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USE OF CORN DISTILLER’S DRIED GRAINS WITH SOLUBLES IN LAYER
DIETS ON PRODUCTIVE PERFORMANCE AND ECONOMICS OF EGG
PRODUCTION*

Ekta D. Sedmake1, K.K. Khose2, S.J. Manwar3, M.M. Kadam4
ABSTRACT
The present study was undertaken to evaluate the effect of substituting soybean meal with corn
distiller’s dried grains with solubles (cDDGS) in the layer chicken diet on productive
performance and economics of egg production involving 180 layer chickens (BV-300) over a
period of 10 weeks from 22nd to 31st weeks of age. The birds were randomly assigned 5
treatment groups having 4 replicates of 9 layer birds each. The birds in control group (T1) were
fed basal ration as per the strain nutrient recommendations for BV-300 layer strain, and
treatment groups T2, T3, T4 and T5 were offered layer diets replacing soybean meal with 5%,
10%, 15% and 20% cDDGS, respectively. It was observed that substitution of soybean meal
with cDDGS (5%-20%) in the basal diet had no significant (P≥0.05) effect on live body weight
(g/bird), weekly average feed consumption (g/bird/day), total number of eggs produced, hen
house egg production (HHEP) and hen day egg production (HDEP). However, average weekly
egg mass (kg/bird) was significantly (P≤0.01) reduced with substitution of cDDGS (≥10%), while
egg weight (g) was reduced (P≤0.01) with substitution of cDDGS (≥5%). There was no
significant (P≥0.05) effect of substitution of cDDGS (≥5% ) on weekly average feed conversion
ratio (FCR) on egg number basis, while it was significantly higher (P≤0.01) in T4 (15% cDDGS)
and T5 (20% cDDGS) groups over T1 (control) with respect to weekly average feed conversion
ratio (FCR) on egg mass basis. There was no mortality in the birds fed on without and with
cDDGS substituted diets (≥5%). The production cost (INR) per egg in groups T1, T2, T3, T4 and
T5 was Rs 3.17, 3.11, 3.07, 3.05 and 3.01, respectively with a resultant reduction of 1.89, 3.15,
3.79 and 5.05% respectively in cDDGS substituted diet groups over the control. The net profit
(Rs. /egg) accrued in groups T1, T2, T3, T4 and T5 was Rs. 0.20, 0.26, 0.30, 0.32 and 0.36,
respectively showing successive increments in profit with the increase in the level cDDGS
substitution of soybean meal in the diet. It is concluded that substitution of soybean meal with
cDDGS was economically rewarding without conceding production performance.
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INTRODUCTION
In layer production, the major cost input is feed accounting for 70-75% of total cost of
commercial egg production. Due to increasing cost of poultry production, one has to find out
newer cheap feed resources for cost-effective poultry production. But the choice of these
alternative ingredients depends on many factors and the important ones are its availability,
absence of toxic principle, nutrient availability, quality, nutritional composition and cost.
Different types of cereals are used for the production of biofuel. Distiller’s Dried Grains with
Solubles (DDGS) is a product available from distilleries, where maize, jowar, wheat, rice and
other cereals are used. It is a source of energy, protein, water soluble vitamins and minerals
(Parsons et al., 2006). It is also a good source of xanthophylls (Runnels, 1957) and linoleic acid
(Scott, 1965) as well as riboflavin and thiamine (D’Ercole et al., 1939). The total metabolizable
energy content of corn distiller’s dried grains with solubles (cDDGS) has been reported as 2827
kcal/kg (Lumpkins et al., 2005) and 2906 kcal/kg (Batal and Dale, 2006). The crude protein
content in cDDGS ranged between 23-32% (Batal and Dale, 2006). The phosphorus in DDGS
ranges from 0.59 to 0.95% (Spiehs et al., 2002).
Previous studies have shown that cDDGS can be incorporated up to 20% in the diet of laying
hens without negatively affecting egg production or other production parameters (Robertson
et al., 2005). cDDGS is a valuable source of protein and sulphur amino acids and can be at 50–
200 g/kg inclusion levels in layer diets without affecting performance (Swiatkiewicz et al., 2013;
Abd El-Hack et al., 2015). A favourable effect of cDDGS when incorporated in layer diets has
also been observed on some egg quality parameters (Jensen et al., 1978).
Many researchers have observed that addition of 10% cDDGS in laying hens have not
produced any adverse effect on egg production and egg quality parameters such as Haugh unit
value, as well as egg composition and specific gravity (Roberts et al., 2007). Whereas, some
studies have recorded lower egg weight, when more than 20% cDDGS was fed to layers in
diets. Moreover, addition of 15 to 20% DDGS in the diet found to improved yolk colour, yolk
colour index and shell thickness (Shalash et al., 2009; Pineda et al., 2008).
It is prophesied that with the increase in DDGS production and considering its nutritional profile,
cDDGS could be an attractive low cost ingredient to replace soybean meal and corn in poultry
rations (Masa’deh et al., 2012, Swiatkiewicz et al., 2014). Therefore, the present experiment
was undertaken to evaluate the use of cDDGS in layer diets on productive performance and
economics of egg production.
MATERIALS AND METHODS
Experimental Design and Management of Birds: This experiment was conducted on 180
layer birds (BV 300 strain) for a period of 10 weeks from 22nd to 31st weeks of age of the layer
birds at Poultry Research Centre, Post Graduate Institute of Veterinary and Animal Sciences,
Akola, Maharashtra, India.
The experimental layer birds were randomly distributed into 5 treatment groups viz., T1
(Control), T2, T3, T4 and T5 with 36 layer birds in each group having 4 replicates of 9 layer
www.animalsciencereporter.com
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birds each. The diets were formulated as per strain recommendations. The dietary treatment
groups were the Control, i.e. basal diet (T1), basal diet with 5% level of cDDGS replacing
soybean meal (T2), basal diet with 10% level of cDDGS replacing soybean meal (T3), basal diet
with 15% level of cDDGS replacing soybean meal (T4), and basal diet with 20% level of cDDGS
replacing soybean meal (T5).
The birds were reared on three tier California cage housing system with three birds per
compartment. All the groups were provided with similar environmental and management
conditions. The birds were provided 16 hours of light and eight hours of darkness throughout the
experimental period of 10 weeks. The replicates were distributed in such a manner so as to
nullify the row and tier effect. The birds were having free access to ample fresh, clean and
wholesome water throughout the experimental period.
Procurement of Ingredients and Feed Formulation: Good quality feed ingredients were
procured from local market for preparation of experimental diets. The cDDGS (Image-1) was
procured from M/s. Grainotch Industries Ltd., Aurangabad, Maharashtra, India. The chemical
analysis of cDDGS was carried out as per A O A C (1995) and presented in Table 1. The
metabolizable energy in cDDGS reported to be 2827kcal/ kg (Lumpkins et al. (2005) was
considered for the feed formulation.
Image-1. Sample of cDDGS. Table-1. Chemical Composition of cDDGS (%, Dry Matter).
Nutrient
Moisture (%)
Crude protein (%)
Crude fat (%)
Total ash (%)
Acid insoluble ash (%)
Salt (NaCl) (%)
Total phosphorus (%)
Calcium (%)
Crude fiber (%)

Corn DDGS
11.34
38.59
8.65
4.41
0.63
0.16
0.78
0.23
4.47

The experimental diets were prepared as per the recommendation of BV-300 layer strain. All the
layer diets were iso-caloric and iso-nitrogenous in nature. The ingredients and nutrient
composition of layer mashes for different treatment groups have been presented in Table 2.
Data Collection: The following observations were recorded during the experiment.
Live body weights (g/bird): Average live body weight of the birds was estimated by taking
individual weights of birds at 17th weeks and at 31st weeks of age of layer birds.
Average feed consumption (g/bird): Weighed quantity of feed was offered every day to each
group of birds for calculation of feed consumption.
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Table-2. Feed Ingredient (%) and nutrient composition (%).

Treatment Groups
Feed ingredients (%)
Maize
De-oiled rice bran
Soybean meal
Corn DDGS
Marble grit
Limestone powder
Dicalcium phosphate
L-Lysine
DL-Methionine
Trace mineral mixture*
Vitamin premix**
Salt Pure
Sodium bicarbonate
Choline chloride 60%
Phytase 5000
Liver tonic
Electrolytes
Toxin binder
Probiotics
Acidifier
Total

T1

T2

T3

T4

T5

(Control)

(5% cDDGS)

(10% cDDGS)

(15% cDDGS)

(20% cDDGS)

57.950
10.000
19.000
8.300
2.500
1.050
0.160
0.100
0.050
0.280
0.100
0.100
0.010
0.050
0.100
0.100
0.050
0.100
100.00

56.500
10.770
14.700
5.000
8.300
2.500
0.950
0.100
0.140
0.100
0.050
0.250
0.110
0.120
0.010
0.050
0.100
0.100
0.050
0.100
100.00

54.485
12.510
10.000
10.000
8.300
2.500
0.850
0.200
0.120
0.100
0.050
0.220
0.125
0.130
0.010
0.050
0.100
0.100
0.050
0.100
100.00

52.905
13.410
5.500
15.000
8.500
2.500
0.750
0.300
0.095
0.100
0.050
0.190
0.140
0.150
0.010
0.050
0.100
0.100
0.050
0.100
100.00

51.240
14.500
1.000
20.000
8.600
2.500
0.650
0.400
0.070
0.100
0.050
0.170
0.130
0.180
0.010
0.050
0.100
0.100
0.050
0.100
100.00

2570.00
15.30
2.62
4.24
4.07
0.42
0.659
0.37
0.21
0.580
9.76

2576.00
15.36
2.97
4.27
4.05
0.42
0.662
0.36
0.22
0.584
9.68

2571.00
15.35
3.30
4.38
4.03
0.42
0.660
0.36
0.23
0.587
9.61

2570.00
15.34
3.65
4.41
4.07
0.42
0.659
0.35
0.24
0.585
9.70

2570.00
15.34
3.99
4.46
4.07
0.42
0.659
0.34
0.24
0.583
9.71

Nutrient composition
ME (kcal/kg)
Crude protein (%)
Ether extract (%)
Crude fiber (%)
Calcium (%)
Available phosphorus (%)
Dig. Lysine (%)
Dig. Methionine (%)
Dig. Cystine (%)
Dig. Methionine+Cystine (%)

Ca/ available P ratio

Note: (1) Trace Mineral mixture: each 1kg contains Cu-10g, Fe-80g, Mn-12g, Zn-92g, Se-1g, I1g. (2) Vitamin premix: each 1kg contains Vitamin A-12.5 MIU, Vitamin B3-3.3 MIU, Vitamin E40 g, Vitamin K- 2 g, Vitamin B1-4g, Vitamin B2-10g, Vitamin B6- 5g, Vitamin B12- 0.016 g,
Niacin- 33g, Folic acid-1 g, Biotin- 0.1 g.
www.animalsciencereporter.com
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Total number of eggs produced: The total number of eggs produced by the birds was counted
for each of the treatment groups at the end of the trial i.e.10 weeks.
Percent weekly egg production: Daily egg production of each replicate was recorded. Weekly
egg production was calculated by taking average of total eggs produced in each week.
Hen housed egg production (HHEP): HHEP was estimated in the following manner.
HHEP= (Total number of eggs laid on a day ÷ Total number of hens housed at the beginning of
laying period) x 100
Hen day egg production (HDEP): HDEP was estimated in the following manner.
HDEP= (Total number of eggs produced on a day ÷ Total number of hens present on that day)
x 100
Average weekly egg mass produced (AWEMP): For estimating AWEMP (kg/bird), daily
weights of eggs of each of the birds were recorded in each week, and then the average for each
week was estimated.
Average eggs weight (g): Daily weight of eggs of each replicate was recorded. Weekly egg
weight was calculated by taking average of total egg weight during that week.
Weekly feed conversion ratio on egg number basis: Weekly feed conversion ratio (FCR)
was calculated at each week from the total amount of feed consumed divided by dozens of eggs
in the respective period.
Weekly Feed conversion ratio on egg mass basis: Weekly feed conversion ratio (FCR) was
calculated for each week from the total amount of feed consumed in kg divided by kg of egg
biomass produced in the respective period.
Mortality (%): Mortality was observed from beginning to the end of the trial.
Economics of Egg Production: The economics of egg production was worked out by
considering the prevailing prices of inputs and output in the market. The cost of feed and other
overheads were considered while calculating the cost of egg production. The grower cost,
labour, electricity, medicine and other miscellaneous costs during the experiment were also
considered.
Statistical analysis: The differences among treatments, within treatment groups were
determined by analyzing the data generated by using the factorial Randomized Block Design for
egg production parameters as described by Snedecor and Cochran (1994).
RESULTS AND DISCUSSION
Live body weights: The results (Table 3) indicated that treatment means of live body weights
from different groups at 17 weeks and 31 weeks of age were statistically non-significant
(P≥0.05) indicating that replacement soybean meal with cDDGS did not affect live weight of the
birds. The findings of the present study are in accordance with Zile and Sajjan (2014), who had
incorporated DDGS @ 0, 2, 4, 6 and 8% to a basal diet representing 0, 10, 20, 30 and 40%
www.animalsciencereporter.com
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replacement of soybean meal supplemented with multi enzyme at each level did not find
significant differences in body weight. Purdum et al. (2014) observed that three different DDGS
products containing 10.3, 7.3 or 5.2% ether extract fed at 20% level in layer ration from 20 to 33
weeks of age had no significant effect on hen weight gain during the experimental period. Abd
El-Hack et al. (2015) noticed that replacing soybean meal in the diet by DDGS up to 75%
(16.5% DDGS in the diet) did not exert any detrimental effect on body weight during the
experimental period. Thus, inclusion of DDGS (5 to 20%) in layer diets in our experiment did not
show significant (P≤0.05) effect on live body weights.
Table-3. Average live body weight (g/bird) in layers under different treatment groups.
Treatment
groups
T1
T2
T3
T4
T5

Age of flock
17th Week
31st week
1171.10±6.79
1432.97±9.30
1151.53±15.21
1422.06±4.74
1154.99±20.45
1425.72±7.32
1164.76±17.51
1412.97±3.44
1167.65±6.87
1416.78±7.80

Mean
1302.03NS±49.78
1286.79NS ±51.65
1290.35NS ±52.14
1288.87NS ±47.63
1292.22NS ±47.33

Note: (1) Critical Difference (CD) for treatments at 5% level = 24.123. (2) NS, Non-Significant.
Table-4. Average feed consumption (g/bird/day) in layers.
Weeks
1
2
3
4
5
6
7
8
9
10
Mean

T1
88.04±0.21
99.02±0.10
103.71±0.50
106.72±2.06
110.44±0.20
110.51±0.20
110.52±0.32
114.33±0.27
114.34±0.19
114.26±0.35
107.19bc ±1.66

Treatment groups
T2
T3
86.03±1.42
85.32±1.18
98.01±0.71
97.66±0.59
102.90±0.39
103.93±0.40
107.31±0.53
103.92±0.74
109.89±0.37
108.97±0.73
109.10±0.77
109.12±0.55
109.68±0.76
109.79±0.56
113.81±0.36
114.22±0.06
114.33±0.17
114.04±0.21
114.06±0.12
114.05±0.25
106.51ab ±1.75 106.10a ±1.79

T4
87.17±1.03
98.58±0.51
103.33±0.45
104.48±1.09
109.88±0.39
110.17±0.28
110.44±0.30
113.82±0.32
113.94±0.17
114.26±0.04
106.61ab ±1.69

T5
90.74±0.22
100.37±0.11
103.59±0.26
106.15±1.28
109.56±0.74
110.52±0.35
111.13±0.25
113.92±0.34
114.09±0.27
114.25±0.25
107.43c ±1.48

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.01). (2) CD
for treatments at 1% level = 0.708.
Average Feed Consumption (g/bird/day): The birds from group T3 (10% cDDGS) evinced
significant (P≤0.01) reduction in feed consumption as compared to the birds from group T1 and
T5 (Table 4). It was also observed that the birds from group T5 receiving diet with 20% cDDGS,
recorded significantly (P≤0.01) higher feed consumption than the birds from groups T2, T3 and
T4 receiving diets with 5%, 10% and 15% cDDGS, respectively. Similarly, Cheon et al. (2008)
reported that use of DDGS up to 20% in layer diets did not exert any influence on feed intake.
www.animalsciencereporter.com
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Ghazalah et al. (2011) also reported non-significant effect of cDDGS, Avizyme, or their
interaction on feed intake. Swiatkiewicz and Korelski (2006) fed laying hens (26 to 43 weeks of
age) isocaloric and isonitrogenous diets containing 0%, 5%, 10%, 15% and 20% DDGS level
had no effect on feed intake. Masa’deh et al. (2011) had observed that addition of DDGS up to
25% in layer diets had no negative effects on feed intake.
Table-5. Total number of eggs produced.
Weeks
1
2
3
4
5
6
7
8
9
10
Total
Mean

T1
192.00±4.02
188.00±3.74
217.00±3.07
233.00±2.06
234.00±1.32
239.00±1.44
229.00±2.46
226.00±2.50
216.00±2.27
225.00±1.89
2199.00
219.90NS±5.48

T2
196.00±2.97
196.00±3.37
210.00±2.50
233.00±1.49
239.00±0.48
239.00±0.48
225.00±1.38
212.00±1.37
215.00±1.49
233.00±2.17
2198.00
219.80NS±5.19

Treatment groups
T3
T4
192.00±3.49
188.00±2.74
203.00±1.11
189.00±2.36
220.00±1.96
212.00±1.08
228.00±1.08
226.00±0.50
231.00±1.49
227.00±0.95
223.00±1.80
222.00±1.71
215.00±1.49
213.00±2.06
211.00±1.70
217.00±1.31
217.00±2.06
215.00±0.25
223.00±0.63
227.00±1.89
2163.00
2136.00
NS
216.30 ±3.73 213.60NS±4.55

T5
191.00±0.95
190.00±1.50
210.00±2.99
228.00±0.71
236.00±0.82
226.00±0.87
206.00±1.66
219.00±0.63
214.00±1.26
215.00±0.85
2135.00
213.50NS±4.75

Table-6. Percent weekly egg production.
Weeks
1
2
3
4
5
6
7
8
9
10
Mean

T1
78.03±4.77
76.44±4.38
86.11±4.87
92.46±3.26
92.86±2.10
94.84±2.28
90.87±3.91
89.68±3.97
85.71±3.61
89.29±3.00
87.63b±2.08

T2
79.81±3.03
79.81±3.93
83.33±3.97
92.46±2.37
94.84±0.76
94.84±0.76
89.29±2.19
84.13±2.75
85.32±2.37
92.46±3.45
87.63b±1.76

Treatment groups
T3
78.17±4.22
83.04±2.70
87.30±3.11
90.48±1.71
91.67±2.37
88.49±2.85
85.32±2.37
83.73±2.70
86.11±3.26
88.49±1.00
86.28ab±1.45

T4
78.87±2.71
79.41±2.81
84.13±1.71
89.68±0.79
90.08±1.50
88.10±2.71
84.52±3.26
86.11±2.09
85.32±0.40
90.08±3.00
85.63ab±1.32

T5
78.22±3.37
77.88±4.29
83.33±4.74
90.48±1.12
93.65±1.30
89.68±1.37
81.75±2.63
86.90±1.00
84.92±2.00
85.32±1.36
85.21a±1.61

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.05). (2) CD
for treatments at 5% level = 2.218.
Total number of eggs produced: The means of total number of eggs produced by birds from
different groups were statistically non-significant (P≥0.05). The birds from groups T3, T4 and T5
www.animalsciencereporter.com
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receiving diets with 10%, 15% and 20% cDDGS recorded numerically lesser and the birds from
groups T2 recorded similar number of eggs produced as compared to birds from control group
T1 (Table 5).
This observation was supported by Roberson et al. (2005) who reported that feeding layer diets
containing up to 15% cDDGS did not affect egg production. Cheon et al. (2008) also observed
that addition of cDDGS up to 20% in layer diets had no effect on laying rate. Further, Lumpkins
et al. (2005) recorded that no statistical difference in cumulative egg production when hens were
fed the commercial grade diets with 0% or 15% DDGS throughout the 22 weeks experiment.
Percent Weekly Egg Production: The birds from group T5 receiving diet with 20% cDDGS
recorded significantly (P≤0.05) reduced percent weekly egg production than groups T1 (control)
and T2 receiving diet with 5% cDDGS (Table 6). Similarly, Abousekken (2014) reported that on
inclusion of 0%, 10%, 15% or 20% cDDGS in laying Japanese quail diets, the average egg
production was significantly (P≤0.05) decreased. Lumpkin et al. (2005) observed that there were
no significant differences in egg production for layers fed on 0% and 15% DDGS diets during
the entire 22 weeks experiment. Swiatkiewicz and Korelski (2006) observed that there were no
differences in egg production between groups fed on diets with 0%, 5%, 10% and 15% DDGS,
whereas, a dietary level of 20% DDGS negatively affected laying rate during 44 to 68 weeks.
Hen Housed Egg Production (HHEP) and Hen Day Egg Production (HDEP): It was revealed
that the hen housed egg production from different groups were statistically non-significant
(P≥0.05) although the birds from control group T1 recorded numerically higher hen housed egg
production as compared to other treatment groups supplemented with different levels of cDDGS
(Table 7). There was no mortality in any of the treatment groups during the 10 weeks
experimental period. Therefore, the hen day egg production was similar to hen housed egg
production (Table 7). Similar to the results of the present study, Roberson et al. (2005), Abd ElHack et al. (2015) and Masa’deh et al. (2011) stated that increasing DDGS level from 0-25% for
White Leghorn type hens did not negatively affect egg production. Bland et al. (2014) reported
that the hen day egg production did not significantly differ among different treatment groups on
feeding of various sources of DDGS in post-molt hens.
Table-7. Hen housed egg production (HHEP) and Hen day egg production (HDEP).
Particulars
HHEP/
HDEP

Treatment groups
T3

T1

T2

61.08NS±2.40

61.06NS±1.60

60.08NS±1.05

T4

T5

59.33NS±1.13

59.31NS±1.05

Average Weekly Egg Mass Produced (kg/bird): The weekly egg mass obtained from the
birds in T3 (10% cDDGS), T4 (15% cDDGS) and T5 (20% cDDGS) groups were significantly
(P≤0.01) lower than T1 (control) group (Table 8). The findings of the present study are in
accordance with Roberson et al. (2005) which revealed that as the level of cDDGS increased in
diets, there were consequent linear decreases in egg mass at 51 and 53 weeks of age in laying
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hens. Bland et al. (2014) reported that the egg mass reduced (P≤0.05) for hens fed on 94%
DDGS molt diets. Abd El-Hack (2015) reported that the inclusion of 20% DDGS into diets
significantly (P≤0.05) depressed egg mass compared to diets that did not contain DDGS.
Table-8. Average weekly egg mass produced (kg/bird).
Weeks
1
2
3
4
5
6
7
8
9
10
Total
Mean

T1
0.265±0.02
0.269±0.02
0.322±0.02
0.353±0.01
0.364±0.01
0.375±0.01
0.356±0.01
0.360±0.01
0.340±0.01
0.350±0.01
3.353
0.335c±0.01

T2
0.269±0.02
0.277±0.02
0.301±0.01
0.344±0.01
0.362±0.00
0.365±0.00
0.349±0.01
0.334±0.01
0.337±0.01
0.361±0.01
3.299
0.330bc±0.01

Treatment groups
T3
0.261±0.02
0.283±0.01
0.315±0.01
0.331±0.01
0.342±0.01
0.335±0.01
0.327±0.01
0.324±0.01
0.335±0.01
0.343±0.01
3.196
0.320ab±0.01

T4
0.252±0.01
0.258±0.01
0.296±0.01
0.323±0.01
0.333±0.00
0.325±0.00
0.316±0.00
0.327±0.01
0.325±0.01
0.344±0.01
3.100
0.310a±0.01

T5
0.251±0.01
0.249±0.01
0.292±0.02
0.325±0.00
0.347±0.01
0.352±0.01
0.324±0.01
0.339±0.00
0.326±0.01
0.325±0.00
3.129
0.313a±0.01

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.01). (2) CD
for treatments at 1% level = 0.012.
Table-9. Average weekly egg weight (g).
Weeks
1
2
3
4
5
6
7
8
9
10
Mean

T1
49.93±0.88
51.48±0.33
53.45±1.57
54.54±1.53
55.99±0.79
56.56±1.05
56.11±1.18
57.48±1.08
56.70±1.31
56.06±0.92
54.83d±0.73

T2
49.35±0.64
50.95±0.62
51.51±0.25
53.18±0.41
54.55±0.47
55.01±0.37
55.81±0.26
56.72±0.19
56.49±0.36
55.83±0.10
53.94c±0.60

Treatment groups
T3
48.88±0.62
50.23±0.61
51.49±0.45
52.25±0.55
53.31±0.37
54.12±0.44
54.68±0.40
55.31±0.45
55.57±0.40
55.27±0.61
53.11bc±0.57

T4
48.30±0.67
49.23±0.62
50.30±1.05
51.50±0.62
52.85±0.88
52.78±1.17
53.52±1.41
54.28±0.93
54.46±1.00
54.71±1.03
52.19a±0.65

T5
47.39±0.95
47.22±0.59
50.03±0.73
51.25±0.30
52.96±0.84
55.99±0.53
56.50±0.65
55.69±0.48
54.80±0.12
54.44±0.24
52.63ab±0.83

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.01). (2) CD
for treatments at 1% level = 0.836.
Average Weekly Egg Weight (g): The average weekly egg weight (g) in T2 (5% cDDGS), T3
(10% cDDGS), T4 (15% cDDGS) and T5 (20% cDDGS) groups were significantly (P≤0.01)
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lower than T1 (control) group (Table 9). Similarly, Shalash et al. (2010) reported that increasing
cDDGS from 15% to 20% in laying hen diets significantly decreased egg weight compared with
other levels (0%, 5%, and 10%). Abousekken (2014) observed that the average egg weight of
laying Japanese quails was significantly decreased as dietary inclusion of cDDGS was
increased. Ghazalah et al. (2011) also reported that average egg weight of laying hens was
significantly decreased as dietary inclusion of DDGS increased. Swiatkiwicz and Koreleski
(2006) observed that dietary level of 20% maize DDGS negatively affected daily weight of egg
in laying hens.
Weekly Feed Conversion ratio on egg number basis: The weekly feed conversion ratio on
egg number basis in T2 (5% cDDGS) group was significantly (P≤0.05) lower than T5 (20%
cDDGS) group (Table 10). Rew et al. (2009) and Cheon et al. (2008) reported that use of
cDDGS up to 20% in layer diets did not affect the feed conversion ratio in layers. Swiatkiewicz
and Korelski (2006) reported that in laying cycle 26 to 43 weeks of age, the dietary level of
maize DDGS did not significantly affect the feed conversion ratio in layers.
Table-10. Weekly feed conversion ratio (FCR) on egg number basis.
Weeks
1
2
3
4
5
6
7
8
9
10
Mean

T1
1.42±0.13
1.63±0.40
1.46±0.09
1.39±0.03
1.43±0.03
1.40±0.03
1.47±0.07
1.54±0.07
1.61±0.07
1.54±0.05
1.49ab±0.03

T2
1.34±0.08
1.53±0.10
1.49±0.07
1.40±0.04
1.39±0.01
1.38±0.02
1.48±0.03
1.63±0.05
1.61±0.04
1.49±0.06
1.47a±0.03

Treatment groups
T3
T4
1.37±0.10
1.42±0.08
1.46±0.04
1.59±0.07
1.43±0.06
1.48±0.03
1.38±0.03
1.40±0.01
1.43±0.04
1.46±0.02
1.49±0.06
1.51±0.05
1.55±0.05
1.58±0.07
1.64±0.06
1.59±0.03
1.60±0.06
1.60±0.01
1.55±0.02
1.53±0.05
ab
1.49 ±0.03
1.51 ab±0.02

T5
1.44±0.03
1.60±0.05
1.51±0.09
1.41±0.01
1.40±0.02
1.48±0.03
1.64±0.05
1.57±0.02
1.61±0.04
1.61±0.02
1.53b±0.02

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.05). (2) CD
for treatments at 5% level = 0.042.
Weekly feed conversion ratio on egg mass basis: The weekly feed conversion ratio on egg
mass basis in T4 (15% cDDGS) and T5 (20% cDDGS) were significantly (P≤0.01) lower than T1
(Control) and T2 (5% cDDGS) groups (Table 11). Similarly, Shalash et al. (2010) who observed
that increasing DDGS to 15% or 20% in laying hen diets significantly decreased egg mass and
poor feed conversion ratio as compared with 0%, 5%, and 10% inclusion levels of DDGS. Sun
et al. (2012) also observed that feed efficiency was adversely affected by the highest level of
corn DDGS in the layer diets. Recently, Khose et al. (2017) reported significantly increased feed
conversion ratio in treatment group added 15% cDDGS as compared to control group in
broilers. Mahrose et al. (2016) reported that increasing the substitution of soybean meal by
DDGS up to 50% in layer diet, feed conversion ratio was negatively affected (P≤0.01). In
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contrast, Hassan and Al Aqil (2015) also reported that there was no significant effect of adding
0%, 5%, 10%, or 20% DDGS in laying hen diets on feed conversion ratio (kg feed/ kg egg/hen).
Table-11. Weekly feed conversion ratio on egg mass basis.
Weeks
1
2
3
4
5
6
7
8
9
10
Mean

T1
2.36±0.19
2.63±0.22
2.28±0.14
2.12±0.05
2.13±0.04
2.06±0.03
2.18±0.06
2.23±0.07
2.36±0.08
2.29±0.08
2.26a±0.05

T2
2.26±0.13
2.50±0.14
2.41±0.12
2.19±0.06
2.13±0.03
2.09±0.02
2.20±0.04
2.39±0.08
2.38±0.06
2.22±0.09
2.28a±0.04

Treatment groups
T3
2.33±0.18
2.42±0.06
2.32±0.09
2.20±0.06
2.24±0.07
2.29±0.10
2.36±0.09
2.48±0.10
2.40±0.11
2.33±0.05
2.34ab±0.04

T4
2.44±0.12
2.69±0.13
2.45±0.08
2.26±0.03
2.31±0.03
2.38±0.03
2.45±0.04
2.44±0.07
2.46±0.05
2.32±0.05
2.42b±0.03

T5
2.53±0.06
2.83±0.11
2.51±0.17
2.29±0.02
2.21±0.05
2.20±0.06
2.42±0.09
2.36±0.03
2.46±0.06
2.46±0.03
2.43b±0.05

Note: (1) Means bearing different superscripts within a row differ significantly (P≤0.01). (2) CD
for treatments at 1% level = 0.095.
Table-12. Economics of egg production of different dietary treatments.
Particulars
Average daily feed consumption ( kg/bird)
Average feed consumption per egg (kg)
Cost of feed (Rs./kg)
Reduction in feed cost (%)
Grower cost (Rs./egg)*
Electricity, labour, medicines and other
miscellaneous costs @ Rs. 0.15 per egg
Cost of production per egg (Rs.)
Egg sale rate @ Rs. 3.37 per egg**
Net profit (Rs./egg)

T1
0.107
0.123
19.68
--0.606
0.15

Treatment groups
T2
T3
T4
0.107 0.106 0.107
0.122 0.124 0.126
19.27 18.74 18.24
2.08
4.78
7.32
0.606 0.606 0.606
0.15
0.15
0.15

T5
0.107
0.127
17.76
9.76
0.606
0.15

3.17
3.37
0.20

3.11
3.37
0.26

3.01
3.37
0.36

3.07
3.37
0.30

3.05
3.37
0.32

Note: (1) Grower cost charges were worked out by considering the cost of ready to lay pullet for
18 weeks of age @ Rs.200 per bird and considering total 330 hen housed egg production for 72
weeks. Then calculated grower cost for 18 weeks of age i.e.200/330= Rs.0.606/egg. (2) The
average sale price of eggs published by NECC during the entire trial period of 10 weeks was
considered while working out the economics of egg production.
Mortality (%): There was no mortality in control as well as in the treatment groups of birds fed
on cDDGs substituted diets (P≥5%) throughout the 10 weeks experimental period. Thus, it is
concluded that inclusion of cDDGS at P≥5% in layer diets had no effect on survivability of the
birds. Hence, cDDGS can be safely fed to layers in diets up to 20% inclusion level without
encountering any adverse effect on the survivability of the birds. Similarly, Dinani et al. (2017)
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have reported that incorporating four levels of rice DDGS (0%, 7.5%, 10%, 12.5% and 15%) in
broiler diet did not affect the survivability of the birds. Hassan and Al Aqil (2015) and Sariozkan
et al. (2015) have reported that mortality was unaffected by inclusion of DDGS at 10-30% in
broiler diet.
Economics of Egg Production: The cost of feed reduced up to 2.08%, 4.78%, 7.32% and
9.76% on inclusion of cDDGS in layer diet as compared to control group. The cost of egg
production per egg in treatment groups T1, T2, T3, T4 and T5 was Rs. 3.17, 3.11, 3.07, 3.05
and 3.01, respectively. The cost of egg production per egg from groups T2, T3, T4 and T5 was
reduced up to 1.89, 3.15, 3.79 and 5.05%, respectively, as compared to the control group.
Thus, the net profit per egg was Rs. 0.20, 0.26, 0.30, 0.32 and Rs.0.36 for groups T1, T2, T3,
T4 and T5, respectively (Table 12).
CONCLUSION
Based on the results of the present experiment, it may be concluded that the corn DDGS can be
included up to 10% in layer diets replacing soybean meal without any adverse effect on layer
performance and egg quality. Moreover, corn DDGS may be included in layer diets up to 20 %
economically considering its cost and availability.
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ABSTRACT
LIVESTOCK INNOVATION SYSTEM: A MULTI-STAKEHOLDER ANALYSIS
IN DAIRYING*

Prakashkumar Rathod
ABSTRACT
Introduction: The study entitled “Livestock Innovation System: A Multi-Stakeholder Analysis in
Dairying” was undertaken considering the major stakeholders viz., farmers, scientists and
extensionists as the respondents in four states of North India to know about generation,
adoption, diffusion of different dairy innovations, constraints faced and find suitable strategies
for improving LIS.
Objectives: The specific objectives of this study were: (i) to identify important dairy innovations
of social, cultural and economic importance; (ii) to analyze the perception of multi-stakeholders
(farmers, scientists and extensionists) with regards to attributes, profitability, sustainability and
constraints in adoption of identified dairy innovations and (iii) to explore the existing innovation
system and enlist suggestions for effective Innovation System.
Material & Methods: Keeping in view the objectives of the study, 360 dairy farmers from four
states and 120 scientists/teaching faculties were selected from four universities in North India
out of which 80 were scientists and 40 were extension scientists of universities and KVKs. The
descriptive statistical tools viz., frequency, percentage, mean, standard deviation, Chi-square
test and Multinomial Logit Model were used for analysis of the data using SPSS version 20.0
package.
Results: The Delphi method identified concentrate feeding, AI, vaccination, CMP and use of
mobiles in dairying as the dairy innovations of socio-economic importance in Indian dairying
sector. Further, the socio-personal, economic and psychological characteristics of the dairy
farmers revealed that majority of the respondents in the pooled data were in medium category
for age, family size, landholding, livestock holding, experience, annual income, distance from
veterinary institution, information seeking behaviour, scientific, economic and risk orientation.
There was highly significant difference among the respondents of different states for all the
variables except age, family size and experience in dairying. Majority of the scientists and
extensionists in the universities were in medium category for their socio-personal and
professional characteristics. The scientists faced the problems of non-availability of skilled staff,
lack of PPP, irregular or untimely budget receipt and were highly engaged in other works to a
greater extent. Attitude of scientists and extension experts was more favorable towards the
dairy production innovations or technologies, while the attitude of farmers was less favourable
towards the dairy production innovations or technologies developed by the scientists. There was
a wide gap among farmers-scientists and farmers-extensionists with regards to relevance,

www.animalsciencereporter.com

Page 16

Animal Science Reporter (e-edition), Vol. 11, Issue 3, July 2018

profitability and sustainability of selected dairy innovations, while the gap was very narrow
among scientists and extension experts.
Implication: The study recommended that R&D institutions must strive for generation and
transfer of need based, location-specific and cost effective dairy innovations for strengthening
LIS leading to improved production and productivity in dairy sector.
Key words: Adoption, Dairy Technologies, Diffusion, Livestock Innovation System, MultiStakeholder Analysis, Per cent Gap
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