Effects of garlic (Allium sativum) extracts at different concentrations against Aspergillosis in Broiler

Chapter 1
Introduction

Fungal infections in poultry are less prevalent as compared to bacterial and viral infections. Fungi are eukaryotic organisms, comprising of both yeast and mold. Fungi produce diseases by invading and destroying body tissues of the host; also release some toxins known as mycotoxins (aflatoxins, ocharatoxins, ergot, fusarium toxins etc.) in food grains and feed during crop production, harvesting and storage (Dhama et al., 2007, 2011a; Rai et al., 2011; Singh et al., 2012). Sporadic infections are common but sometimes they may take the form of outbreaks (Dhama and Mahendran, 2008; Turner et al., 2009; Dhama et al., 2011a; Singh et al., 2012). Seasonal variation plays important role in spread of fungal infections. For example during summer fungal infection are more prevalent in closed housing and during autumn huge amount of fungal spores are found in the poultry litter (Soliman et al., 2009). This is happened due to inappropriate use of antibacterial agents which eleminate natural beneficial microflora that suppress the growth of fungi (De Lucca, 2007). 

Fungal diseases of poultry include- Aspergillosis, Candidiasis, Dactylariosis, Flavus, Cryptococcosis, Rhodotorulosis, Torulopsis, Mucormycoses and Histoplasmosis. Among these, the first two (Aspergillosis and Candidiasis) are having much importance and the last two (Histoplasmosis and Cryptococosis) have some zoonotic significance (Dhama et al., 2013).Respiratory and nervous system of poultry are the main target of fungal pathogens and cause specific pathological changes in the host characterized by inflammation, lesion and sickness leading to death (Shivachandra et al., 2004). 

Aspergillosis, the most common pathogenic fungal disease has economic impact on poultry industries (Singh et al., 2012) either due to their direct infectious nature (Dahlhausen, 2006) or production of mycotoxins on poultry feed (Dhama et al., 2013). It is commonly known as brooder’s pneumonia, mainly caused by Aspergillus fumigatus, which is the most pathogenic fungi that affect poultry (Arne et al., 2011) but A flavus has also been the offender associated with many cases. A fumigatus infection is predominant in poultry as the spores of this pathogenic species are smaller than those of other Aspergillus spp. (Arne et al., 2011). In food and feed-stuffs Aspergillus spp. are able to produce mycotoxins which are known to be potent carcinogens in animals and humans and bring about a reduction in quality of food through spoilage (Juglal et al., 2002; Soliman and Badeaa, 2002; Rasooli and Abyaneh, 2004). Poultry may get infection through contaminated feed and litter or itself in hatcheries as by the release of large number of spores in the environment (Oglesbee, 1997). In acute cases, during initial 1-3 weeks of age mortality range between 5-50% where as in chronic diseases survivors may become lethargic and stunted developing with pulmonary insufficiency or neurological fungal metastasis grouth(Beernaert et al., 2010). During first 3-5 days, dyspnoea is common in neonates as evidenced by open mouth breathing (gaspers) due to progressive airway obstruction. In eyes there may be evidence of cheesy materials deposition and blindness along with CNS abnormalities including torticollis (Throne Steinlage et al., 2003; Dhama et al., 2011a)

To control aspergillosis in birds various drugs like amohotericin-B, 5-fluorocytosine, ketoconazole are usually used (Dhama et al., 2012). On the other hand, over the years much effort has been devoted to the search for new antifungal materials from natural sources (Boyraz and Ozcan, 2005; Hacise-ferogullari et al., 2005). There are about 250,000-500,000 species of plant on earth (Borris, 1996). 

Plant originated products that have been made into medicines and used in treatment of bacterial, viral and fungal diseases (Bernal et al., 2011). The use of plants is increasing day by day as they have minor or no side effects (Jordan et al., 2010; Tapsell et al., 2006). 

Garlic is an economically important plant which belongs to the family Liliaceae, botanical name “Allium sativum”. Today there is rapidly increasing world-wide interest in Allium sativum, and the number of scientific studies performed every year is incresing exponentially (Borelli, 2007). Garlic has antibiotic, antibacterial and antifungal action (Ismaiel et al., 2012). It is a fungistatic substance, has proved itself against Aspergillus (An et al., 2009; Ogita et al., 2009). Alliums arouse significant importance because of their antibacterial and antifungal activities and including the powerful antioxidants, sulfur and other numerous phenolic compounds (Benkeblia, 2004; Haciseferogullari et al., 2005). Garlic having sulfur containing compounds which give a charecteristic flavour and exhibit potent antifungal properties (Lawson, 1991).

Previously comparative efficacy of different medicinal plants (Neem, Tulsi, Onion, and Garlic) has been investigated against aspergillosis in broiler where garlic showed better result compare to others plants but efficacy of specific concentration of garlic extract has not been carried out. Therefore this study was aimed to find out a specific concentration of garlic extract against aspergillosis in broiler.

1.1 Specific objectives
1) To study the in vitro antifungal activity of aqueous garlic extracts at different concentrations in SDA (Sabouraud Dextrose Agar).
2) To study the in vivo antifungal activity of aqueous garlic extracts at different concentrations in broiler.
3) To evaluate the effects of garlic extracts on haematological parameters (Hb, ESR, PCV, TEC, DLC).
4) To explore the effects of garlic extracts on biochemical parameters (Glucose, Creatinine, Cholesterol, SGOT and SGPT).
5) To know the effect of garlic extract on feed conversion ratio and growth performance of broilers treated with garlic extracts.





Chapter 2
Review of literature

2.1 Aspergillosis
Aspergillosis is an infectious, non contagious fungal diseases mainly caused by species in the ubiquitous opportunistic saprophytic genus Aspergillus (Beernert et al., 2010). Aspergillus spp. contain approximately 184 species, 40 of which have been reported to cause human and animal infections and reproduce by producing conidia on inseriate or biseriate phialides (Verweij and Brandt, 2007).

2.1.1 Etiology
Aspergillosis is mostly caused by Aspergillus fumigatus,the most pathogenic fungai affecting poultry but Aspergills flavus, Aspergillus niger, Aspergillus glaucus, Aspergillus nidulans and other Aspergillus spp. also can play a role in the disease (Barton et al., 1992; Perlman and Kuttin, 1992; Joseph, 2000). The reason why A. fumigatus is the predominant species of fungal infections that might be the spores are much smaller than the spores of other Aspergillus species (Arne et al., 2011).
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                       Figure-1:   Primary causes of aspergillosis in birds.

2.1.2 Species affected
A wide variety of birds die by aspergillosis and it has been reported in almost all types of poultry whatever its age and production types: layer cockrels (Throne Steinlage, 2003), pullets in cages (Corkish, 1982), broiler breeders (Martin et al, 2007), growers of chicken (Zafra et al, 2008), turkey poulets (Olias et al., 2010), common duck breeders (Planel, 2001), goslings (Beytut et al., 2004), great rheas (Copetti et al., 2004), ostriches (Perelman and Kuttin, 1992), japanese quails (Olson, 1969) and pigeons (Tokarzewski et al., 2007).

2.1.3 Epidemiology
An increased concentration of spores in the environment may predispose a bird to aspergillosis. The diseases develop in brooder stages in chicks as well as passerine birds, especially below 3 days of age (Chauhan and Roy, 2008). The predisposing factors for spore generation and dissemination in the air include warm environment, humidity, poor ventilation (Phalen, 2000; Tell, 2005), poor sanitation (Oglesbee, 1997) and the long term storage of feed (Khosaravi et al., 2008). Factors impiring the bird’s immunity can also predispose to mycosis. It primarily causes high morbidity and mortality especially in young chicks (Arne et al., 2011; Redig, 2005). High humidity and moderate temperature contributes significantly towards the occurance and the spread of  aspergillosis (Dhama et al., 2008). Contaminant like lead acts as a precipitating factors, especially in geese (Kapetanov et al., 2011).

2.1.4 Pathogenesis
Inhalation is considered the main route of infection for A fumigatus in birds (Oglesbee, 1997). As because A fumigatus spores are too small to be trapped completely in the nasal cavity or trachea and some are able to reach the lungs and air sacs (Fedde, 1998). Usually the air sacs are the primary infection sites, since inhaled air reaches the posterior thoracic and abdominal air sacs prior to contacting epithelial surfaces in the lungs (Nardoni et al., 2006). In the lung parenchyma, spores are getting embedded in the atria and parts of the infundibula in the parabronchus and are engulfed by phagocytic epithelial cells (Maina, 2002). The innate defense mechanisms do not succeed in eliminating infection at the site of the capillaries when bird has an impaired immune response or too many spores are there. This may causes development of loosely attached plaques, which may or may not become overgrown by connective tissue of the host. In the respiratory tract these plaques can obstruct the trachea or bronchi or fill up the air sacs (Oglesbee, 1997). Occasionally, sporulation occurs in the lungs and air sacs (Nardoni et al., 2006; Cacciuttolo et al., 2009). Hyphae containing fruiting bodies can fill the lumen and may penetrate the air sacs, causig serosities and superficial necrosis in the adjacent organs (Tsai et al., 1992). Besides, direct extension of the infection disseminated mycosis also occurs by heamatogenous spread. Hyphae as well as host cells play an important role in this mechanism (Dahlhausen et al., 2004).

2.1.5 Clinical sign
Clinical manifestations depend on the infective dose, the spore distribution, pre-existing diseases and the immune response of the host (Dahlhausen et al., 2004). Avian aspergillosis is classified as acute and chronic. Acute aspergillosis is thought to be the result of inhaling an overwhelming number of spores, while chronic aspergillosis is generally associated with immune suppression (Vanderheyden, 1993).

In acute aspergillosis affected bird show a variety of clinical signs: anorexia, lethargy, ruffled feathers, polydipsia, polyuria, stunting or sudden death. The diseases are commonly known as brooder pneumonia which is highly fatal in first ten days of life and results in a major respiratory distress (Kunkle et al., 2003). Respiratory sign include dyspnea, gasping, hyperpnoea with panting, non productive coughing, wheezing, cyanosis (Throne Steinlage et al., 2003) and sometimes nasal discharge (Singh et al., 2009). Affected birds show gasping along with respiratory rattle and milder form of anemia within 8-10 days in birds’ up to 2 weeks of age (Dhama et al., 2011; Atasever and Gumussoy, 2004). Yellow colored pin point lesions are visible in lungs, air sacs and various organs (Ganguly et al., 2011). Sometimes small yellow green fungus found in all body cavities with dry consistency of lungs, thickened air sacs and suppurate filled bronchioles. Cutaneous aspergillosis with necrotic granulometous dermatitis was observed in chicken and pigeon (Beernaert et al., 2010; Cacciuttolo et al., 2009; Nardoni et al., 2006).

In chronic form, dyspnoea, depression, dehydration and emaciation are described with including nervous sign- ataxia, tremor, opisthotonos, lateral recumbency, torticollis, seizures, convulsions, lameness and hind limb paresis (Throne Steinlage, 2003). 

2.1.6 Diagnosis
The signs of aspergillosis are non specific, making diagnosis difficult (Dahlhausen et al., 2004). Individual test does not provide reliable diagnosis and therefore confirmatory diagnosis requires disease history, clinical signs, hematological and biochemical profile, serology, radiographic changes along with endoscopy and cultural examination of the fungus (Jones and Orosz, 2000).

The history of the bird can reveal a stressful event and or some underlying environmental factors and or an immunosuppressive condition (Jenkins, 1991). It may also reveal chronic debilitation, voice change or exercise intolerance (Oglesbee, 1997).
The clinical signs depend on the form of the disease and involvement of organ (Jones and Orosz, 2000), thereby requiring the disease to be differentiated from the other systemic diseases of respiratory tract (Jones and Orosz, 2000).

The results of haematological and biochemical examination can be considered indicative rather than diagnostic (Jones and Orosz, 2000). In aspergillosis case leukocytosis of 20,000 to more than 100,000 white blood cells per microlitre (Oglesbee, 1997), heterophilia with a left shift or degenerative shift, monocytosis and lymphopenia have been described (Forbes, 1992). In addition, non-regenerative anaemia, increased total protein and globulin fraction can be observed (Jones and Orosz, 2000).

The serological tests have been urbanized to confirm an early and more distinct diagnosis of aspergillosis (Peden and Rhoades, 1992). In acute cases, productin of antibody against antigen exposure by 10 to14 days (Brown and Redig, 1994); and if the bird is immunosuppressed, the low antibody production results in false negative results (Redig, 1994). In these cases, it may be more helpful to detect circulating antigen in the serum (Cray et al., 2006). A number of serological test methods like enzyme linked immunosorbent assays, counter immunoelectrophoresis, and agar gel immunodiffusion have been applied. But in general, negative serological tests do not rule out aspergillosis,  only positive tests are considered diagnostic when back up by other evidence (Arca-Ruibal et al., 2006; Cray et al., 2006, 2009a).

On necropsy, varying degree of miliary granulomatus foci was noted (Vanderheyden, 1993). Definitive diagnosis requires demonstration of the organisms by cytology or histopathology and subsequent identification by culture (Dahlhausen et al., 2004). Isolation of the fungus alone does not confirm the infection status because Aspergillus organisms are ubiquitous contaminants (Flammer and Orosz, 2008). However, plentiful culturing from any organ should be considered for diagnosis (Redig, 2005). Heart along with organs of respiratory system like larynx, trachea and lungs are important for histopathological examination. Microscopic lesion is suggestive but not helpful in species identification because in vivo hyphae of hyaline filamentous fungi are very similar and their in situ manifestations are not pathognomonic (Cray et al., 2009a; Tekaia and Latge, 2005).
[bookmark: _Toc413585083]2.1.7 Treatment
Table 1: Administration routes and doses of some antifungals against avian aspergillosis.

	Antifungal agent
	Administration route
	Dose

	Amphotericin B
	Intravenous

Intrathecal

Nebulization
Into air sac

Topical (Wound)
	1.5mg/kg every 8h interval 3-5 days (Joseph et al., 1994), 10-14 days (Jenkins, 1991)

	
	
	1.35mg/kg 24h interval (liposomally encapsulated amphotericin B) (Bonar and Lewandowski, 2004)

	
	
	1mg/kg 24h interval 10-14 days (Jenkins, 1991)

	
	
	1mg/ml 15min 5-7 days every other week (Orosz and Frazier, 1995) 12h interval (Joseph et al., 1994)

	
	
	Dose not specified (Flammer, 1993)

	Nystatin Sulphate
	Oral
	20000IU/ml every 12h interval 4 days

	Cotrimazole
	Topical
Nebulization
	Dose not specified (Flammer, 1993)

	
	
	10mg/ml polyethylene glycol for 30-45min 24h interval 3 days on/2 days off (1-4 months) (Orosz and Frazier, 1995; Joseph et al., 1994)

	Enilconazole
	Topical
Nebulization

Disinfection
	Dose not specified (Flammer, 1993)

	
	
	0.1ml/kg for 30 min interval 24h 5 days on/2days off (raptors) (Heatly et al., 2007)

	
	
	Environment: flush with solutions as recommended for use in poultry houses (Flammer, 1993)

	Fluconazole
	Oral, Intravenous
	5mg/kg 24h interval 7 days (Flammer, 1993)

	
	
	15mg/kg 12h interval (psittacines) (Pericard, 2005)

	Itraconazole
	Oral
	5-15mg/kg 12h interval with food for 7-21 days (Bauck et al., 1992)

	
	
	10mg/kg 24h interval 3 weeks (Verstappen and Dorrestein, 2005) (falcons) (Jones et al., 2000)

	
	
	15mg/kg per orally 12/24h interval (Abrams et al., 2001), 10-20mg/kg 12/24h interval (Arikan and Rex, 2000; Flammer, 1993)

	
	
	5mg/kg 24h interval 30 days (African grey parrots) (Orosz and Frazier, 1995)

	
	
	5-10mg/kg 24h interval (Amazon parrots) (Orosz et al., 1996), 6mg/kg 12h interval (pigeons) (Lumeij et al., 1995)

	
	
	Preventive: 10mg/kg 24h interval 10 days (Forbes, 1992), 20mg/kg 24h interval (Meredith, 1997), 15-25mg/kg/day for 1 week (Xavier, 2008)

	Ketoconazole
	Oral
	10-30mg/kg 12h interval 21 days (re-suspending in orange juice 5 days interval) (Bauck et al., 1992)

	
	
	20-30mg/kg 12h interval (Flammer, 1993), 30mg/kg 12h interval 14-30 days (Orosz and Frazier, 1995)

	Miconazole
	Topical

Intrathecal


Nebulization

	12h interval (Suedmeyer et al., 2002; Abrams et al., 2001; Orosz and Frazier, 1995)

	
	
	pH balanced solution, aqueous base, dilute in saline: 15-20min 12h interval (Arikan and Rex, 2000; Orosz and Frazier, 1995)

	
	
	5mg/kg, 10mg/ml, 12h interval (diluted to maximum 0.5ml with saline) (Westerhof, 1995)

	Terbinafine
	Oral

Nebulization
	10mg/kg 12-24h interval, 15mg/kg 12h interval (psittacines) (Flammer and Orosz, 2008)

	
	
	Combined with itraconazole (Flammer, 2006).

	Voriconazole
	Oral
	10mg/kg 12h interval (pigeon) (Beernaert et al., 2009b), 24h interval (chickens) (Burhenne et al., 2008) (African grey parrots) (Scope et al., 2007)

	
	
	12-18mg/kg 12h interval (African grey parrots) (Flammer and Orosz, 2008)

	
	
	12.5mg/kg 12h interval, 3 days loading dose, then 24h interval (raptors) (Di Somma et al., 2007; Schmidt et al., 2007).

	5-fluorocytosine
	Oral
	50-100mg/kg 12h interval (Flammer, 1993)

	
	
	60-250mg/kg 12h interval (cage birds); 40mg/kg 6-8h interval (raptors) (Jenkins, 1991)

	
	
	150-250mg/kg for 21 days (Bauck et al., 1992)

	
	
	120mg/kg 12h interval 3 weeks (Westerhof, 1995)

	
	
	120mg/kg 6h interval (Joseph et al., 1994)



2.1.8 Prevention and control
For prevention of aspergillosis, various stress factors and spores exposure need to be minimized along with strict hygiene and sanitation measures in brooder and hatchery (Beernaert et al., 2010). Before setting in the incubator contaminated eggs must be eliminated. After transfer of hatching eggs an effective fungicide should be applied inside the setter (Wind and Yacowitz, 1960). Low moisture contend feed should be given and the littre should be kept dry. In turkeys, elevated platforms help to prevent picking up molds from feed container and waterer.  Proper drainage system is necessary to prevent water logging (Chute and Richard, 1991). Good ventilation, hygienic and strees free environmental conditions must be maintain inside the poultry farm. To prevent the disease, a good litter management practice need to be followed and treatment of new litter with antifungal agent is mandatory (Shivachandra et al., 2004). Affected birds should be removed. Feeders should be kept dry and clean to limit the fungal development (Kunkle, 2003a).

2.2 Medicinal plants of Bangladesh
Herbs are plants of which leaves, stems, flowers, seeds and roots are use for flavoring dishes or for medicinal purposes (Hashemy and Davoodi, 2011; Sandhu and Heinrich, 2005). In Bangladesh, different parts of medicinal plants have been used to cure specific ailments. Bangladesh is endowed with vast resources of medicinal plants such as Neem (Azadirachta indica A. Juss), Tulsi (Ocimum sanctum), Sajna (Moringo oleifera), Pineapple (Ananas comosus), Custard apple (Annona reticulata), Onion (Allium cepa), Garlic (Allium sativum), Turmeric (Curcuma longa), Zinger (Zingiber officinale), Betel (Piper betle), Shatamuli (Asparagus racemosus), Sarpagandha (Rauvolfia serpentian benth), Ghritkumari (Aloe indica), Lajjabati (Mimosa pudica), Ulatkambal (Abroma augsta), Dadmardan (Cassia alata), Durba grass (Cynodon dactylon) etc. are using as anthelmintic, antimicrobial, antifungal, astringent and hemostatics (Akhtar et al., 2000). The knowledge of using herbal medicine was disseminated by local kabiraj (Amin et al., 2008).

2.3 Garlic (Allium sativum)
[image: ]Garlic (Allium sativum) is one of the most trditionally used plants as a spice and herb. Garlic has been shown to inhibit the growth of a variety of microorganisms, not only bacteria (Cavallito et al., 1944) but also fungai (Prasad and Sharma, 1981) and viruses (Esanu and Prahoveanu, 1983). Garlic contains a lot of active components like: Ajone. S-allyl cycteine, Di allyl sulfide and the most active one is Allicin (Onu, 2010). It is believed that the antimicribial activity of garlic to be effect of allicin, the main ingredient in garlic which is generated by the phosphopyridoxal enzyme allinase (Adetumbi and Lau, 1983).






Figure 2: Generation of allicin in a garlic clove.

2.3.1 Antifungal activity of garlic                                                                                                                                                                                                                                                 
Allicin, is one of the active principles of freshly crused garlic and exhibit a variety of biological activities such as anti-microbial, anti-inflammatory, anti-thrombotic, anti- atherosclerotic, serum lipid lowering and anticancer activities (Harris et al., 2001). Garlic extract possesses in vitro antifungal activity against Cryptococcus neoformans (Davis et al., 1990), Candida (Ghannoum, 1998) and Aspergillus spp (Yamada and Azuma, 1997).
In many countries garlic is utilized as folk medicine because of its antimicrobial and other beneficial properties and the extract efficacy has been studied against Aspergillus spp (Pai and Platt, 1995). The minimal inhibitory concentration value against Aspergillus has been count 12.5 to 25 µg per ml by broth and agar dilution methods after 5 days of incubation (Yamada and Azuma, 1977). Garlic shows highest antifungal activity against three Aspergillus spp such as- A fumigatus, A niger, A flavas.The minimal inhibitory concentration of aqueous garlic extract has been observed about 325 mg per ml in disc diffusion method after 24 h of incubation (Irkin and Korukluoglu, 2007). Oil of Allium sativum has been showed significant growth inhibition of fungi and the minimal inhibitory concentration has been obtained >2% in disc diffusion method and >4% in broth micro dilution method (Bansod and Rai, 2008). 5% concentration of garlic extract completely inhibits the growth of Aspergillus in agar plate method (Mayah, 2005).

2.3.2 Effect of garlic on chicken’s growth performance
Garlic is one of the oldest cultivated plants (Ramaa et al., 2006). Many scientists investigated the effects of long term feeding of garlic and its’ preparations on the performance of broilers. Garlic was considered as antibiotic growth promoters and has been used for about 50 years to enhance growth performance in poultry and swine (Dibner and Richards, 2005). In broilers, it was reported that garlic as a natural feed additive, improved broiler growth and feed conversion ratio (FCR), and decreased mortality rate (Tollba and Hassan, 2003).  Essential oils of garlic acts as a digestibility enhancer, balancing gut microbial ecosystem and stimulating secretion of endogenous digestive enzymes and thus improving growth performance in poultry (Williams and Losa, 2001). 

Garlic increases growth and improves feed conversion ratio by increasing height of villus of small intestine and activation of absorption process (Tollba and Hassan, 2003). 
Increase in growth, feed conversion and meat quality were obtained when broilers were fed diets containing 1% or 2% Garlic (Bampidis et al., 2005; Freitas et al., 2001). At the end of second week, the highest body mass was achieved in the control group while in the experimental groups with Garlic at 2% was slightly lower (Hernandez et al., 2004). That was probably due to reduced food consumption, resulting from the intense smell of garlic, which required a period of adaptation of chickens to this kind of feed. Body growth was raised and also developed the meat quality and feed conversion while pigs were fed with 1% Garlic (Cullen et al., 2005).

Garlic powder at different levels (0.5 to 3%) had no significant effect on weight gain during the first 21 days of feeding trial compared to that of control birds (Raeesi et al., 2010). However, for the period from 22-42 days, garlic level at 1% resulted in the highest weight gain. For the whole feeding period garlic levels of 1% and 3% significantly increased body weight gain as compared with 0.5% garlic supplemented groups but it was not significant in comparison with control group.

Supplementation of garlic at the rate of 1.5% and 3.0% respectively for a period of 8 weeks and there was no significant difference in feed intake in garlic supplemented groups as compared to control. However, the body weight gain in garlic supplemented groups was slightly higher than control (Prasad et al., 2009). A trial was carried out to study the possibility of using garlic paste as feed additive to high nutrients density broilers diets. There was a positive effect of adding garlic paste on the growth rate and FCR especially with 3% rate (Suliman et al., 2011). Adding 8% of garlic to the feed of broiler chickens did not have a significant effect on feed intake, body weight gain, FCR, the mean of chicken's weight, mortality percentage, dressing percentage, offal percentage, (Ziarlarimi et al., 2011).

2.3.3 Effects on Haematological and Biochemical parameters
The major phytogenic compound obtained from garlic is allicin. Allicin possibly reduces serum LDL, triglyceride and cholesterol and it has been used for cardiovascular diseases (Rahmatnejad et al., 2009). Garlic had been found to lower serum and liver cholesterol (Qureshi et al., 1983a), inhibit bacterial growth (Cavallito and Bailey, 1994), inhibit platelet growth and reduce oxidative stress (Horie et al., 1992).

It was suggested that garlic may decrease cholesterol (CHO) and triglyceride (TG) levels in patients with increased levels of these lipids (Zhang et al., 2001). Using garlic as natural feed supplement has several advantages as the inhibition of platelet aggregation (Apitz Castro et al., 1983) reduction of arterial blood pressure (McMohan and Vargas, 1993) prevention of fat infiltration of liver (Sand et al., 1995). Garlic paste diets in 3% rate significantly increases total protein, albumin and decreases serum cholesterol, glucose levels and triglycerides levels (Suliiman et al., 2011). Garlic supplementation in poultry feed imposes positive effects on hematological parameters of poultry birds. Garlic oil significantly increased white blood cell and reduced red blood cell counts, hemoglobin, hematocrit and mean corpuscular hemoglobin values in rats (Kung-chi et al., 2006). Addition of garlic in diet of fish increase the red blood cells and mean corpuscular volume when it was used at the concentration of 20, 30 40g per kg (Shalaby et al., 2006). Another experiment concluded that garlic supplementation increases the white blood cells, lymphocytes and immunoglobulin G in broilers (Hanieh et al., 2010). In contrast, it has been reported that garlic does not affect leukocyte numbers in broilers (Ao et al., 2011). With regards to WBC counts, it was reported that dietary addition of garlic increased lymphocyte concentration in peripheral blood of pigs. The enhanced lymphocyte proliferation by garlic treatment along with the possible protection of the cells from oxidative stress seemed to contribute for the increased WBC count (Jafari et al., 2008; Onu, 2010)

 It was found that ALT and AST levels decreased when rats were fed diet containing 5% A. sativum (Elhaster et al., 1997). A. sativum supplementation significantly decreased ALT and AST in serum of rats (Augusti et al., 2005). Supplementation of garlic in rabbit observed that SGOT and SGPT decreased significantly (Ibrahim et al., 2000). Effect of garlic supplementation on SGOT and SGPT of rat found that there was significant decrease in ALT and AST of rats fed diet containing 4% garlic (Ganiyu, 2006). It was reported that when fish was orally given garlic and onion with feed, there was decrease in SGOT and SGPT (Salahy, 2003). About 50% of kidney function must be lost before a rise in the serum concentration of creatinine (Atef et al., 1994).




Chapter- 3
Materials and methods

3.1 Study area and study period
The study was conducted for a period of six months from July to December, 2015 at the department of Physiology, Biochemistry and Pharmacology, Faculty of Veterinary Medicine, Chittagong Veterinary and Animal Sciences University (CVASU), Bangladesh. The experimental farm shed was located at the 2nd floor, opposite to Physiology Laboratory in academic building No-1, CVASU. The shed was preferred based on location, easy for monitoring and data recording.

3.2 Study design
This experimental study was undertaken to appraise comparative efficacy of garlic extracts at different concentration against aspergillosis in broiler.


Figure 3: Flow chart of study design
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	References

	Local name    - Garlic
	

Bansod and Rai, 2008

	Scientific name – Allium sativum
	

	Family    - Liliaceac
	

	Plant part used  - Bulb
	

	Medicinal use - Expectorant, Antifungal, Antibacterial.
	

	Water content   - 76.1%
	Irkin and Korukluoglu, 2007


 3.3 Medicinal plant used 

3.4 Aqueous Garlic Extract (AGE) Preparation
Collected garlic were peeled off all membranes to elicit the bulb and washed several times with water. Different proportions of garlic extract were prepared (100 %, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% and 5%) by blending the fresh sample accordingly with 100 ml sterile distilled water (w/v ratio). Then prepared extract homogenized at 2000 rpm for 10 min by homogenizer (T10, Germany) and stored at 4 ºC until used. Discs were prepared with collected extract.
3.5 Preparation of inoculums
[image: ]Aspergillus fumigatus isolate was collected from a repository of the Department of Microbiology and Public Health, CVASU. These collected samples were inoculated on to Sabouraud Dextrose Agar (SDA) (Oxoid) and growth of fungi, hyphal tips and spores were observed (Figure: 4) after incubation for 3 days at 37°C. This isolated strain of Aspergillus fumigatus was used for experimental purposes in the study. 







[bookmark: _Toc410907965][bookmark: _Toc413584210][bookmark: _Toc413585973]Figure 4: Mother culture of Aspergillus fumigatus on SDA
3.6 Antifungal activity test
3.6.1 In vitro assays
Disc diffusion method was used for determination of antifungal activity of AGE. In brief, sterile Sabouraud Dextrose Agar (SDA) was poured into 2/3rd of petri plates. Then the agar was allowed to solidify at 4ºC for 1 hr. Aspergillus spp. inoculum was evenly spread on agar using cotton bud and petri dishes were left at 4ºC to allow agar surface to dry. Then disc impregnated with garlic extracts (100 %, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% and 5%) were placed on the culture medium and a disc with sterile distilled water used as a control. After 5 minutes, plates were turned upside down and incubated at 30°C for 24 hours. At the end of the period, inhibition zones, formed in the medium were measured in millimeters (mm).

3.6.2 In vivo assays
In vivo antifungal trial was performed at different concentration of garlic extract against aspergillosis in broiler. The effect on weight gain, FCR, haematological and biochemical parameters were also studied.

3.6.2.1 Selection of study population
For this study, a total of 80 day-old “A” grade healthy chicks (Cobb- 500) were purchased from commercial breeder farm (Raufabad, Oxygen, Chittagong) as pre-contract basis.
3.6.2.2 Management of brooding chicks
By maintaining adequate biosecurity, chicks were placed in a chick guard and all the chicks were provided proper humidity and ventilation. Immediately after unloading from the chick boxes the chicks were given vitamin-C and glucose to prevent the stress occurring during transport. The floor of the chick guard was maintained by rice husk and paper materials which were replaced with  every 8 hrs interval for first 8 days of brooding and only rice husk was used as bedding materials and changed every 12 hrs interval until day-14. Commercially available starter feed (M. M. Agha Poultry) were provided for 13 days (2950 Kcal/kg ME; 22.7% CP). Everyday adlibitum water mixed with various vitamins, minerals, electrolytes, enzymes, phytozyme, glucose were provided. 
	Vaccine name
	Age

	1) Marek’s vaccine
	1 day

	2) BCRDV
	4 day

	3) Gumboro vaccine
	14  day

	4) BCRDV (booster)
	21 day


Table 2: Vaccination schedule in chicks

3.6.2.3 Management of grower chicken in cages
The 78 birds were divided into eight sub-groups, Groups-1consists of 15 chicks which is treated as control group (T0) and remaining seven groups were considered as treatment (T1 to T7) respectively. Each group consists of 9 chicks. Temperature, humidity, light and ventilation were maintained as for birds comfort. Manually mixed balanced mash feed (3080 Kcal/Kg ME; and 21% CP) and water mixed with various vitamins, minerals, electrolytes, enzymes were provided from 14 to 28 days. Droppings of the birds from cages were carefully removed by washing the tray four times in a day. BCRDV boostering was performed on day 21.

3.6.2.4 Infection with Aspergillus fumigatus
The infection of Aspergillus fumigatus was introduced at day 12 to all birds with infective dose 5 ppm on water according to Moss, 1988. Beside, vitamin C was provided to prevent stress occurring during infection exposure.
[image: ]








[bookmark: _Toc410907968][bookmark: _Toc413584213][bookmark: _Toc413585976]Figure 5: Challenging of the birds against Aspergillus spp.
3.6.2.5 Diagnosis 
[image: ][image: ]Clinical Sign – Three to six days of post infection, birds were suffering from dizziness, gasping, suffocation, dyspnoea with reduced feed intake and ruffled feather also seen among the infected chicks. 








[bookmark: _Toc410907969][bookmark: _Toc413584214][bookmark: _Toc413585977]Figure 6: Infected birds with suffocation, dyspnoea and dizziness

Post Mortem Findings – After 7 days of infection a bird was dead. Upon post mortem examination different organs like heart, lungs were found congested. Two birds were dead after 14 days of post infection in which the post mortem findings of dead birds exposed the characteristics whitish/yellowish “sagu” like nodules in lungs with congested lungs and heart.
[image: ][image: ]








Figure 7: Yellowish nodules (Left figure) and congested heart and lung (Right figure)

3.6.2.6 Treatment intervention


Figure 8: Treatment of Aspergillosis infected chicks with various concentrations of garlic extracts.

3.6.2.7 Treatment and post monitoring
After observing sign-symptom, treatment of infected groups with garlic extracts was started from 23nd day age of the bird according to predesigned treatment layout. Each treatment group except T0, 3 ml of extracts were provided through drinking water.

3.6.2.8 Collection of blood and preservation
Blood was collected at day 28 to study haematological parameter (Hb, ESR, PCV, TEC and DLC) and biochemical parameter (Glucose, TP, Albumin, TG, Cholesterol, ALT, AST, Creatinine.  Three ml blood (3 in each group) was drawn from jugular vein of birds and divided into two (1.5 ml) parts equally. One part was taken in tube containing anticoagulants and other parts in tube without anticoagulant. Slide was also prepared from each sample and collected sample was given unique identity number. After collection, samples were immediately shipped to Physiology laboratory of CVASU for hematological evaluation and research laboratory of CVASU for serum separation and biochemical analysis.

3.7 Evaluation of Hematological parameters
EDTA containing blood samples were thawed by keeping at room temperature to determine the hematological parameters. ESR, PCV, TEC, DLC, Hb (Appendix-D) was determined by following the methods described by Lamberg and Rothstein, 1977.

3.8 Separation of serum
After 24 hours, the coagulated blood which in vacutainer with no anticoagulant was centrifuged (Capp Rondo, CR-68X, Denmark) for 20 minutes at 3000 rpm. Obtained serum samples were shifted to the eppendorf tube by using micropipette and given unique identification number. The obtained serum samples were stored in -20oC until analysis for biochemical tests.

3.9 Evaluation of Biological parameters
Serum and all reagents were thawed by keeping at room temperature approximately for 30 minutes before the analysis. The serum samples were vortexed for mixing component of serum uniformly. The Serum Glucose, Total Protein (TP), Albumin (Alb), TriglycerideS (TG), Cholesterol, AST, ALT, Creatinine (Appendix-E) were assayed by using Automated Biochemical Analyzer (Humalyzer-3000, Germany) following manufacturers instruction. Glucose, TP, Alb, TG, Cholesterol, AST, ALT and Creatinine were determined by commercially available kits (Randox) according to their guide line of manufacturer.

3.10 Effect of garlic on body weight and FCR
3.10.1 Body weight gain
Body weight was measured for all birds at the beginning of the experiment and it was repeated weekly at the beginning of the week at the same time. Live weight gain was calculated by subtraction the live weight at the beginning of the week from the live weight of the next week.
3.10.2 Feed Conversion Ratio
Feed Conversion Ratio (FCR) of each bird was calculated in every week according to the following formula-
	
	                                          Unit of feed consumed
                          FCR= 
                                                 Unit of weight increased

3.11 Statistical analysis
Data were arranged into a spread sheet of MS Excel‑2007. The data were sorted, cleaned and coded using the excel program before exporting to STATA/IC-11.0 (STATA Corp, USA) for analysis. A T-test was performed to compare the result of different groups according to weight, hematological and biochemical parameters. p values of ≤0.05 were considered statistically significant.













Chapter-4: Results
This experiment was conducted to evaluate the antifungal efficacy of garlic extracts at different concentrations in broiler on the basis of growth performance, hematological and biochemical parameters alteration. It was conducted in two different ways.
4.1 In vitro assays
Different concentrations of garlic extracts exhibited antifungal activity against Aspergillus fumigatus (Figure 9). Various inhibitory concentrations of garlic extract with zone of inhibition against Aspergillus fumigatus. are illustrated in table 3. Highest zone was found in case of 100 % garlic extract and lowest zone was evident in 20% garlic extract. There was no inhibitory zone in case of 5% and 10% garlic extract.
	Percent of AGE
	 Zone of inhibition ( mm)

	100
	             20

	90
	18

	80
	18

	70
	16

	60
	15

	50
	11

	40
	9

	30
	            6

	20
	5

	10
	-

	5
	-
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Figure 9: Zone of inhibition of 
Allium sativum
 (garlic) against 
Aspergillus
 spp.
) (
Table 3: Sensitivity of 
A fumigatus
 to different concentrations of AGE
)


4.2 In vivo assays	
During post treatment period, control group chickens were continually suffering from gasping, suffocation, dyspnoea, sitting silently and had a huge thirst. On day 29 after sacrificing control and treated group birds, only characteristics whitish/yellowish nodules or plaques within the lungs and congested lung and heart were found in both control group and 40% garlic treated group.
	Category
	Birds sacrificed (N)
	Postmortem findings

	
	
	Whitish/yellowish nodules
	Congested lung and heart

	Control(T0)
	3
	+++
	+++

	T1 (100%garlic)
	3
	---
	---

	T2 (90%garlic)
	3
	---
	---

	T3 (80%garlic)
	3
	---
	---

	T4 (70%garlic)
	3
	---
	---

	T5 (60%garlic)
	3
	---
	---

	T6 (50%garlic)
	3
	---
	+++

	T7 (40%garlic)
	3
	+++
	+++



Table 4: Post mortem findings on 28th days







4.3 Effect of garlic extracts on growth performances
4.3.1 Live weight
After infection, more or less similar live weight was observed in all groups of broiler. After treatment with garlic extracts, all treated groups significantly gained their body weight except T1, T2 and T3. During post treatment period, the highest body weight gain was recorded in 70% garlic group (T4) and the lowest body weight gain was recorded in control group (T0) (Figure: 10).










      Figure 10: Live weight variation among control and different treated groups




4.3.2 Total feed intake
In every group, feed intake differed throughout the observational period. In the present study, a significant (p ≤0.05) variation was present between control and different treated groups.  In last week, however the lowest feed intake (1965.3g) was observed in T0 group and the highest feed intake (2177.5) was recorded in T6 group ( Figure: 11).

                                
Figure 11: Feed intake variation among control and different treated groups




4.3.3 FCR on live weight	
FCR of different treated groups or control group of broiler was depicted in figure 12. Insignificant (p ≥0.05) variation was evident between control and different treated groups. At the termination of the study, the highest FCR was observed in control group (T0) and the lowest in 70% garlic group (T4). On the other hand FCR value in control (T0) group was 2.01 which showed inferior performance than treated groups.


Figure 12: FCR on live weight among control and different treated groups
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Table 5: Effect of garlic extracts on growth performances in broiler
	Parameters
	Group –  of broiler on day 28 (Mean±SD)

	
	T0
	T1
	 T2
	    T3
	   T4  
	   T5
	  T6
	T7

	Live Weight (g)
	1085.5 ± 63.5
	1180.7 ± 156.6
	1217.2 ± 76
	1250.1 ± 136
	1261.1 ± 82
	1244.8 ± 81.9
	1255.2 ± 67.3
	1248.4± 92.2

	
	P
	0.73
	0.26
	0.43
	0.03
	0.03
	0.04
	0.04

	Total Feed Intake (g)
	1965.3 ± 65.2
	2049.3 ± 44.4
	2118.2 ± 100.4
	2165.4 ± 67
	2161.3 ± 68.6
	2171.6 ± 42.4
	2177.5 ± 75
	2145.2± 69.3

	
	P
	0.73
	0.26
	0.04
	0.04
	0.03
	0.03
	0.34

	FCR (Live Wt)
	2.01 ± 0.03
	1.90 ± 0.03
	1.86 ± 0.03
	1.84 ± 0.01
	1.82 ± 0.03
	1.84 ± 0.01
	1.84 ± 0.03
	1.84± 0.01

	
	P
	0.26
	0.24
	0.20
	0.17
	0.20
	0.20
	0.20



T0= Control group, T1= 100% garlic group, T2= 90% Garlic group, T3= 80% garlic group, T4= 70% garlic group, T5= 60% garlic group, T6= 50% garlic group and T7= 40% garlic group.
SD= Standard Deviation	
Significant variation (p≤0.05) and Highly significant variation (p≤0.01)

[bookmark: _Toc413583919]           4.4 Effect of garlic extracts on selected Hematological parameters
[bookmark: _Toc413583922][bookmark: _Toc413583920]4.4.1 Hemoglobin (Hb) concentration
After treated with garlic extract Hb (g/dl) level was decreased compare to control group and this was varied significantly (p <0.05).
4.4.2 Erythrocyte Sedimentation Rate (ESR)
The mean values of ESR were ranged from 1.5 to 2.5 (Table 6). No significant (p ≥0.05) variation was found in ESR (mm/1st hr) among the same studied groups, except T1 group. 
[bookmark: _Toc413583921]4.4.3. Packed Cell Volume (PCV)
Between infected (control T0) and garlic treated groups, only significant (p <0.05) PCV (%) level was marked in T4 group (Table 6).
[bookmark: _Toc413583923]4.4.4 Total Erythrocyte Count (TEC)
The deviation on TEC (million/mm3) among control and experimental groups were varied insignificantly (p ≥0.05) throughout the experiment period (Table 6). 
[bookmark: _Toc410907812][bookmark: _Toc413585085]4.4.5 Differentials Leukocytes Count (DLC)
Among the studied groups leukocytes numbers were varied but the variation was not significant comparing with control group. Only significant changed was found in case of heterophil.
    



            Table 6: Effect of garlic extracts on selective hematological parameters
	Parameters
	Group –of broiler on  day 28(Mean±SD)

	
	T0
	T1
	 T2
	    T3
	   T4  
	   T5
	  T6
	T7

	Hb (g/dl)
	8.3±0.5
	6.4±0.5
	7.1±0.7
	6.3±0.6
	6.4±0.7
	6.9±1.1
	6.7±1.3
	6.4±0.7

	
	P
	0.01
	0.04
	0.04
	0.01
	0.05
	0.05
	0.01

	ESR (mm/1st hour)
	1.7±0.3
	2.5±0.5
	2±0.5
	2.1±0.3
	2±0.5
	1.8±0.3
	1.7±0.3
	1.5±0

	
	P
	0.04
	0.52
	0.23
	0.08
	0.42
	1.00
	0.42

	PCV (%)
	25.7±2.5
	36.3±3.8
	35.3±1.5
	34.3±3.5
	35±4
	36.3±3.1
	33±2.6
	27.3±2.1

	
	P
	0.08
	0.06
	0.10
	0.08
	0.03
	0.12
	0.19

	TEC
(million/mm3)
	2.7±0.1
	2.4±0.2
	2.3±0.4
	2.5±0.1
	2.4±0.2
	2.6±0.2
	2.5±0.2
	2.7±0.2

	
	P
	0.11
	0.23
	0.34
	0.06
	0.41
	0.26
	0.77

	Lymph-ocytes (%)
	73.7±5.1
	65±2
	68±6.1
	65.3±4.7
	70±4.3
	72±1.7
	74.7±4.2
	75.3±3.2

	
	P
	0.09
	0.39
	0.24
	0.09
	0.62
	0.23
	0.76

	Heterophil  (%)
	27±2
	12.3±3.1
	13.7±4.0
	12.7±1.5
	13.7±3.8
	13.4±2.3
	12±3
	12.3±1.2

	
	P
	0.03
	0.06
	0.07
	0.01
	0.02
	0.03
	0.01

	Eosino-phil (%)
	5±1
	1.3±0.6
	1.7±0.6
	2±1
	2±1.7
	2.3±0.6
	2.7±0.6
	2.7±1.5

	
	P
	0.05
	0.06
	0.09
	0.18
	0.05
	0.07
	0.19

	Baso-phil (%)
	2.3±0.6
	0.7±0.6
	1±1
	1.3±0.6
	0.7±0.6
	1.3±0.6
	1.3±0.6
	1.7±0.6

	
	P
	0.12
	0.23
	0.14
	0.24
	0.23
	0.23
	0.42

	Mono-cytes (%)
	7±1
	4.3±2.1
	4.3±0.6
	5.7±1.5
	6±1
	5.3±1.5
	6±0
	6±1

	
	P
	0.09
	0.09
	0.38
	0.09
	0.29
	0.23
	0.23

















T0= Control group, T1= 100% garlic group, T2= 90% Garlic group, T3= 80% garlic group, T4= 70% garlic group, T5= 60% garlic group, T6= 50% garlic group and T7= 40% garlic group.
SD= Standard Deviation, 
Significant variation (p≤0.05) and highly significant variation (p≤0.01)

4.5 Effect of garlic extracts on selected Biochemical parameters
[bookmark: _Toc413583931][bookmark: _Toc413583932]4.5.1 Glucose
After exposure to infection, more or less similar glucose level was observed among the groups. Conversely, after treatment with garlic extracts significant variation (p≤0.05) were found between control and treated groups (Table 7). 
[bookmark: _Toc413583933]4.5. 2 Total Protein (TP)
Total protein level had significantly upward trends between control and treated groups, only exception was found in T6 group.	
[bookmark: _Toc413583934]4.5. 3 Albumin
Though infected group (control T0) albumin level was lower but it had upward trends among the treated groups with no significant variations (Table 7).
[bookmark: _Toc413583936]4.5.4 Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT)
The liver functional enzymes AST and ALT both had significant (p ≤0.05) deviated between control and treated groups while ALT level was insignificant in T6 and T7 groups comparing with control (Table 7). 
4.5.5 Creatinine
Creatinine (mg/dl) level was 0.4 to 0.6 (Table 7) among all the treated groups, this variation was significant (p ≤0.05) in T4 and T5 groups.
4.5.6 Cholesterol and Triglyceride level
After treatment with garlic extracts, cholesterol level was decreased significantly in groups T2, T3 and T4. And significantly reduced level of triglyceride level was found in T3, T4, T5, T6 and T7 groups (Table 7). 


Table 7: Effect of garlic extracts on selective biochemical parameters
	Parameters
	Group – Day 28(Mean±SD)

	
	T0
	T1
	 T2
	    T3
	   T4  
	   T5
	  T6
	T7

	Glucose (mg/dl)
	328.6±12.3
	310.3±12.2
	306.1±5.6
	308.2±5.1
	311.6±28.9
	312.3±24.1
	310.9±16.8
	303.6±3.6

	
	P
	0.05
	0.05
	0.03
	0.03
	0.03
	0.03
	0.05

	Total Protein (g/l)
	18±6.6
	39.6±4.9
	37.6±3.1
	 35±2
	 29±2
	40.6±9.7
	34.6±5.7
	35.6±3.1

	
	P
	0.04
	0.04
	0.03
	0.04
	0.06
	0.11
	0.06

	Albumin (g/l)
	11.4±1.2
	15±1.3
	13.9±4.4
	14.7±1.2
	14.4±1.4
	14.2±2.0
	12.9±1.5
	11.6±3.2

	
	P
	0.12
	0.36
	0.09
	0.18
	0.24
	0.43
	0.94

	AST (u/l)
	226.0±27.3
	170.4±24.6
	182.8±35.6
	171.6±10.5
	176.6±26.8
	174.4±54.3
	189.6±21.9
	182.9±29.5

	
	P
	0.01
	0.01
	0.01
	0.01
	0.03
	0.04
	0.04

	ALT (u/l)
	12.1±2.7
	9.9±2.4
	6.7±3.2
	7.4±2.3
	7.9±1.5
	7.0±3.8
	6.9±1.9
	7.2±1.9

	
	P
	0.03
	0.04
	0.03
	0.03
	0.03
	0.11
	0.11

	Creati-nine (mg/dl)
	0.4±0.1
	0.6±0.1
	0.6±0.1
	0.6±0.1
	0.6±0.5
	0.5±0.1
	0.5±0.1
	0.6±0.1

	
	P
	0.18
	0.12
	0.29
	0.01
	0.02
	0.26
	0.22

	Cholesterol (mg/dl)
	126.8±5.2
	110.9±9.3
	109.4±13.5
	102.0±1.2
	110.8±3.6
	110.7±11.3
	114.9±9.1
	113.7±10.4

	
	P
	0.13
	0.03
	0.01
	0.03
	0.13
	0.15
	0.19

	Triglycerides (mg/dl)
	222.4±11.2
	199.3±3.2
	175.4±60.7
	205.3±8.5
	212.3±7.9
	202.2±8.3
	211.2±10.7
	213.5±115

	
	P
	0.08
	0.31
	0.05
	0.04
	0.01
	0.04
	0.04


T0= Control group, T1= 100% garlic group, T2= 90% Garlic group, T3= 80% garlic group, T4= 70% garlic group, T5= 60% garlic group, T6= 50% garlic group and T7= 40% garlic group.
SD= Standard Deviation	
Significant variation (p≤0.05) and highly significant variation (p≤0.01)

[bookmark: _Toc413583942]Chapter-5: Discussion
Aspergillosis is a great concern in almost all avian species especially commercial poultry which is more vulnerable, since it causes respiratory problem that leads to major economic impact by hindering the growth of birds. In the present study, both invitro and invivo assay of garlic extract showed activity against aspergillosis. Aspergillus fumigatus is considered as a major respiratory pathogen and cause brooder pneumonia in young poultry (Arne et al., 2011).-Apart from this, other specie of mould such as A. flavus, A. niger, A. nidulans and A. terreus were also isolated from avian species (Dhama et al., 2012; Beernaert et al., 2010; Martin et al., 2007). 

In the current study, infected broilers were suffered from gasping, suffocation, dyspnoea, coughing and mucus discharge through nostrils which were coincided with the earlier studies and the observation was found similar to that previously identified in different birds by (Dhama et al., 2011; Cacciuttolo et al., 2009). Clinical signs associated with A. fumigatus infection were quite evident in this study showing clinical sign in 3-6 days post infection in different groups.

Upon postmortem examination, yellow colored uniform pin point lesions were visible on the lungs, which ranged from miliary to larger granulomatous foci as “Sagu” appearance. On the other hand, walls of air sacs were thickened and bronchioles filled with mucus and congested lungs were found. These lesions are similar to the post mortem findings of aspergillosis affected birds described in previous studies (Cacciuttolo et al., 2009; Nardoni et al., 2006). Control (T0) group and 40% garlic extracts treated group of this study found similar whitish nodule in lung and air sacs after sacrificing of birds.

Garlic (Allium sativum) is a spice with global recognition. The action of garlic is fungistatic and it contains allicin and other sulfur compounds. The antibacterial and antifungal properties of garlic have been described in various in vitro or in vivo studies (An et al., 2009; Ogita et al., 2009; Tedeschi et al., 2007). Similarly in the present study, it has been shown to inhibit the growth of fungi both in vitro and in vivo study. In case of in vitro test there were observed inhibitory zones such as 20, 18, 18, 16 mm for 100, 90, 80, 70% garlic extracts respectively. Irkin and Korukluoglu (2007) stated that 15.5±0.9 mm zone in 32.5 % of aqueous garlic extract. However, Mayah (2005) reported that 5% garlic extract completely inhibit Aspergillus whether the extract was placed on the surface of the medium or mixed with it which is not coincided with the current study where 5% garlic extracts did not show any zone of inhibition.

Moreover, it has also been observed that alliicin, thiosulfonates and other compounds show fungistatic activities against A. niger, Rhodotorula nigricans, Penicillium italicum, Penicillium cyclopium, Aspergillus flavus, Cladosporium macro-carpum, Aspergillus fumigatus, Aspergillus alutaceus, Aspergillus terreus and Penicillium chryogenum (Harris et al., 2001). Yoshida et al (1987) reported that ajoene compound from garlic have stronger antifungal activity than alliicin. They are determined that ajoene damages the cell walls of fungi. According toYamada and Azuma (1997), garlic extract possesses in vitro antifungal activity against Aspergillus spp. where as Ismaiel et al (2012) reported antifungal activity of garlic extracts in in-vivo assay incase of rabbits both studies are corroborated with the current study.

Improved growth performance with a significant relationship between supplementation of garlic extract and final body weight, weekly body weight gain was also evident in garlic treated groups. Similar findings were also recorded in the former studies (Onyimonyi et al., 2012; Vidica et al., 2011).

Present study showed that there had significant effect on body weight gain compared with control group and this finding which was contradictory with Raeesi et al (2010). According to Tollba and Hassan (2003), garlic increases growth and improves feed conversion ratio by increasing height of villus of small intestine and activation of absorption process. 
 
Lewis et al (2003) reported improved FCR in broilers between 7-27 days where Alcicek et al (2003) and Demir et al (2003) found lower FCR between 18-28 days. Birds received garlic, had higher feed consumption with lower FCR which is in agreement with Raeesi et al (2010). Garlic produces intense pungent smell in feed and chickens required a period to adapt which is not continued in this study and which is not in accordance with the earlier findings (Hernandez et al., 2004).

Garlic improved broiler growth and feed conversion ratio (FCR), and decreased mortality rate and these findings were supported by Tollba and Hassan (2003).Though birds were infected, FCR of garlic treated group more or less similar ranging from 1.82 to 1.9 that is abruptly higher in control group (2.01) and there is no significant relationship. In the present study, garlic supplemented groups have better growth rate and FCR compare to control group which are consistent with Bampidis et al., 2005 and Freitas et al., 2001, who reported as very few amount of garlic in broiler diet may increase growth, FCR and meat quality.

The present study, PCV and RBC showed a insignificant (P ≥ 0.05) variation between control and garlic supplemented groups and Hb content reduced significantly which is supported by Jawad (2007), who found that 10% garlic in chicken feed had no significant alteration in PCV and RBC count, while Hb were reduced significantly as compare with the control group.  There was insignificant relationship between control and garlic treated groups in total leukocytes count which are in line with Ao et al (2011). According to Kung-chi et al (2006), garlic significantly increased white blood cell and reduced red blood cell counts, hemoglobin, hematocrit and mean corpuscular hemoglobin values and these findings are in agreement with the present study.

Serum glucose concentration in garlic supplemented group was reduced as compared to the control group. These findings are similar to those of Shalaby et al. (2006), Ibrahiem et al. (1995) and Kamal and Daoud (2003) where they observed significant reduction in serum glucose concentration due to garlic supplementation. However, total protein level had a significantly upward trends comparing with control group which were agreed by Suliiman et al (2011). 

Garlic reduced-serum cholesterol and triglycerides of broiler chicken and similar result were also reported in the earlier study (Rahmatnejad et al., 2009). In the current study,    total serum cholesterol showed a significant (p ≤ 0.05) reduction between control and treated groups. These findings were in agreement with earlier reports of Chowdhury et al (2002) who observed a marked decrease in total serum cholesterol and yolk cholesterol concentration due to supplementation of A. sativum in diet of broilers. According to Suliiman et al., 2011 albumin level was significantly increased with garlic extracts supplementation but this finding is not corroborated with present study. Chen and Li (2006) also observed that the addition of 1 to 2% garlic extracts reduced the serum and muscle cholesterol in broilers similarly. Mean values of SGOT decrease significantly between control and some garlic treated groups. These findings are in accordance with Elhaster et al (1997) who found that SGOT levels decreased when rats were fed with diet containing 5% A. sativum. In another study, Augusti et al (2005) also observed that the A. sativum supplementation significantly decreased ALT in serum of rats which is inconsistent with the current result. Ibrahim et al (2000) supplemented garlic in rabbit and observed that ALT decreased significantly. Present study, AST showed a significant (p < 0.05) reduction between control and garlic supplemented groups are similar to those of Elhaster et al (1997) who found that 5% A. sativum in rat diet significantly decreased AST. Augusti et al (2005) also observed that A. sativum supplementation decreased AST significantly in serum of rat.









Chapter-6: Limitations

Both in vitro and in vivo antifungal efficacy of garlic extracts had been performed throughout the study period where I faced following problems which are necessary to address in future study.

1. Space limitation for brooding with large sample population.
2. Lack of lab facility to find out active ingredients of garlic.
3. There was no standard turbidity of Aspergillus spp.
4. No Colony Forming Unit (CFU) for Aspergillus spp.



























Chapter-7: Conclusion
In this experiment, both in-vitro and in-vivo antifungal activity of different aqueous garlic extracts against Aspergillus fumigatus was evident. There was also observed that garlic extract treated groups had improved growth performance than aspergillosis infected group. Among different garlic treated groups, better growth performance and FCR were marked in 70% garlic (T4 group) treated group. Almost all hematological parameters not varied significantly in garlic treated groups but significantly increased PCV (%) was found in 60% garlic (T5 group) where as significantly reduced Hb (%) and heterophil level were found in all treated groups. On selective biochemical parameters, Glucose, Cholesterol and TG were significantly decreased both in 80% garlic (T3 group) and 70% garlic (T4 group) groups where TP increased significantly. Both AST and ALT were significantly varied in all garlic treated groups. In conclusion it can be concluded that, different concentrations of garlic had better antifungal efficacy but 70% garlic extract was the best effective against aspergillosis in broiler with an improved growth performance among all other concentrations of garlic extracts.

















[bookmark: _Toc413583948]Chapter-8: Recommendations and Future Perspective

Antifungal efficacy of garlic extracts at different concentrations was observed both in vitro and in vivo assays in broiler. On the basis of these experiments following recommendations are given-

1. Exact active ingredients of garlic which act as antifungal need to be elucidate in future study.
2. Toxicity studies of the plant should be done to establish the safety indices of the extracts.
3. Carcass quality of treated birds would be evaluated by Association of Official Analytical Chemist (AOAC) methods which will be safe for consumers.
4. Need to find out the mechanisms of the action, compatibility with other drugs, such as Amphotericin B, Itraconazole etc side effects and other important parameters.
5. Future investigation is required for combined dosages of Garlic with others herbal extracts to provide a better therapy in the management of Aspergillus infection
6. This study will facilitate to invent the first ever low cost herbal drugs for treatment o aspergillosis
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Figure 13: Preparation of aqueous garlic extracts
A. Peeled off garlic, B. Weighing of garlic, C. Blending, D. Homogenization, E. Final extract, F. Disc preparation.
	
Appendix-B (
B
) (
A
)
[image: ][image: ]




[image: ] (
C
)[image: ] (
D
)




[image: ][image: ] (
E
 
) (
F
)



[image: ]
[image: ] (
G
) (
H
)





Figure 14: In vitro antifungal test
[bookmark: _Toc413583951]A. Sabouraud Dextrose Agar powder mixed with water, B. Heating, C. Autoclaving of agar, D. Agar poured into Petri plate, E. A fumigates inoculums spread on agar surface, F. Disc placed on culture medium, G. Prepared plate, H. Plate placed in incubator.
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 Table 8: Composition of the experimental broiler grower diet


	Ingredients
	Grower ration (14-28 days) (Kg/100Kg)

	Maize
	58.0

	Auto Rice Polish
	3.75

	Soybean oil
	3.2

	Molasses
	0.6

	Soybean Meal
	27.5

	Protein Concentrate
	3.0

	Meat and Bone meal
	2.0

	Limestone
	1.0

	DCP
	0.5

	Salt
	0.25

	Vitamin mineral premix
	0.25

	Cholin Chloride
	0.10

	L-lysin
	0.05

	DL-Methionine
	0.10

	Antioxidant
	0.0125

	Total
	100.3125












[bookmark: _Toc413583953]














Appendix-D
Hematological Parameters
Blood samples were collected from wing vein of chicken of both control and treated groups at day 28 to study the effect of garlic extract and the following parameters were tested:
1. Total Erythrocyte Count (TEC) 
2. Hemoglobin estimation (Hb)
3. Packed Cell Volume (PCV)
4. Erythrocyte Sedimentation Rate (ESR)

Determination of Total Erythrocyte Count (TEC):  
Total erythrocyte count was done following the method described by Lamberg and Rothstein (1977). Well-mixed blood sample was drawn with red blood cell diluting pipette exactly up to 0.5 marks of the pipette. Outside of the tip of the pipette was wiped with cotton. Then the pipette was immediately filled with the red cell diluting fluid (Hayem's solution) up to 101 marks. The free end of the pipette was wrapped around with the rubber tube stretching to both the ends and held with thumb and middle finger. The content of the pipette was mixed thoroughly by shaking with 8-knot motion for 3-5 minutes. Then the counting chamber was placed with special cover glass under microscope using low power (10x) objectives. After discarding 2 or 3 drops of fluid from the pipette, a small drop was placed to the edge of the cover glass on the counting chamber as the entire area under the cover glass was filled by the fluid. One-minute time was spared to allow the cells to settle on the chamber under the cover glass. Taking 5 larger squares (4 in the 4 corners and the central one) of the central large square, the cells were counted from all the 80 small squares (16 x 5) under high power objectives (45x). After completion of counting, the total number of RBC was calculated as number of cells counted x 10,000 and the result was expressed in million/cu.mm of blood.

Determination of Hemoglobin Concentrations (Hb):
The N/10 hydrochloric acid (Hcl) was taken in a graduated tube up to 2 marks with the help of a dropper. Well-homogenized blood sample was then drawn into the Shale pipette up to 20 cm. mark. The tip of the pipette was wiped with sterile cotton and the blood of the pipette was immediately transferred into the graduated tube containing hydrochloric acid. This blood and acid were thoroughly mixed by stirring with a glass stirrer. There was a formation of acid hematic mixture in the tube by hemolysing red blood cells by the action of Hcl. The tube containing acid hematic mixture was kept standing in the comparator for 5 minutes. After that distilled water was added drop by drop. The solution was mixed well with a glass stirrer until the color of the mixture resembled to the standard color of the comparator. The result was read in daylight by observing the height of the liquid in the tube considering the lower meniscus of the liquid column. The result was then expressed in g/dl. The above procedure was matched by the Hellige hemometer method as described by Lamberg and Rothstein (1977). 

Determination of Packed Cell Volume (PCV):
The citrated well mixed blood sample was drawn into special loading pipette (Wintrobe pipette). The tip of the pipette was inserted up to the bottom of a clean, dry Wintrobe hematocrit tube. Then the Wintrobe tube was filled from the bottom by pressing the rubber bulb of the pipette. As blood came out, the pipette was slowly withdrawn but pressure was continued on the rubber bulb of the pipette so as to exclude air bubbles. The tip of the pipette was tried to keep under the rising column of blood to avoid foaming and the tube was filled 35 exactly to the 10 cm mark. Then the Wintrobe hematocrit tube was placed in the centrifuge machine and was centrifuged for 30 minutes at 3000 rpm. The PCV was determined as per method described by Lamberg and Rothstein (1977). 

Determination of Erythrocyte Sedimentation Rate (ESR): 
The fresh anticoagulant blood was taken into the Wintrobe hematocrit tube by using special loading pipette exactly up to 0 marks. Excess blood above the mark was wiped away by sterile cotton. The filled tube was placed vertically undisturbed on the wooden rack for one hour. After one hour the ESR was recorded from the top of the pipette. The result was expressed in mm in 1st hour. 


Appendix-E

Serum Biochemical Assays
Glucose assay
Assay principle
The principles outcome of glucose is based on the principle of competitive binding between glucose in the test specimen and GOD-PAP reagent of glucose. The glucose is determined after enzymatic oxidation in the presence of glucose oxidase. The formed hydrogen peroxide reacts under catalysis of peroxidase with phenol and 4- aminophenazone to a red-violet quinoneimine dye as indicator.
	
 (
GOD
)Reaction 
Glucose + O2 + H2O                                          Gluconic acid + H2O2
 (
POD
)
2H2O2 + 4-aminophenazone + Phenol                   Quinoneinine + 4 H2O

Materials and reagents	
1. Serum sample
2. Glucose conjugate reagent 
3. Pipettes 10µl, 1.0ml
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
The sterile eppendorf tubes were taken. 1000μl of Glucose conjugate reagent was taken each into each eppendorf tube. Then 10μl of Glucose standard was added in with the reagent in eppendorf tube and 10μl of samples serum were taken in each sample eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Glucose standards with conjugate reagent were examined first to determine the standard value. Then all eppendorf tubes containing sample serum with Glucose conjugate reagent was examined by Biochemical analyzer and the reading was taken. The standard value was used as a compared tool.

Total protein assay
Assay principle
The principle outcome of total protein is based on the principle of competitive bindings between cupric ions react with protein in alkaline solution to form a purple complex. The absorbance of this complex is proportional to the protein concentration in the sample. 

Materials and reagents
1. Serum sample
2. Total protein conjugate reagent
3. Pipettes: 20μl and 1.0ml
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
This was a photometric colorimetric test for total proteins, called Biuret method. The sterile eppendorf tubes were taken. Then 20μl of total protein standards was taken in an eppendorf tube and 20μl of sample serums were taken in each 24 eppendorf tube. 1000μl of total protein conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Total protein standards with conjugate.

Albumin assay
Assay principle
The principle outcome of albumin is based on the principle of competitive bindings between albumin and albumin reagent. Bromocresol green forms with albumin in citrate buffer a colored complex. The absorbance of this complex is proportional to the albumin concentration in the sample.


Materials and reagents
1. Serum sample
2. Albumin conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
This was a photometric colorimetric test for albumin is called Bromo Cresol Green method. The sterile eppendorf tubes were taken. Then 10μl of albumin standards was taken in an eppendorf tube and 10μl of sample sera were taken in each eppendorf tube. 1000μl of albumin conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 5 minutes. Albumin standards with conjugate reagent were examined first for determined of the standard value. Then all 100 eppendorf tubes containing sample serum with albumin conjugate reagent was examined using automated humalyzer and the reading was taken. The standard value was used as a compared tool.

Cholesterol assay
Assay principle
The principles outcome of cholesterol is based on the principle of competitive bindings between cholesterol and cholesterol reagent. The cholesterol is determined after enzymatic hydrolysis and oxidation. The indicator quinoneimine is formed hydrogen peroxide and 4-aminophenazone in the presence of phenol and peroxidase. The absorbance of this complex is proportional to the cholesterol concentration in the sample.

 (
Cholesterol 
esterage
)Reaction

Cholesterol ester +H2O	       Cholesterol +Fatty acid
 (
Cholesterol 
oxidase
)

 (
Peroxidase
)Cholesterol+O2     	     Cholesterol-3-one+H2O2

2H2O2+Phenol+4-Aminoantipyrine	            quinoneimine+4H2O

Materials and reagents
1. Serum sample
2. Cholesterol conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
This was an enzmatic colorimetric test for cholesterol, called CHOD-PAP method. The sterile eppendorf tube was taken. Then 10μl of cholesterol standards was taken in an eppendorf tube and 10μl of sample serums were taken in each eppendorf tube. 1000μl of cholesterol conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Cholesterol standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum with cholesterol conjugate reagent was examined by automated humalyzer and the reading was taken. The standard value was used as a compared tool.

Triglyceride
Assay Principle
The triglycerides were determined after enzymatic hydrolysis with lipases. The indicator is a quinoneimine formed from hydrogen peroxide, 4 – aminophenezone and 4 – chlorophenol under the catalytic influences of peroxidease.

Materials and reagent 
1. Serum sample
2. TG conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves

Procedure
The sterile eppendorf tubes were taken. Then 1000μl TG standards was taken in an eppendorf tube and 10μl of sample serums were taken in each eppendorf tube The eppendorf tube was then kept in room temperature for 10 minute. TG standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum reagent was examined by automated humalyzer and the reading was taken. The standard value was used as a compared tool.

AST (Aspartate Aminotransferase) or SGOT
Procedure:
Aspirate fresh ddH2O and perform a new Gain Calibration in flow cell mode. Select AST in the Run Test screen and carry out water blank as instructed.

	Pipette into a test tube:
	

	Sample
	0.05ml

	Reagent
	0.5ml


Mix and aspirate into the Rx Monza.

	Pipette into cuvette:
	
	

	
	Macro
	Micro

	Sample
	0.2ml
	0.1ml

	R1 Enzyme/ Coenzyme/ α-oxoglutarate
	2.0ml
	1.0ml



Mix, read initial absorbance after 1 min. Read again 1, 2 and 3 minutes. Note if the absorbance change per minute is between 
    0.11 and 0.16 at 340/Hg 334nm
    0.06 and 0.08 at Hg 365nm
Use only the values for the first 2 minutes for the calculation.

ALT (Alanine Aminotransferase) or SGPT
Procedure:
Aspirate fresh ddH2O and perform a new Gain Calibration in flow cell mode. Select ALT in the Run Test screen and carry out water blank as instructed.

	Pipette into a test tube:
	

	Sample
	0.05ml

	Reagent
	0.5ml


Mix and aspirate into the Rx Monza.

	Pipette into cuvette:
	
	

	
	Macro
	Micro

	Sample
	0.2ml
	0.1ml

	R1 Enzyme/ Coenzyme/ -oxoglutarate
	2.0ml
	1.0ml



Mix, read initial absorbance after 1 min. Read again 1, 2 and 3 minutes. Note if the absorbance change per minute is between 
    0.11 and 0.16 at 340/Hg 334nm
    0.06 and 0.08 at Hg 365nm
Use only the values for the first 2 minutes for the calculation.

Reference:  Randox Laboratories Limited, 55 Diamond Road, Crumlin, Country Antrim, BT29 4QY, United Kingdom. www.randox.com
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Aspergillosis infection


T0 group (control)


T1 group (100% garlic extract )


T2 group (90% garlic extract)


T3 group (80% garlic extract)


T4 group (70% garlic extract)


T5 group (60% garlic extract)


T6 group (50% garlic extract)


T7 group (40% garlic extract)













Garlic Extract


In vivo efficacy


Haematological Examination


Biochemical Examination


In vitro efficacy


Zone of inhibition at different concentrations


Weight Gain


Hb, ESR, 
PCV,TEC, DLC


Glucose, TP, 
Albumin,  
Cholesterol, TG, 
Creatinine,  
AST, ALT


Body Weight and FCR






















Live weight
T○	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	645.4	1085.5	T1	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	651.20000000000005	1180.7	T2	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	650.79999999999995	1217.2	T3	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	668.3	1250.0999999999999	T4	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	671.2	1261.0999999999999	T5	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	662.1	1244.8	T6	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	671.2	1255.2	T7	After infection with A fumigatus (On day-21)	After treatment with garlic extracts On day-28)	668.1	1248.4000000000001	Feed intake
T○	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1076.3	1965.3	T1	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1063.2	2065.9	T2	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1065.5999999999999	2118.1999999999998	T3	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1092.3	2165.4	T4	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1087.3	2161.3000000000002	T5	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1094.5	2171.6	T6	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1099.2	2177.5	T7	After infection  with A fumigatus(On day- 21)	After treatment  with garlic extracts(On day-28)	1079.5999999999999	2145.1999999999998	Feed (g)
Feed Conversion Ratio
T○	After infection  (On day-21)	After treatment (On day-28)	1.9800000000000033	2.0099999999999998	T1	After infection  (On day-21)	After treatment (On day-28)	1.9600000000000031	1.9000000000000001	T2	After infection  (On day-21)	After treatment (On day-28)	1.9800000000000033	1.86	T3	After infection  (On day-21)	After treatment (On day-28)	1.9500000000000031	1.84	T4	After infection  (On day-21)	After treatment (On day-28)	1.9400000000000031	1.82	T5	After infection  (On day-21)	After treatment (On day-28)	1.9500000000000031	1.84	T6	After infection  (On day-21)	After treatment (On day-28)	1.9200000000000021	1.84	T7	After infection  (On day-21)	After treatment (On day-28)	1.9600000000000031	1.84	image2.jpeg
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