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Economics of Growth Production of Indigenous Chicken fed Distillers Dried Grains with Solubles (DDGS) with or without Supplementation of Exogenous Enzyme 



ABSTRACT
Distillers dried grains with solubles (DDGS), a byproduct of ethanol production process, has been used as a potential feed ingredient in the rations of livestock and poultry as a source of energy as well as protein. The present study was undertaken to assess the effects of feeding of DDGS proportionately replacing maize and soybean with or without enzymes on the economics of growth production in indigenous chicken. A total of one hundred and eighty 21- day old indigenous chicks were divided into six groups viz. T1, T2, T3, T4, T5 and T6, each with 30 chicks. The chicks of T1, T3 and T5 were fed a basal diet containing 0, 10 and 20% DDGS while the birds of T2, T4 and T6 were fed the same diet as that of T1, T3 and T5, respectively, which were supplemented with an exogenous multi-enzyme supplement. All the birds of different groups were fed for a period of 182 days (13 fortnights). The average final body weight was found to be highest in T2 group (1643.93±25.22 g) and lowest in T5 group (1580.00±14.50 g) without any significant (P>0.05) difference among the groups. There was also no significant (P>0.05) difference among the treatment groups in respect of average final body weight, total and mean daily gain in body weight, overall feed conversion efficiency (FCRs) as well as economics of growth production. It is concluded that DDGS can be incorporated at 20% level in the rations of indigenous chicken with enough economic rewards. 
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1. INTRODUCTION
The main conventional sources of energy and protein in poultry feeds are maize and soybean meal, respectively, the prices of which chiefly determine the feed cost and thereby the production cost and ultimately the profit margin in poultry farms. It is notable that maize may not be entirely available at the level of its requirement in the next few years for using as energy source in poultry diets due to its use in human consumption and biofuel ethanol production in different countries. Therefore, the shortage of this high quality poultry feed ingredient is considered as one of the major apprehensions facing poultry producers all over the world, particularly in the developing countries like India in the days to come. So, in the present status of scarcity in feed ingredients and mounting prices of the same, utilization of non-conventional feed resources in the poultry feeding becomes necessity to make the ration economical and to have more profit from poultry farming. The replacement of costlier normal feed substances with cheaper atypical ingredients without adversely affecting the feed quality and bird performance is possibly the most workable scheme to address such circumstances. 
[bookmark: page17]Among the non-conventional feed resources, distillers dried grains with solubles (DDGS), a by-product of ethanol production process, has been identified as a promising feed resource for its use in the poultry feeds as a source of energy and protein. Recently, resurgence in the use of DDGS has been observed globally due to rapid acceleration in DDGS production and improvement in its quality when derived from new generation ethanol plants [1]. It is a source of energy, protein, water soluble vitamins and minerals [2, 3, 4]. It contains a substantial amount of total phosphorus (0.72%), out of which 54% is available for poultry [5]. It is also a good source of xanthophylls [6] and linoleic acid [7]. [8] noted that arabinoxylans and cellulose were the principal non-starch polysaccharides (NSP) in DDGS, which put a ceiling on the widespread use of it in poultry feeds. Exogenous enzymes are able to offer nutritional benefits in a variety of ways by hydrolyzing NSP that could not be used by poultry [9]. Enzyme supplementation helps in removing the deleterious incriminating factors, improving the digestibility of existing nutrients, increasing the utilization of NPS and supplementing most of the endogenous enzymes [10, 11]. On the other hand, there is an escalating demand for meats and eggs of indigenous chicken all over our country due to their taste and organic nature. Both the meats and eggs of native chicken fetch higher prices which are more than double of the prices of broiler meats as well as commercial table eggs. So, it may be considered as the need of the hour to rear indigenous chicken for meat as well as egg purpose by feeding balanced poultry feeds with proper nutrient concentrations like other commercial birds. Rearing such chickens with somewhat cheaper feeds by using un-conventional and low-costly ingredients like DDGS to reduce the cost of production may be considered as remunerative one for the village poors. Therefore, the present study was undertaken to explore the effect of dietary inclusion of DDGS with or without multi-enzyme supplementation on the economics of growth production of indigenous chicken. 	Comment by HP: cost	Comment by HP: poor villagers
2. MATERIALS AND METHODS

Animal welfare and ethical approval
All methods followed relevant guidelines and regulations with ethical permission from the Institutional Animal Ethics Committee, College of Veterinary Science, Assam Agricultural University, Khanapara, Guwahati, Assam
A total of one hundred eighty 21 day-old indigenous chicks native to Dhemaji district of Assam, reared as dual purpose chicken, were taken and divided into six groups viz. T1, T2, T3, T4, T5 and T6 containing 30 chicks with 3 replicates of 10 chicks in each. The chicks were wing banded and reared under deep litter system of management throughout the feeding trial period following usual and uniform managemental practices. The birds of T1 group (control) were offered the standard chick, grower and layer feeds as per BIS [12]. The birds of T2 group were fed with the same standard chick, grower and layer feeds fed to the birds of T1 group with supplementation of multi-enzyme (Xzyme, Each kg of which contains: Lactic Acid Bacteria -30,000 million spores, Saccharomyces Cervisiae- 100 billion CFU, Amylase- 29,000 IU, Betaglucanase-4,05,000 IU, Phytase- 44,500 IU,  Lipase- 31,000 IU, Protease- 7,40,000 IU, Cellulase- 5,500 IU, Pectinase -1,01,000 IU and Hemicellulase- 25,000 IU). Maize DDGS was incorporated at 10%  level in all the rations for T3 and T4 groups and the rations for T4 group was supplemented with the same multi-enzymes. In the same way, the birds of T5 and T6 groups were fed with rations containing 20% DDGS without and with enzymes, respectively. The composition of chick, grower and layer rations for birds of different treatment groups along with the estimated crude protein (CP) and calculated metabolizable energy (ME) values were presented in Table 1. The feeding trial was conducted for a period of 182 days (13 fortnights) using chick feeds for first 2 fortnights (42 d), grower feeds for next 7 fortnights (43-140 d) and layer feeds for last 3 fortnights (141-182 d). The BW was recorded on day one and thereafter at fortnightly intervals early in the morning before feeding. From the records, average final body weights and the body weight gains of individual birds as well as average feed consumption and feed conversion ratio (FCR) of birds were studied and recorded. The production cost of the birds in various treatment groups was calculated by estimating feed cost and other expenses and adding them with the cost of chicks as follows- 	Comment by HP: delete	Comment by HP: delete	Comment by HP: delete
1. Chick cost (₹) = Price of the chicks at which chicks were procured (A)
2. Feed cost (₹) = Cost of total feeds consumed by each of the indigenous bird (B).
3. Other expenses (₹) = Includes cost for labour, medicine and vaccines, electricity and miscellaneous expenditure (C).
Therefore, cost of production per bird (₹) =A+B+C
The experiment was conducted in a completely randomized design (CRD). The statistical analyses of the experimental data were carried out according to the method described by [13] following One-way ANOVA and the means were compared for Duncan’s Multiple Range Test (DMRT) for significance.
Table 1: Ingredient and nutrient composition of experimental diets  
	Ingredients 
	Growth stages – Rations (%)

	
	Chick mash
	Grower mash
	Layer mash

	
	T1/T2*
	T3/T4*
	T5/T6*
	T1/T2*
	T3/T4*
	T5/T6*
	T1/T2*
	T3/T4*
	T5/T6*

	 Maize
	48.00
	42.93
	39.00
	40.40
	32.26
	29.32
	43.18
	34.21
	32.27

	SBM
	30.50
	25.00
	19.00
	15.50
	10.00
	5.00
	25.00
	19.85
	14.30

	Rice Polish
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	7.00
	8.00

	DDGS
	00
	10.00
	20.00
	00
	10.00
	20.00
	00
	10.00
	20.00

	DCP
	1.30
	1.20
	1.00
	1.30
	1.20
	1.00
	1.30
	1.20
	1.00

	LSP
	1.70
	2.00
	2.00
	1.70
	2.00
	2.00
	7.00
	7.20
	7.30

	Methionine
	0.10
	0.07
	0.08
	0.10
	0.07
	0.08
	0.10
	0.07
	0.08

	Lysine 
	0.00
	0.05
	0.18
	0.00
	0.05
	0.18
	0.00
	0.05
	0.18

	Salt
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27

	Mineral-vit. Premix
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Toxin binder
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Broken
Rice
	6.00
	6.50
	6.20
	7.05
	10.00
	10.00
	6.00
	10.0
	6.00

	DORB
	6.98
	6.78
	7.12
	28.53
	29.00
	27.00
	12.00
	10.00
	10.45

	Enzymes 
	00
	00
	00
	00
	00
	00
	00
	00
	0.00

	TOTAL
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Nutrient composition

	CP(%)
	19.25
	19.33
	19.22
	15.49
	15.54
	15.45
	17.55
	17.51
	17.47

	EE(%)
	2.97
	3.74
	4.53
	2.75
	3.44
	4.27
	2.77
	3.73
	4.69

	CF(%)
	4.92
	5.13
	5.12
	6.88
	7.01
	7.16
	5.43
	5.58
	6.02

	NFE(%)
	65.82
	64.37
	62.95
	66.47
	65.23
	64.14
	66.61
	65.01
	63.61

	Calcium(%)
	1.08
	1.14
	1.04
	1.01
	1.08
	1.05
	2.93
	2.98
	2.95

	T-P(%)
	0.88
	0.86
	0.87
	1.01
	1.00
	0.99
	0.83
	0.83
	0.84

	ME** (Kcal/kg)
	2798
	2793
	2800
	2527
	2503
	2539
	2580
	2600
	2604


SBM- Soybean meal, DDGS- Distillers dried grains with soluble, DCP- Di-calcium phosphate, LSP-Limestone powder, DORB- De-oiled rice bran, CP-Crude protein, EE-Ether extract, CF-Crude fibre, NFE-Nitrogen free extract, T-P-Total phosphorus, ME-Metabolizable energy.  
*Diets of T2, T4 and T6 groups were additionally supplemented with multi-enzyme preparations (Xzyme) at 0.05 per cent level
** Calculated value
3. RESULTS AND DISCUSSION 

The average total body weight changes of the birds of different treatment groups were presented in Table 2. There was no significant (P>0.05) difference among the groups in respect to initial, final and total gain in BW. The average final body weight of experimental birds was highest in T2 group (1643.93±27.49 g) receiving no DDGS and with enzyme supplementation and lowest in T5 group (1580.00±19.56 g), where the birds were fed with diets containing 20% DDGS without any enzymes. The maximum and minimum average final BW gains and daily BW gains among the experimental birds were recorded in T2 (1592±25.18 g and 8.75±0.14 g) and T5 groups (1529±14.57 g and 8.10±0.08 g), respectively. 
Table 2: Average net body weight gain (g/bird) and average daily BW gain (g) in experimental birds of different groups	Comment by HP: delete
	Dietary  groups
	Particulars

	
	Initial BW
	Final BW
	Net  gain in BW	Comment by HP: delete
	ADG  (g)

	T1
	51.57±0.32
	1607.86±16.29
	1556±16.36
	8.55±0.09

	T2
	51.43±0.25
	1643.93±25.22
	1592±25.18
	8.75±0.14

	T3
	51.63±0.32
	1589.26±13.83
	1537±13.89
	8.15±0.08

	T4
	51.53±0.33
	1603.21±13.88
	1552±13.96
	8.53±0.08

	T5
	51.53±0.33
	1580.00±14.50
	1529±14.57
	8.10±0.08

	T6
	51.53±0.33
	1596.07±11.78
	1545±11.83
	8.49±0.06

	SEM
	0.13
	8.41
	7.91
	0.04


Mean body weights without any super script within the same column did not differ significantly (P>0.05).
The decreased BW in DDGS added groups might be due to change of amino acid profile of the diets as soybean is known to have more complimentary amino acid pattern than corn or corn DDGS for poultry. In the rations with higher proportion of DDGS the percentage of protein from soybean meal was decreased and at lower inclusion rates of DDGS, there appeared to be sufficient amino acids from soybean protein leading to no adverse effect on the growth of the birds. The higher body weights of the birds in enzyme supplemented groups- T2, T4 and T6 compared to un-supplemented groups-T1, T2 and T5 groups, respectively, might be due to better nutrient utilization caused by exogenous multi-enzymes in the rations. 	Comment by HP: not any superscript in table
The results of this study were in agreement with [14] who reported that DDGS incorporation up to 15% without enzyme addition in the diets decreased final BW of the broiler chicken. Similarly, [15] also found that, diets with 20% wheat DDGS had a decreasing trend on performance in poultry. The results of the research works conducted by other workers were also in the same line with the present study, wherein DDGS incorporated diets in broiler ration at various levels resulted in a decrease in performance with increasing the levels of DDGS in the diets [14, 16]. 
The average total feed consumption per bird during entire feeding trial period was11653, 11665, 11664, 11669, 11739 and 11748 g in T1, T2, T3, T4, T5 and T6 groups, respectively, without showing any significant (P>0.05) difference among the treatment groups. An experiment conducted in broiler birds with 0, 5, 10, 15 and 20% corn DDGS in different groups also reported no significant (P>0.05) differences in overall feed intake among the treatment groups [17]. Other workers also found no significant (P>0.05) difference in feed consumption among different treatment groups by adding DDGS levels up to 10-15% [18, 19]. In the same line with the findings of present study, [20] opined that there was no significant effect of DDGS, Avizyme or their interaction on feed intake in Bovans Brown layers. Likewise, [21] also reported that DDGS at the level of 200 g/kg with enzyme (xylanase and phytase) in the diets of laying hens had no effect on feed intake. 
In the present study the higher feed intake data in the experimental groups fed with increased levels of DDGS in comparison to control and lower- DDGS supplemented groups might be due to dilution of nutrients and increased fibre level in those diets which was in good agreement with earlier researchers. 
Table 3: Average total feed consumption (g) and FCR per bird under different treatment groups.	Comment by HP: delete
	Total period
	Dietary groups

	
	T1
	T2
	T3
	T4
	T5
	T6

	
	Feed consumption (FC) (gm)
	FCR
	FC
	FCR
	FC
	FCR
	FC
	FCR
	FC
	FCR
	FC
	FCR

	13 wks. (182 days)
	11653	Comment by HP: put SE value
	7.51
	11665
	7.37
	11664
	7.62
	11669
	7.51
	11739
	7.69
	11748
	7.64



 The overall FCR of the birds for entire period of study was least in T2 group (7.37), followed by T1 (7.51), T4 (7.51), T3 (7.62), T6 (7.64) and T5 (7.69) groups, which were comparable among the groups as well as with the control group. The results of this study with respect to FCRs were in agreement with the reports of [18] in Lohman Brown hens by feeding DDGS at five inclusion rates of 0, 5, 10, 15, or 20%. [22] also concluded that neither the dietary treatments affect feed conversion in Hy-Line Brown hens by feeding diets containing 15 or 23% DDGS with or without enzyme complex. The findings of the present study were in corroboration with the results [23] who carried out an experiment in broiler chicken by feeding them diets containing 8%, 16% and 24% DDGS, with or without NSP-hydrolyzing enzymes and observed no effect of increasing DDGS content on FCR in growing stage. 

Economics of production
Profitable poultry production depends upon a number of factors such as proper housing, quality of chicks, marketing, disease control programme and above all the balanced feeds and its proper management. Out of these factors, feed cost constitutes a major deciding factor for profitability, since the cost of feeding alone constitutes 70 to 75% of the total poultry production. In order to achieve the goal of maximum profitability, the feed should not only be balanced nutritionally but also be economical. Hence, in the present study the comparative economics of various levels of feeding DDGS with or without multi-enzyme supplementation was calculated in terms of feed cost per kg gain in body weight. The cost of chick, grower and layer mash feeds in all the treatment groups were calculated on the basis of prevalent market prices. 

The cost of feeding per kg live weight gain and total cost of feeding per bird for different treatment groups have been calculated and presented in Table 4. The average costs of feeding per kg live weight were ₹ 174.65, 173.04, 168.52, 162.93, 155.24 and 154.94 for T1, T2, T3, T4, T5 and T6 groups, respectively whereas the total average costs of feeding per bird were ₹ 280.66, 284.48, 267.78, 261.17, 245.28 and 247.28 for T1, T2, T3, T4, T5 and T6 groups, respectively. The highest cost involvement for feeding was found in T2 group, the birds of which were fed diets containing no DDGS and supplementing with multi-enzymes and the lowest cost involvement for feeding a bird was observed in T5 group, the birds of which received diets containing 20% DDGS without any enzymes. The average total cost of production and gross profit (Table 5) for the birds of different groups were found to be ₹ 401.85 and 112.25; ₹ 405.67 and 119.53; ₹ 388.97 and 119.73; ₹ 382.36 and 130.54; ₹ 366.47 and 139.53 and ₹ 368.47 and 144.33 per bird for T1, T2, T3, T4, T5 and T6 groups, respectively. The highest and lowest costs of production were observed in T2 and T5 groups, respectively and maximum and minimum margins of gross profit were recorded in T6 and T1 groups, respectively. 
Table 4. Cost of feeding (₹) per kg live weight gain of birds under different treatment groups
	Particulars
	Treatment groups

	
	T1
	T2
	T3
	T4
	T5
	T6

	Feed consumed (kg/bird)

	Starter
	1.15
	1.15
	1.23
	1.21
	1.22
	1.19

	Grower
	6.30
	6.41
	6.54
	6.33
	6.37
	6.40

	Layer
	4.12
	4.12
	4.24
	4.12
	4.12
	4.17

	Feed cost/ kg (₹)

	Starter
	28.14
	28.25
	26.13
	26.23
	24.42
	24.52

	Grower
	22.88
	22.98
	20.88
	20.97
	19.56
	19.66

	Layer
	25.28
	25.41
	23.37
	23.47
	22.06
	22.13

	Cost of feeding/bird (₹)

	Starter
	32.36
	32.49
	32.14
	31.74
	29.79
	29.18

	Grower
	144.14
	147.30
	136.56
	132.74
	124.60
	125.82

	Layer
	104.15
	104.69
	99.09
	96.70
	90.89
	92.28

	Total cost of feeding /bird (₹)
	280.66
	284.48
	267.78
	261.17
	245.28
	247.28

	Final body wt. (kg)/ bird
	1.607
	1.644
	1.589
	1.603
	1.580
	1.596

	Cost of feeding per kg live wt. (₹)
	174.65
	173.04
	168.52
	162.93
	155.24
	154.94

	Cost difference over control (₹)
	
	-1.61
	-6.12
	-11.72
	-19.41
	-19.71

	Reduction of feeding cost per kg live wt. over control group (%)
	
	0.92
	3.51
	6.71
	11.11
	11.29





Table 5:	Average total cost of production and gross profit (₹) per bird under different treatment groups
	Parameters
	Treatment groups

	
	T1
	T2
	T3
	T4
	T5
	T6

	I. Expenditure

	1. Chick cost (A), (₹)
	45.00
	45.00
	45.00
	45.00
	45.00
	45.00

	2. Feed cost (B), (₹)
	280.66
	284.48
	267.78
	261.17
	245.28
	247.28

	3. *Other expenses (C) (₹) 
	76.19
	76.19
	76.19
	76.19
	76.19
	76.19

	4. Production cost per bird (A+B+C) (₹)
	401.85
	405.67
	388.97
	382.36
	366.47
	368.47

	II. Return
	
	
	
	
	
	

	1. Sale of one live birds (₹)
	482.10
	493.20
	476.70
	480.90
	474.00
	478.80

	2. Sale of eggs (₹)
	32.00
	32.00
	32.00
	32.00
	32.00
	32.00

	3. Total return (₹)
	514.10
	525.20
	508.70
	512.90
	506.00
	510.80

	III. Gross profit per bird (₹)
	112.25
	119.53
	119.73
	130.54
	139.53
	144.33


*Other expenses- 	
1. Labor cost @ 2 man hours per day and 8 man hours per man day
	2. Cost of vaccines and medicines @ ₹ 5.00 per bird
	3. Electricity cost @ ₹ 3.00 per bird
4. Miscellaneous expenses @ ₹ 5.00 per bird and no expenses for shed and equipments as existing infrastructures were used for the study.

	The cost of rations were reduced by incorporation of DDGS at 10 and 20% levels in T3, T4, T5 and T6 groups as compared to the control group (T1) and T2 group, where enzymes were supplemented in the basal diet. Reduction of feed cost per kg live wt. gain as compared to control group (T1) were found to be 0.92, 3.51, 6.71, 11.11 and 11.29% in T2, T3, T4, T5 and T6 groups, respectively. The reduction in feed cost was quite appreciable in T5 and T6 groups, where DDGS was incorporated at 20% level, as compared to control. The Production cost per bird for whole period of study was found to be maximum in T2 group, where birds were fed basal diet supplemented with multi-enzymes and minimum in T5 fed the birds with diets containing 20% DDGS without any enzymes. The gross profit per bird was found to be maximum in T6 group, where birds were fed diets containing 20% supplemented with multi-enzymes and minimum in T1 or control group fed the birds with basal diets containing neither DDGS nor multi-enzymes. The findings of the present study in respects of economics of production as well as profits were in agreement with the observations of [20], who reported from a feeding trial in Bovans brown layers by feeding diets containing DDGS as substitution for soybean meal and Avizyme 1500 that dietary inclusion of DDGS without Avizyme linearly reduced cost of feed and on the other hand, though Avizyme supplementation increased the cost of formulated diet, but improved economical efficiency values. [24] also concluded that the use of DDGS in broiler diets up to 15% could decrease feed cost by replacing a part of corn and soybean meal, without any negative effect on growth performance and meat quality. 	Comment by HP: small p
The reports of [25] also corroborated the findings of present study, who concluded from a feeding trial in broiler chicks using DDGS at levels 0, 10, 20, 30 or 40% with or without enzymes that the 20% DDGS group without enzymes inclusion achieved better economic efficiency. Similarly, [26] reported from a study in Ross broiler birds by feeding diets with different inclusion rates of DDGS at 0, 10, 15, 20, 25 and 30% that there was an economic benefit of feeding DDGS at 30% level in the diet in comparison to basal diet with 0% DDGS. [27] also opined that as the level of DDGS increased in the diets, the level of di-calcium phosphate gradually decreased and that might result in a reduction in the costs of diet and using a proper enzyme cocktail may provide an economic benefit. [14] also reported economic benefits by adding DDGS at different levels with or without enzymes in the diets of broiler birds which corroborated with the findings of present study. Thus, the overall results of the study indicated that the use of DDGS alone and with enzymes in indigenous chicken diets proved useful in maintaining live weights as compared to control group, fed with basal diets without DDGS and enzymes, with reduction in production cost and reasonable profit margin with higher returns. As there is no significant difference among the groups in respect of body weights, BWG, FCR and there is a sufficient economic benefit due to addition of DDGS in the rations, it is accomplished that DDGS can safely be incorporated at 20% level as alternate feed ingredient in the rations of indigenous chicken with multi-enzymes for cost-effective and profitable poultry production. Hence, on the basis of performance i.e. growth parameters, feed utilization and ultimately production in terms of live weight gain or cost of feeding/kg gain, it is evident that inclusion of DDGS up to 20% levels is quite safe and effective and as  such can be used for economic rearing of indigenous chicken for meat production. Supplementation of enzymes in the diets containing DDGS as substitution for soybean meal and maize was found to be beneficial in augmenting the utilization of DDGS to get optimum performance with minimum inputs. 
4. CONCLUSION
Overall, gross profit per indigenous chicken was found to be highest in the birds fed with DDGS at 20% level with enzyme addition, followed by 20% DDGS without enzymes and then addition of 10% DDGS with or without enzymes in decreasing order. Gross profit from control groups, fed with basal diets without any DDGS and enzymes, was least among the treatment groups. Based upon the results of this experiment, it can be concluded that DDGS can safely be incorporated at 20% level as alternate feed ingredient in the rations of indigenous chicken with multi-enzymes for economical and profitable poultry production. 
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