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			Abstract | The experiment was carried out to investigate the effects of feeding multi-strain probiotics and multi-enzymes on growth performance, intestinal morphology, and cost-effectiveness in commercial broiler production. Four hundred eighty Cobb 500 straight run broiler chicks were randomly allocated to three dietary treatments each of eight replications having 20 birds each. The basal diets were corn-soya broiler starter and broiler grower diets. Starter diet was fed up to 21 days and grower diet during 22-35 days. In treatment 1, chicks were fed a basal diet (Diet 1), in treatment 2, chicks received a basal diet plus a multi-strain probiotics @100g/100kg feed (Diet 2) and in the third treatment, the basal diet was supplemented with multi-enzymes @100g/100kg feed (Diet 3). The birds were reared following identical care and management. Growth performance data were recorded weekly. Samples of intestinal segments were collected and examined for intestinal morphology at the end of the feeding trial (35 days). Data were analyzed using SAS Computer Package Program (version 9.1, SAS, 2009). Results showed that the addition of multi-strain probiotics and multi-enzymes to diets independently improved body weight, feed conversion ratio, and decreased feed intake as compared to control. Multi-strain probiotics significantly increased duodenum villi height, width and reduced crypt depth (p<0.01). The jejunum and ileum villi height and width were significantly increased in the multi-enzymes supplemented group but showed a reduction in crypt depth (p<0.01). Feeding multi-strain probiotics to broilers were more cost-effective. In conclusion, multi-strain probiotics and multi enzymes in diet enhances growth performance, improves feed efficiency, intestinal morphology, and increases profit.
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			INTRODUCTION

			 

			A number of feed additives are being considered for inclusion in poultry ration with the objectives of enhancing feed quality, growth performance, palatability and productivity, as well as for preventing animals from different kinds of environmental stresses (McDonald et al., 2010). Probiotics, phytobiotics and enzymes are manufactured globally not only to enhance productivity but also to explore their advantages as viable alternatives to antibiotics (Chahal et al., 2008). The notable advantage of probiotics is that it does not keep any residue in food products of animal origin and exerts no resistance against antibiotics. The promising effects of both probiotics and enzymes for improving birds’ performance is well documented (Chowdhury et al., 2020; Kirkpinar et al., 2018). 

			 

			Probiotics are ‘direct fed beneficial’ live microorganisms comprised of either single or multi-strains bacteria/yeast. Well known probiotics contain spore and non-spore forming bacteria like Bacillus subtilis, Bacillus licheniformis, Saccharomyces cerevisiae, Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus rhamnosus, Bifidobacteriumbifidum, and Streptococcus thermophilus. Reports generated from research stated that multi-strain probiotics are more potential than single strain probiotics and are able to enhance growth performance, better feed efficiency, and healthy gut in chicken by stabilizing the intestinal microflora (Yirga, 2015; Mountzouris et al., 2010). 

			 

			Following ingestion of probiotics, the useful bacteria start colonization and multiplication in the environment of the intestine. Probiotics block the receptor sites thereby preventing the attachment of harmful bacteria such as E. coli and/or Salmonella. Probiotics decrease the risk of infections and intestinal disorders (Sartor, 2004). After establishment in the gut, the probiotic organisms produce some substances with bactericidal properties such as lactoferrin, organic acids, lysozyme, etc. (Tejero-Sarinena et al., 2012). These substances lower the intestinal pH. Lower pH reduces the secretion of hydrochloric acid in the gut. By competitive exclusion (CE) method, the number of pathogenic microorganisms is decreased due to competition for energy and nutrients between beneficial and harmful pathogenic bacteria (Dhama and Singh, 2010). Supplementation of beneficial bacteria in the diet alters the gut environment, improve birds’ immune system and increases the number of favorable bacteria by multiplication (Lee et al., 2010). It has been reported that broiler performance, gut microbiota modulation, pathogen suppression, and immunomodulation have all been shown to benefit from probiotic species (Higgins et al., 2007; Khaksefidi and Ghoorchi, 2006). 

			 

			Proteins that operate as biological catalysts are known as enzymes. Catalysts help to speed up chemical reactions. Substrates are the molecules on which enzymes can function, and the enzyme changes the substrates into various molecules called products (Stryer et al., 2002). Enzymes are manufactured by living microorganisms e.g. bacteria (Bacillus lentus, B. subtilis, B. stearothermophils and B. amyloliquifaciens), yeasts (Sacharomyces cerevisiae) and Fungi (Asperigillusniger, A. oryzae and Triochoderma longibrachiatum) (Wallis, 1996). Similar to probiotics, enzymes may be of either single or multi-enzymes. Multi-enzymes are a combination of different types of enzymes like xylanase, glucanase, protease, amylase, etc. Recently, nutritionists prefer to include exogenous enzymes in commercial broiler feeds (Alagawany et al., 2018). In cereal-based diets, the exogenous enzyme is claimed to break down non-starch polysaccharide (NSP) which is beneficial for improving utilization of nutrients, reducing the viscosity of gut content resulting in increased nutrient availability to poultry birds that contribute to an improvement in overall growth performance (Wang et al., 2005). In addition, supplementation of multi-enzymes in feed improves the environment of poultry shed by reducing nitrogen content in feces thus has less impact on the environment (Alagawany et al., 2018). 

			 

			Current trends in broiler production are the use of multi-strain probiotics and multi-enzymes in the feed manufacturing process rather than single strain probiotic and single enzyme. To the authors’ knowledge, experiments reported so far involving the comparative study of these two vital feed additives are limited. Moreover, economic data in relation to this study are not so extensive. Therefore, this study was designed to investigate the effects of feeding mostly available multi-strain probiotics and multi-enzymes independently to explore their effects on growth performance and intestinal morphology. The economic feasibility of such effects on productivity was also considered.

			 

			MATERIALS AND METHODS

			 

			Ethical approval

			All protocols and experimental designs were approved by the Animal Welfare and Ethical Committee, Bangladesh Agricultural University, Mymensingh-2202. (No. AWEC/BAU/2021/20).

			 

			Experimental birds, site and house

			A total of 480 days old Cobb 500 straight-run commercial broiler chicks were considered for this experiment. The experiment was conducted at Bangladesh Agricultural University Poultry Farm for a period of 35 days. Before the arrival of the chicks, the house was properly cleaned, washed, disinfected, and dried. Rice husk was used as litter materials at a depth of 5.0 cm. The area of each pen was approx. 28 square meters. Each pen was partitioned into 12 equal small pens by using a wire net and bamboo materials.

			 

			Experimental diet and management system

			A corn-soya based mash diet was formulated to meet the nutrient requirements of Cobb -500 commercial broiler (Cobb Commercial Broiler Management Guide, 2012). The chicks were divided into three dietary treatments having eight sub-groups. Each group had 20 chicks. The first group received Diet 1: Basal diet (control), the second group was maintained on Diet 2: control diet supplemented with multi-strain probiotics (Bacillus spp., Saccharomyces spp., Lactobacillus spp.) @100g/100kg feed and the third group received Diet 3: control diet supplemented with multi-enzymes (amylase, protease, β- glucanase, xylanase, lipase, and cellulase) @100g/100kg feed. Diets were offered to the experimental birds in two different phases, the first one was as broiler starter from 0- 21 days and the second one was as broiler grower from 22-35 days. The ingredients and nutrient composition of the diets are available in Table 1. After the arrival of day-old chicks, Vit-C enriched glucose saline was supplied for providing instant energy and reduce transportation stress. Brooding of chicks was carried out for only 7 days. The experimental chicks were exposed to 23 hr. of lighting and 1hr. dark period daily. Feeds and drinking water was supplied without any restriction by using tube feeder and round drinker, respectively. To reduce ammonia and other harmful gases as well as dampness, litter was stirred at least twice daily. Birds were vaccinated against Newcastle and Infectious bursal disease by Clone 30 and 228E, respectively. ND vaccine (Clone 30) was given on the 5th day and followed by a booster dose of same on 21st days of age. Infectious bursal disease vaccine (228E) was administered at 10 days and a booster dose at 17 days of age. All vaccines were collected from local representatives of Intervet International, BV, Boxmeer. The Netherlands and administered according to manufacturer’s instructions. Proper biosecurity was maintained to prevent the outbreak of disease. All equipment in the experimental house was kept clean by using glutaraldehyde and ammonium chloride containing TH4+ disinfectant (Manufactured by THESEO, France).

			 

			Data collection and record-keeping

			All growth performance (body weight, feed intake (FI), and feed conversion ratio (FCR)) were calculated at 7 days intervals. Temperature and humidity were recorded four times daily (7 AM, 12 AM, 5 PM, and 10 PM) by a digital thermo-hygrometer.

			 

			Morphological study

			Sample collection

			At the end of the trial, 6 broilers, two broilers from each treatment close to average weight were randomly taken, weighed and sacrificed for intestinal morphological study. From each part, 2cm length of the duodenum (at midpoint region of the duodenum), jejunum (midpoint between the bile duct entry and Meckel’s diverticulum) and ileum (at the distal end of lower ileum) were cut to measure villus height, width, and crypt depth (Sharifi et al., 2012).

			 

			Sample preparation

			Samples for morphological study of intestinal segments were prepared by following steps followed by Luna (1968). Collected tissue samples were flushed with fresh water and immediately preserved in a 10% neutral formaldehyde solution. Then 10% neutral buffered formalin was added to a plastic container (10 folds of the tissue size and weight) and the tissue was fixed for 5 days. The tissues were then trimmed into a thin section and washed overnight in running tape water to remove formalin. The tissues were dehydrated by a series of ascending ethanol (50, 70, 80, 95, and 100%) to prevent shrinkage. Impregnation was done in melted paraffin at 56-60°C for 3 hours. Then the tissues were sectioned with a microtome at 5-μm thickness. A small amount of gelatin was added to the water bath for better adhesion of the section to the slide. The sections were allowed to spread on a warm water bath at 40-42°C. Then the sections were taken on grease-free clear slides. The slides containing sections were air-dried and kept in a cool place. The sectioned tissues were stained by eosin. The section was differentiated and dehydrated in 95% alcohol. Then, tissues were mounted with a coverslip by using DPX. The slides were dried at room temperature and examined under low (10X) and high (40X) power objectives.

			 

			Table 1: Ingredients and nutrient contents of control diet (kg/100kg).

			
				
					
					
					
				
				
					
							Ingredients (%)
							Starter diet (0-21 days)
							Grower diet (22-35 days)
					

					
							
							Corn

						
							
							58.17

						
							
							62.20

						
					

					
							
							Soybean meal (44%)

						
							
							28.00

						
							
							25.75

						
					

					
							
							Protein concentrate (62%)

						
							
							8.00

						
							
							5.75

						
					

					
							
							Soybean oil

						
							
							3.00

						
							
							3.60

						
					

					
							
							Limestone

						
							
							1.20

						
							
							1.00

						
					

					
							
							Di calcium phosphate 

						
							
							0.40

						
							
							0.50

						
					

					
							
							Salt

						
							
							0.25

						
							
							0.30

						
					

					
							
							Sodium-bi-carbonate

						
							
							0.10

						
							
							0.08

						
					

					
							
							Broiler premix(1)

						
							
							0.15

						
							
							0.15

						
					

					
							
							DL-Methionine

						
							
							0.28

						
							
							0.22

						
					

					
							
							Blend acidifier(2)

						
							
							0.15

						
							
							0.15

						
					

					
							
							L-lysine

						
							
							0.10

						
							
							0.10

						
					

					
							
							Shark liver oil

						
							
							0.10

						
							
							0.10

						
					

					
							
							Choline chloride-60

						
							
							0.10

						
							
							0.10

						
					

					
							
							Nutrient composition (%)

						
							
							 

						
							
							 

						
					

					
							
							ME, kcal/kg

						
							
							3000

						
							
							3100

						
					

					
							
							CP

						
							
							22.0

						
							
							20.0

						
					

					
							
							Lysine

						
							
							1.36

						
							
							1.07

						
					

					
							
							Cystine

						
							
							0.40

						
							
							0.31

						
					

					
							
							Methionine

						
							
							0.50

						
							
							0.45

						
					

					
							
							Methionine+cystine

						
							
							0.90

						
							
							0.76

						
					

					
							
							Calcium

						
							
							0.90

						
							
							0.90

						
					

					
							
							Available phosphorus

						
							
							0.45

						
							
							0.45

						
					

				
			

			

			ME: Metabolizable energy; kcal: kilo calorie; kg: kilogram; CP: crude protein; protein concentrate: CP-62.30%, ME (kcal/kg)-2865 kcal/kg. (1)Broiler premix contained Vitamin A 12.50 MIU, vitamin D3 2.50 MIU, vitamin E 25g vitamin K 4g, Iron 24g, Zinc 40g, Manganese 48g, Selenium 0.12 g, and Cobalt 0.30g. (2) Blend acidifier** contained formic acid 65%, sodium 32%, silica 3%.

			Image capture and villi measurement

			The measurement for villus and crypts dimensions were carried out using an Olympus CX41 Laboratory Microscope (Serial no. 2031313, Olympus Corporation, Tokyo, Japan) at 40 x magnification. Pictures of villus and crypts were obtained with a video camera (JVC TK 99 1085E), connected to a monitor screen (Dell), and computer, with measurements made using the Spot Basic imaging software (Diagnostic Instruments, Inc., Sterling Height, MI). Fifteen well-oriented villi and crypts from the duodenum, ileum, and caecum were measured along with their length (height and depth, respectively) and width. The villus height (VH) was measured from the crypt-villus junction to the brush border at the tip. Villus width (VW) was measured parallel to the adjoining villus. The crypt depth (CD) was measured from the base near the lamina propria to the crypt-villus junction. The VH, VW, and CD were measured by Image J software.

			 

			Methods of economic analysis 

			Cost of production was calculated based on some specific items such as the cost of chicks, feed, vaccine, test materials, casual labor, and other inputs. However, the total production cost per bird and per kg broiler and profit earned were calculated. 

			 

			Statistical analysis

			Data of growth performance and intestinal morphology were subjected to analysis of variance (ANOVA) in a completely randomized design (CRD) employing statistical computer package program (SAS, 2009). Duncan’s Multiple Range Test (DMRT) was performed to compare the differences in mean values.

			 

			RESULTS

			 

			Growth performance 

			The effect of feeding multi-strain probiotics and multi-enzymes on the growth performance of broilers is shown in Figure 1. At the end of 35 days, the highest final body weight (FBW) was found in multi-strain probiotics treated birds (1618.33g/bird). This was followed by broiler receiving multi-enzymes (1573.33g/bird) and control diet (1462.25 g/bird) respectively. An increase of 10.67% body weight was observed in the group fed multi-strain probiotic when compared with the control group. This was followed by a 7.6% increase in multi-enzymes treated birds. Weight differences (body weight and body weight gain) between birds fed multi-strain probiotics and multi-enzymes differed significantly from those receiving the control diet. There was no significant effect on FI due to supplementation of multi-strain probiotics and multi-enzymes. Lowest FCR (1.55) was found in multi-strain probiotics supplemented group whereas, multi-enzymes treated birds showed intermediate FCR (1.61) but lower than the control group (1.74). Although supplementation of multi-strain probiotics and multi-enzymes improved FCR, the difference between those two dietary treatments was not significant. Satisfactory survivability was noted in all dietary groups.

			 

			[image: H:\December 2021\AAVS\09. AAVS_MH20210801180807-R1_Khatun et al\1629717955_Figure_1.jpg] 

			Figure 1: Growth performance of broiler chicken (0-35 days). T1= Basal diet (control); T2= Basal diet +multi strain probiotics (100g/100kg of feed); T3= Basal diet + multi enzymes (100g/100kg of feed); Final body weight (A), body weight gain (B), feed intake (C) and feed conversion ratio (D). a, b = means bearing dissimilar superscript differ significantly (p<0.05). Bar indicates standard error of mean (SEM). 

			 

			[image: 1629717971_Figure_2.jpg] 

			Figure 2: Morphological structure (40X) of intestine of birds receiving different diets. Duodenum (A), jejunjum (B) and ileum (C). Control (basal diet), multi strain probiotics (100g/100kg of feed); multi enzymes (100g/100kg of feed); villi height (VH)↔; villi width (VW) ↔; crypt depth (CD) ↔.

			Intestinal morphology

			Results of morphological study of experimental birds are shown in Table 2 and Figure 2. VH of duodenum, jejunum, and ileum was significantly (p<0.01) increased in treated groups after the inclusion of multi-strain probiotics and multi-enzymes. In the duodenum, greater villus was observed in multi-strain probiotics and multi-enzymes treated group. In the jejunum, VH was significantly (p<0.01) improved in treated groups. The longest jejunum villus was observed in multi- enzymes treated birds and the shortest villus was found in multi-strain probiotics and control group. In the case of the ileum, VH also showed significant (p<0.01) variation among the treatments. In this segment, the tallest VH was seen in the multi-enzymes fed group and the shortest villi were found in the control group. In duodenum, jejunum, and ileum, VW demonstrated significant (p<0.01) difference among the dietary groups. The broaden VW was found in the duodenum segment of the multi-strain probiotics fed group and the lowest VW was observed in the ileum part of the control group. 

			 

			Duodenum CD value also showed significant (p<0.01) differences among the dietary treatments. The deepest CD value was noticed in the control group that differed from multi-strain probiotics and multi-enzymes fed birds (p<0.01). In the jejunum, the CD value also revealed a significant (p<0.01) difference among the treatments. The tallest CD value was recorded in the control group and the shortest value was observed in the multi-enzymes supplemented group. Ileum data also revealed the lowest CD value.

			 

			Table 2: Effect of multi-strain probiotics and multi-enzymes on intestinal morphology. 

			
				
					
					
					
					
					
				
				
					
							Variables
							Control
							Multi-strain probiotics
							Multi-enzymes
							P-Value
					

					
							Duodenum
					

					
							
							Villi height (µm)

						
							
							612.63c±1.32

						
							
							936.36a±2.29

						
							
							856.68b±1.45

						
							
							0.01

						
					

					
							
							Villi width(µm) 

						
							
							79.08c±1.73

						
							
							192.43a±1.09

						
							
							140.51b±2.92

						
							
							0.01

						
					

					
							
							Crypt depth (µm)

						
							
							86.65a±1.27

						
							
							76.33b±1.53

						
							
							80.33b±2.54

						
							
							0.01

						
					

					
							Jejunum
					

					
							
							Villi height (µm)

						
							
							625.63b±2.87

						
							
							565.49c±2.85

						
							
							753.42a±1.55

						
							
							0.01

						
					

					
							
							Villi width (µm)

						
							
							168.63a±2.25

						
							
							157.66b±1.93

						
							
							151.59b±1.69

						
							
							0.01

						
					

					
							
							Crypt depth (µm)

						
							
							77.52a±1.74

						
							
							58.72b±2.50

						
							
							45.53c±1.70

						
							
							0.01

						
					

					
							Ileum
					

					
							
							Villi height (µm)

						
							
							326.76c±1.23

						
							
							341.71b±1.78

						
							
							532.57a±1.86

						
							
							0.01

						
					

					
							
							Villi width(µm) 

						
							
							47.37c±1.71

						
							
							113.69b±1.68

						
							
							153.24a±2.18

						
							
							0.01

						
					

					
							
							Crypt depth (µm)

						
							
							59.55a±1.71

						
							
							32.62b±1.63

						
							
							26.47c±1.23

						
							
							0.01

						
					

				
			

			

			Control (basal diet), multi-strain probiotics (100g/100kg of feed); multi-enzymes (100g/100kg of feed), µm= micro meter. a, b, c= means bearing dissimilar superscript differ significantly (p<0.01). (±) indicates standard error of mean (SEM).

			 

			Table 3: Expenses of production and return over investment (ROI) in different dietary treatments. 

			
				
					
					
					
					
					
					
				
				
					
							Items
							Control
							Multi-strain probiotics
							Multi-enzymes
							p-values
					

					
							
							(a) Feed cost (Tk./bird)

						
							
							97.6±1.04

						
							
							96.9±1.38

						
							
							97.2±0.87

						
							
							0.89

						
					

					
							
							(b) Test materials cost(1) (Tk./bird)

						
							
							0c

						
							
							1.09a±0.0

						
							
							0.65b±0.0

						
							
							0.01

						
					

					
							
							(c) Chick cost (Tk./bird)

						
							
							35.0

						
							
							35.0

						
							
							35.0

						
							
							-

						
					

					
							
							(d) Other costs (vaccines, litter, disinfectants, transport, labor etc.) (Tk./bird)

						
							
							35.0

						
							
							35.0

						
							
							35.0

						
							
							-

						
					

					
							
							(e) Total cost (Tk./bird) (a+b+c+d)

						
							
							167.6± 1.04

						
							
							168.0±1.38

						
							
							167.8±0.87

						
							
							0.97

						
					

					
							
							(f) Total cost (Tk./kg body weight)

						
							
							115.1a±3.32

						
							
							103.8b±0.93

						
							
							106.8b±1.38

						
							
							0.05

						
					

					
							
							(g) Sale price (Tk. /bird @ BDT 130/kg live wt.)

						
							
							190.1b±5.60

						
							
							210.4a±1.06

						
							
							204.5a±1.94

						
							
							0.02

						
					

					
							
							(h) Profit (Tk./bird) (g-e)

						
							
							22.5b±5.30

						
							
							42.4a±1.59

						
							
							36.7a±2.50

						
							
							0.03

						
					

					
							
							(i) Profit (Tk./kg)

						
							
							14.9b±3.32

						
							
							26.2a±0.93

						
							
							23.3a±1.38

						
							
							0.05

						
					

					
							
							(j) Profit over control (Tk./bird) 

						
							
							-

						
							
							19.93

						
							
							14.23

						
							
							-

						
					

					
							
							(j) Profit over control (Tk./kg) 

						
							
							-

						
							
							11.29

						
							
							8.38

						
							
							-

						
					

				
			

			

			(1)Multi-strain probiotics @ BDT Tk. 450/kg and multi-enzymes @ BDT Tk. 265/kg;  Control (basal diet), multi-strain probiotics (100g/100kg of feed); multi-enzymes (100g/100kg of feed). BDT=Bangladeshi taka; a, b, c= means bearing dissimilar superscript differ significantly (p<0.05). (±) indicates standard error of mean (SEM).

			Economic appraisal

			The cost-benefit analysis of this experiment is shown in Table 3. The highest feed cost per bird was found in the control group and lowest in the multi-strain probiotics supplemented group. The total cost of production per kg live weight was highest in the control group which differed significantly (p<0.05) from multi-strain probiotics and multi-enzymes groups. The sale price per bird were more in multi-strain probiotics and multi-enzymes groups which showed significant (p<0.05) differences when compared to the control group. In terms of per bird and per kg body weight, the highest profits were obtained in the multi-strain probiotics group compared to the control group which also significantly differed (p<0.05). Multi-enzymes fed group also showed better profit but less than the multi-strain probiotics fed group.

			 

			Discussion

			 

			Growth performance

			The increased body weight in multi-strain probiotics the group fed might be due to the presence of beneficial bacteria that aided better digestion, absorption and utilization of dietary nutrients by creating a suitable environment in the intestine (Olukosi and Cowieson, 2007). Non-starch polysaccharide (NSP) was probably broken down due to the presence of some exogenous enzymes like xylanase, β-glucanase, mannanase, cellulase, etc. that helped in nutrient utilization and reduced gut viscosity and consequently the birds gained an increase in body weight. Using multi-strain probiotics (Lactobacillus acidophilus, Bacillus subtilis) in a broiler diet caused highest body weight compared to control (Zhang and Kim, 2014). In a recent study, it was found that the inclusion of Saccharomyces spp., Lactobacillus spp., and Bacillus spp., containing probiotics in the diet significantly enhanced body weight (Thorat et al., 2015), which is also in line with our results. In another study, it was reported that multi-strain probiotic (Lactobacillus spp., and Bacillus spp.) and multi-enzymes (amylase, xylanase, pectinase, cellulose and glucanase) supplemented diets significantly increased growth and gut health of broiler chickens (Hossain et al., 2015; Rosin et al., 2007; Vidyarthi et al., 2007), which coincided with our results. 

			 

			Higher amount of feed was consumed by birds of the control group. A different strains of probiotics (Lactobacillus spp., Bifidobacterium spp., Bacillus spp.) and multi-enzymes (amylase, lipase, xylanase, etc.) might help in the multiplication of beneficial micro-flora in the gut and secreted additional enzymes in addition to endogenous enzymes which already established in the gut resulting in better digestion and utilization of nutrients and reduced feed wastage. Better digestion, absorption, and assimilation of nutrients might have occurred due to the combined effect of endogenous and exogenous enzymes. Zakaria et al. (2010) showed an evidence that protease, pectinage, amylase, containing multi-enzymes additives in the broiler diet reduced FI which coincided with our findings. Jin et al. (1996) reported that the inclusion of multi-strain probiotics (Lactobacillus spp. and Bacillus subtilis) in the diet increased the number of intestinal beneficial microflora and created a healthy gut environment and consequently decreased FI and improved feed efficiency. Improvement in FCR is a clear indication of the effects of multi-strain probiotics and multi-enzymes. Anjum et al. (2005) reported that multi-strain probiotics supplemented diet improved FCR but our result showed a similar trend although it was not significant. The findings of the present study are also in agreement with the results of other researchers (Khaksefidi and Rahimi, 2005) where they found that supplementation of Lactobacillus spp., Bifidobacteriumbifidum, Streptococcus faecium containing multi-strain probiotics in the diet significantly improved FCR. Multi-enzymes treated group showed better FCR in broilers as reported by several authors (Hossain et al., 2015; Swain et al., 2014) which were in agreement with our results. The survivability was more in multi-strain probiotics and multi-enzymes fed group as compared to control. The higher trends in survivability, although not significant, agreed well with previous studies (Olukosi and Cowieson, 2007; Cmiljanic et al., 2001).

			 

			Intestinal morphology

			Application of multi-strain probiotics and multi-enzymes treated diets had positive effects on duodenal, jejunal, and ileal villi. Longer villi of ileum indicate higher absorption of amino acids vitamins and minerals that resulted in higher body weight of these groups. It has been reported that longer villus exhibits excellent gut health, maximum absorption, and good intestinal tract (Alfaro et al., 2007). A few authors (Salim et al., 2013; Sen et al., 2012) reported that the use of Lactobacillus spp. and Bacillus spp. containing probiotics in broiler chicken diet resulted in an increased intestinal VH which resembled our results. Our findings were similar to those obtained in another study (Balamurugan et al., 2011) where it was found that multi-enzymes (cellulase, xylanase, and pectinase) treated group significantly (p<0.01) increased VH compared to that of the control group.

			 

			Duodenum segment of multi-strain probiotics fed group showed extended VW. The formation of extended villus might be a result of greater nutrient retention in the body. Our results were similar to results of another study (Salim et al., 2013) who found taller VH in probiotics fed group. Researchers (Sen et al., 2012) showed that the widest villi were obtained due to the inclusion of multi-strain probiotics and multi-enzymes in diet which was consistent with our results. Our findings also resembled the results of another study (Balamurugan et al., 2011) where it was found that villi width significantly increased in the multi-enzymes treated group. In multi-enzymes supplemented group, VH and VW were increased in a manner similar to our findings (Thavasiappan et al., 2016). The deepest CD value in the control group might have occurred due to poor nutrient digestion, absorption, and utilization of the gastrointestinal tract (Xu et al., 2003). On the other hand, multi-strain probiotics treated birds showed the shortest CD because probiotics helped in the digestion and absorption of nutrients properly. In our research, we used Bacillus, Lactobacillus and Saccharomyces containing multi-strain probiotics whereas Sen et al. (2012) used Bacillus spp. containing probiotics and found that it reduced CD in the duodenum, jejunum, and ileum segment of the intestine.

			 

			Economic appraisal

			Although a number of mode of action of multi-strain probiotics and multi-enzymes are similar, supplementation of multi-strain probiotics supplemented group was more economic and multi-enzymes treated group also showed a better profit. The addition of multi-strain probiotics in the diet increased profit, similar to the findings of previous researchers (Anjum et al., 2005). A mixture of probiotics and a multi-enzyme (amylase, protease, cellulase, lipase containing enzymes) also showed a profit in a previous study (Swain and Chakarkur, 2009).

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			Supplementation of multi-strain probiotics and multi-enzymes in the diet of broilers enhances growth performance and improves feed conversion by increasing villi length and villi width. Both multi-strain probiotics and multi-enzymes increases profit, but feeding the former was most cost-effective. It is therefore recommended that diets of broiler may be supplemented with multi-strain probiotics and multi-enzymes for good results’.
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Effects of Feeding Multi-Strain Probiotics and Multi-Enzymes to
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Abstract | The experiment was carried out to investigate the effects of feeding multi-strain probiotics and multi-
enzymes on growth performance, intestinal morphology, and cost-effectiveness in commercial broiler production. Four
hundred eighty Cobb 500 straight run broiler chicks were randomly allocated to three dietary treatments each of eight
replications having 20 birds each. The basal diets were corn-soya broiler starter and broiler grower diets. Starter diet was
fed up to 21 days and grower diet during 22-35 days. In treatment 1, chicks were fed a basal diet (Diet 1),in treatment
2, chicks received a basal diet plus a multi-strain probiotics @100g/100kg feed (Diet 2) and in the third treatment,
the basal diet was supplemented with multi-enzymes @100g/100kg feed (Diet 3). The birds were reared following
identical care and management. Growth performance data were recorded weekly. Samples of intestinal segments were
collected and examined for intestinal morphology at the end of the feeding trial (35 days). Data were analyzed using
SAS Computer Package Program (version 9.1, SAS, 2009). Results showed that the addition of multi-strain probiotics
and multi-enzymes to diets independently improved body weight, feed conversion ratio, and decreased feed intake as
compared to control. Multi-strain probiotics significantly increased duodenum villi height, width and reduced crypt
depth (p<0.01). The jejunum and ileum villi height and width were significantly increased in the multi-enzymes
supplemented group but showed a reduction in crypt depth (p<0.01). Feeding multi-strain probiotics to broilers were
more cost-effective. In conclusion, multi-strain probiotics and multi enzymes in diet enhances growth performance,
improves feed efficiency, intestinal morphology, and increases profit.
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INTRODUCTION

Anumber of feed additives are being considered for
inclusion in poultry ration with the objectives of
enhancing feed quality, growth performance, palatability
and productivity, as well as for preventing animals from
different kinds of environmental stresses (McDonald
et al,, 2010). Probiotics, phytobiotics and enzymes are
manufactured globally not only to enhance productivity

but also to explore their advantages as viable alternatives
to antibiotics (Chahal et al., 2008). The notable advantage
of probiotics is that it does not keep any residue in food
products of animal origin and exerts no resistance against
antibiotics. The promising effects of both probiotics
and enzymes for improving birds’ performance is well
documented (Chowdhury et al., 2020; Kirkpinar et al.,
2018).
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