   2.11b 2.10 b 2.42 a  0.02 0.000 

Villus width  0.21 0.22 0.22  0.00 0.358 

Crypt depth  0.18 0.18 0.18  0.00 0.742 

VH:CD3  11.02 b 11.20 b 13.13 a  0.17 0.000 

Jejunum        

Villus height  1.36 a 1.15 b 1.36 a  0.02 0.000 

Villus width  0.19 a 0.17 b 0.19 a  0.61 0.002 

Crypt depth  0.16 a 0.13 b 0.13 b  0.00 0.001 

VH:CD  9.71b 9.58 b 10.83 a  0.16 0.001 

Ileum        

Villus height  0.89 a 0.84 ab 0.83 b  0.01 0.025 

Villus width  0.17 ab 0.16 b 0.17 a  0.00 0.022 

Crypt depth  0.16 a 0.14 b 0.15 ab  0.00 0.039 

VH:CD  5.76 5.79 5.58  0.10 0.544 

1NC, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, GP, diet containing 2.5% 

grape pomace.  

2SEM = standard error of the mean. 

3VH:CD = Villus height:crypt depth ratio.  

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure).
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3.3.4 Plasma biochemistry and serum immunoglobulins 

The effect of dietary GP supplementation on blood biochemical indices of broiler chickens 

is shown in Table 3.4. Dietary GP supplementation had significant (P<0.05) effects on Ca, 

P, ALP, and AST. Ca and P were significantly higher (P<0.05) in birds fed GP and 

antibiotic diets compared to the NC diet. Cholesterol was not significantly affected by the 

dietary treatments. Both the control and GP-fed birds had lower (P<0.05) ALP compared 

to the antibiotic treatment. Birds in the GP treatment had significantly reduced (P<0.05) 

AST than other treatments. Although ALT was not significantly affected by the diets, it 

was lowest among the GP birds compared to the birds in the antibiotic and control 

treatments. Serum IgG and IgM were not affected by dietary treatments. 
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Table 3.4. Effect of dietary grape pomace on blood biochemistry and immunoglobulin 

profiles of broiler chickens  

Parameters Treatment effect1    

 NC BMD GP  SEM2 P-value 

Sodium (mmol/L) 150 150 151  0.90 0.797 

Potassium (mmol/L) 4.78 4.95 4.54  0.19 0.443 

Na:K ratio3 31.3 29.4 33.4  0.98 0.178 

Chloride (mmol/L) 111 110 111  0.75 0.929 

Calcium (mmol/L) 2.66ab 2.48b 2.76a  0.04 0.007 

Phosphorus (mmol/L) 1.78b 2.08a 1.79b  0.05 0.022 

Magnesium (mmol/L) 0.80 0.83 0.78  0.01 0.146 

Urea (mmol/L) 0.33 0.29 0.29  0.01 0.179 

Glucose (mmol/L) 13.9 13.7 14.6  0.17 0.092 

Cholesterol (mmol/L) 2.70 2.79 2.55  0.06 0.236 

Amylase (U/L) 454 522  678  63.6 0.174 

ALP (U/L)4 3,063a 1,866b 3,222a  222 0.001 

ALT (U/L)5 4.64 4.30 4.16  0.32 0.690 

AST (U/L)6 252ab 305a 230b  31.5 0.010 

CK (U/L)7 16,304 21,057 10,890  4,733 0.095 

GGT (U/L)8 13.4 11.6 14.6  0.71 0.198 

Lipase (U/L) 25.6 25.1 23.7  1.29 0.825 

T.Protein (g/L)9 27.9 27.0 29.2  0.47 0.122 

Albumin (g/L) 10.6 10.8 11.1  0.16 0.368 

Globulin (g/L) 17.2 16.1 17.8  0.36 0.116 

A:G10 0.67 0.69 0.61  0.02 0.075 

Iron (umol/L) 16.7 16.5 16.9  0.44 0.934 

Uric Acid (umol/L) 333 285 314  11.0 0.213 

Bile Acids (umol/L) 14.4 13.6 12.9  0.56 0.576 

Creatinine (umol/L) 0.00 0.00 0.00  0.07 0.319 

T.Bilirubin (umol/L)11 0.00 0.00 0.00  0.03 0.600 

Serum IgG (mg/mL) 6.17 5.49 5.16  0.47 0.699 

Serum IgM (mg/mL) 0.40 0.30 0.28  0.02 0.064 
1NC, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, GP, diet containing 2.5% 

grape pomace.  

2SEM = standard error of the mean. 3Na:K = Sodium:Potassium ratio. 4ALP = Alkaline Phosphatas. 5ALT = 

Alanine aminotransferase. 6AST = Aspartate aminotransferase. 7CK = Creatine kinase. 8GGT = Gamma-

glutamyl transferase. 9T. Protein = Total Protein. 10A:G = Albumin Globulin ratio. 11T.Bilirubin = Total 

Bilirubin. In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s 

procedure).  
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3.3.5 Cecal microbiota 

A total of 6,169 OTUs were detected, with an average of 43,773 quality-filtered reads 

generated per sample and clustered into 97% similarity. Information on the sequencing 

quality profile is presented in Figure 3.3. There was an effect of dietary treatment on the 

total number of quality filtered read counts, as illustrated in Figure 3.4. Aggregation of OTU 

into each taxonomic rank and the relative abundance of the most abundant phyla, genera 

(classified and unclassified) are presented in Figures 3.5, 3.6, 3.7, and 3.8. Supplementation 

of 2.5% GP significantly reduced (P<0.05) the abundance of phylum Firmicutes, 

Proteobacteria, and Bacteria_unclassified but increased (P<0.05) the abundance of phylum 

Bacteroidota (also knowns as Bacteroidetes). Compared to the antibiotic treatment, the 

percentage relative abundance of most abundant bacterial genera was significantly higher 

(P<0.05) in the GP and NC treatments as shown in Figure 3.6. Genera Bacteroides, and 

Lactobacillus were significantly (P<0.05) increased among birds fed GP compared to other 

treatments. However, genera Oscillospirales, Escherichia, Lachnospiraceae, CAG-352, 

Blautia, UCG-005, NK4A214_group and Anaerovoracaea were significantly (P<0.05) 

higher among antibiotic-treated birds compared to other treatments. For the Shannon 

diversity and richness, the antibiotic treatment had the highest (P<0.05) alpha diversity 

(Figure 3.9). Permutational analysis of variance shows a significant (P<0.05) difference in 

beta diversity, with the birds fed antibiotic diet being higher than other treatment groups, 

as shown in Figure 3.10. 
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(A) 

 

 

(B) 

Figure 3.3. Quality score distribution over all sequences. Per-sequence averaged raw Q30 

(Phred32) scores of; A) forward sequencing read and B) reverse sequencing read. 
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Figure 3.4. Box-and-whisker plot showing the total number of quality filtered read counts 

per treatment. Treatments included- Negative control diet (NC), BMD (bacitracin 

methylene disalicylate) antibiotic diet, and GP, diet containing 2.5% grape pomace.  

 

 
Figure 3.5. Percentage relative abundance of the most abundance bacteria Phyla in the ceca 

of broiler chickens fed grape pomace as substitute to in-feed antibiotics. Treatment groups: 

NC = Negative control diet, BMD = bacitracin methylene disalicylate (antibiotic diet), and 

GP = diet containing 2.5% grape pomace.  
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Figure 3.6. Percentage relative abundance of the most abundant bacteria genera in the ceca 

samples obtained from broiler chickens fed 3 different treatments. Treatment groups: NC 

= Negative control diet, BMD = bacitracin methylene disalicylate (antibiotic diet), and GP 

= diet containing 2.5% grape pomace.  

 

 

Figure 3.7. Percentage relative abundance of the most abundant classified genera of 

bacteria in the ceca samples obtained from broiler chickens fed 3 different treatments. 

Treatment groups: NC = Negative control diet, BMD = bacitracin methylene disalicylate 

(antibiotic diet), and GP = diet containing 2.5% grape pomace.  
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Figure 3.8. Percentage relative abundance of the most abundant unclassified genera of 

bacteria in the cecal samples obtained from broiler chickens fed 3 different treatments. 

Treatment groups: NC = Negative control diet, BMD = bacitracin methylene disalicylate 

(antibiotic diet), and GP = diet containing 2.5% grape pomace.  

 

 

Figure 3.9. Box-and-whisker plot showing significant differences in the Shannon diversity 

index (Alpha diversity) (P > 0.05; F Value- 0.723). Ceca content was collected from 36-

day-old broiler chickens offered three different dietary treatments. Treatment groups: NC 

= Negative control diet, BMD = bacitracin methylene disalicylate (antibiotic diet), and GP 

= diet containing 2.5% grape pomace.  

b

b

a

ab

b

a

b

ab

a

a

a

a

a

a

ab

a

b

ab

b
b b

b

a

ab

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

R
el

at
iv

e 
ab

u
n

d
an

ce
 (

%
)

Genera

NC BMD GP



 

70  

 

Figure 3.10. Multivariance analysis determined significant differences (P < 0.05) in beta-

diversity among treatments. Treatment groups: NC = Negative control diet, BMD = 

bacitracin methylene disalicylate (antibiotic diet), and GP = diet containing 2.5% grape 

pomace.  
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3.3.6 Cecal short-chain fatty acid concentration 

The effect of dietary GP supplementation on total eubacteria counts and short-chain fatty 

acids concentration in the ceca is presented in Table 3.5. Compared to antibiotic and control 

diets, supplementation of 2.5% GP did not have a significant effect on the total eubacteria 

count, SCFA, AA, PA, BA, VA, LA, BCFA, and VFA. 

Table 3.5. Effect of dietary supplementation of grape pomace on total eubacteria count and 

short-chain fatty acids concentration in the ceca of broiler chickens. 

Parameters Treatment effect1    

 NC BMD GP  SEM2 P-value 

Total eubacteria x 1012 (16S 

rDNA copies/g) 

2.58 2.26 2.33  0.49 0.819 

Short chain fatty acids (mM) 72.5 78.8 77.94  3.49 0.736 

Acetic acid (mM) 49.69 57.67 54.30  2.63 0.471 

Propionic acid (mM) 6.75 5.86 7.50  0.31 0.103 

Butyric acid (mM) 8.08 7.12 8.86  0.76 0.693 

Valeric acid (mM) 1.24 1.11 1.25  0.07 0.578 

Lactic acid (mM) 1.90 1.91 2.81  0.42 0.223 

Branched chain fatty acids 

(mM) 1.78 1.36 1.53 

 0.11 

0.228 

Volatile fatty acids (mM) 68.34 73.75 72.72  3.36 0.795 

 1NC, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, GP, diet containing 2.5% 

grape pomace.  

2SEM = standard error of the mean. 
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3.3.7 Breast muscle myopathy 

White striping and WB scores of broiler chickens fed dietary GP are presented in Table 

3.6. The result shows no dietary treatment or sex effect on WS and WB score. However, 

male chickens had higher breast muscle and slaughter weights compared to female 

chickens, while breast weight expressed as a percentage of body weight was higher in 

female chickens compared to the males. Wooden breast score was generally low across all 

treatments with only a few birds having WB incidence. 
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Table 3.6. Treatment, sex, and interaction effects of supplemental grape pomace on white stripping and woody breast meat of broiler chickens. 

Parameters Treatment effect1  Sex effect  P-Value 

 

 NC BMD GP  M F  Treatment 

effect 

Sex 

effect 

Interaction 

effect 

White Stripping score 1.00 1.00 1.00  1.00 1.00  0.312 0.001 

 

WS % (n) Normal 25.0 (8) 21.9 (7) 34.4 (11)        

 Moderate 40.6 (13) 37.5 (12) 40.6 (13)        

 Severe 34.4 (11) 37.5 (12) 25.0 (8)        

 Extreme 0.00 (0) 3.13 (1) 0.00 (0)        

Wooden Breast Score 0.00 0.00 0.00  0.00 0.00  1.000 0.002 

 

WB % (n) Normal 84.4 (27) 84.4 (27) 84.4 (27)        

 Wooden 

breast 

15.6 (5) 15.6 (5) 15.6 (5)        

Breast weight (g) 511 567 503  554a 500b  0.076 0.033 0.257 

Body weight (g) 2871 2991 2842  3153a 2668b  0.263 0.000 0.851 

Breast weight (%) 17.6 18.5 17.6  17.3b 18.6a  0.426 0.032 0.101 
1NC, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, GP, diet containing 2.5% grape pomace.  

(n) = Number of birds based on the severity of white striping or woody breast. P < 0.05 (Tukey’s procedure).  
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3.4 Discussion 

Grape pomace contains bioactive substances which have been recognized to possess 

antioxidative and antimicrobial properties. In this regard, GP has been sought not only as 

a potential alternative to antibiotics but also as a possible portion of composite feed for 

poultry (Brenes et al., 2016). Studies involving the use of grape by-products have shown 

inconsistent results basically in terms of growth performance. This might be due to the 

varying abundance of total polyphenols present in the various varieties of grape by-

products including, grape seed extract, grape skin, and grape pomace as dictated by but 

not limited to edapho-climatic factors (Shi et al., 2003; Rodríguez Montealegre et al., 

2006; Hassan et al., 2019). The total polyphenol content in our whole GP is 12.31 mg 

GAE/g which is lower than the reported 34.1 ± 0.3 mg GAE/g in muscadine GP (Wang et 

al., 2010), 48.7 mg GAE/g (Viveros et al., 2011), and 33.92 mg GAE/g (Ebrahimzadeh 

et al., 2018). The polyphenolic profile of whole GP also shows catechin, epicatechin, and 

gallic acid were observed to be the most abundant. These three polyphenols have been 

considered major catechins with dietary importance for both animals and human health (El 

Gharras, 2009). The impacts of GP reported in the literature ranges from growth-

maintenance to growth-reduction in birds depending on their inclusion levels in chickens’ 

diet. Goñi et al. (2007) and Sáyago-Ayerdi et al. (2009) reported that addition of dietary 

GP up to 6% could be used in chicken diets without impairing growth performance. 

Supplementation of 5% or 10% GP was reported to show no significant improvement in 

the growth performance of broiler chickens (Chamorro et al., 2015). Kumanda et al. (2019) 

also demonstrated that the inclusion of 7.5% dietary red GP reduced the overall feed intake 

of chickens. However, the study of Pop et al. (2015) reported a non-significant 

improvement in the body weight of broiler chickens, which increases as GP inclusion level 

increases from 1 to 2%. Without overemphasis, there are bewildering evidence that 

antibiotics improve the growth performance parameters of poultry birds (Gadde et al., 
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2017; Mehdi et al., 2018; Shang et al., 2020). However, based on the antioxidant capacity 

and the reported safe inclusion levels of GP, it was hypothesized that dietary inclusion of 

2.5% GP into broiler chickens’ diet would yield an equivalent growth-improvement 

propensity as antibiotics. The results of our study show that dietary supplementation of 

2.5% GP improves AFI with a corresponding increase in average AWG in the first two 

weeks of feeding (that is, starter phase; d 1 to 14) and favorably compared to the antibiotic 

diet. This is consistent with the findings of Aditya et al. (2018), who reported that GP 

supplementation at 0.5% dosage had a beneficial effect on body weight gain during the 

first 2weeks of life due to the presence of polyphenols. This suggests that the amount of 

fiber and polyphenols present in 2.5 % inclusion level of GP would improve feed intake 

and growth of broiler chickens at least in the first two weeks. The benefit of phytogenic 

additives on body weight and feed conversion ratio is markedly pronounced during the 

first stage of post-hatch life (Toghyani et al., 2011; Abdel-Wareth et al., 2019). During the 

grower phase, birds fed the antibiotic diet had higher AFI, average AWG, and lower FCR 

compared to those fed GP and control diets. This is consistent with the report of Kumanda 

et al. (2019), who submitted that dietary supplementation of 2.5% GP yields similar AFI 

when compared to control-fed birds. The reduced AWG among the GP-fed birds was due 

to the reduced AFI during the grower phase. Another plausible factor responsible for 

similar AWG at d 14-28 could be due to the approximately equal amount of dietary 

polyphenols in the control or 2.5% GP diets which had an impact on gut microbiota profile 

that is known to reduce body weight. During the finisher phase, AFI, AWG, and FCR in 

birds that consumed GP diet compared favorably to both the antibiotic and control 

treatments. Although the overall AWG of birds fed GP was statistically lower compared to 

those in the antibiotic treatment; however, the overall FCR was similar to the antibiotic and 

control treatments. This agrees with the work of Kumanda et al. (2019), who also obtained 

similar overall weight gain and FCR when broiler chickens were fed 2.5% GP and 

control diet. The inclusion level of any dietary phytogenic additive in an NC diet that 
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could afford improved performance of birds without side effects is referred to as 

reasonable doses (Qaid et al., 2021). The sustained overall FCR suggests that 

supplementation of GP at 2.5% may be the plausible dietary dosage at which the growth 

performance of broiler chickens is comparable to antibiotics. 

In our study, the dietary treatments affected the histomorphometric structure in the gut. The 

gut plays an important role in the digestion and absorption of nutrients and plays a 

selective barrier function by allowing the passage of nutrients and blockage of pathogenic 

microbes and their metabolites. These crucial gut functions could be compromised in the 

presence of some factors, such as low-quality diets. Villus height and CD are considered 

indicators of gut health for better nutrient absorption and a slower rate of enterocyte 

epithelial cell renewal. A healthy gut presents a higher VH and VH:CD and shallow crypt 

(Oliveira et al., 2008; Laudadio et al., 2012). Conversely, lower VH and deeper crypts are 

associated with poor digestion, less nutrient absorption, and consequently, poor growth 

performance (Qaisrani et al., 2014). The use of bacitracin has been reported to improve gut 

morphology in broiler chickens (Adewole and Akinyemi, 2021). However, it is interesting 

that dietary inclusion of 2.5% GP for broiler chickens significantly increased VH and 

VH:CD in the duodenum and jejunum compared to the control and antibiotic groups. 

This is the opposite of results reported by Ebrahimzadeh et al. (2018), when 5% and 

7.5% dietary GP was fed to broiler chickens. This could be due to the higher inclusion 

levels of GP. When a lower inclusion of GP at 60 mg/kg was employed in the study of 

Viveros et al. (2011), an increase in the VH:CD was observed, and this was comparable to 

birds fed dietary antibiotics. Crypt depth was observed to be shallower in the jejunum and 

ileum of birds receiving 2.5% GP and antibiotics compared to those fed the control diet; 

however, duodenal CD was not affected. A shallower crypt indicates a lower rate of 

enterocyte cell renewal and tissue turnover (Berrocoso et al., 2017; Ząbek et al., 2020), 

reduces the amount of nutrients needed for the maintenance of the gut and consequently 
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improves bird performance. Thus, supplementation of GP at a 2.5% inclusion level might 

be sufficient to maintain and improve healthy gut architecture in the absence of an 

antibiotic. 

Blood is a noteworthy medium for a reliable assessment of the physiological and health 

status of animals. Literature reports on the impacts of supplemental GP on the plasma 

biochemical indices of broiler chickens are limited. Our study found that dietary GP 

supplementation at 2.5% had significant effects on plasma Ca, P, ALP, and AST, while 

plasma glucose and serum immunoglobulins (G and M) were not influenced. 

Unfortunately, the mode of action through which dietary GP influences plasma metabolites 

is not fully understood. Unlike our study, Kumanda et al. (2019) demonstrated that varying 

inclusion levels of GP from 0% to 7.5% had no significant effect on serum phosphorus, 

calcium, alkaline phosphatase, and other serum biochemical parameters. The non-

significant effects reported by Kumanda et al. (2019) could be a result of the higher 

inclusion levels of dietary GP used. ALT and AST are important indicators of the health 

status of the liver (Zhang, 2011) as they play a critical function in protein and amino acid 

metabolism in the liver cells. The reduced plasma AST in broiler chickens fed dietary 2.5% 

GP could be an indication of improved hepatic enzyme activity. In the findings of 

Ebrahimzadeh et al. (2018), AST was found to be similar among birds fed diets containing 

non-medicated, supplemental vitamin E, and GP up to 7.5% inclusion levels, respectively. 

Compared to the antibiotic diet, birds fed 2.5% GP and control diets had elevated ALP. 

However, the value of ALP obtained in the present study was higher than the ALP 

reported by Kumanda et al. (2019). Elevated ALP indicates damaged liver or increased 

bone cell activity (Meyer-Sabellek et al., 1988; Lala et al., 2020). In the presence of high 

AST, ALT, and bilirubin, an increased level of ALP is triggered by liver damage (Lala et 

al., 2020). This suggests that the elevated ALP in this study is not due to liver damage. The 

dietary treatments, namely GP, antibiotic, and control diets, did not have any effect on 
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Serum IgG and IgM. This is in variance with the result of Ebrahimzadeh et al. (2018), who 

observed a significantly increased concentration of serum IgG with increasing dietary 

levels of GP from 5% to 10%. 

The gut microbiota has been recognized to contribute to bodily functions such as digestion 

and metabolism of nutrients, protection from pathogenic microbes, synthesis of certain 

vitamins, and modulation of the immune system (Konstantinidis et al., 2020). The most 

prevalent microbes that colonize the gut belong to five major phyla: Firmicutes, 

Bacteroidetes, Actinobacteria, Proteobacteria, and Verrucomicrobia (Lozupone et al., 

2012). It is important to mention that information on the impacts of GP on gut microbiota 

is very scanty. However, a  considerable number of in vitro demonstrations have reported 

that incorporation of grape by-products could selectively inhibit the proliferation of some 

intestinal microorganisms (Özkan et al., 2004). In the current study, the dietary treatments 

had significant effects on cecal microbiota and were observed to be dominated by five 

major phyla, namely, Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria and others 

unclassified (Bacteria_unclassified). Similar to our findings, Firmicutes and 

Bacteroidetes remain the largest phyla (Almeida et al., 2019; Qin et al., 2010; Forster et 

al., 2019). The ratio of the microbial population in these two dominant phyla plays a 

significant role in the regulation of intestinal homeostasis. In contrast to the antibiotic birds, 

it is surprising that the relative abundance of Bacteroidetes was greater than that of 

Firmicutes in the ceca of birds fed 2.5% dietary GP and control; thus, suggesting a lower 

Firmicutes-to-Bacteroidetes ratio (F:B). Plant bioactive substances, namely catechin and 

quercetin were reported to down-regulate F:B ratio (Xue et al., 2016). Interestingly, 

phytochemical analysis of our GP shows it is rich in both phenolic compounds. In humans, 

a higher proportion of Bacteroidetes and lower Firmicutes was reported among individuals 

who consumed fibre-rich diets (De Filippo et al., 2010). This could be the reason for the 

lower F:B ratio reported in the current study. Contrary to most perceptions, antibiotics do 
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not have fixed effect on the relative abundance of firmicutes and Bacteroidetes (Zhang et 

al., 2014); however, are mostly found to increase F:B ratio (Zhang et al., 2014; Dudek-

Wicher et al., 2018). While there is lack of consensus as to the relevance of higher F:B in 

improving capacity of energy harvesting and performance in animals (Ley et al., 2005; 

Singh et al., 2012; Stanley et al., 2013; Jami et al., 2014), multiple studies have correlated 

higher F:B to incidence of obesity and dysbiotic microbiome in animals (Ley et al., 2006; 

Mariat et al., 2009; Razavi et al., 2019; Magne et al., 2020). This indicates that dietary 

inclusion of 2.5% GP has positive modulatory effects on the gut microbial community. 

Additionally, the suppressive effect of polyphenols on the F:B ratio has been implicated in 

the loss of body weight (Xue et al., 2016). This could be responsible for the reduced AWG 

among the 2.5% GP-fed birds compared with the antibiotic-fed birds, particularly during 

the grower phase and for the overall period. In addition, compared to the antibiotic 

treatment, both dietary 2.5% GP and the control diets significantly had a lower relative 

abundance of Proteobacteria. An increase in the population of Proteobacteria has been 

implicated in the incidence of metabolic syndrome and inflammatory bowel disease and is 

sought as a microbial signature of dysbiosis (Carvalho et al., 2012; Shin et al., 2015; 

Bradley and Pollard, 2017). At the genus level, dietary GP significantly increased the 

relative abundance of Bacteroides and Lactobacillus bacteria. This is similar to the 

increased ileal count of Lactobacillus when 10 – 40 g/kg of grape seed was fed to broiler 

chickens, as reported by Abu Hafsa and Ibrahim (2018). However, the result of our study 

was in variance with the study of Chamorro et al. (2017), where dietary grape pomace at 

50 g/kg of feed did not influence Lactobacillus count. Viveros et al. (2011) reported that 

the inclusion of GP concentrate at 7.2 g/kg did not affect the ileal count of Lactobacillus. 

Many strains of Lactobacillus species have the capacity to maintain the intestinal barrier 

function, particularly during a disease condition, by modulating the expression of heat 

shock protein or tight junction proteins or by restricting the adhesion of pathogens (Liu et 

al., 2015). In humans, a reduced abundance of Bacteroides has been associated with 
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inflammatory bowel disease, Crohn’s disease, and ulcerative colitis disease conditions 

(Zhou and Zhi, 2016). Dietary GP at 2.5% could be the optimum inclusion level that would 

selectively enhance the proliferation of gut-friendly microbes like Lactobacillus and 

Bacteroides. Unfortunately, antibiotics have been reported to deplete the population of 

microbes in the Lactobacillaceae family (Wise and Siragusa, 2007; Neumann and Suen, 

2015). In contrast to the GP and control treatments, there was a significantly higher relative 

abundance of Oscillospirales_ge, Escherichia-shigella, Lachnospiraceae_ge, CAG-352, 

Blautia, UCG-005, NK4A214_group, and Anaerovoracaceae_ge in birds fed the 

antibiotic diet. This may be due to the higher Shannon diversity index in the antibiotic 

treatment compared to the GP and control treatments. The bacteria genus Escherichia-

shigella, has been dubbed opportunistic pathogenic microbes (Elbere et al., 2018), often 

created by antibiotic use (Dudek-Wicher et al., 2018). Lachnospiraceae_ge and Blautia 

are members of Lachnospiraceae, which are known to be a part of the main producers of 

short-chain fatty acids (Vacca et al., 2020) and have also been positively correlated with 

good performance in birds (Stanley et al., 2016). Beta diversity, which measures similarity 

between multiple microbial communities, indicates it was significantly different in the 

antibiotic treatment compared to other treatments. Most studies that use 16S RNA genes 

reported altered diversity following antibiotic application (Orlewska et al., 2018a; b). This 

is no surprise as bacitracin has been reported to cause a reduction in the Lactobacillus while 

increasing Clostridales in broiler chickens (Crisol-Martinez et al., 2017; Costa et al., 2017). 

This implies that dietary supplementation of 2.5% GP could help to stabilize gut microbiota 

in broiler chickens compared to antibiotics. Despite the significant effect of dietary 

treatments on cecal microbiota, the composition of cecal short-chain fatty acids was not 

affected. This could be a result of the similar total eubacteria present in the ceca across the 

dietary treatment. 

White striping and woody breast are the two main types of breast muscle myopathies 
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associated with broiler chickens. It has been speculated that localized hypoxia, oxidative 

stress, high levels of calcium in the intracellular tissue, and muscle fiber type switching 

could be likely causes of myopathies in broiler chickens (Mutryn et al., 2015). The 

appearance of such anomaly on fillets reduces their acceptability by consumers (Kuttappan 

et al., 2016). The incidences of WS and WB were not affected by the dietary treatments, 

and the incidence of these myopathies was generally low in the current study. It was noted 

that male chickens had higher slaughter and breast weights than the females, while the 

females showed a higher breast weight percent of body weight compared to the males. 

Some previous studies (Ojedapo et al. 2008; Lopez et al., 2011; Benyi et al., 2015) have 

reported a similar situation. Studies (Benyi et al., 2015; Ikusika et al., 2020) have also 

shown that the differences in body weight between male and female chickens are strain-

dependent. 

3.5 Conclusion 

Dietary incorporation of grape pomace at the inclusion level of 2.5% had beneficial 

effects on the growth performance of broiler chickens during the starter phase; however, it 

had slight negative effects from 14-28d, and no difference in feed efficiency throughout 

the overall period. Furthermore, there was an improvement in the villus height and villus 

height crypt depth ratio and modulation of gut microbiota, while the cecal short-chain fatty 

acid concentrations were not affected in birds fed grape pomace. The present study 

suggests that the inclusion of grape pomace at 2.5% in the diet of broiler chickens is 

favorable for the optimization of intestinal health without affecting their blood biochemical 

and immune profiles.
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CHAPTER 4: Effect of red osier dogwood extract on growth performance, blood 

biochemical parameters, and gut functionality of broiler chickens challenged or 

unchallenged intraperitoneally with Salmonella Enteritidis lipopolysaccharide 

 

This work has been published elsewhere: 

Erinle, T., J. MacIsaac, C. Yang, and D. Adewole. 2022. Effect of red osier dogwood 

extract on growth performance, blood biochemical parameters, and gut functionality of 

broiler chickens challenged or unchallenged intraperitoneally with Salmonella Enteritidis 

lipopolysaccharide. Poult. Sci.:101861. 

https://doi.org/10.1016/j.psj.2022.101861 

 

4. Abstract 

As we advance in the search for antibiotic-alternatives, harnessing plant materials with high 

total polyphenol concentration (TPC) would be quintessential. Given the high TPC in red 

osier dogwood (ROD) extract, the current study aimed to determine its efficacy on the 

growth performance, intestinal health, blood biochemistry, and antioxidant capacity of 

broiler chickens. A 21-day 4x2 factorial feeding trial was conducted based on two main 

factors, namely dietary treatments and Salmonella Enteritidis Lipopolysaccharides (SE-

LPS) challenge. A total of 384 one-day-old mixed-sex Cobb-500 broiler chicks were 

randomly allotted to four dietary treatments – Negative control (NC), NC+0.05% 

bacitracin methylene disalicylate (BMD), NC+0.3%ROD, and NC+0.5% ROD. Each 

treatment was assigned to eight replicates with six birds/replicate. On d 13 and 20, half of 

the birds were intraperitoneally injected with 1mL phosphate-buffered-saline /kg BW of 

birds (Unchallenged-group) and the remaining half with 1mg SE-LPS /kg BW of birds 

(Challenged-group). Average weight gain (AWG), average feed intake (AFI), feed 

https://doi.org/10.1016/j.psj.2022.101861
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conversion ratio (FCR), and mortality were determined weekly. On d 21, ten 

chickens/treatment were euthanized for measuring blood biochemical parameters, immune 

organ weights, cecal SCFA, and ceca microbiota. The SE-LPS decreased (P<0.05) AWG 

and FCR on d 14 and 21, respectively. On d 14, 21, and overall basis, both ROD extract 

levels marginally improved (P<0.05) the AWG of unchallenged birds compared to other 

treatments in the unchallenged-group. Challenged and unchallenged birds fed ROD extract 

had deeper (P<0.05) crypt depth (CD) and higher (P<0.05) villus height:CD, respectively, 

in the ileum. Globulin (GLB) and albumin:GLB were increased and reduced (P<0.05), 

respectively, among birds fed 0.3%ROD compared to other treatments. There was no 

treatment effect on ceca SCFA, relative weights of immune organs, and serum antioxidants. 

Birds fed ROD extract had a higher (P<0.05) relative abundance of cecal Lactobacillus and 

Streptococcus genera compared to the antibiotic treatment. Conclusively, incorporating 

0.3% and 0.5%ROD extract into broiler chickens’ nutrition improved growth performance 

and ileal morphology, and modified cecal microbiota of broiler chickens, regardless of the 

intraperitoneal SE-LPS challenge. 

Keywords: red osier dogwood extract, broiler chickens, Salmonella enteritidis 

lipopolysaccharides, cecal microbiota, total antioxidant power.  

4.1 Introduction 

The global poultry industry is constantly embattled by the prevalence of disease-causing 

pathogens and their metabolites, undermining its performance, profitability, and 

survivability. On a global scale, the average annual economic burden these diseases pose 

on the poultry industry is $3 to $6 billion (Chapman and Jeffers, 2014). The current 

antibiotics restriction has consequentially contributed to the proliferation of intestinal 

pathogenic bacteria species that are known to impair chicken’s health and cause food-borne 
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infections in humans, including salmonellosis (Huyghebaert et al., 2011) and endotoxaemia 

(Acharya and Bajaj, 2017). Both disease conditions are often caused by pathogenic 

Salmonella or their lipopolysaccharides. While the liveability and growth improvement 

potentials of antibiotic drugs on poultry species can not be contested, the iron-fisted 

restriction to their use is quite understandable and would further prevent the menace of 

antibiotic-resistant bacteria resulting from the overwhelming use of critical and high 

priority antibiotics. There have been continuous efforts directed at identifying suitable 

alternatives to antibiotic use in poultry production. Suitable antibiotic alternatives could be 

referred to as feed additives, such as plant extracts, beneficial microbial culture, special 

plant fibre, antimicrobials, or other metabolites usually of natural origin that could 

particularly improve growth and gut health, in either a marginal, equivalent, and/or better 

capacity compared to antibiotic effect given the same condition. 

Of the ubiquitous bacteria species, the gram-negative ones are the most economically 

significant group recognized for their appreciable resistance to some antimicrobials due to 

the extra unique structure in their outer membrane. The implicated bacteria in this category, 

include Salmonella spp, which produces lipopolysaccharides (LPS; an endotoxin 

containing virulence factors and proteins), contributing to the structural integrity of the 

bacteria. Interestingly, LPS comprises O antigen, oligosaccharides, and lipid A, thus, 

accounting for about 75 – 80% of the outer membrane of gram-negative bacteria (Klein 

and Raina, 2019; Avila-Calderón et al., 2021). Lipopolysaccharides are powerful immune-

stimulants that trigger the innate immune response of the host (Klein and Raina, 2019; 

Valdez, 2021) upon recognition by Toll-like receptors in cells, including monocytes, beta 

cells, and macrophages, thus promoting the secretion of pro-inflammatory cytokines. The 

gastrointestinal tract hosts trillions of gram-positive or gram-negative bacteria. 

Lipopolysaccharides have been allegedly reported to be present sometimes in a healthy gut 
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(Reisinger et al., 2020); however, at a certain threshold, they cause inflammation, fever, 

diarrhea, septic shock, and potential death (Wassenaar and Zimmermann, 2018; Farhana 

and Khan, 2021) provided they are from pathogenic bacteria like Salmonella. The secretion 

of LPS is not limited to the host’s gut, as a reasonable amount of LPS concentration could 

also be detected in food/feed (Wassenaar and Zimmermann, 2018). In broiler chicken 

studies, LPS have been implicated in the impairment of performance characteristics (Zheng 

et al., 2016; Zhang et al., 2020; Chen et al., 2020), inducement of oxidative stress (Li et al., 

2015; Zhang et al., 2020), causing intestinal inflammation (Zhang et al., 2020) and 

disruption of the structural integrity of the intestinal wall, gut barrier functions and nutrient 

absorption (Zhang et al., 2020). Farhana and Khan (2021) reported that LPS is often used 

in serotyping gram-negative bacteria, and their early detection in the serum could be a 

diagnostic marker for infection. Thus, the severity of LPS on the host’s immune system is 

expected to vary depending on the chemical structure of LPS and the bacteria-type 

producing the LPS. Responses of broiler chickens to LPS derived from E. 

coli and Salmonella Typhimurium are the most reported. However, there is a paucity of 

ample information on broiler chickens’ responses when challenged with Salmonella 

Enteritidis LPS.  

Remarkably, some studies have demonstrated that oxidative stress caused by LPS could be 

improved by dietary supplementation of exogenous antioxidants (Wu et al., 2013; Jang et 

al., 2014). Interestingly, bioactive substances in plants have been well-documented to 

possess antioxidant prowess in an equivalent capacity of some vitamins, such as vitamin E 

(Mazur-Kuśnirek et al., 2019). An example of such plants with a high concentration of 

bioactive substances is the red osier dogwood (ROD) plant. 
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Red osier dogwood (Cornus stolonifera) is a naturally growing ornamental shrub in all 

provincial areas of Canada (Scales, 2015). Red osier dogwood is a phytogenic additive that 

has been reported to contain a high concentration of phenolic compounds, primarily gallic 

acids, quercetin, rutin, and anthocyanins (Isaak et al., 2013; Scales, 2015). Dietary 

Supplementation of ROD reduced antibiotics usage in weaned pigs and limited the 

occurrence of diarrhea and death in rabbits (Scale, 2015); it afforded protection to weanling 

pigs against oxidative stress induced by E. coli infection (Amarakoon, 2017), and 

maintained growth performance and improved nutrient digestibility and absorption, and 

livability in broiler chickens (Mogire et al., 2021). In fact, in vitro demonstrations 

mimicking a real-time intestinal absorption of ROD extract bioactive substances using 

Caco-2 cells confirmed that the phenolic compounds in ROD are capable of mitigating 

inflammatory responses by stepping down the production of interleukin-8 secretion and 

reactive oxygen species and stepping up the production of body antioxidant enzymes 

including superoxide dismutase and glutathione peroxidase (Jiang et al., 2019; Yang et al., 

2019). A considerable number of studies involving dietary application of ROD extract have 

been demonstrated on swine, rabbits, equine, bovine, and poultry. The study conducted by 

Mogire et al. (2021) was the first to investigate the use of ROD at 0.1% and 0.3% inclusion 

rate in broiler chickens but lacked an immune-response challenge model. To the best of our 

knowledge, there is currently no study on the effect of ROD extract on blood parameters, 

antioxidants, and gut health of broiler chickens challenged with LPS. Thus, there is a need 

for more research to establish the antioxidant and antimicrobial activities of ROD extract 

in broiler chickens with a stressed immune system. 

Given the improved gut health and maintained growth performance in broiler chickens fed 

0.1% and 0.3% dietary ROD extract, we hypothesized that a higher inclusion level of 0.3% 

and 0.5% might be better treatment combinations that will attenuate the triggered immune 
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response of broiler chickens challenged intraperitoneally with SE-LPS, without 

compromising their growth performance. Thus, this study aimed to examine the 

ameliorative potential of dietary ROD extract at 0.3% and 0.5% as an alternative to in-feed 

antibiotics on growth performance, blood biochemical parameters, gut health, and 

antioxidant status of broiler chickens challenged intraperitoneally with SE-LPS. 

4.2 Materials and Methods 

The experimental protocol was approved by Dalhousie University Animal Care and Use 

Committee (Animal Care Certification Number 2020-043). The birds were handled 

following the guidelines established by the Canadian Council on Animal Care (2009).  

4.2.1 Birds and housing 

A total of 384 one-day-old mixed-sex Cobb-500 broiler chicks were obtained from Atlantic 

Poultry Incorporated, Port Williams, Nova Scotia, and were raised in a two-tier battery 

cage system (0.93 m × 2.14 m) at a stocking density of 0.076 m2/birds for 21 d. Upon 

arrival, the mixed-sex birds were weighed in groups of 6 and randomly allocated to each 

cage. The room temperature was monitored daily and was gradually reduced from 32 to 24 

0C from d 0 to 21. The lighting program was set to produce 18 hours of light and 6 hours 

of darkness throughout the experimental period, and illumination was gradually reduced 

from 20 1× on d 0 to 5 1× on d 21. 

4.2.2 Diets and experimental design 

 The ROD extract used in this study was obtained from Red Dogwood Enterprise, MB, 

Canada. The birds were randomly assigned to eight treatment groups containing eight 

replicate cages of 6 birds each. The experiment was designed as a 4 × 2 factorial 

arrangement based on 2 main factors, as shown in Table 4.1. The main factors were: 1) 4 

dietary treatments: corn-wheat-soybean meal based diet negative control (NC), NC with 



 

88  

0.05% bacitracin methylene disalicylate (BMD) per kilogram of diet; and NC 

supplemented with 0.3% or 0.5% ROD extract and 2) 2 intraperitoneal injections: 1 mL 

sterile 1×phosphate buffered saline (PBS) per kg BW of birds (AVL82762, HyClone 

Laboratories, Inc., Logan, UT) as the unchallenged group (U), or 1 mg SE-LPS per kg BW 

of birds (ATCC 13076; Sigma-Aldrich, St. Louis, MO) as the challenged group (C). The 

intraperitoneal injection was carried out on d 13 and 20. The basal diet was formulated as 

isocaloric and isonitrogenous to meet the nutrient requirements of broiler chickens as 

recommended by National Research Council (1994). The compositions of the experimental 

diets are presented in Table 4.2. Experimental diets containing BMD and ROD were mixed 

from a single basal diet; thus, the reason for reporting analyzed nutrient contents of the 

basal diets only. The proximate composition of the control diets was determined following 

A.O.A.C. (1990) procedure. The phenolic profiling of the ROD extract used in our study 

is presented in Figure 4.1. Total polyphenols in the ROD and diets at the starter and grower 

phases and polyphenols profile of ROD (Folin-Coicalteu) were determined using an ultra-

performance liquid chromatography-tandem mass spectrometer (UPLC-MS/MS) at the 

Institute of Nutrition and Functional Foods, Quebec, Canada. 

Table 4.1. Experimental design 

 Challenge model 

Dietary treatment 

(number of replicates; n) 

Unchallenged (U) Challenged (C) 

(a) Basal (NC)  1.  NC + PBS (n=8) 2. NC + SE-LPS (n=8) 

(b) + Antibiotics 3. NC + BMD + PBS (n=8) 4. NC + BMD + SE-LPS (n=8) 

(c) + 0.3% ROD extract 5. NC + 0.3% ROD + PBS 

(n=8) 

6. NC + 0.3% ROD + SE-LPS 

(n=8) 

(d) +0.5% ROD extract 7. NC + 0.5% ROD + PBS 

(n=8) 

8. NC + 0.5% ROD + SE-LPS 

(n=8) 

Basal, Negative control (NC) diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet 

containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 0.5% red osier dogwood extract. 
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U = Unchallenged group; C = Challenged group; PBS = Phosphate buffered saline; SE-LPS = Salmonella 

Enteritidis lipopolysaccharides 
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Table 4.2. Gross and nutrient compositions of experimental diets (as-fed basis, %, unless otherwise stated) 

Ingredients Starter phase (1-14 days)  Grower phase (14-21 days) 

 Basal BMD 0.3% 

ROD 

0.5% 

ROD 

 Basal BMD 0.3% 

ROD 

0.5% ROD 

Corn 42.37 42.27 41.83 41.48  45.99 45.65 45.22 44.86 

Soybean meal (47.5 %CP) 40.13 40.15 40.17 40.2  36.15 36.21 36.24 36.26 

Wheat 10.00 10.00 10.00 10.00  10.00 10.00 10.00 10.00 

Vegetable oil 2.82 2.85 3.01 3.14  3.74 3.85 4.01 4.14 

Dicalcium phosphate 1.57 1.57 1.57 1.57  1.39 1.39 1.39 1.39 

Limestone 1.45 1.45 1.45 1.45  1.32 1.32 1.32 1.32 

DL Methionine Premix W 0.61 0.61 0.61 0.61  0.53 0.53 0.53 0.53 

Starter Vitamin/Mineral premix X 0.50 0.50 0.50 0.50  - - - - 

Grower/Finisher Vitamin/Mineral 

premix Y 
- - - -  0.50 0.50 0.50 0.50 

Sodium chloride 0.40 0.40 0.40 0.40  0.38 0.38 0.38 0.38 

Red dogwood extract - - 0.30 0.50  - - 0.30 0.50 

BMD 110 G Z - 0.05 - -  - 0.05 - - 

Lysine HCL 0.16 0.16 0.16 0.16  - 0.12 0.12 0.12 

Formulated Composition          

Crude Protein  23 23 23 23  21.5 21.5 21.5 21.5 

Metabolizable Energy (kcal kg-1) 3,000 3,000 3,000 3,000  3,100 3,100 3,100 3,100 

Calcium 0.96 0.96 0.96 0.96  0.87 0.87 0.87 0.87 

Available Phosphorus  0.48 0.48 0.48 0.48  0.44 0.44 0.44 0.44 

Digestible Lysine 1.28 1.28 1.28 1.28  1.15 1.15 1.15 1.15 

Digestible Methionine + Cystine  0.95 0.95 0.95 0.95  0.87 0.87 0.87 0.87 

Sodium 0.19 0.19 0.19 0.19  0.18 0.18 0.18 0.18 

Analyzed Composition          

Crude Protein  24.1     22.1    
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Ingredients Starter phase (1-14 days)  Grower phase (14-21 days) 

 
Basal BMD 0.3% 

ROD 

0.5% 

ROD 

 Basal BMD 0.3% 

ROD 

0.5% ROD 

Calcium  0.81     0.75    

Total Phosphorus  0.68     0.62    

Sodium  0.15     0.12    

Crude Fat  3.22     4.40    
1 Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet 

containing 0.5% red osier dogwood extract 

W Supplied/kg premix: DL-Methionine, 0.5 kg; wheat middlings, 0.5 kg.  

X Starter vitamin-mineral premix contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin K; 7.6 mg 

riboflavin; 13.5 mg Dl Ca-pantothenate; 0.012 mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 2.9 mg 

thiamine; 70.2 mg manganese; 80.0 mg zinc; 25 mg copper; 0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone.  

Y Grower and Finisher vitamin-mineral premix contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin K; 

7.6 mg riboflavin; 13.5 mg Dl Ca-pantothenate; 0.012 mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 2.9 

mg thiamine; 70.2 mg manganese; 80.0 mg zinc; 25 mg copper; 0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone.  

Z Bacitracin methylene disalicylate (providing 55 mg/kg mixed feed); Alpharma, Inc., Fort Lee, NJ, US. 
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4.2.3 Growth performance and sample collection 

Average body weight (ABW) and average feed intake (AFI) were determined weekly on 

a cage basis, and mortality was recorded daily to correct for AFI and feed conversion ratio 

(FCR). Birds that died were sent to the Veterinary Pathology Laboratory, Nova Scotia 

Department of Agriculture Dalhousie University for post-mortem examinations. 

4.2.4 Blood biochemistry and antioxidant assay 

On d 21, 80 birds (ten birds from each treatment) were randomly selected, individually 

weighed, and euthanized by electrical stunning and exsanguination. At exsanguination, 

approximately 8 mL of blood samples were collected from the jugular vein of each bird 

and were divided into 2 aliquots (4 mL each) in 5 mL heparinized tube and 5 mL serum 

tube for the determination of plasma biochemistry and serum enzyme-link immunosorbent 

assay (ELISA), respectively. Samples for blood biochemical analysis were centrifuged at 

5000 rpm for 10 m and shipped on ice to Atlantic Veterinary College, University of Prince 

Edward Island Pathology Laboratory, where samples were analyzed using Cobas® 6000 

analyzer series. Serum immunoglobulin Y (IgY) and immunoglobulin M (IgM) were 

analyzed using respective ELISA kits from Bethyl Laboratories, Inc. (catalog number E33-

104-200218 and E33-102-180410) following manufacturer instructions. Superoxide 

dismutase (SOD) and total antioxidant power (TAP) were analyzed using a SOD assay kit 

(Item Number 706002; Cayman Chemical, USA) and Oxiselect total antioxidant capacity 

assay kit (MAK187-1KT; Sigma-Aldrich), respectively following the manufacturers’ 

instructions. 

4.2.5 Gut morphology 

A 1.5 cm segment at the middle of the duodenum jejunum, and ileum was collected and 

preserved in 10% buffered formalin (Sigma-Aldrich, St. Louis, MO) for three days. The 

formalin-preserved intestinal segments were immersed in paraffin and cross-sectioned. 
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Each cross-sectioned segment was mounted on a glass slide (n = 10 per treatment) and 

stained with Alcian blue and periodic acid-Schiff (PAS) reagents. The morphological slides 

were examined under a microscope coupled with a digital camera. Ten well-oriented and 

distinct villi on each slide were identified and measured for villus height (VH), villus width 

(VW), and crypt depth (CD). Villus height was measured from the tip of the villus to the 

villus crypt junction, i.e., top of the lamina propria of each villus. Crypt depth was 

measured from the villus crypt junction to the tip of the muscularis mucosa (Shang et al., 

2020). The villus height:crypt depth ratio (VH:CD) was subsequently estimated. 

4.2.6 Short-chain fatty acid concentrations and total eubacteria count 

Digesta from the pair of ceca were mixed and divided into two sub-samples. The cecal 

samples for SCFA and total eubacteria determination were immediately preserved using 

BioFreeze™ sampling kits (Alimetrics Diagnostics Ltd., Espoo, Finland) following the 

manufacturer’s recommended protocol. In addition to the cecal SCFA concentration, the 

analysis of the most prevalent bacterial species was performed by Alimetrics Diagnostics 

Ltd. 

4.2.7 Gut microbiota 

The second portion of the mixed cecal digesta were stored in plastic RNAse and DNAse-

free tubes, placed in liquid nitrogen, and followed by storage at -80°C for further gut 

microbiota analysis. Specimens were placed into a MoBio PowerMag Soil DNA Isolation 

Bead Plate (Qiagen, Carlsbad, CA). DNA was extracted following MoBio’s instructions 

on a KingFisher robot. Bacterial 16S rRNA genes were PCR-amplified with dual-barcoded 

primers targeting the V4-V5 region (515FB 5’-GTGYCAGCMGCCGCGGTAA-3’ and 

926R 3’ CCGYCAATTYMTTTRAGTTT-5’). Amplicons were sequenced with an 

Illumina MiSeq using the 300-bp paired-end kit (v.3) at the Integrated Microbiome 

Resource (http://imr.bio) of Dalhousie University. Sequences were denoised, 

http://imr.bio/
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taxonomically classified using Greengenes (v. 13_8) as the reference database, and 

clustered into 97%-similarity operational taxonomic units (OTU) with the mothur software 

package (v. 1.39.5) (Schloss, 2009), following standard operating procedure on 

MicrobiomeHelper which is based in Quantitative Insights Into Microbial Ecology 2 

(QIIME2) (https://github.com/LangilleLab/microbiome_helper/wiki/Amplicon-SOP-v2-

(qiime2-2019.7). 

4.2.8 Relative weight of immune organs 

Two lymphoid organs (spleen and liver) were collected from each bird, and the relative 

weight was expressed as a percentage of the individual BW. 

4.2.9 Statistical analysis 

Datasets were subjected to 4 × 2 factorial analysis of variance (ANOVA) using the General 

Linear Model of Minitab LLC, (2019) software. Error terms of individual response variable 

were confirmed for the validity of three basic assumptions including, normality, constant 

variance, and independence. A normal probability plot of residuals was done to verify the 

normality of error terms using the Anderson Darling test in the same statistical package. 

Where error terms of datasets were found to be non-normal or non-constant, the respective 

original datasets were subjected to various transformation functions. If the error terms' 

normality and homoscedasticity were still violated upon transformations, then such 

datasets were analyzed using the Kruskal-Wallis test. Following ANOVA, differences 

between significant means were separated using Tukey’s honest significant difference 

(HSD) test and Mann Whitney for the parametric and non-parametric datasets, 

respectively, in the same statistical package. Analyzed datasets were presented as means, 

standard error of the mean (SEM), and probability values. Statistically different values 

were considered at P<0.05. 

 

https://github.com/LangilleLab/microbiome_helper/wiki/Amplicon-SOP-v2-(qiime2-2019.7)
https://github.com/LangilleLab/microbiome_helper/wiki/Amplicon-SOP-v2-(qiime2-2019.7)
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4.3 RESULTS 

4.3.1 Total polyphenol content (TPC) 

The result of the polyphenol profile of ROD extract (mg standard equivalent/g) and the 

TPC of the dietary treatments are presented in Figures 1 and 2, respectively. The measured 

total polyphenol in the ROD extract was 238.81 mg gallic acid equivalent (GAE)/g. From 

the polyphenol profile of ROD extract, gallic acid and quercetin were observed to be the 

most abundant phenolic compounds. The TPC (Folin-Ciocalteu) (mg GAE/g) in the starter 

diets namely, A, C, and D, respectively, were 1.55, 2.1, and 2.56, respectively. However, 

in the grower phase, TPC in A, C, and D were 1.16, 1.73, and 2.12 mg GAE/g.  

 

Figure 4.1. Polyphenols profile of red osier dogwood extract by UPLC-MSMS (mg 

standard equivalent/g). 
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Figure 4.2. Total polyphenols content (mg gallic acid equivalent GAE/g) in treatments fed 

to broiler chicken according to production phases. A, B, C, and D diets per production 

phase. Treatment: A = Negative control, C = diet containing 0.3% red osier dogwood 

extract, and D = diet containing 0.5% red osier dogwood extract. 

4.3.2 Growth performance 

The effects of ROD extract as an antibiotic-alternative on growth performance of broiler 

chickens challenged or unchallenged with SE-LPS are presented in Table 4.3. No 

interaction effect was observed; thus, the results are reported based on the main effects. No 

treatment effects (p>0.05) were observed on the growth response of the unchallenged birds 

on d 7 and the challenged birds throughout the entire experimental period. However, on d 

14 and d 21, and overall basis, AWG of the unchallenged group of birds followed a specific 

pattern of variation and was observed to be marginally improved (p<0.05) among birds fed 

dietary 0.3% and 0.5% ROD extract compared with those fed antibiotic and control diets. 

On d 14, there was a significant model effect (p<0.05) on AWG and was seen to be 

significantly higher (p<0.05) among the unchallenged group of birds compared to the 

challenged birds. On d 21, there was a significant treatment*challenge model interaction 
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effect (p<0.05) on AFI of birds. Meanwhile, the FCR was significantly influenced (p<0.05) 

by the dietary challenge model and was observed to be lower among the unchallenged birds 

compared with the challenged birds. The dietary treatments and model did not affect 

mortality. 
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Table 4.3. Effect of red osier dogwood extract on growth performance of broiler chickens challenged intraperitoneally with Salmonella 

Enteritidis Lipopolysaccharide examined at weekly levels. 
  

Treatment1  
 

Challenge 

model2 

 
 

P-Value 

Parameters Challenge 

model2  

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Day 0-7 
              

Average 

feed intake 

(g/bird) 

U 128 117 119 119 2.110   120 124 1.450   0.217 0.189 0.226 

C 126 128 121 119 1.980         

Average 

weight gain 

(g/bird) 

U 97.3 98.8 95.4 91.1 1.920 
 

95.7 98.0 1.300 
 

0.612 0.379 0.835 

C 98.6 99.3 96.4 97.7 1.750         

FCR U 1.33 1.19 1.27 1.31 0.031 
 

1.27 1.28 0.020 
 

0.828 0.931 0.287 

C 1.29 1.33 1.26 1.23 0.030         

Mortality(%) U 0.00 0.00 0.00 0.00 0.080   0.00 0.00 0.060   0.822 1.000 -  

C 0.00 0.00 0.00 0.00 0.080 
   

 
 

 
  

Day 7-14               

Average 

feed intake 

(g/bird) 

U 288 329 304 301 6.500  304 294 4.300  0.127 0.240 0.481 

C 284 300 285 305 5.600 
   

 
 

 
  

Average 

weight gain 

(g/bird) 

U 209b 251a 243ab 228ab 5.580  235a 223b 3.330  0.013 0.048 0.197 

C 219 235 216 219 3.480 
   

 
 

 
  

FCR U 1.38 1.31 1.24 1.31 0.022  1.30 1.32 0.020  0.261 0.695 0.076 

C 1.30 1.28 1.32 1.40 0.022 
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  Treatment1   Challenge 

model2 
  P-Value 

Parameters Challenge 

model2  

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Mortality(%) U 0.00 0.00 0.00 0.00 0.040  0.00 0.00 0.030  0.552 1.000 - 

C 0.00 0.00 0.00 0.00 0.040               

Day 14-21               

Average 

feed intake 

(g/bird) 

U 681 723 750 694 9.360   712 717 7.190   0.208 0.710 0.047 

C 748 725 708 687 11.10 
   

 
 

 
  

Average 

weight gain 

(g/bird) 

U 347b 416a 404ab 379ab 8.680  386 367 5.630  0.019 0.063 0.081 

C 373 388 359 349 6.880 
   

 
 

 
  

FCR U 2.00 1.75 1.87 1.84 0.040  1.86b 1.96a 0.030  0.045 0.036 0.818 

C 2.02 1.88 1.99 1.98 0.030 
   

 
 

 
  

Mortality(%) U 0.00 0.00 0.00 0.00 0.030   0.00 0.00 0.020   0.566 1.000   

C 0.00 0.00 0.00 0.00 0.030 
   

 
    

Overall (0-21)              

Average 

feed intake 

(g/bird) 

U 1,096 1,169 1,173 1,114 11.80  1,138 1,136 8.420  0.201 0.923 0.069 

C 1,162 1,155 1,115 1,114 12.20         

Average 

weight gain 

(g/bird) 

U 653b 766a 743ab 698ab 15.10  715 687 9.210  0.018 0.108 0.140 

C 690 722 671 666 10.30         

FCR U 1.70 1.53 1.59 1.60 0.030  1.61 1.66 0.016  0.053 0.096 0.716 

 C 1.69 1.61 1.67 1.68 0.020         
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  Treatment1   Challenge 

model2 

  P-Value 

Parameters Challenge 

model2  

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Mortality(%) U 0.00 0.00 0.00 0.00 0.030  0.00 0.00 0.019  0.422 0.793 - 

 C 0.00 0.00 0.00 0.00 0.025         
1Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, 

diet containing 0.5% red osier dogwood extract; 

2U = Unchallenged group; C = Challenged group; 

3SEM = standard error of the mean. 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 

100 



 

101  

4.3.3 Gut morphology 

The effects of ROD extract on the intestinal morphology of broiler chickens challenged or 

unchallenged intraperitoneally with SE-LPS are presented in Table 4.4. There were no 

interaction and model effects; therefore, the results were interpreted based on the treatment 

effects. With the exception of ileal CD and VH:CD, dietary supplementation of 0.3% and 

0.5% ROD extract did not have a significant effect on gut morphology variables of the broiler 

chickens. In the ileal section, both levels of ROD extract significantly deepened (p<0.05) CD 

among the challenged birds compared with the antibiotic and control birds. Dietary 

supplementation of 0.3% ROD extract significantly improved (p<0.05) VH:CD compared 

with other treatments. 
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Table 4.4. Effect of red osier dogwood extract on gut morphology of broiler chickens challenged intraperitoneally with Salmonella 

Enteritidis Lipopolysaccharide. 

 
 

 
Treatment1 

  
Challenge 

model2 

 
 

P-Value 

Parameters  Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Duodenum 
              

 

Villus height 

(mm) 

 
U 1.32 1.42 1.32 1.35 0.021 

 
1.35 1.31 0.016 

 
0.820 0.228 0.476  

C 1.33 1.30 1.33 1.29 0.025 
       

 

Villus width 

(mm) 

 
U 0.17 0.15 0.15 0.16 0.007 

 
0.16 0.15 0.004 

 
0.684 0.487 0.192  

C 0.14 0.15 0.15 0.14 0.004 
   

  
   

 

Crypt depth 

(mm) 

 
U 0.11 0.10 0.10 0.10 0.002 

 
0.10 0.11 0.002 

 
0.218 0.868 0.891  

C 0.12 0.10 0.10 0.10 0.003 
       

 

VH:CD4 
 

U 13.1 16.0 13.4 14.1 0.550 
 

14.1 13.2 0.334 
 

0.224 0.152 0.767   
C 12.4 13.5 13.3 13.7 0.371 

       
 

Jejunum 
              

 

Villus height 

(mm) 

 
U 0.72 0.76 0.72 0.75 0.017 

 
0.73 0.71 0.013 

 
0.874 0.476 0.441  

C 0.75 0.72 0.73 0.67 0.019 
       

 

Villus width 

(mm) 

 
U 0.15 0.15 0.17 0.17 0.005 

 
0.15 0.15 0.003 

 
0.373 0.884 0.486  

C 0.16 0.16 0.16 0.16 0.005 
       

 

Crypt depth 

(mm) 

 
U 0.07 0.08 0.06 0.06 0.003 

 
0.06 0.06 0.002 

 
0.102 0.486 0.797  

C 0.07 0.07 0.06 0.06 0.002 
       

 

VH:CD4 
 

U 13.2 11.6 12.3 12.5 0.493 
 

11.6 11.5 0.286 
 

0.567 0.691 0.917   
C 12.4 11.5 12.4 11.7 0.292 

       
 

Ileum 
              

 

Villus height 

(mm) 

 
U 0.36 0.35 0.36 0.38 0.010 

 
0.36 0.38 0.008 

 
0.460 0.151 0.939  

C 0.38 0.37 0.37 0.41 0.012 
       

 

Villus width 

(mm) 

 
U 0.18 0.16 0.17 0.17 0.006 

 
0.14 0.14 0.843 

 
0.740 0.114 0.359  

C 0.15 0.16 0.16 0.14 1.690 
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1Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet 

containing 0.5% red osier dogwood extract. 

2U = Unchallenged group; C = Challenged group. 

3SEM = standard error of the mean. 

 4VH:CD = Villus height:crypt depth ratio.  

 In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 

   Treatment1   Challenge 

model2 

  P-Value 

Parameters  Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Crypt depth 

(mm) 

 
U 0.09 0.09 0.08 0.10 0.003 

 
0.09 0.09 0.002 

 
0.006 0.443 0.208 

 
C 0.09ab 0.09ab 0.10a 0.10 a 0.004 

       
 

VH:CD4 
 

U 3.96b 3.95b 5.0 a 3.92b 0.146 
 

4.06 4.37 0.108 
 

0.228 0.082 0.178 

    C 4.62 4.40 4.54 4.61 0.158                 
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4.3.4 Serum biochemistry 

The effect of ROD extract on serum biochemical indices of broiler chickens challenged or 

unchallenged intraperitoneally with SE-LPS is shown in Table 4.5. No interaction was 

detected on the measured blood parameters. Similarly, no treatment effect was observed 

on the plasma biochemical indices of birds in the challenged group. Dietary 

Supplementation of 0.3% ROD extract significantly increased and reduced (p<0.05) 

globulin (GLB) and albumin:globulin (A:G), respectively, in the unchallenged birds 

compared with the antibiotic treatment; however, they were marginally similar to those 

receiving dietary 0.5% ROD extract and control treatments. With respect to the challenge 

model effects, calcium, iron, total protein (TP), cholesterol (CHOL), albumin (ALB), 

GLB, and gamma-glutamyl transferase (GGT) were significantly higher (p<0.05) among 

the challenged birds, while lipase and creatine kinase (CK) were significantly higher 

(p<0.05) among the unchallenged group. 
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Table 4.5. Effect of red osier dogwood extract on plasma biochemical indices of broiler chickens challenged intraperitoneally with Salmonella 

Enteritidis Lipopolysaccharide 
  

Treatment1  

 

Challenge 

model2 

 
 

P-Value 

Parameters Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Calcium 

(mmol/L) 

U 2.58 2.41 2.70 2.54 0.048 
 

2.56b 2.71a 0.031 
 

0.099 0.014 0.836 

C 2.71 2.64 2.78 2.69 0.037            

Phosphorus 

(mmol/L) 

U 1.97 2.18 1.99 1.82 0.062 
 

1.99 1.98 0.043 
 

0.812 0.922 0.152 

C 1.89 1.92 2.01 2.11 0.061         

Magnesium 

(mmol/L) 

U 0.75 0.80 0.73 0.75 0.023 
 

0.74 0.77 0.016 
 

0.875 0.263 0.228 

C 0.82 0.72 0.80 0.84 0.022         

Sodium 

(mmol/L) 

U 140 141 141 140 1.290 
 

140 142 0.884 
 

0.772 0.404 0.912 

C 139 142 144 142 1.210         

Potassium 

(mmol/L) 

U 6.83 6.81 6.76 6.48 0.220 
 

6.72 7.07 0.154 
 

0.953 0.685 0.536 

C 7.15 6.70 6.94 7.50 0.220         

Na:K4 U 20.9 22.4 20.9 21.7 0.814 
 

21.5 20.8 0.491 
 

0.977 0.878 0.510 

C 20.5 21.8 21.3 19.4 0.568         

Chloride 

(mmol/L) 

U 104 108 107 106 0.920 
 

106 105 0.622 
 

0.725 0.778 0.885 

C 104 106 107 105 0.851         

Iron 

(umol/L) 

U 17.9 17.8 15.9 18.2 0.519 
 

17.5b 22.6a 0.520 
 

0.091 <0.001 0.629 

C 22.2 21.8 21.1 25.1 0.699         

Amylase 

(U/L) 

U 899 470 808 617 115.0 
 

699 539 63.10 
 

0.424 0.063 0.575 

C 556 519 574 509 47.40         

Lipase (U/L) U 26.9 20.5 18.8 24.4 3.690 
 

22.2a 19.4b 2.020 
 

0.616 0.011 0.837 

C 21.4 19.0 17.8 19.5 1.350         
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  Treatment1   Challenge 

model2 

  P-Value 

Parameters Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Bile Acids 

(mmol/L) 

U 17.8 19.6 22.2 19.7 0.934 
 

19.8 21.9 0.662 
 

0.188 0.502 0.679 

C 21.0 20.8 22.6 23.1 0.942         

Glucose 

(mmol/L) 

U 13.4 12.9 13.6 13.3 0.366 
 

13.3 13.9 0.212 
 

0.694 0.739 0.729 

C 13.6 13.8 13.9 14.3 0.222         

T.Protein 

(g/L)5 

U 22.8 21.5 25.3 21.8 0.574 
 

23.2b 26.3a 0.463 
 

0.079 <0.001 0.608 

C 27.0 24.5 27.0 26.7 0.639            

Cholesterol 

(mmol/L) 

U 2.61 2.60 2.78 2.79 0.083 
 

2.70b 3.05a 0.061 
 

0.658 0.005 0.962 

C 3.04 2.96 3.03 3.16 0.082            

Uric Acid 

(umol/L) 

U 393 298 321 326 16.10 
 

335 358 10.30 
 

0.334 0.724 0.131 

C 354 379 380 320 13.10    
 

    

Urea 

(mmol/L) 

U 0.33 0.32 0.32 0.36 0.016 
 

0.33 0.33 0.011 
 

0.834 0.815 0.127 

C 0.33 0.35 0.36 0.27 0.015    
 

    

CK (U/L)6 U 2,629 3,246 2,393 2,024 311.0 
 

2,573a 2,088b 179.0 
 

0.218 0.003 0.714 

C 2,186 2,226 2,188 1,754 145.0      
 

     

Creatinine 

(umol/L) 

U 0.00 0.00 0.00 0.00 0.136 
 

0.00 0.00 0.118 
 

0.387 0.112 - 

C 0.00 0.00 0.50 0.00 0.186    
 

    

Albumin 

(g/L) 

U 9.32 9.12 9.27 9.03 0.193 
 

9.22b 10.20a 0.151 
 

0.908 0.002 0.769 

C 10.2 9.90 10.1 10.6 0.209            

Globulin 

(g/L) 

U 13.4ab 12.4b 15.9a 12.7ab 0.468 
 

13.8b 15.9a 0.377 
 

0.035 0.003 0.521 

C 17.5 15.0 15.5 16.5 0.538          

A:G7 U 0.69 ab 0.74 a 0.59 b 0.71ab 0.021 
 

0.67 0.66 0.015 
 

0.044 0.298 0.585 

C 0.62 0.70 0.64 0.67 0.022         

ALP (U/L)8 U 5,619 5,464 6,598 6,828 587.0  6,127 7,393 380.0  0.887 0.246 0.698 
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1Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 

0.5% red osier dogwood extract; 2U = Unchallenged group; C = Challenged group. 

3SEM = standard error of the mean. 

4Na:K = Sodium:Potassium ratio 

5T. Protein = Total Protein 

6CK = Creatine kinase 

7A:G = Albumin Globulin ratio 

8ALP = Alkaline Phosphatase 

9ALT = Alanine aminotransferase 

10AST = Aspartate aminotransferase 

11GGT = Gamma-glutamyl transferase 

12T.Bilirubin = Total Bilirubin. 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure).  

  Treatment1   Challenge 

model2 

  P-Value 

Parameters Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

 C 7,434 7,682 7,875 6,582 484.0         

ALT (U/L)9 U 5.76 5.79 6.17 8.16 0.574 
 

6.47 5.93 0.411 
 

0.825 0.189 0.071 

C 6.50 7.80 5.10 4.30 0.583         

AST (U/L)10 U 170 181 174 171 4.110 
 

174 172 2.540 
 

0.571 0.900 0.746 

C 165 174 171 178 3.080         

GGT (U/L)11 U 8.85 10.1 9.70 9.79 0.428 
 

9.43 b 11.5 a 0.438 
 

0.633 0.005 0.536 

C 12.1 11.9 10.8 13.8 0.710          

T. Bilirubin 

(umol/L)12 

U 0.00 0.00 0.00 0.00 0.066 
 

0.00 0.00 0.059 
 

0.908 0.831  - 

C 0.00 0.00 0.00 0.00 0.098   0.00 0.00        
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4.3.5 Serum immunoglobulins, antioxidant status, and relative weight of immune 

organs 

The effect of ROD extract on serum immunoglobulins Y and M, antioxidant status, and 

relative weights of immune organs of broiler chickens challenged or unchallenged 

intraperitoneally with SE-LPS is shown in Table 4.6. No interaction was observed. Also, 

serum IgY and IgM, SOD, and TAP were not significantly affected (p>0.05) by the dietary 

inclusion of 0.3% and 0.5% ROD extract. A significant model effect (p<0.05) was observed 

on serum IgM and was seen to be higher among challenged birds compared to the 

unchallenged birds. The dietary treatments did not influence (p>0.05) the relative weight 

of immune organs. However, the challenge model had a significant effect (p<0.05) on 

relative spleen weight, which was higher among the challenged birds compared to the 

unchallenged ones. In addition, no interaction between the dietary treatment and challenge 

model was noticed. 



 

109  

Table 4.6. Effect of red osier dogwood extract on serum immunoglobulin Y and M, antioxidant status, and relative weight of immune organs 

of broiler chickens challenged intraperitoneally with Salmonella Enteritidis Lipopolysaccharide. 

Parameters 

  

  Treatment1  
 

Challenge 

model2 

 
 

P-Value 

 Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3 
 

U C SEM3 
 

Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Serum IgY 

(mg/mL) 

 U 4.92 4.36 7.72 4.74 1.370 
 

6.20 7.41 1.120 
 

0.349 0.352 0.790 

 C 6.27 6.41 8.71 8.60 1.780         

Serum IgM 

(mg/mL) 

 U 0.42 0.37 0.34 0.34 0.034 
 

0.33b 0.43a 0.030 
 

0.493 0.012 0.199 

 C 0.49 0.35 0.54 0.58 0.047      
 

  

SOD (U/ml)4  U 1.61 1.79 1.62 1.59 0.050  1.62 1.59 0.041  0.409 0.232 - 

 C 1.61 1.52 1.62 1.53 0.063      
 

  

TAP (uM 

copper reducing 

equivalents)5 

 U 1750 1638 1642 1787 47.50  1705 1739 31.50  0.823 0.601 0.630 

 C 1699 1756 1765 1736 41.90      
 

  

Relative liver 

weight (% of 

BW of birds) 6 

 U 2.70 2.55 2.83 2.59 0.050 
 

2.67 2.78 0.030 
 

0.219 0.091 0.101 

 C 2.84 2.66 2.69 2.91 0.040         

Relative spleen 

weight (% of 

BW of birds) 6 

 U 0.08 0.07 0.08 0.07 0.003 
 

0.07b 0.09a 0.002 
 

0.867 <0.005 0.151 

 C 0.09 0.09 0.08 0.10 0.003          
 

    

1 Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet 

containing 0.5% red osier dogwood extract. 

2 U = Unchallenged group; C = Challenged group; 3SEM = standard error of the mean; 4 SOD = Superoxide dismutase; 5TAP = Total antioxidant power; 6Relative 

weight of liver or spleen = (weight of liver or spleen (in grams) * 100) / bodyweight of bird (in grams) 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 

109 



 

110  

4.3.6 Cecal short-chain fatty acid concentration 

The ceca SCFA concentration and total eubacteria counts of ROD-extract-fed-broiler 

chickens challenged or unchallenged intraperitoneally with SE-LPS is presented in Table 

4.7. Compared to antibiotic and control treatments, dietary supplementation of 0.3% and 

0.5% ROD extract did not affect (p>0.05) total eubacteria count, short chain fatty acid 

(SCFA), acetic acid (AA), propionic acid (PA), butyric acid (BA), valeric acid (VA), lactic 

acid (LA), branched chain fatty acid (BCFA), and volatile (VFA). In addition, no 

significant difference (p>0.05) existed between challenge and unchallenged groups. No 

interaction was observed on the ceca short-chain fatty acid concentration; however, there 

was a significant interaction effect (p<0.05) on the total eubacteria count. 
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Table 4.7. Effect of red osier dogwood extract on total eubacteria count and short-chain fatty acids concentration in the ceca of broiler chickens 

challenged with Salmonella Enteritidis Lipopolysaccharide. 

  
 Treatment1  

 
Challenge 

model2 

 
 

P-Value 

Parameters   Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Total eubacteria 

x 1012 (16S 

rRNA gene 

copies/gram of 

sample) 

  U 4.41 4.29 11.6 7.05 1.650   6.27 7.71 1.071   0.290 

 

0.246 0.028 

 C 11.6 10.8 8.56 5.86 1.380               

SCFA 

(mmol/kg)4 

  U 37.1 65.0 92.6 88.0 19.20   66.6 74.6 11.00   0.152 

 

0.535 0.241 

  C 76.0 75.3 67.7 86.1 10.70               

Acetic acid 

(mmol/kg) 

  U 26.2 46.6 70.0 65.0 13.40   48.5 53.1 7.840   0.104 

 

0.608 0.163 

 C 56.7 49.1 48.2 90.6 8.020               

Propionic acid 

(mmol/kg) 

  U 1.86 3.20 1.80 2.07 0.856   2.63 3.37 0.475   0.551 

 

0.135 -  

 C 3.95 3.13 2.54 4.74 0.410               

Butyric acid 

(mmol/kg) 

  U 10.3 12.4 18.6 16.1 4.230   14.3 15.2 2.350   0.445 

 

0.796 0.716 

 C 16.9 13.1 15.0 23.4 1.970               

Valeric acid 

(mmol/kg) 

  U 0.82 0.77 1.04 0.90 0.183   0.89 0.79 0.122   0.314 

 

0.701  - 

 C 0.88 0.64 0.59 0.85 0.162               

Lactic acid 

(mmol/kg) 

  U 0.00 0.00 0.23 0.00 0.979   0.00 0.06 0.547   0.057 

 

0.323  - 

 C 0.00 0.00 0.70 1.01 0.481               
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1Basal, Negative control diet, BMD (bacitracin methylene disalicylate) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 

0.5% red osier dogwood extract. 

2U = Unchallenged group; C = Challenged group. 

3SEM = standard error of the mean. 

4SCFA = Short chain fatty acid 

5BCFA = Branch chain fatty acid 

6VFA = Volatile fatty acid 

   Treatment1   Challenge 

model2 

  P-Value 

Parameters   Challenge 

model2 

Basal BMD 0.3% 

ROD 

0.5% 

ROD 

SEM3   U C SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

BCFAs 

(mmol/kg)5 

  U 0.29 0.74 0.44 0.54 0.108   0.43 0.43 0.133   0.667 

 

0.460  - 

 C 1.20 0.36 0.94 1.39 0.244               

VFAs 

(mmol/kg)6 

  U 36.7 65.0 91.3 86.5 18.60   65.9 73.3 10.70   0.167 0.557 0.222 

 C 79.7 66.4 67.2 122 10.40               
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4.3.7 Cecal microbiota 

The effect of 0.3% and 0.5% ROD extract on the cecal microbiota of broiler chickens 

challenged or unchallenged intraperitoneally with SE-LPS is shown in Figures 4.3, 4.4, 4.5, 

4.6, 4.7, 4.8, 4.9, 4.10, and 4.11, and Figures 4.12 and 4.13. The aggregation of OTU into 

each taxonomic rank, as well as the relative abundance of the most abundant phyla, and 

genera based on treatments, group, and treatment/group effects are presented in Figures 4.3, 

4.4, and 4.5, respectively. The percentage relative abundance of the three phyla, namely 

Actinobacteriota, Proteobacteria, and Firmicutes were not influenced by the dietary 

treatments; however, Firmicutes was the most abundant phylum. Unlike other genera, 

supplementation of 0.3% and 0.5% ROD extract significantly increased (p<0.05) the 

percentage relative abundance of genera Lactobacillus and Streptococcus compared to the 

antibiotic treatments; however, they were similar to the control treatment regardless of the 

SE-LPS challenge (Figure 4.6, 4.7, and 4.8). Furthermore, the Shannon diversity (i.e., specie 

richness) was not affected either by the dietary treatments or the challenge, as shown in 

Figures 4.9 and 4.10. In addition, a principal coordinate analysis showed a significant 

difference (p<0.05) in the beta diversity in the cecal microbiota, with more diversity 

observed among the birds fed 0.3%, 0.5% ROD extract, and control treatments as shown in 

Figure 4.11. There was no difference in the alpha and beta diversity between the challenged 

and unchallenged groups, as presented in Figures 4.12 and 4.13. 
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Figure 4.3. Proportion of the most abundant bacteria phyla in the ceca of broiler chickens 

challenged intraperitoneally with or without SE-LPS and fed red osier dogwood extract as a 

substitute for in-feed antibiotics. Treatment: A = Negative control, B = Antibiotic (bacitracin 

methylene disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = 

diet containing 0.5% red osier dogwood extract. 

 

Figure 4.4. Percentage relative abundance of the most abundant bacteria genera in the ceca 

of broiler chickens challenged intraperitoneally with or without SE-LPS and fed 4 different 

dietary treatments. Treatment: A = Negative control, B = Antibiotic (bacitracin methylene 

disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = diet 

containing 0.5% red osier dogwood extract. 
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Figure 4.5. Percentage relative abundance of the top 10 most abundant bacteria genera in the 

ceca of broiler chickens challenged intraperitoneally with or without SE-LPS and fed 4 

different dietary treatments. Treatment: A = Negative control, B = Antibiotic (bacitracin 

methylene disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = 

diet containing 0.5% red osier dogwood extract.  

Note: Genera without a mean separation have their p-value greater than 0.05 
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Figure 4.6. Percentage relative abundance of the top 10 most abundant bacteria genera in the 

ceca of broiler chickens challenged intraperitoneally with or without SE-LPS and fed 4 

different dietary treatments. Treatment: A = Negative control, B = Antibiotic (bacitracin 

methylene disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = 

diet containing 0.5% red osier dogwood extract. 

Challenge groups: U = group of birds that were not challenged with SE-LPS, C = group of 

birds that were challenged with SE-LPS. 
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Figure 4.7. Percentage relative abundance of the top 10 most abundant bacteria genera in the 

ceca of SE-LPS-unchallenged broiler chickens fed 4 different dietary treatments. Treatment: 

A = Negative control, B = Antibiotic (bacitracin methylene disalicylate) diet, C = diet 

containing 0.3% red osier dogwood extract, and D = diet containing 0.5% red osier dogwood 

extract. Challenge groups: U = group of birds that were not challenged with SE-LPS, C = 

group of birds that were challenged with SE-LPS. 

Note: Genera without a mean separation have their p-value greater than 0.05 
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Figure 4.8. Percentage relative abundance of the top 10 most abundant bacteria genera in the 

ceca of SE-LPS-challenged broiler chickens fed 4 different dietary treatments. Treatment: A 

= Negative control, B = Antibiotic (bacitracin methylene disalicylate) diet, C = diet 

containing 0.3% red osier dogwood extract, and D = diet containing 0.5% red osier dogwood 

extract. Challenge groups: U = group of birds that were not challenged with SE-LPS, C = 

group of birds that were challenged with SE-LPS. 

Note: Genera without a mean separation have their p-value greater than 0.05 
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Figure 4.9. Box-and-whisker plot showing non-significant differences in the Shannon entropy 

(Alpha diversity) (p>0.05). Ceca content was collected from 21-day-old broiler chickens fed 

four different dietary treatments. Treatment: A = Negative control, B = Antibiotic (bacitracin 

methylene disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = diet 

containing 0.5% red osier dogwood extract. 

 

 
Figure 4.10. Box-and-whisker plot showing non-significant differences in the Shannon entropy 

(Alpha diversity) (p>0.05). Ceca content was collected from 21-day-old broiler chickens 

challenged with SE-LPS and fed four different dietary treatments. Treatment: A = Negative 

control, B = Antibiotic (bacitracin methylene disalicylate) diet, C = diet containing 0.3% red 

osier dogwood extract, and D = diet containing 0.5% red osier dogwood extract. 
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Figure 4.11. Multivariance analysis determined differences in beta-diversity among 

treatments. Treatment groups: A = Negative control, B = Antibiotic (bacitracin methylene 

disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = diet 

containing 0.5% red osier dogwood extract. 

 

 

 

 

 

Figure 4.12. Multivariance analysis determined differences in beta-diversity between the 

challenge groups. Challenge groups: U = group of birds that were not challenged with SE-

LPS, C = group of birds that were challenged with SE-LPS. 
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Figure 4.13. Multivariance analysis determined differences in beta-diversity among 

treatments and groups. Treatment groups: A = Negative control, B = Antibiotic (bacitracin 

methylene disalicylate) diet, C = diet containing 0.3% red osier dogwood extract, and D = 

diet containing 0.5% red osier dogwood extract. Challenge groups: U = group of birds that 

were not challenged with SE-LPS, C = group of birds that were challenged with SE-LPS. 

4.4 Discussion 

Phenolic compounds are known for their array of beneficial bioactivities, including 

antioxidant and selective antimicrobial capacities. Red osier dogwood extracts have been 

reported to contain a high amount of phenolic compounds of about 220 mg gallic acid 

equivalents g-1 dry weight (Isaak et al., 2013). In our study, the TPC of diets was observed 

to increase with an increasing amount of ROD extract inclusion. The TPC in the ROD 

extract used in the current study was 238.81 mg gallic acid equivalent (GAE)/g, with gallic 

acid and quercetin being the most prevalent phenolic compounds. The combination of 

gallic acid and quercetin has commendable health benefits. Both polyphenols have been 

reported as a potential treatment for colorectal cancer in Wistar rats, as well as, causing an 

upregulation of bodily antioxidant enzymes in bleomycin-induced pulmonary fibrosis in 

rats (Mehrzadi et al., 2020; Patil and Killedar, 2021).  
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In all of the growth response variables evaluated, no interactions were observed; thus, the 

results presented are discussed with respect to the main effects. The use of antibiotics for 

the acceleration of growth, improved feed conversion efficiency, and treating diseases has 

been affirmed and reaffirmed in literature (Sarmah et al., 2006; Mehdi et al., 2018; Shang 

et al., 2020). In the current study, AFI, AWG, FCR, and mortality were similar among 

broiler chickens fed dietary 0.3% and 0.5% ROD extract on d 7 compared to the antibiotic 

and control birds. This is similar to the findings of Mogire et al. (2021), who reported that 

the dietary inclusion of 0.1% and 0.3% ROD extract did not influence the growth 

performance of broiler chickens but were favorable to birds fed avilamycin diet. 

Furthermore, throughout the entire experimental period, no treatment effect was observed 

on the growth response of broiler chickens challenged with SE-LPS. Despite the higher 

concentration of SE-LPS injected intraperitoneally at 2 mg/kg, Shang et al. (2015) reported 

a similar growth performance of broiler chickens even in the presence of dietary antibiotics. 

According to Xie et al. (2000), clinical signs, including reduced feed intake, water intake, 

body weight, etc., were associated with broiler chickens receiving 5 mg of Salmonella 

Thyphimurium LPS per kg of BW. In addition, Rauber et al. (2014) and Guaiume (2005) 

also obtained a similar growth performance in broiler chickens injected intraperitoneally 

with 200 or 400 µg E. coli LPS. This suggests that the dose of SE-LPS used in the current 

study is within the maximum tolerable limit. Unlike Mogire et al. (2021), on d 14, 21, and 

at the overall basis, both 0.3% and 0.5% inclusion levels of ROD extract were found to 

marginally improve AWG of unchallenged birds compared to the same group of birds 

receiving antibiotics. This is attributable to the impact of the gallic acid and quercetin 

which are richly available in ROD extract. Samuel et al. (2017) and Zhang and Kim (2020) 

reported that gallic acid and quercetin, respectively, enhanced the growth performance of 

broiler chickens. The challenge model significantly affected AWG on d 14 and FCR on d 

21 and was found to be improved among the unchallenged birds compared to the 
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challenged group. This is in line with the findings of Yang et al. (2008) and Hu et al. (2011), 

where reduced daily gain was reported in broiler chickens exposed to 1 mg/kg SE-LPS and 

0.5 mg/kg E.coli LPS, respectively.  

There was neither dietary treatment nor challenge model effect on the duodenal and jejunal 

VH, VW, CD, and VH:CD and ileal VH and VW. The non-significant effect of ROD 

extract on the duodenal morphology is in line with the findings of Mogire et al. (2021). 

However, unlike our findings, Mogire et al. (2021) reported that 0.1% and 0.3% ROD 

extracts significantly increased VH:CD in the jejunum compared to the birds receiving 

antibiotics. In contrast to the antibiotic and control treatments, dietary supplementation of 

both 0.3% and 0.5% ROD extract significantly deepened ileal CD in the challenged group 

of birds, whereas ileal VH:CD was significantly highest among the unchallenged birds fed 

0.3% ROD extract. In nursery pigs challenged with E. coli K88+, Jayaraman et al. (2018) 

reported that ROD extract supplementation increased VH:CD and reduced CD in the ileum. 

The inconsistent impact of ROD extract on gut morphology might be due to the absence or 

presence of different challenge models, animal species, and ROD inclusion rates as 

reported in most literature. The population and diversity of gut microbiota have been 

reported to increase down the GIT (Ursell et al. 2012); suggesting a higher abundance of 

bacteria population in the ileum compared to the duodenum and jejunum. An increase in 

VH and a decrease in CD are considered desirable indicators for large surface area for 

absorption and improved gut morphology; however, deeper CD could also be considered a 

desirable trait as it permits renewal of the villus epithelia in response to inflammation 

caused by the pathogens (Yason et al., 1987; Adeleye et al., 2018) or their metabolites. 

This suggests that the increased ileal CD among the SE-LPS challenged broiler chickens 

receiving ROD extracts could be a result of the ameliorative mechanism of ROD extract in 

rejuvenating the ileal gut architecture. 



 

124  

Blood contains important biomarkers that could be used in the assessment of the 

physiological and health status of animals. It is notable that information on the effects of 

dietary ROD extract on the blood biochemistry of broiler chickens does not exist in the 

literature. Plasma proteins, including ALB and GLB, are produced in the liver and perform 

complex physiological roles. A decrease in plasma ALB is purportedly associated with the 

incidence of malnutrition and renal impairment, while an increase in GLB level is related 

to chronic inflammation (Li et al., 2018). In the current study, GLB and A:G were higher 

and lower among the unchallenged birds that consumed 0.3% ROD extract compared to 

the antibiotic-treated birds. The effect of plant extracts on the blood parameters of broiler 

chickens is sometimes controversial in the literature. In some studies, plant extracts were 

reported to reduce serum GLB (Soltan et al., 2008) and increase ALB and A:G in infection-

free broiler chickens (Soltan et al., 2008; Sharma et al., 2015). In contrast, an increase in 

serum GLB concentration was also reported in unchallenged broiler chickens fed dietary 

plant extract (Ismail et al., 2020). Since the 0.3% and 0.5% ROD extract did not negatively 

affect liver enzymes, growth parameters, and gut morphology compared to the antibiotic 

and control treatments, the reduced ALB and increased GLB cannot be associated with 

malnutrition or chronic inflammation in birds. Besides this, the GLB reported in our study 

is within normal range of 5 – 18.0 g/L reported by Thrall (2007). This suggests that ROD 

extract supplementation did not adversely affect the plasma biochemical indices of broiler 

chickens. Comparing the challenge model, calcium, iron, TP, CHOL, ALB, GLB, and GGT 

were significantly higher among the challenged birds, while lipase and CK were 

significantly higher among the unchallenged group. Elevated calcium, iron, TP, CHOL, 

GLB, GGT, lipase, and CK have been associated with immune-related diseases, and kidney 

or intestinal disease in animals (Williams et al., 2021). While calcium ions are known to 

play a key role in the regulation of the circulatory system and cell-to-cell communication, 

their increased accumulation is noteworthily associated with hemolytic anaemic diseases 
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including sickle cell, ß-thalassemia, and familial phosphofructokinase deficiency (Stafford 

et al. 2017). This further suggests that elevated calcium ions in the body could impair 

glycolytic ATP formation – an essentially important cellular energy in the body. Xie et al. 

(2000) demonstrated that total plasma protein concentration increases between 24 – 48 

hours after LPS challenge. Furthermore, in support of our findings, Sharma et al. (2015) 

reported an increase in GLB when broiler chickens were challenged with E. coli.  

There were no interaction effects and challenge model effects on TAP and SOD. Like the 

antibiotic and control treatments, dietary supplementation of ROD extract did not influence 

the serum TAP and SOD of broiler chickens challenged or unchallenged with SE-LPS. 

Antimicrobial growth promoters have been used to improve the antioxidant status of 

weaned pigs (Koo et al., 2020). The result obtained in the current study suggests that 

supplementation of ROD extract-maintained TAP and SOD in the same capacity of 

antibiotics. Contrary to our findings, there was a significant increase in the serum SOD fed 

4% ROD plant product compared to weaned piglets fed antibiotics (Amarakoon et al., 

2019; Koo et al., 2020). This could be due to the difference in the ROD plant product and 

its higher inclusion level at 4% used in the studies. Furthermore, ROD supplementation at 

0.3% and 0.5% did not affect serum IgY and IgM of broiler chickens; however, IgM was 

significantly higher among the challenged group of birds compared to the unchallenged. 

According to Larsson et al. (1993) and Rathnapraba et al. (2007), serum IgM is the first 

antibody produced during the first week post-infection. Thus, the higher IgM among the 

SE-LPS challenged chickens is not unexpected given the presence of SE-LPS - an immune 

stressor. 

The gut microbiota performs an indispensable role in influencing the health and 

performance of poultry birds. The gut microbiota of poultry is mostly reported to be 

dominated by bacteria species from the phylum Firmicutes, Bacteroidetes, Actinobacteria, 

Fusobacteria, Proteobacteria (Ali et al., 2021), and Verrucomicrobia; however, Firmicutes 
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and Bacteroidetes are the largest phyla (Almeida et al., 2019; Qin et al., 2010; Forster et 

al., 2019). Given the novelty of the ROD extract, their impact on the intestinal microbiota 

of broiler chickens is very scanty. Regardless of the challenge model, the cecal microbiota 

of broiler chickens fed the dietary treatments did not significantly influence the bacteria 

phyla, namely, Firmicutes, Actinobacteria, and Proteobacteria and were dominated by 

Firmicutes. It is surprising that Bacteroidetes were not detected in the cecal content of 

broiler chickens in our study. However, gut microbiota studies with no Bacteroidetes have 

been reported in the literature, particularly with the use of broad-spectrum antibiotics 

(Carvalho et al., 2012; Dubourg et al., 2013; Stanley et al., 2013; Oladokun et al., 2021). 

The hypervariable region V4-V5 targeted using the 16S rRNA gene sequencing could be 

responsible for the absence of phylum Bacteroidetes in our study. Bukin et al. (2019) 

demonstrated that hypervariable regions play a significant role in the precision and 

resolution for taxa, particularly among genera and species, with V2-V3 reported to have 

the highest resolution. In another study by García-López et al. (2020), a more diverse gut 

microbiota is detectable using V3-V4 hypervariable region. The hypervariable region V4-

V5 region has reportedly been used for a wider microbial domain, including archaea and 

bacteria domains (Fadeev et al., 2021). For future studies, we would recommend either V2-

V3 or V3-V4 for chicken’s gut microbiota analysis because they are more specific for 

bacteria alone. With or without the SE-LPS challenge, 0.3% and 0.5% ROD extract 

conferred a more beneficial effect by significantly increasing the abundance of genera 

Lactobacillus and Streptococcus compared to the antibiotic treatment. In contrast to 

antibiotic use, plant materials rich in polyphenols have been consistently shown to increase 

the population of gut-friendly Lactobacillus spp (Giannenas et al., 2018; Abolfathi et al., 

2019; Erinle et al., 2022a). Crisol-Martínez et al. (2017) reported that the use of bacitracin 

diminishes the abundance of Lactobacilli in the gut. Lactobacillus plays a beneficial role 

in the gut by producing lactate, maintaining intestinal barrier function, particularly in 
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immune-related diseased conditions and regulating the expression of heat shock proteins 

and tight junction proteins (Liu et al., 2015; Honda and Littman, 2016). Like most plant 

extracts, ROD extract exerted a better gut improvement influence than antibiotics. 

Although ROD extract increased Streptococcus in the chickens, compared to antibiotic 

treatment, however, it was similar to the control-fed birds. Some Streptococcus spp are 

known for their pathogenic virulence; however, many streptococcal species, including S. 

salivarius, S. dentisani, S. oligofermentans, and S. A12, have been reported to possess 

antimicrobial properties by producing bacteriocins, proteases, or hydrogen peroxide 

(Huang et al., 2016; Llena et al., 2019; Ferrer et al., 2020). This suggests that the higher 

abundance of genus Streptococcus does not always imply opportunistic pathogens. Dietary 

supplementation of 0.3% and 0.5% ROD extract did not influence species richness and 

diversity in the gut ecosystem. The dietary treatments had significantly different beta 

diversity of the microbial population. This could be explained by the consistently higher 

abundance of Lactobacillus and Streptococcus in the ROD extract and control treatment 

compared to the antibiotic treatment. Orlewska et al. (2018a; b) reported an altered 

diversity in soil microbial communities following antibiotic application. Despite the 

significant effect of ROD extract on the cecal microbiota, there was no corresponding effect 

on the SCFA profile at the cecum. This is not unexpected as the number of total eubacteria 

was not altered by the dietary treatments and SE-LPS challenge. Erinle et al. (2022b) 

speculated that uniform copies of total eubacteria in cecal content of birds often give rise 

to unaltered cecal SCFA concentrations. However, there was a significant interaction effect 

between treatment and challenge model on total eubacteria, which did not, in turn, 

influence the concentration of SCFA profile of the birds. 

The relative weight of immune organs was not affected by the dietary supplementation of 

ROD extract. This corroborates the report of Mogire et al. (2021), where there was no 

difference in the relative weight of liver and spleen of broiler chickens fed either ROD 
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extract, antibiotics, or control diets. The spleen is one of the most critical immune organs 

in poultry species. Immune cells in the spleen were reported to help in the fight against 

pathogenic microbes through specific immune response mechanisms (Dailey, 2002). In 

another study involving 500 µg/mL Salmonella Typhimurium LPS challenge, (Rauber et 

al., 2014) reported that the relative weight of liver remained unaffected. Comparing 

unchallenged versus challenged groups, the relative spleen weight was observed to be 

significantly higher among birds in the latter compared to the former. According to Ahiwe 

et al. (2019), increased spleen weight was reported in broiler chickens challenged with 

Salmonella Typhimurium LPS. In the presence of LPS antigen, there is a high propensity 

of hyperplasia, which causes inflammation by activating inflammatory cells. An increase 

in the size of immune organs could be associated with increased immune activities to 

counteract the effect of stressors, including pathogens or their metabolites. Thus, the 

increased spleen size among the challenged group of birds could be a part of the birds’ 

innate defense mechanism against the SE-LPS.  

4.5 Conclusions 

Based on the results obtained, the SE-LPS depressed AWG and FCR during d 14 and 21, 

respectively. However, dietary supplementation of ROD extract at 0.3% and 0.5% 

maintained the growth performance of broiler chicken throughout the production phase in 

the equal capacity of the antibiotic, regardless of the SE-LPS challenge. Additionally, CD 

and VH:CD of the birds were improved in the ileum when both levels of ROD extract were 

supplemented into broiler chicken’s diets compared to the antibiotics-fed birds, however, 

it was best at the 0.3% inclusion level. Furthermore, dietary supplementation of 0.3% and 

0.5% ROD extract improved in the Lactobacillus while the blood biochemical indices, 

cecal SCFA concentrations, and innate antioxidant and immune systems were not 

compromised. This study, therefore, suggests that dietary supplementation of ROD extract 
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at 0.3% or 0.5% could be a potential consideration for replacing antibiotics in broiler 

chicken nutrition.
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CHAPTER 5: Red osier dogwood extract versus Trimethoprim-sulfamethoxazole 

(Part 1). Effects on the growth performance, blood parameters, gut 

histomorphometry, and Salmonella excretion of broiler chickens orally challenged 

with Salmonella Enteritidis 

5. Abstract 

The poultry industry has not been spared from the prevalent incidence of diseases caused by 

invasive pathogens, especially Salmonella. Due to the pressing need to identify a suitable 

antibiotic alternative for use in poultry production, this study investigated the efficacy of red 

osier dogwood (ROD) extract on the growth, blood parameters, gut morphology and 

Salmonella excretion in broiler chickens orally challenged with Salmonella Enteritidis. A 

4×2 factorial experiment was conducted based on two main factors, namely dietary 

treatments and Salmonella Enteritidis (SE) challenge. A total of 404 one-day-old male Ross 

broiler chicks were randomly assigned to four dietary treatments; 1)Negative control (NC), 

2)NC+0.075ppm of Trimethoprim-sulfadiazine (TMP/SDZ) /kg of diet, 3)NC+0.3%ROD 

extract, and 4)NC+0.5%ROD extract. The absence of SE in the fecal samples obtained from 

chick delivery boxes was confirmed on d 0. On d 1, half of the birds were orally gavaged 

with 0.5mL of phosphate-buffered saline each (non-infected group) and the remaining with 

0.5mL of 3.1×105CFU/mL SE (infected group) in all treatment groups. Dietary treatments 

were randomly assigned to eight replicate cages at six birds/cage. On 1, 5, 12, and 18 day 

post-infection (DPI), cloacal fecal samples were collected on the six birds/cage to assess SE 

excretion. Average weight gain (AWG), average feed intake (AFI), feed conversion ratio 

(FCR), and mortality were determined weekly. On d 21, ten chickens/treatment were 

euthanized to perform hematology, gut histomorphometry, serum immunoglobulins G and 

M (IgG and IgM) and superoxide dismutase measurements. Both ROD extract levels did 
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not affect (P>0.05) growth performance; however, the SE-infected birds showed increased 

(P<0.05) AFI and FCR throughout the experimental period. Regardless of the SE-infection, 

both ROD extract levels improved (P<0.05) duodenal villus height (VH), crypt depth (CD), 

and VH:CD compared to other treatments. Ileal villus width and CD of the noninfected and 

infected birds, were improved (P<0.05) by both ROD extract levels; however, only 

0.3%ROD extract increased VH:CD compared to other treatments. The SE-infected birds 

showed lower (P<0.05) lymphocytes (L) but increased (P<0.05) heterophils (H), H:L, and 

monocytes (MON). Both ROD extract levels did not affect (P>0.05) white blood cell 

differential, while dietary 0.3%ROD extract increased (P<0.05) leukocytes and MON of the 

infected birds. Similar to the control, the IgM of SE-infected birds was highest (P<0.05) in 

birds fed 0.3%ROD extract compared to other treatments. Conclusively, both ROD extract 

levels sustained growth performance indices, duodenal histomorphology, and body defence 

against SE infection in broiler chickens; however, the 0.3%ROD extract was better. 

Keywords: red osier dogwood extract, antibiotic-replacement, Salmonella Enteritidis, oral 

gavage, white blood cell differentials  

5.1 Introduction 

Salmonella – a gram-negative, facultative anaerobic bacteria, is unarguably one of the most 

economically important causes of foodborne diseases following the consumption of 

Salmonella-contaminated food materials. In Canada, human non-typhoidal salmonellosis is 

notifiable, with an average case of approximately 6,500 reported annually between 2009 to 

2013 (Public Health Agency of Canada, 2008; 2009; Government of Canada, 2007; 2016). 

Given the available statistics, the United States seems to be most impacted by Salmonellosis 

incidence and has recorded approximately 1.4 million gastroenteritis cases, 26,500 
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hospitalizations, and 420 deaths caused by the non-typhoidal Salmonella (Cao, 2014; 

Centers for Disease Control and Prevention (CDC), 2018); and as a result, it has caused an 

annual loss of $1.4 – 3.0 billion (McGruder, 1995; WHO, 2018). On a global scale, non-

typhoidal Salmonella causes a yearly estimated illness and death of over 93.8 million and 

39,000 – 303,000 deaths, respectively (Majowicz et al., 2010); as a result, the severity of 

these bacterial species cannot be treated with contempt. While there are over 2,600 unique 

non-typhoidal Salmonella serovars, Salmonella enterica ssp. Enteritidis is the most typical 

culprit among human and nonhuman isolates in Europe, Africa, Latin America, and the 

Caribbean (Galanis et al., 2006; Afshari et al., 2018; Castro-Vargas et al., 2020). 

It is notable that the epidemiological prevalence of Salmonella Enteritidis (SE) has been 

closely associated with edible poultry products and, consequently, has exclusively been 

reported to contribute to the increased incidence of salmonellosis (Antunes et al., 2016; 

Centers for Disease Control and Prevention, 2020; Boubendir et al., 2021). The menace of 

Salmonella infections in poultry is not limited to the host, as vertical transmission of the 

bacteria from the maternal into their eggs is (Berchieri Jr et al., 2001). For decades, 

antibiotics, including chloramphenicol, neomycin, ampicillin, ciprofloxacin, ceftriaxone, 

fluoroquinolones, and trimethoprim/sulfamethoxazole (TMP/SMX) have been heavily relied 

upon in the combat of salmonellosis in animals. Despite the remarkable collaborative efforts, 

including critical biosecurity measures, medications, and vaccination, to control SE infection 

in poultry and prevent contamination of poultry products, the poultry industry is still 

constantly embattled by antibiotic-resistant SE. According to the Centre for Disease Control 

(2020) and White et al. (2001), Salmonella strains resistant to medically-important 

antibiotics, including ceftriaxone, ciprofloxacin, and ceftiofur, have been isolated in 

chickens and turkeys. Thus, identifying a more suitable antibiotic alternative has become a 
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desirable goal to address animal health and improve economic return for poultry farmers, 

and assure food safety concerns for the public. 

Some phytogenic additives have undoubtedly proven worthy antibiotic substitutes due to 

their high concentrations of diverse polyphenols. Among the identified numerous 

phytogenic additives, red osier dogwood (ROD; Cornus stolonifera) has been reckoned to 

contain a high concentration of total polyphenol, with ranges between 220 – 234 mg gallic 

acid equivalence (GAE) g-1 dry weight (Isaak et al., 2013; Scales, 2015; Erinle et al., 2022b), 

values higher than the 40.27 mg GAE g-1 dry weight obtained in an olive plant (Isaak et al. 

2013). In addition, ROD extract boasts of a considerable antioxidant capacity given its higher 

oxygen reactive absorbance capacity when compared to that of methanol extract of tea, 

parsley, basil, and olive leaves (Isaak et al., 2013). Some virulent pathogens like Salmonella 

when invading gut epithelial tissue and barrier provoke inflammatory cytokines production 

(Ferenczi et al., 2016; Song et al., 2020; Thiam et al., 2021). In vitro studies by Jiang et al. 

(2019) and Yang et al. (2019) reported that polyphenols in ROD extracts exert their 

antioxidant prowess and prevent pro-inflammatory responses in Caco-2 cells by repressing 

gene expression of inflammatory cytokines. 

Incorporation of ROD plant material into the diets of Escherichia coli-challenged pigs 

(Jayaraman et al., 2018; Koo et al., 2021) was reported to improve gut morphology, which 

has been associated with optimized nutrient digestion and absorption. Furthermore, dietary 

supplementation of ROD was also reported to suppress blood thiobarbituric acid reactive 

substances (TBARS) and malondialdehyde (MDA) in weaned piglets infected with E. coli 

(Amarakoon, 2017), thereby reducing bacteria-induced oxidative stress. In the absence of 

antibiotics, dietary supplementation of ROD extract has been demonstrated to sustain growth 

performance and intestinal health of unchallenged broiler chickens (Mogire et al., 2021) and 
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when challenged with SE lipopolysaccharide (LPS) (Erinle et al., 2022b). Because the two 

studies lacked an actual Salmonella infection challenge it was deemed necessary to 

investigate the impact of ROD in poultry birds under disease-challenged conditions. In 

addition to the LPS, pathogenic bacteria produce several highly toxic exotoxins to attack 

their host. Until now, no in vivo study has been conducted to examine the effects of dietary 

ROD extract as a potential antibiotic alternative on broiler chickens infected with SE. This 

study investigates the effects of ROD extract on the growth performance, blood parameters, 

gut morphology, and Salmonella excretion of broiler chickens challenged with Salmonella 

Enteritidis. 

5.2 Material and Methods 

The experimental protocol was approved by the University of Montreal Animal Care and Use 

Committee (Project 20-Rech-2063). The birds were handled following the guidelines 

established by the Canadian Council on Animal Care (2009).  

5.2.1 Birds and housing 

A total of 404, less than one-day-old, male Ross 308 broiler chicks were obtained from a 

commercial hatchery in Quebec. They were raised in a 4Tier Poultry Super Brooder (from 

Alternate design website): (38” Wide × 31” Deep × 15” high for 21 d. Upon arrival, the 

mixed-sex birds were weighed into a group of 6 birds and allocated to cages in two different 

rooms to house the noninfected and about-to-be infected birds separately. The room 

temperature was monitored daily and was gradually reduced from 32 to 24 0C from d 0 to 

21. The lighting program was set to produce 24 hours, 6 hours, and 10 hours of light during 

d 1 – 3, d 4 – 14, and d 15 – 21, respectively, and illumination was gradually reduced from 

20 1x on d 0 to 5 1x on d 21. 
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5.2.2 Preparation of Salmonella Enteritidis inoculum 

The Salmonella Enteritidis (SHY 04 1540) used in the current study was isolated in 2004 

from a clinical case and used in previous infection studies by Dr. Martine Boulianne’s 

Avicole Research Laboratory, University of Montreal, Quebec, Canada. The strain was 

grown overnight on blood agar at 37 0C. Three colonies of SE strain were transferred into 10 

mL of Luria-Bertani (LB) broth culture. Following this, 1 mL from the SE-LB broth mixture 

was added to another 100 mL of pre-warmed LB and shook at 150 rpm in an incubator at 37 

0C for about 3 hours. The inoculum concentration was periodically confirmed using a 

spectrophotometer at a wavelength 600 nm. The inoculum was further serially diluted to 

achieve the appropriate bacteria coliform-forming unit (CFU). The SE concentration in this 

study was 3.1 × 105 CFU/mL. 

5.2.3 Diets and experimental design 

The ROD extract used in this study was obtained from Red Dogwood Enterprise Ltd., Swan 

River, Manitoba. The birds were randomly assigned to eight treatment groups containing 

eight replicate pens of 6 birds each. The experiment was designed as a 4 × 2 factorial 

arrangement based on two main factors, as shown in Table 5.1. The main factors were: 1) 4 

dietary treatments: corn-wheat-soybean meal-based diet negative control (NC), negative 

control with 0.075 ppm of Trimethoprim-sulfadiazine antibiotic (TMP/SDZ) per kilogram 

of diet; and negative control supplemented with 0.3% or 0.5% ROD extract and 2) 2 infection 

model groups: the noninfected groups (N) were challenged orally with 0.5 mL of sterile 

1×phosphate buffered saline (PBS) per bird (AVL82762, HyClone Laboratories, Inc., 

Logan, UT), and the infected groups (I) were challenged orally with 0.5 mL/bird of 3.1 × 

105 CFU/mL of SE. The individual oral gavage challenge was done on d 1. The basal diet 

was formulated as isocaloric and isonitrogenous to meet the nutrient requirements of broiler 
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chickens as recommended by NRC (1994). The gross and proximate compositions of the 

experimental diets are presented in Table 5.2. The experimental diets containing TMP/SDZ 

and ROD extract were mixed from the negative control diets, and as a result, only the nutrient 

content of the negative control diet was reported. The proximate composition of the 

experimental diets was determined following the procedure of AOAC (1990). The 

polyphenols profile of ROD extract and the total polyphenols in the starter and grower ROD 

and control treatments have been reported in our previous study (Erinle et al., 2022b). 

Table 5.1. Experimental design 

 Challenge model 

Dietary treatment 

(number of replicates; n) 

Unchallenged (U) Challenged (C) 

a) Negative control 1. Basal (NC) + PBS (n=8) 2. NC + SE (n=8) 

b) + Antibiotics 3. NC + 0.075ppm TMP/SDZ + 

PBS (n=8) 

4. NC + 0.075ppm TMP/SDZ 

+ SE (n=8) 

c) + 0.3% ROD extract 5. NC + 0.3% ROD + PBS (n=8) 6. NC + 0.3% ROD + SE (n=8) 

d) +0.5% ROD extract 7. NC + 0.5% ROD + PBS (n=8) 8. NC + 0.5% ROD + SE (n=8) 

1Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet 

containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 0.5% red osier dogwood extract 

N = Non-infected group; I = Infected group; PBS = Phosphate buffered saline; SE = Salmonella Enteritidis. 
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Table 5.2. Gross and nutrient compositions of experimental diets (as-fed basis, %, unless otherwise stated)  
Starter phase (1-14 days)   Grower phase (14-21 days)  

Ingredients Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

 Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

Corn 42.37 42.27 41.83 41.48  45.99 45.65 45.22 44.86 

Soybean meal 40.13 40.15 40.17 40.2  36.15 36.21 36.24 36.26 

Wheat 10.00 10.00 10.00 10.00  10.00 10.00 10.00 10.00 

Vegetable oil 2.82 2.85 3.01 3.14  3.74 3.85 4.01 4.14 

Dicalcium phosphate 1.57 1.57 1.57 1.57  1.39 1.39 1.39 1.39 

Limestone 1.45 1.45 1.45 1.45  1.32 1.32 1.32 1.32 

DL Methionine Premix W 0.61 0.61 0.61 0.61  0.53 0.53 0.53 0.53 

Starter Vitamin/Mineral premix X 0.50 0.50 0.50 0.50  - - - - 

Grower/Finisher Vitamin/Mineral 

premix Y 
- - - -  0.50 0.50 0.50 0.50 

Salt 0.40 0.40 0.40 0.40  0.38 0.38 0.38 0.38 

Red dogwood extract - - 0.30 0.50  - - 0.30 0.50 

TMP/SDZ (g) Z - 75.0 - -  - 75.0 - - 

Lysine HCL 0.16 0.16 0.16 0.16  - 0.12 0.12 0.12 

Calculated Analysis          

Crude Protein  23 23 23 23  21.5 21.5 21.5 21.5 

Metabolizable Energy (kcal kg-1) 3,000 3,000 3,000 3,000  3,100 3,100 3,100 3,100 

Calcium 0.96 0.96 0.96 0.96  0.87 0.87 0.87 0.87 

Available Phosphorus  0.48 0.48 0.48 0.48  0.44 0.44 0.44 0.44 

Digestible Lysine 1.28 1.28 1.28 1.28  1.15 1.15 1.15 1.15 

Digestible Methionine + Cystine  0.95 0.95 0.95 0.95  0.87 0.87 0.87 0.87 

Sodium 0.19 0.19 0.19 0.19  0.18 0.18 0.18 0.18 

Analyzed Composition          

Crude Protein  24.1     22.1    

Calcium  0.81     0.75    
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 Starter phase (1-14 days)  Grower phase (14-21 days) 

Ingredients Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

 Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

Total Phosphorus  0.68     0.62    

Sodium  0.15     0.12    

Crude Fat  3.22     4.40    
1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, 

diet containing 0.5% red osier dogwood extract 

W Supplied/kg premix: DL-Methionine, 0.5 kg; wheat middlings, 0.5 kg.  

X Starter vitamin-mineral premix contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin K; 7.6 mg 

riboflavin; 13.5 mg Dl Ca-pantothenate; 0.012 mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 2.9 mg 

thiamine; 70.2 mg manganese; 80.0 mg zinc; 25 mg copper; 0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone.  

Y Grower and Finisher vitamin-mineral premix contained the following per kg of diet: 9750 IU vitamin A; 2000 IU vitamin D3; 25 IU vitamin E; 2.97 mg vitamin 

K; 7.6 mg riboflavin; 13.5 mg Dl Ca-pantothenate; 0.012 mg vitamin B12; 29.7 mg niacin; 1.0 mg folic acid, 801 mg choline;0. 3 mg biotin; 4.9 mg pyridoxine; 

2.9 mg thiamine; 70.2 mg manganese; 80.0 mg zinc; 25 mg copper; 0.15 mg selenium; 50 mg ethoxyquin; 1543mg wheat middlings; 500 mg ground limestone.  

Z Trimethoprim-sulfadiazine (providing 0.75 g/kg mixed feed).
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5.2.4 Fecal excretion of Salmonella Enteritidis 

To confirm for the absence of SE in purchased day-old chicks four papers containing fecal 

samples collected from chick delivery boxes bottom were put into four separate whirl-paks 

to which was added a LB broth (Fisher BP1426-500) at a 1:10 ratio depending on the weight 

of paper+fecal samples. LB-enriched fecal samples were incubated overnight at 37 0C. 100 

µL of LB-enriched fecal samples were plated onto xylose-lysine-tergitol 4 (XLT4)agar (Item 

No:223420, Bacto BBL Difco Microbiology, USA) then incubated for 24 hrs at 37 0C. To 

assess excreted Salmonella, cloacal swabs were collected individually on all birds (n= 404) 

per cage at 1, 5, 12, and 18 day post-infection (DPI) and diluted in 6 ml of buffered peptone 

water before streaking onto XLT4 agar. 

5.2.5 Growth performance 

Individual body weight and feed intake (on a pen basis) were determined weekly. Feed intake 

and body weight were used to estimate average feed intake (AFI) and average weight gain 

(AWG). Mortality was recorded daily to correct for AFI and feed conversion ratio (FCR). 

Birds that died were necropsied by a poultry pathologist to determine cause of death.  

5.2.6 Gut histomorphometry 

A 1.5 cm segment at the mid-length of the duodenum, jejunum, and ileum was collected and 

preserved in 10% buffered formalin (Sigma-Aldrich, St. Louis, MO) for three days. The 

formalin-preserved intestinal segments were cross-sectioned and placed in cassettes and 

were then immersed in 4% paraformaldehyde tissue fixation solution and later into paraffin. 

Each of the cross-sectioned segments was mounted on a glass slide (n = 10 per treatment) 

and stained with HPS (COLHPS1). The morphological slides were examined under a 

microscope coupled with a digital camera. Ten well-oriented and distinct villi on each slide 

were identified and measured for villus height (VH), villus width (VW), and crypt depth 



 

140 
 

(CD) as described by Shang et al., 2020. The villus height:crypt depth ratio (VH:CD) was 

subsequently estimated.  

5.2.7 Hematology, serum immunoglobulins, and superoxide dismutase 

On d 21, 80 birds (ten birds from each treatment) were randomly selected for blood sampling 

and individually weighed Approximately 5 mL of blood was collected from the brachial vein 

and divided in; (i) EDTA tubes for hematology and (ii) serum tubes for serum 

immunoglobulins and superoxide dismutase analyses. The hematological parameters include 

hematocrit (HCT), total protein (TP), leukocytes (LEU), heterophils (HET), lymphocytes 

(LYM), HET:LYM (H:L), monocytes (MON), eosinophils (EP), and basophils (BP) were 

assayed at the Centre de diagnostic veterinaire de l’Université de Montréal. Samples for 

serum immunoglobulins G (IgG) and immunoglobulin M (IgM) were assayed using an 

enzyme-link immunosorbent assay (ELISA) kit from Bethyl Laboratories Inc. (catalogue 

number E33-104-200218 and E33-102-180410, respectively) following manufacturer 

protocols. Superoxide dismutase (SOD) was analyzed using a SOD assay kit (Item Number 

706002; Cayman Chemical, USA), following the manufacturer’s protocol. 

5.2.8 Statistical analysis 

Datasets were subjected to 4 × 2 factorial analysis of variance (ANOVA) using the General 

Linear Model of Minitab LLC, (2019) software. Error terms of individual response variables 

were confirmed for the validity of three basic assumptions, including normality, constant 

variance, and independence. A normal probability plot of residuals was done to verify the 

normality of error terms using the Anderson Darling test in the same statistical package. 

Where error terms of datasets were found to be non-normal or non-constant, the respective 

original datasets were subjected to various transformation functions. If the normality and 

homoscedasticity of error terms were still violated upon transformations, then such datasets 
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were analyzed using the Kruskal-Wallis test. Following ANOVA, differences between 

significant means were separated using Tukey’s honest significant difference (HSD) test and 

Mann Whitney for the parametric and non-parametric datasets, respectively, in the same 

statistical package. Analyzed datasets were presented as means, standard error of the mean 

(SEM), and probability values. Statistically different values were considered at P<0.05. 

5.3 Results 

5.3.1 Fecal excretion of Salmonella Enteritidis 

The effect of ROD extract on the fecal excretion of SE is shown in Table 5.3. There was no 

presence of Salmonella Enteritidis in all the cloacal swab samples collected on d 0, 1, 5, 12, 

and 18 DPI. 
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Table 5.3. Effect of ROD extract Salmonella count in excreta from SE-infected broiler chickens treated with ROD extract. 
  

Treatment1  
 

Infection 

model2 

 
 P-value 

Day post-

infection 

Infection 

model2  

Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3  Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

D 1 N 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 
 

1.000 1.000 1.000 
 

I 0.00 0.00 0.00 0.00 0.00 
        

D 5 N 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 
 

1.000 1.000 1.000 
 

I 0.00 0.00 0.00 0.00 0.00 
        

D 12 N 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 
 

1.000 1.000 1.000 
 

I 0.00 0.00 0.00 0.00 0.00 
        

D 18 N 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00  1.000 1.000 1.000 

 I 0.00 0.00 0.00 0.00 0.00         

1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% 

ROD, diet containing 0.5% red osier dogwood extract 

2 N = Non-infected group; I = Infected group 

3 SEM = standard error of the mean. 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 
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5.3.2 Growth performance 

The effect of ROD extract as an antibiotic alternative on the growth performance of broiler 

chickens infected with or without SE is presented in Table 5.4. There were no interactions; 

thus, the results are reported based on dietary treatments and the challenge model’s main 

effects. Throughout the experimental period, dietary supplementation of 0.3% and 0.5% 

ROD extract did not affect the growth performance of birds with or without SE infection. 

AFI and AWG at week 1, and AFI and FCR at week 2, 3 and on overall were higher (p<0.05) 

among the infected birds compared to the noninfected group of birds. 
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Table 5.4. Effect of red osier dogwood extract on growth performance of broiler chickens challenged orally with Salmonella Enteritidis. 
  

Treatment1  
 

Infection 

model2 

  P-Value 

Week / 

Parameters 

Infection 

model2 

Basal TMP/

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3  Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Week 1               

Average feed 

intake (g/bird)  

N 122 122 123 117 1.77  120b 125a 1.20  0.305 0.025 0.305 

I 127 127 124 122 1.53         

Average 

weight gain 

(g/bird)  

N 96.8 97.5 102 90.2 2.68  96.5b 105a 1.96  0.238 0.035 0.238 

I 112 110 98.9 98.5 2.70         

FCR  N 1.26 1.25 1.20 1.28 0.02  1.24 1.19 0.02  0.487 0.103 0.487 

I 1.14 1.16 1.28 1.25 0.02         

Mortality 

 

N 0.00 0.00 0.00 0.00 0.03  0.00 0.00 0.03  0.793 0.557 - 

I 0.00 0.00 0.00 0.00 0.04   
 

    
 

Week 2               

Average feed 

intake (g/bird) 

N 299 305 305 299 4.29  302b 315a 3.13  0.252 0.032 0.252 

I 322 329 309 300 4.32   
 

    
 

Average 

weight gain 

(g/bird) 

N 243 240 248 229 6.09  240 241 4.13  0.167 0.963 0.167 

I 254 259 222 227 5.67   
 

    
 

FCR N 1.23 1.27 1.23 1.33 0.03  1.25b 1.30a 0.02  0.393 0.031 0.393 

I 1.25 1.28 1.34 1.27 0.02   
 

    
 

Mortality 

 

N 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00  0.107 0.154 - 

I 0.00 0.00 0.00 0.00 0.00   
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  Treatment1   Infection 

model2 

  P-Value 

Week / 

Parameters 

Infection 

model2 

Basal TMP/

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3  Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Week 3               

Average feed 

intake (g/bird) 

N 539 533 538 509 10.5  530b 667a 11.0  0.592 <0.001 0.592 

I 641 669 688 669 9.07   
 

    
 

Average 

weight gain 

(g/bird) 

N 397 377 405 395 9.02  394 374 5.90  0.979 0.102 0.979 

I 370 385 371 369 7.32   
 

    
 

FCR N 1.37 1.43 1.33 1.29 0.04  1.34b 1.74a 0.04  0.916 <0.001 0.916 

I 1.77 1.75 1.88 1.84 0.02   
 

    
 

Mortality N 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00  0.107 0.154 - 

I 0.00 0.00 0.00 0.00 0.00   
 

    
 

Overall (Week 1-3)              

Average feed 

intake (g/bird) 

N 959 960 965 923 12.9  952b 1,106a 13.6  0.513 <0.001 0.513 

I 1,090 1,125 1,121 1,091 13.9         

Average 

weight gain 

(g/bird) 

N 737 715 755 715 15.7  730 719 10.3  0.690 0.588 0.690 

I 736 754 692 694 13.6         

FCR N 1.31 1.35 1.28 1.29 0.03  1.29b 1.50a 0.02  0.899 <0.001 0.899 

 I 1.50 1.50 1.64 1.59 0.01         

Mortality N 0.00 0.00 0.00 0.00 0.05  0.00 0.00 0.03  0.255 0.644 - 

 I 0.00 0.00 0.00 0.00 0.04         
1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet 

containing 0.5% red osier dogwood extract 
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2N = Non-infected group; I = Infected group 

3 SEM = standard error of the mean. 

In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure) 
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5.3.3 Gut morphology 

The effect of ROD extract on gut histomorphometry of broiler chickens challenged orally 

with SE is presented in Table 5.5. In the duodenum, VH of noninfected birds was 

significantly increased (p<0.05) among fed 0.3% and 0.5% ROD extract compared to other 

treatments. However, 0.3% ROD extract increased (p<0.05) VH among the infected birds 

compared to other treatments. Unlike the antibiotic and control treatments, CD in 

noninfected and infected groups of birds significantly depressed (p<0.05) among 0.5% 

ROD extract treated birds; however, it was marginally improved (p<0.05) in the 0.3% ROD 

extract. Comparing between infection model, duodenal VH and CD were significantly 

higher (p<0.05) among the infected group of birds. Regardless of the challenge, duodenal 

VH:CD was significantly increased (p<0.05) among fed 0.3% and 0.5% ROD extract 

compared to other treatments. There was a significant interaction effect (p<0.05) on VW. 

In the jejunum, there was neither treatment nor infection model effect on the gut 

morphology; however, both VH and VW were significantly influenced (p<0.05) by the 

dietary treatment*infection model interaction effect. In the ileum, VH was not significantly 

influenced (p>0.05) by the dietary treatments. In addition, there was a significant 

interaction effect (p<0.05) on VW and CD. Compared to other treatments, VW and CD 

among the noninfected and infected birds, respectively, were significantly increased 

(p<0.05) among the birds that consumed ROD extract at either 0.3% or 0.5%. VH:CD was 

increased (p<0.05) in birds fed 0.3% ROD extract diet compared to the antibiotic and 0.5% 

ROD extract treatments, however, the VH:CD was marginally similar to the control 

treatment. 
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Table 5.5. Effect of red osier dogwood extract on gut morphology of broiler chickens challenged orally with Salmonella Enteritidis. 

  Treatment1   Infection 

model2 

  P-Value 

Parameters Infection 

model2 

Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3  Treatment 

Effect 

Mode 

Effect 

Interaction 

Effect 

Duodenum 
              

Villus 

height 

(mm) 

N 1.58ab 1.47b 1.69a 1.79a 0.036 
 

1.63b 1.79a 0.034 
 

0.002 0.001 - 

I 1.67b 1.77b 2.08a 1.78b 0.030 
        

Villus 

width (mm) 

N 0.15b 0.20a 0.14b 0.15b 0.007 
 

0.16 0.17 0.005 
 

0.067 0.204 0.003 

I 0.16 0.17 0.16 0.18 0.004 
        

Crypt depth 

(mm) 

N 0.19ab 0.21a 0.18ab 0.16b 0.005 
 

0.19b 0.20a 0.005 
 

<0.001 0.036 0.345 

I 0.21a 0.21ab 0.21ab 0.18b 0.010 
        

VH:CD4 N 6.97b 7.26b 10.2a 9.92a 0.398 
 

8.37 8.76 0.346 
 

<0.001 0.346 0.690 

I 8.13ab 7.48b 9.89a 9.95a 0.290 
        

Jejunum 
              

Villus 

height 

(mm) 

N 1.08 0.82 0.76 0.85 0.058 
 

0.90 0.89 0.046 
 

0.728 0.703 0.019 

I 0.86 0.96 0.92 0.82 0.034 
        

Villus 

width (mm) 

N 0.22 0.18 0.18 0.21 0.011 
 

0.20 0.20 0.008 
 

0.844 0.998 0.001 

I 0.19 0.22 0.22 0.19 0.005 
        

Crypt depth 

(mm) 

N 0.15 0.14 0.13 0.14 0.004 
 

0.13 0.13 0.004 
 

0.955 0.368 0.282 

I 0.12 0.14 0.14 0.13 0.004 
        

VH:CD4 N 7.49 6.16 6.62 8.30 0.340 
 

7.12 6.95 0.284 
 

0.486 0.661 0.089 

I 7.00 7.13 6.92 6.47 0.228 
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  Treatment1   Infection 

model2 

  P-Value 

Parameters Infection 

model2 

Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3  Treatment 

Effect 

Mode 

Effect 

Interaction 

Effect 

Ileum 
             

 

Villus 

height 

(mm) 

N 0.39 0.34 0.38 0.38 0.010 
 

0.37 0.38 0.010 
 

0.165 0.399 0.786 

I 0.38 0.36 0.39 0.41 0.011 
        

Villus 

width (mm) 

N 0.15b 0.15b 0.17ab 0.18a 0.004 
 

0.16 0.16 0.005 
 

0.042 0.742 0.018 

I 0.15 0.17 0.18 0.14 0.006 
        

Crypt depth 

(mm) 

N 0.10 0.09 0.09 0.10 0.003 
 

0.09 0.10 0.003 
 

<0.001 0.273 0.047 

I 0.09bc 0.08c 0.11ab 0.10a 0.004 
        

VH:CD4 N 4.19ab 3.98b 5.03a 3.82b 0.144 
 

4.10 4.30 0.139 
 

0.245 0.218 0.098 

I 4.31 4.35 4.22 4.32 0.133 
        

1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, 

diet containing 0.5% red osier dogwood extract 

2 N = Non-infected group; I = Infected group 

3 SEM = standard error of the mean. 

4 VH:CD = Villus height : crypt depth ratio 

 In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure).
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5.3.4 Hematology parameters 

The effect of ROD extract on hematology, and serum immunoglobulins and superoxide 

dismutase of broiler chickens infected with SE is shown in Table 5.6. The dietary 

treatments did not significantly affect (p>0.05) HCT, TP, HET, LYM, H:L, EP, and BP of 

birds with or without SE challenge. A marginal increase in LEU and MON was observed 

in the 0.3% ROD infected birds only (p<0.05) while LEU and MON were significantly 

lower among infected birds fed 0.5% ROD extract. Comparing the infection model, HET, 

H:L, and MON were significantly higher (p<0.05) among the infected birds, while LYM 

was higher (p<0.05) among the noninfected birds compared to their counterpart. 
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Table 5.6. Effect of red osier dogwood extract on differential white blood cell count of broiler chickens challenged orally with Salmonella 

Enteritidis. 

    Treatment1 
  

Infection 

model2 

   P-Value  

Parameters Infection 

model2 

Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3   N I SEM3   Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

Hematocrit 

(L/L) 
N 0.26 0.27 0.26 0.25 0.004 

 
0.26 0.26 0.003 

 
0.228 0.896 0.440 

I 0.25 0.27 0.25 0.27 0.005 
        

Total Protein 

(g/L) 
N 40.0 40.0 37.0 39.6 0.614 

 
39.15 39.65 0.455 

 
0.200 0.604 0.536 

I 40.3 41.4 39.0 37.9 0.688 
        

Leukocytes 

(×109 /L) 

N 14.6 14.3 14.8 13.0 0.832 
 

14.44 15.54 0.775 
 

0.236 0.115 - 

I 15.3ab 15.0ab 20.4a 14.9b 1.350 
        

Heterophils 

(%) 

N 35.1 40.9 34.5 34.4 2.060 
 

35.1b 44.0a 1.560 
 

0.929 0.008 0.866 

I 41.0 43.2 47.8 43.9 2.060 
        

Lymphocytes 

(%) 
N 55.4 48.3 56.8 50.6 2.200 

 
52.8a 43.6b 1.860 

 
0.748 0.022 0.600 

I 43.6 40.8 36.7 44.3 2.890 
        

H:L4 N 0.66 0.78 0.61 0.52 0.090 
 

0.64b 1.12a 0.063 
 

0.599 <0.001 0.700 

I 1.01 1.12 1.33 1.01 0.061 
        

Monocytes 

(%) 
N 2.57 2.00 6.25 3.25 0.581 

 
3.52 b 5.68a 0.434 

 
0.003 0.007 0.596 

I 4.71ab 5.40ab 8.80a 3.80b 0.547 
        

Eosinophils 

(%) 

N 3.57 2.89 1.00 1.80 0.450 
 

2.00 2.00 0.291   0.047 0.623 - 

I 2.00 4.00 1.00 2.00 0.376 
        

Basophils 

(%) 
N 1.00 2.00 2.00 2.00 0.671 

 
2.00 2.00 0.613   0.950 0.941 - 

I 3.00 5.00 3.00 2.00 1.060 
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1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 

0.5% red osier dogwood extract 

2N = Non-infected group; I = Infected group 

3 SEM = standard error of the mean. 

4 H:L = Heterophils : Lymphocytes ratio 

 In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 

 

152 



 

153 
 

5.3.5 Serum immunoglobulins and superoxide dismutase 

In Table 5.7, no interaction was observed. However, both the serum IgG and SOD were 

not affected (p>0.05) by the dietary treatments and the challenge model. Serum IgM was 

similar across treatments for the noninfected birds; however, it was significantly higher 

(p<0.05) among the infected birds treated with 0.3% ROD extract compared to the 0.5% 

ROD extract and antibiotic treatments. Serum IgM was higher (p<0.05) in the noninfected 

group than the infected group.  
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 Table 5.7. Effect of red osier dogwood extract on serum immunoglobulins and superoxide dismutase of broiler chickens challenged orally with 

Salmonella Enteritidis. 

   
Treatment1  

 
Infection 

model2 

 
 P-value 

Parameters Infection 

model2  

Basal TMP/ 

SDZ 

0.3% 

ROD 

0.5% 

ROD 

SEM3  N I SEM3

  

 Treatment 

Effect 

Model 

Effect 

Interaction 

Effect 

IgG 

(mg/mL)4 

N 4.12 3.60 3.66 4.32 0.416 
 

3.62 3.61 0.240 
 

0.928 0.972 0.842 

I 3.66 3.55 3.75 3.48 0.243 
        

IgM 

(mg/mL)5 

N 1.84 1.27 1.52 1.47 0.074 
 

1.51a 1.21b 0.061 
 

0.006 0.024 0.570 

I 1.53ab 1.10c 1.59a 1.15bc 0.094 
        

SOD 

(U/mL)6 

N 1.71 1.91 1.96 1.73 0.103 
 

3.48 3.94 0.071 
 

0.576 0.300 0.783 

I 1.77 1.75 1.96 2.04 0.097 
        

1 Basal, Negative control diet, TMP/SDZ (Trimethoprim-sulfadiazine) antibiotic diet, 0.3% ROD, diet containing 0.3% red osier dogwood extract, 0.5% ROD, diet containing 

0.5% red osier dogwood extract 

2 N = Non-infected group; I = Infected group 

3 SEM = standard error of the mean. 

4 IgG = Immunoglobulin G 

5 IgM = Immunoglobulin M 

6 SOD = Superoxide dismutase 

 In a row, means assigned different lowercase letters are significantly different, P < 0.05 (Tukey’s procedure). 
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5.4 Discussion 

Chicks are the most susceptible to Salmonella infection. This is partly attributable to their 

new but developing immune system. In the current study, oral inoculation of day-old 

broiler chicks with 0.5 mL/bird of 3.1×105 CFU/mL of SE did not result in the presence of 

SE in their cloacal fecal samples at 1 DPI. However, this does not suggest the systemic 

absence of SE among the SE-infected birds. According to the report of Van Immerseel et 

al. (2004), it is possible that birds could be carriers of Salmonella regardless of its failed 

detection in their fecal sample. In the research demonstration by Borsoi et al. (2011), SE 

was detected in the fecal samples of broiler chickens following the oral gavage of 1×105 

CFU/mL of SE. This conflicts in with the current research finding. Such conflict could be 

due to the variation in the SE inoculum strain and volume, which was not reported by 

Borsoi et al. (2011). Furthermore, in some SE-challenge studies using a lower 

concentration of Salmonella inoculum (usually <105 CFU/mL), the presence of Salmonella 

infection was confirmed using a non-fecal assessment method, particularly with the use 

cecal tonsil (Higgins et al., 2008, 2010; Prado-Rebolledo et al., 2017). This suggests that 

the challenged birds in the current study could be SE carriers even though SE was not 

detected by cloacal fecal samples. On 5, 12, and 18 DPI, no dietary treatment effect was 

observed on the SE shedding in the cloacal fecal samples of birds. This is not surprising as 

SE presence was not confirmed 24 hours after the SE challenge. 

No interaction effects were observed on all the evaluated growth performance parameters. 

As a result, the results discussed are based on the main effects of dietary treatments and the 

challenge model.Antibiotics have a proven capacity to reliably improve feed conversion 

efficiency and, consequently, accelerate the growth performance of birds (Mehdi et al., 

2018; Ali et al., 2019; Saleh et al., 2020; Shang et al., 2020). According to Gaucher et al. 

(2015), absence of antibiotics use in poultry production has been associated with 
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consequential production losses. It would therefore be interesting to verify if ROD extract 

could match up the positive impact of antibiotics on the growth performance indices of 

broiler chickens. In the present study, neither the supplementation of ROD extract (0.3% 

and 0.5%) nor TMP/SDZ have influenced AFI, AWG, FCR, and mortality of birds with or 

without SE infection. This corroborates the findings of Mogire et al. (2021), who reported 

an insignificant impact of 0.1% and 0.3% ROD extract on the growth performance of birds, 

although the study lacked a disease challenged model. In contrast to the present findings, 

Erinle et al. (2022b) demonstrated that supplementation of 0.3% and 0.5% ROD extract 

significantly sustained average feed intake, feed efficiency, and mortality of birds 

challenged with SE lipopolysaccharides compared to the birds fed in-feed bacitracin. 

Unlike the impact of antibiotic-free diet on poultry production as reported by Gaucher et 

al. (2015), our present results suggest that dietary supplementation of ROD extract at either 

0.3% or 0.5% does not have negative impact on the growth response of broiler chickens 

and as a result, will not cause consequential production losses. Comparing the infection 

model, AFI and AWG at week 1 were significantly higher among the infected birds, 

whereas AFI and FCR at week 2 and 3 and overall were significantly higher among the 

noninfected group of birds. Salmonella infection has a dynamic impact on birds’ growth 

performance. The severity of the infection largely depends on the age and strain of birds 

and the concentration of Salmonella inoculum. In some studies where Salmonella infection 

was established in poultry birds older than 21 days, poorer growth performance indices of 

birds were reported (Marcq et al., 2011; El-Shall et al., 2020). Meanwhile, at d 9 to 11 post-

hatch, Zhen et al. (2018) reported that oral challenge of birds with 1 mL of 1×109 CFU of 

Salmonella Enteritidis did not significantly affect feed intake, body weight gain, FCR of 

chicks at different periods. In theory, given its virulence, Salmonella is expected to have a 

drastic draconian impact on the growth of poultry birds. However, in the current study, the 

unexpected significant discrepancies which partly favoured AFI in SE-challenged birds but 
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with a depressed FCR could be due to the elongated time elapse during the weekly 

weighing of left-over feed and bodyweight of birds in the pen containing the noninfected 

birds before moving to the infected birds. Mortality was not affected by the dietary 

treatments and infection model. Ribeiro et al. (2007) reported a no significant difference in 

the livability of birds challenged with SE. 

The gut is involved in the digestion and absorption of nutrients and serves as a selective 

barrier which permits the transportation of nutrients while blocking intestinal pathogens 

and their metabolic products. As a result, the gut structure, including the height and width 

of villi, and crypt depth, has been considered one of the critical indicators of a healthy gut 

(Laudadio et al., 2012). In the presence or absence of disease or immune stressors, it is 

pertinent that the gut architectural integrity must be maintained. In the duodenum, there 

was a significant increase in VH of noninfected birds fed either 0.3% or 0.5% ROD extract 

diets, while the VH of infected birds were significantly increased among those fed only 

0.3% ROD extract. Both ROD levels were also observed to substantially increase duodenal 

VH:CD compared to control and antibiotic treatments. This is deviance from Mogire et al. 

(2021) report, where 0.1% and 0.3% ROD extract did not influence the duodenal and ileal 

histomorphometry. In addition, the present study was also different from our previous 

findings (Erinle et al., 2022b) in which 0.3% and 0.5% ROD extract did not affect duodenal 

and jejunal morphology, which could be due to the different challenge models. Laudadio 

et al. (2012) reported that intestinal morphology from healthy and well performing birds is 

characterized by higher VH and VW, suggesting a large nutrient absorption surface area. 

Thus, the two ROD levels improved duodenal morphology. The duodenum interacts with 

accessory organs, including the pancreas and liver, which are critical in the digestion 

process of feed material. With the exception to VW, dietary TMP/SDZ antibiotic decreases 

duodenal morphology. Still, in the duodenum, the SE infection model presents a 
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significantly higher VH and deeper CD among the infected birds than the noninfected birds. 

The higher VH is quite surprising and could reflect the increase in AFI throughout the 

experimental period. In the jejunum, there was a significant interaction effect between the 

dietary treatment and infection model on VH and VW. In the ileum, there was a significant 

interaction effect on CD; however, 0.3% and 0.5% ROD extract significantly deepened CD 

of infected birds compared to the antibiotic and control-fed infected birds. This was similar 

to previous findings where 0.3% and 0.5% ROD extract was reported to increase ileal CD 

of birds challenged with SE lipopolysaccharides (Erinle et al., 2022b). Salmonella 

Typhimurium was reported to increase the incidence of intestinal epithelial exfoliation and, 

consequently, increase the goblet cell density (Fasina et al., 2010). According to Conrad 

and Stocker (2013), the number of goblet cells is highest in the crypts. Thus, a higher CD 

among the infected birds could be due to the detrimental effect of SE on gut morphology. 

Besides the possible detrimental effects of SE in the gut, we suspect that the increased CD 

could also be due to the gut architectural modulation by ROD extract in response to disease 

or immune stressors. However, there was a significant interaction effect on the ileal VW. 

An increase in VW has also been associated with increased villus surface area for nutrient 

absorption. 

The reliability of blood as a predictable barometer of the physiological and health status of 

animals cannot be contested. White blood cells (WBC) component of the blood serves as 

the military defence system of the body against infections. WBC components, including 

HET, LYM, and H:L are reliable signals that indicate the severity of stressors (Zulkifli et 

al., 2000; Ghareeb et al., 2008). For example, an increased HET, decreased LYM, and 

consequently increased H:L have been reported in Salmonella infection (Jazi et al., 2019). 

Heterophils are the preponderant granulated leukocytes which increase birds’ response to 

acute inflammation caused by pathogens. Therefore, in the presence of SE, the body 
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defence system deploys HET as the first counter defensive mechanism. Such heterophil 

response increases HET counts and is considered a worthy indicator of infection severity. 

In addition to HET, LYM, on the other hand, constitute the B immune cells which are 

responsible for synthesis of antibodies (Blumenreich, 1990). A reduction in the LYM 

components of the WBC is an indication of immunosuppression in poultry birds. Thiam et 

al. (2021) correlated a low H:L with an improved gut barrier and immune response and 

could be used as a biomarker for Salmonella resistance in chickens. As expected, the SE 

infection in the current study significantly increased HET, MON, and H:L and decreased 

LYM of SE-challenged birds. Although ROD extract did not affect the differential WBC 

in the present study, 0.3% ROD extract inclusion level stimulated the production of LEU 

and MON in SE-infected birds. Unfortunately, a similar feat was not achieved at 0.5% 

ROD extract inclusion level as it lowered LEU and MON but was comparable to antibiotic 

and control treatments. In humans, antibiotics like beta-lactam and vancomycin have been 

reported to decrease WBC and MON count (Shuman et al., 2012). A lower count of LEU 

is a common indicator of immunosuppression and consequently increases susceptibility to 

infections. As a part of the crucial component of the bodily immune system, MON travels 

around the body to scavenge pathogenic microbes and dead and damaged cells and 

contribute to immune responses during infection (Yáñez et al., 2017). This suggests that 

0.3% ROD extract possesses the capacity to stimulate the inflammatory response by 

promoting the production of LEU and MON. 

Serum immunoglobulins, including IgM and IgG, are products of the WBC sought as 

indicators of humoral immunity. The IgM antibodies have been reported to exhibit a greater 

affinity for the antigen and, as a result, are potent pathogen neutralizers better than the 

IgG’s (Keyt et al., 2020). In the present study, IgM was significantly highest among SE-

infected birds fed 0.3% ROD extract and lowest among those fed TMP/SDZ treatment. 
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This is different from our previous reports where both 0.3% and 0.5% ROD extract did not 

influence the IgG and IgM of birds challenged with SE-LPS (Erinle et al., 2022b). This 

could be due to variation in the challenge models. According to Heyman and Shulman 

(2016), more than 80% of human patients with recurrent infections have a deficiency in 

IgM. In MOPC 104E plasma cells, antibiotics was reported to inhibit the secretion of serum 

immunoglobulins, notably IgM, by inhibiting the glycosylation of carbohydrate component 

of immunoglobulins (Hickman and Kornfeld, 1978). The desirable impacts 0.3% ROD 

extract on the WBC and IgM over the TMP/SDZ antibiotics suggest that it promotes 

antibody production and the amount of circulating leukocytes in the blood. Comparing the 

infection model groups, SE infection had significant effects on IgM and was significantly 

lower among the infected group of birds. The serum IgM is reported to be the first antibody 

produced during the early period post-infection (Larsson et al., 1993; Rathnapraba et al., 

2007) and declines gradually with age (Khare et al., 1976; Holodick et al., 2016). 

Regardless of the SE infection, the range of IgM concentrations obtained in the current 

study was 1.1 – 1.84 mg/mL, however, was within the range of mean concentrations 0.71 

- 2.55 mg/ml reported by (Lebacq-Verheyden et al., 1974; Chhabra and Goel, 1980; Davis, 

1985). 

5.5 Conclusions 

From the results obtained, SE infection increased AFI and FCR throughout the 

experimental period. However, dietary supplementation of ROD extract at 0.3% and 0.5% 

maintained the growth performance of broiler chickens throughout the feeding phases in 

the same magnitude as antibiotics. In addition, SE-infected birds had higher VH and deeper 

CD. Regardless of the presence of SE infection, both 0.3 and 0.5% ROD extract improved 

duodenal VH and VH:CD and marginally lowered CD compared to the antibiotic-fed 

broiler chickens. Meanwhile, the dietary treatment and infection model had an interaction 
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effect on the ileal VW and CD. Furthermore, Leukocytes, MON, and IgM were increased 

among infected chickens fed 0.3% ROD extract but decreased among those fed 0.5% ROD 

extract. However, SE infection adversely affected the hematology of infected birds 

compared to the noninfected birds. Given the sustained growth performance, improved 

duodenal histomorphology, and leukocytes percentage in both infected and noninfected 

broilers, both 0.3% and 0.5% ROD extract could be a suitable antibiotic replacement; 

however, 0.3% ROD extract had the best experimental outcome over the antibiotics.
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CHAPTER 6: Red osier dogwood extract versus Trimethoprim-sulfadiazine(Part 2). 

Pharmacodynamic effects on ileal and cecal microbiota of broiler chickens 

challenged orally with Salmonella Enteritidis 

6. Abstract 

With the subsisting restrictions on the use of antibiotics in poultry production, the use of 

plant extracts has shown some promising antimicrobial capacity similar to antibiotics; 

however, such capacity is largely dependent on their total polyphenol concentration and 

profile. Given the emerging antimicrobial potential of red osier dogwood (ROD) extract, 

the study aimed to investigate the pharmacodynamic effect of ROD extract on the ileal and 

cecal microbiota of broiler chickens challenged orally with Salmonella Enteritidis (SE). A 

21 d 4×2 factorial experiment was conducted based on two main factors, including diets 

and Salmonella Enteritidis (SE) challenge. A total of 384 one-day-old mixed-sex Cobb-

500 broiler chicks were randomly allotted to four dietary treatments; Negative control 

(NC), NC+0.075mg Trimethoprim-sulfadiazine (TMP/SDZ) /kg of diet, and NC 

containing either 0.3% or 0.5% ROD extract. On d 1, half of the birds were orally 

challenged with 0.5 mL of phosphate-buffered saline (Non-infected group) and the 

remaining half with 0.5 mL of 3.1×105 CFU/mL SE (Infected group). Dietary treatments 

were randomly assigned to eight replicate cages at six birds/cage. On d 21, ten 

birds/treatment were euthanized and eviscerated to collect ileal and cecal digesta for gut 

microbiota analysis. The ileal and cecal microbiota was dominated by phyla Firmicutes, 

Proteobacteria, and Actinobacteriota. The SE infection decreased (P<0.05) the relative 

abundance of Proteobacteria and Actinobacteriota in the ileum and ceca, respectively, 

however, it increased (P<0.05) Proteobacteria in the ceca. Both 0.3% and 0.5% ROD 

extracts (P<0.05) depressed the relative abundance of Actinobacteriota in the ileum but 

marginally improved (P<0.05) it in the ceca compared to the TMP/SDZ treatment. Dietary 

TMP/SDZ increased (P<0.05) genus Bifidobacterium at the ileal and cecal segments 
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compared to other treatments. Dietary 0.3% and 0.5% marginally improved (P<0.05) 

Bifidobacterium in the ceca and depressed (P<0.05) Weissella and was comparably similar 

to TMP/SDZ in the ileum. Regardless of the dietary treatments and SE infection, alpha 

diversity differed (P<0.05) between ileal and cecal microbiota. Beta diversity was distinct 

(P<0.05) in both ileal and cecal digesta along the SE infection model. Conclusively, both 

ROD extract levels yielded a pharmacodynamic effect similar to antibiotics on ileal and 

cecal microbiota. 

Keywords: redo osier dogwood extract, trimethoprim-sulfamethoxazole, antibiotic 

substitute, Salmonella enteritidis, gut microbiota 

6.1 Introduction 

Among the economically important pathogenic bacteria of poultry birds are the Salmonella 

spp, which has been identified as the causative organism of pullorum and fowl typhoid 

diseases with severity ranging from high morbidity to mortality depending on the age and 

strain of the bird, and the strain and concentration of the Salmonella inocula. Besides 

typhoidal Salmonella, non-typhoidal Salmonella enterica serovar Enteritidis and 

Typhimurium have been recognized for their epidemiological relevance given their host 

non-specificity in animals and humans (Ferrari et al., 2019), as well as plants. According 

to the World Health Organization (2015) report, Salmonella enterica serovars are virulent 

and capable of triggering intestinal diseases in animals and humans following consumption 

of contaminated food.  

Consequently, Salmonella enterica has been considered one of the top three causes of 

foodborne diseases. While there are over 2,600 different non-typhoidal Salmonella 

serovars, Enteritidis is the most commonly isolated among human and nonhuman subjects 

globally (European Food Safety Authority, 2017; Afshari et al., 2018; Castro-Vargas et al., 

2020). Salmonellosis is a common enteric disease of poultry birds. Following oral 
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inoculation in chickens, Salmonella Enteritidis (SE) colonizes the ileum and ceca when the 

birds are 14 to 21 days old (Ijaz et al., 2021), thereby tweaking the gut microbiota diversity 

towards a dysbiotic condition. At less than 21 days post-hatch, the gut microbiota of chicks 

is barely developed, thus increasing their susceptibility and vulnerability to Salmonella 

(Barnes et al., 1972; Yang et al., 2018). Besides nutrient metabolism, the gut microbiota 

participates in special bodily functions, including protecting the host against pathogens, 

biosynthesis of certain vitamins, and immunomodulatory functions (Konstantinidis et al., 

2020), thus, making it one of the indispensable indices of gut health. As a principle, suitable 

SE treatment strategies should promote the proliferation of gut-friendly microbes that could 

resist colonization by SE. 

For birds’ welfare and food safety concerns, the modern-day poultry industry is constantly 

stepping up its game in the combat against Salmonella. Despite the numerous treatments 

and preventive strategies to curb SE incidences, for example, the use of antibiotics (Chen 

et al., 2013), on-farm SE-vaccination interventions (European Commission of the 

European Parliament, 2006), stringent biosecurity measures, and hazard analysis critical 

control points (HACCP) in feed and water system, little progress seems to have been 

recorded. For instance, antibiotics may cause perturbation of gut-friendly microbes, 

thereby giving room for the persistent colonization of the gut by Salmonella if present 

(Bauer-Garland et al., 2006; Sekirov et al., 2008; Bukina et al., 2021). Although, the 

pharmacokinetic combination of sulfonamides and trimethoprim has reportedly been used 

for a broad spectrum of pathogenic bacteria infection, especially Gram-negative bacteria 

like SE (Putecova et al., 2021), the increasing resistance of non-typhoidal Salmonella to 

clinically important antibiotics has contributed to the restrictions placed on antibiotic use; 

thereby putting the poultry industry into a clinical difficulty. Furthermore, under high SE 

challenge, the counteractive potential of vaccination against SE in flocks has been reported 

to be insufficient to prevent colonization at the gut levels (Atterbury et al., 2009) or may 
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not protect against bacterial shedding in infected birds (Lim et al., 2012); thus, might 

encourage further transmission either vertically or horizontally. With the insufficient 

potency of SE-vaccine and the embargo placed on antibiotic use, the search for more 

suitable alternatives with exceptional antimicrobial activities has been intensified in 

poultry nutritional research.  

While other possible alternatives have been identified, including probiotics, prebiotics, 

antimicrobial peptides, etc., the technicalities involved in their preparations and storage 

may deter their ease of adoption in poultry production. It is noteworthy that plants, 

particularly those with high polyphenol concentrations, possess a wide spectrum of 

beneficial bioactivities, including selective antimicrobial, antioxidant, anti-inflammatory, 

and immunomodulatory activities, and as a result, have gained increased attention as 

potential substitutes to antibiotics. In addition to their beneficial impacts, polyphenols 

possess a prebiotic effect at the gut level (Rodríguez-Daza et al., 2021). The antibiotic 

replacement potential of medicinal plants varies with their polyphenol profile and 

concentrations. Interestingly, plant species, notably red osier dogwood (ROD), contain 

high total polyphenol content compared to some plants, including olive, tea, parsley, and 

basil (Isaak et al., 2013; Scales, 2015). In addition to their gallic acid and quercetin 

constituents, ROD has also been considered a nutritional feed additive (Erinle et al., 

2022c), given its appreciable amount of crude protein and ß-carotene (Fashingbauer and 

Moyle, 1963; Gomaa et al., 2018; Lee et al., 2018b; Wei et al., 2018). Antibiotics and 

phytogenic additives differ in their precision of action at the gut levels. While antibiotics 

discriminately reduce and increase gut-friendly and opportunistic gut bacteria, respectively 

(Costa et al., 2017; Crisol-Martínez et al., 2017; Erinle et al., 2022a), the dietary 

supplementation of polyphenol-rich additive like ROD extract was reported to upturn the 

reduction in the relative abundance of cecal Lactobacillus caused by bacitracin antibiotics 

in broiler chickens challenged or unchallenged with SE-lipopolysaccharides (Erinle et al., 
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2022b). In a non-avian model, Zheng et al. (2021) demonstrated that 0.5% ROD 

polyphenol extract selectively promotes the relative abundance of Lactobacillus in the 

ileum of matured pigs. In addition to Lactobacillus, 0.3% ROD extract was also reported 

to increase the abundance of Oscillospira – a butyrate-producing bacteria that could 

improve chickens’ immunity and intestinal morphology (Mogire, 2020). To the best of our 

knowledge, the dynamic effects of ROD extract on the gut microbiota of broiler chickens 

challenged with SE are yet to be reported. 

Given the emerging microbial-modulatory potential of ROD polyphenols, we hypothesized 

that ROD extract, at either 0.3% or 0.5% inclusion level, will improve the gut microbiota 

of bacterial-infected birds. Thus, the objective of the current study was to investigate the 

dynamic influence of ROD extract on the ileal and cecal microbiota of broiler chickens 

infected with SE. 

6.2 Material and Methods 

The study was conducted in accordance with the guidelines of the University of Montreal 

Animal Care and Use Committee (Project 20-Rech-2063). The birds were handled 

following the protocol established by Canadian Council on Animal Care (2009). In 

addition, the management of birds, diets, experimental design, and SE infection route and 

concentrations were described in Chapter 5. 

6.2.1 Preparation of Salmonella Enteritidis inoculum 

The Salmonella Enteritidis strain (SNY 04 1540) used in the present study was isolated in 

2004 in Dr. Martine Boulianne’s Avicole Research Laboratory, University of Montreal, 

Quebec, Canada. The growth and processing procedures of the Salmonella Enteritidis 

strain has been described in Chapter 5.  

6.2.2 Sample collection 
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On d 21, 80 birds (i.e., ten birds per treatment) were randomly selected, weighed, and 

euthanized by injecting ketamine and xylazine and followed by exsanguination. At 

exsanguination, digesta content in the ileum (2 cm distal to the ileal mid-length) and ceca 

were collected and stored in RNAse and DNAse-free microcentrifuge tubes individually, 

placed in liquid nitrogen, and followed by storage at -80 0C for subsequent ileal and cecal 

microbiota analyses. 

6.2.3 Ileal and cecal DNA extraction, quality determination, and sequencing 

The microbiota DNA in the ileal and cecal digesta were extracted separately using 

QIAamp® PowerFecal® Pro DNA Kit (Cat. No. / ID: 51804) and following the 

manufacturer’s extraction steps. Upon extraction, the concentrations and purity of the 

extracted DNA were confirmed to meet the sample requirements (concentration: >10 or 

<200 ng/µL; purity: A260/280 and A260/230 ratios ≥1.8 and ≥2.0, respectively) of the 

Integrated Microbiome Resource (http://imr.bio) of Dalhousie University where library 

preparation and sequencing were carried out. Bacterial 16S rRNA genes were PCR-

amplified with dual-barcoded primers targeting the Bacteria-specific V3-V4 region (341F 

= 5’-CCTACGGGNGGCWGCAG-3’ and 805R = 3’-GACTACHVGGGTATCTAATCC-

5’) at the Dalhousie University’s Integrated Microbiome Resource. 

6.2.4 Bioinformatics and statistical analyses 

The analysis of ileal and cecal microbiota data was conducted using the Microbiome Helper 

pipeline (https://github.com/LangilleLab/microbiome_helper/wiki), based on Quantitative 

Insights Into Microbial Ecology 2 (QIIME 2). Amplicon sequence variants created with 

Deblur. Primer sequences were trimmed from sequencing reads using cut adapt (Martin, 

2011), and primer-trimmed files were imported into QIIME2 (Bolyen et al., 2019). The 

reads from the forward and reverse paired ends were integrated using VSEARCH (Rognes 

et al., 2016). Following this, the reads were fed into Deblur (Amir et al., 2017) to correct 
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reads and obtain amplicon sequence variants. Taxonomic assignment was done with the 

SILVA database using a naive Bayes classifier implemented in the scikit learn Python 

library (Comeau et al., 2017). Rarefaction curves were used to examine the individual alpha 

diversity for all samples (with the default observed OTUs as the metric). Shannon entropy 

comparisons for the treatments and infection model groups were explored using boxplots, 

while the beta diversity was explored and visualized using Bray-Curtis principal coordinate 

analysis (PCoA) plots. The relative abundance at different taxonomic levels (phyla and 

genera) was visualized using stacked bar charts. The identified microbes present in each 

sample were respectively summed and ranked in descending order to selected top 10 most 

abundant bacterial population using Microsoft Excel. This was done on the ileal and cecal 

microbiota, respectively. 

The ileal and cecal microbiota proportions dataset was inputted and subjected to analysis 

of variance (ANOVA) using a General Linear Model of Minitab LLC (2019) software, and 

the error terms of the dataset were tested to confirm conformation to three basic 

assumptions. Non-normal data were transformed for parametric analysis. The non-

parametric Kruskal Wallis’ median test was used where normality failed upon 

transformation. Analyzed data were graphically presented as means and probability values. 

Statistical differences were considered at P<0.05. P-values were not reported where 

statistical differences were greater than 0.05. 

6.3 Results 

6.3.1 Ileal and cecal microbial composition 

The effect of dietary supplementation of 0.3% and 0.5% ROD extract on the ileal and cecal 

microbiota composition of broiler chickens infected or uninfected with SE is presented in 

Figures 6.1, 6.2, 6.3, and 6.4. The aggregate of the operational taxonomic unit into each 

taxonomic rank, as well as the relative abundance of predominant phyla and genera-based 
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treatment and infection model effects are shown in Figures 6.1 and 6.3 for ileal bacterial 

phyla and genera, respectively and Figures 6.2 and 6.4 for cecal bacterial phyla and genera, 

respectively. In the ileal microbiota, the bacteria phyla were dominated by Firmicutes (96.9 

– 98.5 %) followed by Proteobacteria (0.7 – 2.9 %) and Actinobacteriota (0.1 – 0.9 %). 

However, in the cecal microbiota, the dominant phyla include Firmicutes (74.2 – 96.4 %), 

Actinobacteriota (2.6 – 24.7 %), and Proteobacteria (1.0 – 2.1 %). Inclusion of TMP/SDZ 

antibiotics was observed to numerically lower the relative abundance of phylum Firmicutes 

in the ceca. Regardless of SE infection, there was a specific pattern of dietary treatment 

effects (p<0.05) on the phylum Actinobacteriota in both ileum and ceca and it was observed 

to be significantly higher among the birds fed TMP/SDZ antibiotics compared to the ROD 

extract and control treatments. Furthermore, ileal Proteobacteria was significantly higher 

(p<0.05) among the non-infected birds compared to the infected birds. Meanwhile, 

Actinobacteriota and Proteobacteria phyla in the ceca were significantly higher and lower 

(p<0.05) among the non-infected and infected birds, respectively. At the ileal genera taxa, 

the relative abundance of the top 10 most abundant bacteria genera in a decreasing order 

include Enterococcus, Streptococcus, Lactobacillus, Romboutsia, Escherichia-Shigella, 

Preptostretococcaceae, Bifidobacterium, Lactococcus, Weissella, and Lachnospiraceae. 

Contrary to the TMP/SDZ antibiotic treatment, the relative abundance of ileal 

Bifidobacterium genus was significantly decreased (p<0.05) among birds fed dietary 

supplementation of 0.3% and 0.5% ROD extract and control. Unlike the control treatment, 

the relative abundance of Weissella in the ileum was also observed to be depressed (p<0.05) 

among birds fed both levels of ROD extract compared to the TMP/SDZ antibiotic 

treatment. In ceca, the top 10 dominant bacteria genera in a decreasing order include 

Bifidobacterium, Corynebacterium, Curtobacterium, Sanguibacter, Saccharopolyspora, 

Eggerthella, Bacillus, Kurthia, Erysipelatoclostridium, and Clostridium_innocuum. 
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Compared to the TMP/SDZ treatment, the relative abundance cecal Bifidobacterium was 

marginally improved (p<0.05) compared to the control treatment. 
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Figure 6.1. (a) Profile, (b) descriptive treatment effect, (c) descriptive infection model effect on the percentage relative abundance of 

ileal bacterial phyla of broiler chickens orally gavaged with or without SE and fed red osier dogwood extract as a substitute for in-

feed antibiotics. Treatment: Basal = Negative control, TMP/SDZ = diet containing 0.075mg antibiotic (Trimethoprim-sulfadiazine; 

TMP/SDZ) diet, 0.3%ROD = diet containing 0.3% red osier dogwood extract, and 0.5%ROD = diet containing 0.5% red osier 

dogwood extract. 

Note: Phyla and infection model without a mean separation have their p-value greater than 0.05 
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Figure 6.2. (a) Profile, (b) descriptive treatment effect, (c) descriptive infection model effect on the percentage relative abundance of 

cecal bacterial phyla of broiler chickens orally gavaged with or without SE and fed red osier dogwood extract as a substitute for in-feed 

antibiotics. Treatment: Basal = Negative control, TMP/SDZ = diet containing 0.075mg antibiotic (Trimethoprim-sulfadiazine; 

TMP/SDZ) diet, 0.3%ROD = diet containing 0.3% red osier dogwood extract, and 0.5%ROD = diet containing 0.5% red osier dogwood 

extract. 

Note: Phyla and infection model without a mean separation have their p-value greater than 0.05 
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Figure 6.3. (a) Profile and (b) descriptive treatment effect on the percentage relative abundance of top 10 most abundant ileal bacterial 

genera of broiler chickens orally gavaged with or without SE and fed red osier dogwood extract as a substitute for in-feed antibiotics. 

Treatment: Basal = Negative control, TMP/SDZ = diet containing 0.075mg antibiotic (Trimethoprim-sulfadiazine; TMP/SDZ) diet, 

0.3%ROD = diet containing 0.3% red osier dogwood extract, and 0.5%ROD = diet containing 0.5% red osier dogwood extract. 

Note: Genera without a mean separation have their p-value greater than 0.05. 
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Figure 6.4. (a) Profile and (b) descriptive treatment effect on the percentage relative abundance of top 10 most abundant cecal bacterial genera 

of broiler chickens orally gavaged with or without SE and fed red osier dogwood extract as a substitute for in-feed antibiotics. Treatment: 

Basal = Negative control, TMP/SDZ = diet containing 0.075mg antibiotic (Trimethoprim-sulfadiazine; TMP/SDZ) diet, 0.3%ROD = diet 

containing 0.3% red osier dogwood extract, and 0.5%ROD = diet containing 0.5% red osier dogwood extract. 

Note: Genera without a mean separation have their p-value greater than 0.05 
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6.3.2 Ileal and cecal microbial diversity 

The effect of dietary supplementation of 0.3% and 0.5% ROD extract on the ileal and cecal 

microbiota diversity of broiler chickens infected or uninfected with SE is shown in Figures 

6.5, 6.6, 6.7, and 6.8. Shannon diversity (i.e., specie richness) was not affected (p>0.05) 

either by the dietary treatments or the SE challenge as presented in Figure 6.5; however, 

the Shannon diversity differed (p<0.05) between the ileal and cecal microbiota and was 

higher (p<0.05) in the latter compare to the former. Based on Bray-Curtis dissimilarity 

PCoA shown in Figure 6.6, the dietary treatments did not alter (p>0.05) the beta diversity 

of ileal and cecal microbiota. In Figures 6.7 and 6.8, there were distinct clusters 

representing a significant difference (p<0.05) in the beta diversity of the ileal and cecal 

microbiota vis-à-vis the infection model. 
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Figure 6.5. Box-and -whisker plot showing (a) significant difference between ileal and cecal microbiota (GLM, P<0.001), (b) 

insignificant treatment effects on the ileal microbiota (P>0.05), and (c) insignificant treatment effect on the cecal microbiota 

(P>0.05) of broiler chickens orally gavaged with or without SE and fed red osier dogwood extract as a substitute for in-feed 

antibiotics. Treatment: A = Negative control, B = diet containing 0.075mg antibiotic (Trimethoprim-sulfadiazine; TMP/SDZ) diet, 

C = diet containing 0.3% red osier dogwood extract, and D = diet containing 0.5% red osier dogwood extract. 
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Figure 6.6. Bray-Curtis principal coordinates analysis determined differences in beta-

diversity among treatments. Treatment: A = Negative control, B = diet containing 0.075mg 

antibiotic (Trimethoprim-sulfadiazine; TMP/SDZ) diet, C = diet containing 0.3% red osier 

dogwood extract, and D = diet containing 0.5% red osier dogwood extract. 
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Figure 6.7. Bray-Curtis principal coordinates analysis determined significant differences 

(P<0.05) in beta-diversity between the infection model. Challenge groups: U = ceca 

microbiota of group of birds that were not challenged with SE, C = ceca microbiota of 

group of birds that were challenged with SE, I = group. N = ileal microbiota of group of 

birds that were not challenged with SE, C = ileal microbiota of group of birds that were 

challenged with SE. 
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Figure 6.8. Bray-Curtis principal coordinates analysis determined significant differences 

(P<0.05) in beta-diversity between the ileum and ceca. Challenge groups: U = ceca 

microbiota of group of birds that were not challenged with SE, C = ceca microbiota of 

group of birds that were challenged with SE, I = group. N = ileal microbiota of group of 

birds that were not challenged with SE, C = ileal microbiota of group of birds that were 

challenged with SE. 
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6.4 Discussion 

The gut microbiota remains a key component of the body systems involved in the 

metabolism of ingested food materials and immunomodulation and consequently acts as a 

reliable indicator of disease origination and development in humans and animals, including 

poultry birds. A tweak in the gut microbiota composition, diversity, and specie richness is 

caused by multifactorial reasons, including diets, exposure to antibiotics, infection, and 

environmental stressors (Burkholder et al., 2008; Martinez et al., 2021; Strain et al., 2022), 

which could compromise the vital roles of the gut microbiota. Salmonella has been reported 

as one of the virulent pathogens capable of causing diarrhea, appetite loss, and other 

prognostic symptoms among poultry species (Oh et al., 2017). Salmonella Enteritidis 

thrives, proliferates, colonizes, and promotes the growth of other opportunistic pathogens 

in the gut, thus, reducing the host’s resistance to pathogen colonization. While the menace 

of Salmonella spp on the gut microbiota of poultry birds is not uncommon in research, no 

studies have investigated the effects of ROD extract as an alternative to antibiotics on the 

gut microbiota of broiler chickens infected orally with SE. 

Firmicutes, proteobacteria, and actinobacteria are part of the top five bacterial phyla 

reported in most poultry studies regardless of the type of dietary treatment or stress 

conditions (Oakley et al., 2014; Díaz Carrasco et al., 2018; Mandal et al., 2020; Zheng et 

al., 2021; Erinle et al., 2022b;c). In the current study, the ileal and cecal microbiota is 

dominated by phyla Firmicutes, Proteobacteria, and Actinobacteriota, however, Firmicutes 

were heavily abundant, accounting for up to 98.5 % of the total gut bacteria. This is quite 

understandable as gut bacteria species richness and diversity, and taxonomic classification 

swiftly change almost exclusively to Firmicutes as age increases in chickens (Oakley and 

Kogut, 2016; Shang et al., 2018). Without prejudice to the preceding, Firmicutes and 

Proteobacteria were the top two phyla in the ileum, while Firmicutes and Actinobacteria 

were the top in the ceca in the ceca regardless of the dietary treatments and SE infection. 
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In a recent study where dietary ROD polyphenol extract was fed to swine, Firmicute and 

Proteobacteria were reported to be the top two bacterial phyla in the ileal digesta (Zheng et 

al., 2021). It is noteworthy that SE infection in the current study altered the composition of 

both ileal and cecal microbiota. We observed a reduction and an increase in the relative 

abundance of Proteobacteria in the ileum and ceca of infected birds, respectively, compared 

to the non-infected birds. Salmonella Enteritidis infection influences the gut microbiota in 

chickens (Videnska et al., 2013). In chickens with dysbiosis caused by Salmonella 

infection, phylum Proteobacteria was reported to be increased, while phylum Firmicutes 

was decreased in ceca of chickens (Oh et al., 2017; Chang et al., 2020). While a significant 

abundance of Proteobacteria has been positively correlated with a high 

heterophil:lymphocyte ratio – an important biomarker of stress and innate immune status 

(Thiam et al., 2022), some members of Proteobacteria, particularly Enterobacteriaceae, 

have been recognized for their protection against the Salmonella colonization in chickens 

by competitive exclusion (Videnska et al., 2013; Deriu et al., 2013; Litvak et al., 2019). 

Despite the SE infection, no Salmonella genera were found in the ceca digesta, which 

houses more bacteria population compared to the other gastrointestinal sections. This could 

be due to the relatively abundant Proteobacteria in the ceca of SE-infected birds and the 

possible reduction of Salmonella as post-infection days increase. In contrast to the 

TMP/SDZ antibiotics, the dietary supplementation of 0.3% and 0.5% ROD extract 

decreased the relative abundance of phyla Actinobacteria in the ileum. However, in the 

ceca, both levels of ROD extract marginally improved the relative abundance of 

Actinobacteria compared to the antibiotic treatment. Meanwhile, Actinobacteria was more 

abundant in the ceca of non-infected birds. Some members of Actinobacteria, notably 

Streptomyces, are capable of synthesizing peptide antibiotics called actinomycin which has 

inhibitory action against multi-resistant Staphylococcus aureus, malignant tumours and 

cancerous activities (Farber, 1966; Lewis Jr, 1973). Thus, there is a possible potentiation 
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effect between dietary antibiotic supplements and antibiotic-producing microbes rather 

than an inhibitory impact. Although the mode of action of antibiotics differs from ROD’s, 

however, the marginal improvement in the abundance of Actinobacteriota among the ROD-

treated birds is noteworthy. 

The caecum houses a more stable bacterial population of about 1010 – 1011 / gram than the 

108 – 109 / gram in the ileum digesta (Shang et al., 2018), thus, suggesting that a more 

complex microbial metabolism would be taking place in the caecum. At the ileal genera 

level, dietary supplementation of 0.3% and 0.5% ROD extract significantly repressed the 

relative abundance of Bifidobacterium and Weissella compared to the TMP/SDZ antibiotic 

and control treatment. Whereas in the ceca, 0.3% and 0.5% ROD extract marginally 

increased Bifidobacterium. This could be traced to the suppressive influence of ROD 

extract on phylum Actinobacteriota compared to antibiotics. Similar to TMP/SDZ 

antibiotic effect in the current study, bacitracin methylene disalicylate was reported to 

consistently improve cecal Bifidobacterium and Lactobacillus count and pathogenic E. coli 

and Clostridium perfrigens counts in broiler chickens at d 14, 21, and 42 of age (Dev et al., 

2020). In in vitro studies conducted by Shah and Dave (2002), Touré et al. (2003), and 

Cheikhyoussef et al. (2010), considerable strains of Bifidobacteria presented a probiotic 

effect through their production and deployment of bacteriocins (a notable antimicrobials) 

and some short-chain fatty acids, namely acetate and lactate, against obnoxious bacteria 

including but not limited to Listeria monocytogenes; and could consequentially improve 

growth, thyroid hormonal functions, and ileal architecture (Abdel-Moneim et al., 2020). 

Quercetin and gallic acid are the two most prevalent polyphenols found in ROD extract 

(Scales, 2015; Erinle et al., 2022b); however, they could be responsible for the reduction 

in the relative abundance of Bifidobacterium. Although polyphenols have selective 

modulatory antimicrobial action and have been reported to stimulate the proliferation of 

some bacterial species like Bifidobacteria, Lactobacilli, and Faecalibacterium (Rodríguez-
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Daza et al., 2021), however, Firrman et al. (2016) and Zheng et al. (2017) demonstrated 

that polyphenol quercetin suppressed the growth of Bifidobacterium. Furthermore, gallic 

acid and 3-O-methyl gallic acid found in tea plant were reported to affect the growth of 

Bifidobacterium but in a less severe magnitude (Lee et al., 2006). Pathogenic intestinal 

bacteria species, including Weissella confusa and Escherichia coli, were reported to reduce 

the antioxidant capacity of quercetin by degrading quercetin in plant extract to produce 3.4-

dihydroxyphenylacetic acid (Zhang et al., 2014; Duda-Chodak et al., 2015). Contrary to 

TMP/SDZ antibiotic and control, 0.3% and 0.5% ROD extract exerted a potent and precise 

antioxidant and antimicrobial force, which depressed the relative abundance of genus 

Weissella in broiler chickens infected with SE. Thus, suggesting that the genus Weissella 

does not have a degradation effect on the quercetin polyphenol in ROD extract. However, 

it is noteworthy that ROD polyphenols have a pharmacodynamic effect on the ileal and 

cecal microbiota. As stated earlier, such pharmacodynamic effects could be due to the 

variation in bacterial population in the ileum and caecum and consequently a dynamism in 

polyphenol metabolism in these gastrointestinal sections. Dietary polyphenols, particularly 

the non-absorbable ones, are better metabolized where the gut microbial population tends 

to be highest, usually in the caecum. Depending on the polyphenol biochemical structures 

and bond with their sugar component (Catalkaya et al., 2020), approximately 5 – 10% of 

total dietary polyphenols ingested were reported to be metabolized and absorbed in the 

small intestinal segments (Gowd et al., 2019). 

With respect to the ileal and cecal microbiota diversity, neither the dietary treatments nor 

SE infection affected the alpha diversity, as shown by the Shannon diversity index. 

However, the alpha diversity was higher in the ceca than in the ileum, thus, indicating more 

species richness and evenness in the ceca. Many ileal and ceca microbiota comparative 

studies have reported that alpha diversity of microbiota composition is usually higher in 

the cecum than in the ileum of chickens (Kollarcikova et al., 2019; Bindari et al., 2021; 
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Hemetsberger et al., 2022), including rats (Lee et al., 2018a). The SE infection model gave 

rise to distinct clustering in the Bray-Curtis dissimilarity between the ileal and cecal 

microbiota vis-à-vis infection model; thus, suggesting a change in species diversity not 

only between the ileal and cecal environments but also by SE influence in the gut 

environments. 

6.5 Conclusions 

From the results obtained, Salmonella Enteritidis infection influenced the ileal and cecal 

microbiota with a distinct beta diversity among the infection model groups. The SE 

infection model had a dynamic effect on the phylum Proteobacteria which was increased 

and decreased at the ileal and cecal of infected birds, respectively, compared to non-

infected counterparts. Actinobacteriota was significantly increased in the cecal of non-

infected birds compared to the infected birds. Supplemental trimethoprim-

sulfamethoxazole consistently increased the relative abundance of phyla Actinobacteriota 

and genus Bifidobacterium in the ileum and ceca. Meanwhile, dietary supplementation of 

0.3% and 0.5% ROD extract showed a similar effect but only on the relative abundance of 

cecal Actinobacteriota and Bifidobacterium, plus a beneficial microbial reductive effect on 

the relative abundance of genus Weissella. The present study suggests that the inclusion of 

ROD extract at 0.3% and 0.5% inclusion levels had antimicrobial capacity similar to 

antibiotics, particularly on the ileal and cecal microbiota of SE-infected broiler chickens. 
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CHAPTER 7: Conclusions 

7.1 Conclusions  

Phytogenic additives, namely GP and ROD extract, demonstrated considerable antibiotic-

replacement potentials. A dietary supplementation of 2.5% GP into broiler chickens’ diet 

would afford an improved growth performance of broiler chickens given the similar overall 

feed conversion efficiency compared to bacitracin antibiotic. Similarly, incorporation of 

ROD extract into broiler chickens diets also maintained the growth performance of birds 

even when challenged with Salmonella Enteritidis infection or Salmonella Enteritidis 

lipopolysaccharides. Both GP and ROD extract improved the microbial population of 

beneficial microbes, notably Lactobacillus, which was depressed by bacitracin antibiotic; 

however, such beneficial impact did not translate to enhanced production of cecal short-

chain fatty acids. However, in birds with Salmonella Enteritidis infection, ROD exhibited 

a decisive pharmacodynamic effect on the ileal and cecal microbiota by promoting the 

proliferation of cecal Bifidobacterium while decreasing Weissella. While GP improved the 

duodenal and jejunal morphology, ROD extract displayed a gut morphology improvement 

capacity at the duodenum and ileum of broiler chickens infected with Salmonella 

Enteritidis or their lipopolysaccharide metabolites, respectively. Furthermore, 0.3% ROD 

extract reverse-engineered the detrimental effects of Salmonella Enteritidis infection in 

birds by stimulating the production of white blood cells, monocytes, and immunoglobulins 

M. 

The results highlighted above will enhance competitiveness and innovation in Canada as 

it; 1) indicates a productive alternative method of converting GP from its worthless to 

worthwhile status by supplementing them into poultry diets; 2) addresses the increasing 

public concerns about food security and safety through the possible means of producing 

chickens without antibiotic use. Routine use of these products, namely GP and ROD extract 
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especially at 2.5% and 0.3% inclusion levels, respectively, in poultry nutrition will not only 

improve the profitability of chicken farmers but also will create a value-added market 

opportunity for grape processors and serve as possible alternatives to antibiotic use. 
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