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Table 1. The composition of experimental diets for laying hens

DDGS levels, %

Feed ingredients, % 0 6 12 18
Yellow corn, ground. 66.90 65.00 58.60 55.30
Soybean meal, CP 43.5% 23.00 19.20 16.00 13.00
DDGS - 6.00 12.00 18.00
Wheat bran - - 2.80 2.50
Soybean oil - - 0.50 1.00
Dicalcium phosphate 0.85 0.75 0.80 0.80
Limestone, pulverized 8.50 8.25 8.50 8.50
L-Lysine HCI - - - 0.10
DL-methionine 0.05 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30
Choline chloride, 50% 0.10 0.10 0.10 0.10
Vitamin-mineral premixe" 0.30 0.30 0.30 0.30

Calculated value
ME, kcal/kg 2,916 2,900 2,902 2,924
Crude protein, % 15.11 15.03 15.08 15.12
Crude fat, % 2.75 3.28 4.14 5.21
Crude fiber, % 3.57 3.68 3.76 4.01
Calcium, % 3.51 3.45 3.50 3.51
Nonphytate phosphorus, % 0.27 0.26 0.26 0.26
Lysine, % 0.80 0.76 0.71 0.73
Total sulfur amino acid,% 0.65 0.68 0.70 0.70
Total phosphorus, % 0.79 0.80 0.80 0.81

Analyzed value
Crude protein, % 14.94 14.91 15.12 15.16
Calcium, % 3.56 3.62 3.65 3.70
Total phosphorus, % 0.68 0.64 0.65 0.64
Crude fiber, % 3.45 3.58 3.81 3.89

* Supplied per kilogram of diet: vitamin A, 16,000 IU; vitamin D,, 2,667 IU; vitamin E, 13.3 mg; vitamin K, 2.7
mg; vitamin B,, 1.87 mg; vitamin B,, 6.4 mg; vitamin B, 2.7 mg; vitamin B,,, 16 1 g; folic acid, 0.53mg; calcium
pantothenate, 26.7 mg; niacin, 40 mg; choline-Cl (50%), 400 mg; Fe (FeSO,), 53.3 mg; Cu (CuSO, * 5H,0), 10.7
mg; Mn (MnSO, * H,0), 93.3 mg; Zn (Zn0O), 106.7 mg; I (KI), 0.53 mg; Co (CoSO,), 0.27 mg; Se (Na,SeO,), 0.27
mg.
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(1981) PRAFF L EFEF 1 10% )™V DDGS # = F — LIt - 2 By s el
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207 75 BGLIE] DDGS FOIf 14 S5 5468 EEfE9™ e » 151U Shurson (2003) 1
I 97110% DDGS ﬁpJE'Jﬁﬁ_l*E EITF E[IE grF VIE“%J F= - Roberson ef al. (2004)@3}!“?7“r SR AR
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fFEln VHGE S < JHE 22-42 IR S RFERIN © £2 4 18% DDGS R RCEA Y JRE B s -
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Table 2. Effects of dietary DDGS levels on the feed intake, laying performance and body weight changes of layer

during the 22-42 weeks of age

DDGS levels, %

Item 0 6 12 18 SEM
Wkofage s Feed intake, g/d/hen ---------------
22-26 106.0 105.0 101.0 102.0 2.64
26-30 114.0" 119.0° 114.0™ 107.0° 3.44
30 - 34 124.0° 122.0° 121.0° 110.0° 2.34
34-38 114.1° 112.0° 110.5® 106.0° 1.54
38-42 112.8 110.6 110.0 102.1 4.02
Mean 114.2 114.5 111.6 105.2 2.79
—————————————— Hen-day production, % --------------
22-26 84.46 85.70 83.81 81.56 2.69
26 - 30 88.46° 89.70° 86.83° 82.26 2.57
30- 34 90.41° 89.71° 88.83° 82.56" 2.50
34-38 87.46" 87.70° 86.83" 81.16° 2.04
38-42 85.54° 81.27% 80.83% 74.08° 1.10
Mean 87.26° 86.82° 85.43% 80.32° 2.18
————————————————— Egg mass, g/d/hen -----------------
22-26 54.94 55.48 54.65 52.00 1.85
26 - 30 56.94° 57.58° 56.65" 50.00° 1.18
30 - 34 60.94° 59.48° 56.65° 51.00° 1.03
34-38 55.94° 57.48° 56.65 50.00° 1.03
38 -42 46.81° 45.19° 45.02° 40.19° 0.64
Mean 55.11° 55.04° 53.92% 48.64° 1.14
---- Feed conversion (feed intake/ egg mass) ----
22-26 1.93 1.89 1.87 1.96 0.66
26 - 30 2.01 2.08 2.03 2.14 0.18
30 - 34 2.06 2.05 2.03 2.15 0.19
34-38 2.02 2.07 2.03 2.16" 0.16
38-42 2.41° 2.42° 2.44° 2.53° 0.26
Mean 2.06° 2.10° 2.08 2.19° 0.28
---------------- Weight gain, g/ hen ----------------
22-26 35.57 30.41 28.56 29.18 5.34
26 -30 25.57 26.31 23.56 25.16 427
30 - 34 26.57 24.34 23.16 17.11 5.77
34-38 25.57 2231 18.56 19.16 4.81
38-42 19.51 17.12 18.19 15.92 4.51
Mean 26.55 24.10 22.41 21.31 6.14

“® Means with different letters within the same row are significantly different at 5% level.
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Table 3. Effects dietary DDGS levels on the egg weight and egg quality of layer during the 22-42 weeks of age

SRR B
F PIRERYS - SeFEff 7 ) 10-15% DDGS
B 514%55 gp-f,[ (Lumpklns et al., 2003; Roberson et al., 2005; Shurson, 2003) » 7 Fek#efi N = | L%F?FV”
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DDGS levels, %

Item 0 6 12 18 SEM
Wkofage e Avg. egg weight, g ---------------———--
22 -26 50.84 50.81 50.16 50.11 0.812
26 -30 51.28 51.12 51.06 51.01 0.912
30-34 52.12 52.22 52.36 52.41 1.012
34-38 51.88 51.82 51.96 5191 0.922
38-42 52.51 52.32 52.46 52.21 0.761
Mean 51.72 51.66 51.60 51.53 0.913
Specific gravity
22 -26 1.083 1.082 1.084 1.083 0.015
26 -30 1.084 1.081 1.084 1.081 0.016
30-34 1.083 1.082 1.084 1.085 0.018
34-38 1.081 1.082 1.084 1.083 0.015
38-42 1.078 1.080 1.081 1.080 0.024
Mean 1.081 1.081 1.083 1.082 0.017
---- Yolk percentage ( yolk weight / egg weight), % ----
22 -26 25.81 26.07 26.10 26.10 0.516
26 -30 25.81 26.17 25.90 26.10 0.686
30-34 25.62 26.27 26.40 26.60 0.716
34-38 25.62 26.27 26.40 26.60 0.716
38-42 26.48 26.37 25.88 25.80 0.718
Mean 25.86 26.23 26.14 26.24 0.670
————————————————————— White height, mm
22 -26 8.026 8.109 8.028 8.012 0.257
26 -30 8.024 8.089 8.058 8.050 0.252
30-34 8.116 8.169 8.121 8.102 0.261
34-38 8.016 8.169 8.028 8.020 0.252
38-42 7.981 8.109 8.108 7.960 0.253
Mean 8.055 8.122 8.069 8.054 0.257
Haught unit
22 -26 221.8 224.3 218.8 214.8 3.821
26 -30 210.8 211.3 212.8 210.8 3.021
30-34 212.8 215.1 212.4 206.4 3.861
34-38 211.8 214.3 213.8 208.8 3.861
38-42 209.1 213.8 212.9 204.8 3.184
Mean 213.2 215.7 214.1 209.1 3.339

-
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Table 4. Effects of dietary DDGS levels on the egg-shell quality of layer during the 22—42 weeks of age

DDGS levels, %

Item 0 6 12 18 SEM
Wk of age ---- Shell percentage (shell weight / egg weight), % ----
22-26 1.220 1.201 1.225 1.215 0.05
26 - 30 1.220 1.311 1.305 1.315 0.04
30 - 34 1.121° 1.351° 1.365° 1.385° 0.04
34 -38 1.100° 1.301° 1.295° 1.255° 0.03
38 - 42 1.125° 1.328° 1.290° 1.252° 0.02
Mean 1.137 1.298 1.296 1.284 0.04
Wkofage e Shell thickness, (£ m ---=-=--=-nmneumemm-
22-26 33.19 34.81 34.52 38.11 9.10
26 -30 34.19 33.21 38.42 39.12 6.80
30 - 34 32.19° 38.21° 41.42° 42.14° 6.40
34-38 32.19° 38.21% 45.42° 45.11° 6.42
38-42 32.19° 32.12% 42.12° 43.11° 6.20
Mean 32.79 32.91 38.38 39.51 7.18
Wkofage e Egg breaking strength, kg / cm’--------------
22-26 1.112 1.251 1.386 1.324 0.51
26 -30 1.192 1.301 1.456 1.351 0.32
30 - 34 1.171° 1.321° 1.458° 1.353° 0.22
34 -38 1.192° 1.301* 1.459* 1.252% 0.22
38 - 42 1.072° 1.254% 1.525° 1.432° 0.12
Mean 1.137 1.298 1.456 1.361 0.43

a,b

Means with different letters within the same row are significantly different at 5% level.

Bt DDGS ¢} Bl 22-42 S b 1 Sl R0 g B1 ~ TRTBPRAT 02 PRIV YRR (Fe5) < 5
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S A R (P < 0.05) 0 12 Huang er al. (2005) I'} 18% DDGS f B . % i it ol i
£t ;gﬁ;p@zgwgf S DDGS $3 SBR[ E | PIRERE (S g (C18:1) Efivilssh (P < 005)
(F i beIFI (C18:2) FfIE 2T o1 SH g » F=22 Cheon et al. (2008) §£70 DDGS Bt fi 5 il
L =7 u;cgﬁlgﬁﬁfﬁg[@#”ﬂﬂ/ _],uﬁlﬂ} o Latour et al. (1998)’?@“?}“”' ’ riﬁ?—?ﬁﬁj*gﬁ‘?f RIS
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Table 5. Effects of dietary DDGS levels on the cholesterol and fatty acids content in yolk of layer at 42 weeks of age

DDGS levels, %

Item 0 6 12 18 SEM
Cholesterol, mg/egg 282.1° 312.1° 321.5% 342.1° 17.23
---- mg/ 100g lipid ----
Myristic acid (C14 : 0) 0.363 0.358 0.320 0.286 0.019
Palmitic acid (C16 : 0) 29.54 32.05 28.61 27.30 1.638
Palmitoleic acid (C16 : 1) 3.56" 3.201% 2.633° 2.093° 0.246
Stearic acid (C18 : 0) 9.504 9.48 9.740 9.932 0.627
Oleic acid (C18: 1) 43.53" 41.92* 39.31° 38.56" 0.593
Linoleic acid (C18 : 2) 11.20° 14.19° 17.39 21.54° 0.690
Unsaturated fatty acid 59.78 54.89 58.14 62.36 4.32
Unsaturated fatty acid /saturated fatty acid ratio 1.48 1.30 1.36 1.57 0.36
“® Means with different letters within the same row are significantly different at 5% level.
% 6. filfd DDG fA B} 2242 Jeangl sV Lj"[ CING-%
Table 6. Effects of dietary DDGS levels on the yolk color of egg in layer during the 22—42 weeks of age
DDGS levels, %
Item 0 6 12 18 SEM
Wk of age ---- L* value (light degree) ----
22-26 49.21 50.90 50.41 50.12 1.25
26 -30 45.16 48.90 49.15 48.92 1.19
30-34 50.16° 52.90° 55.42° 56.82° 1.19
34-38 50.16° 55.90° 58.15° 59.34° 1.36
38-42 51.16° 56.90° 59.12° 59.32° 1.59
Mean 49.17° 53.10° 54.45° 54.90° 1.62
---- a* value (red color) ----
22-26 2.087 2.214 2.163 2.127 1.12
26 - 30 1.947° 2.422° 2.623° 2.657° 1.03
30-34 2.867 3.012 3.653 3.147 1.53
34 -38 1.987° 2.472° 3.613° 3.267° 1.02
38-42 2.047° 2.514° 4.013° 3.547° 1.17
Mean 2.187° 2.526% 3.213° 2.949° 1.87
---- b* value (yellow color) ----
22-26 33.18 33.12 35.21 34.25 2.715
26 - 30 32.87° 40.12° 42.69" 43.34° 2.264
30-34 31.84° 35.17° 42.49° 43.54° 2.614
34 -38 29.87° 39.17° 45.49* 43,14 2.564
38-42 31.87° 4117 46.95° 47.84° 2.814
Mean 31.92° 37.75° 42.56" 42.42° 3.694

“*¢ Means with different letters within the same row are significantly different at 5% level.
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Abstract

This experiment was conducted to study the effects of dietary levels of Distiller’s Dried Grains with Solubles
(DDGS) on the laying performance and egg quality of layer during the laying period. A total of two hundred
and forty Leghorn layers at 22 weeks of age were randomly assigned to 4 groups. Each group of hens had three
replicates with 20 layers. The hens fed the diets containing 0, 6, 12 or 18% DDGS, respectively. All experimental
diets contained ME 2,900 kcal/kg and CP 15%. Feed and water were supplied ad libitum. The feed intake, laying
performance and egg quality were measured during the experimental period (23 - 42 weeks of age). The results
indicated that hens fed 18% DDGS had significantly (P < 0.05) lower feed intake, hen-day production and egg
mass compared with the other treatments. Moreover, dietary DDGS treatments did not affect the egg weight and
egg specific gravity. There was significantly (P < 0.05) higher shell percentage when layer fed with 12% and 18%
DDGS content in diets, however, the 12 - 18% DDGS groups had significantly (P < 0.05) better egg breaking
strength and thickness during 30 - 42 weeks of feeding period. The brightness (L value) and red chromaticity
(a value) of yolk were significantly (P < 0.05) higher when dietary DDGS levels were increased. High yellow
chromaticity (b value) of yolk was found by the 12% or higher DDGS content in diet. In conclusion, a 12% and
lower levels of DDGS supplementation did not affect the laying performance and egg quality, nevertheless it can
improve the shell quality and color of yolk.
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