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Abstract - This study was carried to evaluate the “Effect of Garlic (Allium sativum) oil inclusion on nutrient
digestibility and caeca microbial population of broiler chickens”. A total of 180 one- day-old (Arbo acre) broiler chicks
of mixed sex purchased from a reputable hatchery was used in this study which lasted for eight (8) weeks. The birds were
divided into four experimental groups; each group was further subdivided into three replicates of fifteen birds per each
in a Complete Randomized Design (CRD). The garlic (Allum sativum) oil was added to the basal diet at (0.00, 0.1, 0.2,
0.3 %) level respectively. The treatment were T1, T2, T3, and T4 with T1 serving as control. Parameters measured
covered nutrient retention and caeca microbial population. The results on nutrient digestibility showed a significant
difference (P<0.05) among the treatments. Percentage digestibility of crude protein and crude fibre was significantly
(P<0.05) higher in birds fed 0.3% of garlic oil. Birds on 0.2% garlic oil had highest ash digestibility (65.88%) and least
value (64.60%) was recorded in birds on 0.3% garlic oil inclusion. However, ether extract percentage digestibility
(66.67%) was recorded in birds on 0.3% garlic oil inclusion. At the end of 56 days of age, Lactobacilli and Escherichia
coli counts were significantly (P<0.05) influenced by the inclusion of garlic oil in the diets. Garlic oil inclusion
increased significantly (P<0.05) the number of lactobacilli with a decrease the Escherichia coli counts. It was concluded
that garlic oil repopulates the gastro intestinal tract (GIT) with beneficial bacteria which curbs the action of pathogens
and controls their population.
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1.Introduction
Garlic, (Allium sativum), belongs to the lily family whose relatives are onions. Once a wild herb, today's garlic is

cultivated throughout the world, though some still grow wild. It consists of a bulb about the size of a child's fist. The
positive effects of herbal addictive on broiler performance, carcass quality and quality traits of meat have been
demonstrated (Schleicher et al., 1998). A variety of herbal additive including garlic have been widely used to maintain
and improve the health of humans (Freeman and Kodera, 1995). Garlic supplements in broiler chickens have been
recognized for their strong stimulating effect on the immune system and its very rich aromatic oils enhance digestion in
birds (Gardzielewskaet al., 2003). The key active ingredient in garlic is a powerful chemical called allicin which rapidly
decomposes to several volatile organosulphur compounds with bioactivities (Chang and Cheong, 2008).

Garlic is used both as condiments and medicaments, anticoagulant, antioxidant, hypolipidaemic, antihypertensive,
antiageing, antiplatelet and heavy metal detoxifier (Agarwal, 1996 and Marilynn, 2001). The antioxidative influence of
garlic in meat becomes more imperatives in less developed nations, considering storage problems and increasing use of
alternative feed resources without due consideration for meat quality (Onibiet al., 2007).

Antibiotic have been added to poultry diets to maintain health and production efficiency in the past 80 years.
Various mechanism has been proposed which are include: (a) the nutrients are more efficiently absorbed and less are
utilized by the gut, (b) more nutrients are available to the host because of reduced intestinal micro flora, (c) there is a
reduction in harm full gut bacteria, (d) production of growth suppressing toxins or metabolites is reduced, (e) microbial
de-conjugation of bile acids is decreased (Roozbeh et al., 2012; Alagbe et al., 2019). But, continuous and misuses of
antibiotics in poultry industry resulted many concerns about development of drug resistant bacteria, drug residues in the
body of the birds, and imbalance of normal micro flora (Behrouz et al., 2012), this led to the ban of these products by the
European Union in January 2006. (Jimohet al., 2013). This decision has therefore stimulated a search for alternatives:
Essential oils have been proven to control pathogens due to their antimicrobial activity (Dorman and Deans, 2000), to
have ant oxidative potential (Hui, 1996) by delaying lipid oxidation in broiler meat, and to enhance digestion (Brugali,
2003) by stimulating the indigenous enzymes.
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Garlic essential oils have gained prominence due to their wide range of properties not only in improving
performance of broilers but, many other ways where the almost aim is to improve nutritive value of poultry meat
products (Bamidele and Adejumo, 2012). Several studies have identified the separate use of this plants extracted oils in
broiler nutrition as natural feed additives.

Historically it is believed that Louis Pasteur first scientist who demonstrate the antimicrobial effects of garlic
‘juices’ in 1858, however, no reference is available. Recently it is proved that garlic is effective against many acid-fast,
gram-positive and gram-negative bacteria. These include Escherichia coli (E. coli), Salmonella (Johnson et al., 2006),
Clostridium (Witt et al., 1979), Staphylococcus aureus, Pseudomonas, Proteus (Jezowaet al., 2001), Klebsiella (Jezowaet
al., 2001), Micrococcus, Bacillus subtulis (Sharma et al., 2009) and Helicobacter (Garaet al., 2000). So, garlic can be
used to treat E. coli, Salmonellosis and Cholera in poultry. Garlic exerts a differential inhibition between beneficial
intestinal microflora and potentially harmful Entero bacteria (Rees et al., 2003). For the same garlic dose inhibition zone
observed in E. coli was more than 10 times than that seen in Lactobacillus casei (Skyrme, 2007). The exact mechanism
of this differential inhibition is not known, but one of the possible reasons may be the change in chemical composition of
membranes of different bacteria and their absorptivity to allicin (Mironet al., 2000). An inhibitory synergism of
antimicrobial properties of garlic was observed when it was used in combination with vancomycin (Jonkerset al., 2000).

The objective of the study was to evaluate the effect of Garlic (Allium sativum) oil inclusion on caeca microbial
population, nutrient retention of broiler chicken.

2. MATERIALS AND METHODS
Site of the Experiment
The experiment was undertaken at the University of Abuja Teaching and Research farm, Animal pavilion section
of the Faculty of Agriculture, University of Abuja, Nigeria. The site has latitude 8.55° and 90°N, longitude 7° 00°N and
7°05°E.
Collection of test material and preparation
Fresh garlic cloves were purchased from a local market in Gwagwalada, Abuja, Nigeria. The transparent covering
of garlic was removed manually and sun-dried for three weeks. Mortar and pestle was used to pound the dry garlic cloves
into powder, then sieved and stored in a covered plastic container and was further subjected to proximate analysis
according to AOAC (2000) as presented in Table 4. Garlic oil (GOL) was extracted by soxhlet extractor using n-hexane
(boiling point of 40°C - 60°C) for six hours according to the method outlined by Gafaret al. (2012).

Animals and their management

One day old 180 (Arbo acre) broilers of mixed sex were obtained from a commercial hatchery in Ibadan. The
birds were divided into four experimental groups; each group was further subdivided into three replicates of fifteen birds
per each in a Complete Randomized Design (CRD). Anti-stress was added in the drinking water of the birds. The light
(electric bulb) was continuous and the initial brooding temperature was 34°C for the first week of age and it was
gradually reduced by 2°C per week. Vaccines were administered according to the prevailing vaccination schedule in the
environment. A vitamin was added in water a day before and after each vaccination. Clean feed and water was provided
unrestricted throughout the experimental period which lasted for 8 weeks.

Diets were formulated to meet the nutritional requirements of birds according to NRC (1994) and Garlic oil
was included in the diet at 0 %, 0.1%, 0.2% and 0.3 % for treatment 1, 2, 3 and 4 respectively.

Data collected

Caeca microbial count

At the end of 8" weeks, two birds were randomly selected per replicate; they were slaughtered. After evisceration,
one gram of each sample of the caeca content was collected and transferred into the test tube and was then diluted with
9ml of 1% peptone broth and homogenized. Counts of bacteria and lactobacillus were determined according to farmer
(2003).

Nutrient retention trial

A nutrient retention trial was carried out on the 8" week of the experiment; two birds were selected from each
replicate birds were housed in cages with wire bottoms. Trays were placed under each cage for faecal collection. The
birds were given a known amount of feed for seven days and clean water was also given throughout the experiment. Feed
consumed was measured by weighing the leftover feed daily and subtracting from amount of feed provided. Excreta was
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collected for 7days, dried and mixed thoroughly before it was taken to the laboratory for further analysis.
Nutrient retention (%) =  Nitrogen intake - Nitrogen in faeces X 100
Nitrogen intake

Statistical Analysis
All data collected was subjected to one-way analysis of variance (ANOVA) using SPSS (25.0) and significant
means will be separated using Duncan multiple range tests (Duncan, (1955) significant will be declared if P <0.05.

Table 1: Percentage composition of experimental diet (Starter 0-4 weeks)

Ingredients T1 T2 T3 T4
Maize 53.00 53.00 53.00 53.00
Wheat offal 1.6 1.6 1.6 1.6
GNC 10.00 10.00 10.00 10.00
Soya beancake 30.00 30.00 30.00 30.00
Bone meal 3.00 3.00. 3.00 3.00
Methionine 0.20 0.20 0.20 0.20
Premix 0.25 0.25 0.25 0.25
Limestone 1.50 1.50 1.50 1.50
Salt 0.30 0.30 0.30 0.30
Lysine 1.50 1.50 1.50 1.50
Garlic Qil (%) 0.0 0.1 0.2 0.3
Calculated Analysis

Crude Protein (%) 22.67 22.67 22.67 22.67
Crude Fibre (%) 3.65 3.67 3.65 3.65
Phosphorus (%) 0.54 0.54 0.54 0.54
Ether Extract (%) 3.83 3.84 3.85 3.86
Energy (Kcal/kg) 2922 2922 2922 2922

Table 2: Percentage composition of experimental diet (Finisher 5-8 weeks)

Ingredients T1 T2 T3 T4
Maize 62.00 62.00 62.00 62.00
Wheat offal 1.00 1.00 1.00 1.00
GNC 6.00 6.00 6.00 6.00
Soya beancake 26.1 26.1 26.1 26.1
Bone meal 3.00 3.00 3.00 3.00
Methionine 0.15 0.15 0.15 0.15
Premix 0.25 0.25 0.25 0.25
Limestone 1.50 1.50 1.50 1.50
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Salt 0.25 0.25 0.25 0.25

Lysine 0.15 0.15 0.15 0.15

Garlic Oil (%) 0.0 0.1 0.2 0.3

Calculated

Analysis

Crude protein (%) 20.03 20.03 20.03 20.03

Crude Fibre (%) 3.32 3.32 3.32 3.32

Phosphorus (%) 0.54 0.54 0.54 0.54

Ether Extract (%) 3.79 3.79 3.79 3.79

Calcium 1.13 1.13 1.13 1.13

Energy (Kcal/kg) 2998 2998 2998 2998

Table 3: Proximate composition of Garlic (Allium sativum) powder

Items Values

Constituents (%)

Dry matter 87.3

Crude protein 6.29

Fat 0.20

Crude fiber 1.50

Ash 2.01

Mineral (mg/100g)

Ca 290

P 120

Fe 1.2

K 129

Mg 36

Na 6.3
Table 4: Nutrient retention of birds fed with Garlic (Allium sativum) oil

Parameters (%) T1 T2 T3 T4 SEM

Dry matter 84.2 80.45° 85.40° 85.322 4.90
2b

Protein 72.2 69.88° 70.15° 73.328 2.33

retention 1@

Fat retention 59.9 51.44° 63.402 62.092 2.88
1a

Fibre retention 40.0 40.33 41.55 42.40 5.88
0

Ash 65.2 65.88 65.60 64.60 3.03
1
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NFE 67.7 66.44 65.72 66.67 1.88

Means in the same row with different superscripts differ significantly (P<0.05)
NFE = nitrogen free extract, SEM = standard error of mean

Table 5: Effect of Garlic oil on the caeca microbial population of broilers

Parameters T T2 Ts Ts SEM
(cfu/g)
Lactobacillus 30. 34.31° 54,51P 61.882 3.52
33¢
E.coli 25. 21.802 18.440 13.50°¢ 211
60?

Means in the same row with different superscripts differ significantly (P<0.05)
T1: Control (without Garlic oil), T2: 0.1% Garlic oil, T3:0.2% Garlic oil, T4: 0.3% Garlic oil SEM = standard
error of mean

3. Results and Discussion

Table 3 reveals the proximate composition of garlic powder. The proximate components contained dry matter,
crude protein, ether extract, crude fibre and ash at 87.30 %, 6.29 %, 0.30%, 1.50 % and 2.01 % respectively. The mineral
analysis of the garlic powder indicated its richness in sodium, Phosphorus, Iron, Zinc, Copper, Manganese, Phosphorus
and magnesium. According to Murray et al (2000); Oluwafemi et al. (2020) minerals are structural components of the
body tissues are involved in the maintenance of acid base balance, regulation of body fluids, transport of gases and in
muscle contractions. Calcium plays a vital role in providing rigidity and support to animals (Ibrahim et al., 2001);
Alagbe and Motunrade (2019) Magnesium, zinc, iron, manganese are important co-factors found in the structure of
certain enzymes and are indispensable in numerous biochemical pathways (Soetan et al., 2010). Sodium is responsible
for acid-base balance and regulation of plasma volume (Brown and Pentland, 2007; Alagbe et al., 2020)

The nutrient retention of birds fed with Garlic (Allium sativum) oil of the experimental birds is presented in Table
4. Significant difference (P<0.05)were observed in the digestibility of Dry matter, Crude Protein, crude fibre, ash, ether
extract and nitrogen free extract in birds on the experimental diets. Percentage digestibility of crude protein and crude
fibre was significantly (P<0.05) higher in birds on 0.3% of garlic oil. Birds on 0.2% garlic oil had highest ash
digestibility (65.88%) and least value (64.60%) was recorded in birds on 0.3% garlic oil inclusion. However, least ether
extract percentage digestibility (66.67%) was recorded in birds on 0.3% garlic oil inclusion. This result is in agreement
with the observation of Mohammed et al. (2016) when garlic extract was fed to broiler chicken.

Table 5 showed the effect of Garlic (Allium sativum) oil on caeca microbial population of broilers. The E.coli
count ranged from 30.30 — 61.88 (cfu/g) while those of lactobacillus ranged from 13.50 — 25.60 (cfu/g). There was a
significant difference (P<0.05) in the E.colicount among the treatments, the values decreased from treatment 1 to 4 while
those of lactobacilli increased from treatment 1 to 4. This was comparable to the findings of Musa et al. (2020) Alagbe et
al. (2019); Alagbe (2019); Olafadehan et al. (2020); Shittu et al. (2020) who observed a significant (P<0.05) difference
in the lactobacillus and E. coli count among the treatment but contrary to the reports of Hanan (2014) ; Akintayo and
Alagbe (2020) thus acting as a probiotic. According to Tiwari and Jyoti (2008), Lactic acid bacteria produce several
bactericidal/antibiotic like substances, which have been found effective against enteric pathogens. These bacteriocins can
kill pathogenic bacteria, prevent colonization actions and also performs competitive exclusion which refers to the
physical blocking of opportunistic pathogens.

4. CONCLUSION

The garlic oil inclusion reduced the mortality rate of the birds, increases productivity and food safety. Garlic is
king of medicinal plants and it has wondrous effects in poultry. The garlic oil shown better performance of birds,
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ultimately enhancing the production potential. Additionally, garlic oil reduces the number of pathogenic bacteria like
Campylobacter, Escherichia coli and salmonella, clostridium etc. it has beneficial effect on consumer’s immunity. So, it
can effectively use to replace the antibiotics growth promoter in poultry feed.

5. RECOMMENDATIONS

Farms may include 0.3% Garlic oil inclusion in both starter and finisher diets since it supports optimal

performance and compared favorably with conventional antibiotics.
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