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Table 1- Ingredients and nutrients composition of the experimental diets

(2273) g Slalinl a0y (gdie Slge 5 (51 w515 s

Z o :" ‘

) e o Dietary energy and nutrient density ratio to strain recommendation (%)
Ingredient (%) o1 4 07 100 103
2 58.98 58.33 57.67 57.04 56.42
Corn (ME=3373, CP=7.5%)

P g ) 14.00 11.00 8.00 5.00 2.00
Wheat brain (ME=1300, CP=14.8)

b ot 0.88 2.00 3.14 4.25 5.34
Soy oil (ME=8800)

by dlows 14.65 16.83 18.97 21.11 23.25
Soybean meal (ME=2240, CP= 44)

bl 03 1.63 1.75 1.89 2.02 2.14
Di-calcium Phosphate

el f’“‘f 8.81 9.06 9.31 9.55 9.81
Calcium carbonate

b Sl 0.31 0.32 0.32 0.35 0.38
Common salt

g s 0.12 0.13 0.14 0.15 0.15

DL-Methionine
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| Sy
S gy i 0.09 0.06 0.04 0.02 -
L-Lysine HCL

o= Jl 0.03 0.02 0.02 0.01 0.01
L-Threonine

AU -

apeliyy JoSo 0.25 0.25 0.25 0.25 0.25

Vitamin premix!

Yo
s JoSa 025 025 0.25 0.25 0.25
Mineral Premix?

(o.\.ﬁw\?cn) d.\m J‘}n U.S)A
Nutrient composition (calculated)

(s JS5kSTp 5 5kS) pudglio LB (55 51 2588 2673 2760 2845 2928
ME (kcal/kg)

(422%) P& x5 13.12 13.55 13.99 14.42 14.85
CP (%)

(223) s 3.77 3.89 4.02 4.14 4.27
Ca (%)

(102) od LB yiud 0.44 0.45 0.47 0.48 0.50
Available P (%)

(1272) s 0.15 0.16 0.16 0.17 0.18
Na (%)

(80)3) win J8 oripiie 031 033 0.34 0.36 0.36
Digestible methionine (%)

(80)3) i B (e +oigte 0.51 0.52 0.54 0.56 0.57
Digestible methionine + cystine (%)

(1259) pao s g3 0.43 0.44 0.46 0.47 0.49
Digestible threonine (%)

(822) paa LB 3 0.61 0.63 0.65 0.67 0.69
Digestible lysine (%)

(Jus/p55ks) talesf slooye> slee 9464 9908 10352 10796 11241

Experimental diet cost (Rial/kg)
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Provides per kg of diet: vitamin A (retinol), 8800 IU; vitamin D3 (cholecalciferol), 3300 IU; vitamin E (DL-a-tocopheryl acetate),
18.5 IU; vitamin K3 (menadione), 2.2 mg; vitamin B1 (thiamin), 1.5 mg; vitamin B: (riboflavin), 4.0 mg; vitamin B3 (niacin), 8.0
mg; vitamin Bs (pantothenic acid), 35.0 mg; vitamin B6 (pyridoxine), 2.5 mg; vitamin By (folic acid), 0.5 mg; vitamin B12
(cyanocobalamin), 10 pg; vitamin H» (biotin), 0.15 mg; choline, 468.7 mg.
Provides (mg/kg of diet): Mn (manganese sulphate) 80.0, Fe (iron sulphate) 75.0, Zn (zinc sulphate) 64.0, Cu (copper sulphate) 6.0,
Se (sodium selenite) 0.3.
Ingredients price: 8500, 7000, 16000, 300, 33000, 20000, 1500, 37500, 37500, 165000, 95000, 95000 and 28500 Rials per kg of
corn, wheat brain, soy meal, calcium carbonate, vegetable oil, Di-calcium Phosphate, sodium chloride, vitamin premix, mineral
premix, D-L-Met, L-Thr, Lys-HCL and egg, respectively.
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Table 2- Effects of dietary energy and nutrient density on performance, energy and protein intake and live body weight difference of
“Hy-Line W36” laying hens in the 2nd production-cycle

(in) (3233) dago lalinl & 0> (i dlge 5 (55 0515 o

Ace Dietary energy and nutrient density ratio to strain P-Value

(w egek) recommendation SEM
91 94 97 100 103 ANOvA biner Quadratic
equation equation
(P55 o 1595) Shss bypae
Feed intake (g/b/d)

92-95 84.00 85.05 84.81 84.89 84.27 1.852 0.96 0.94 0.65
96-99 85.75 86.53 86.18 86.93 84.69 1.729 0.90 0.74 0.43
100-103 83.76 83.48 83.14 83.01 82.90 3.156 0.96 0.82 0.96
92-103 84.50 85.02 84.71 84.94 83.95 1.706 0.94 0.80 0.69

(3op) iS5 p5s
Egg production (%)

92-95 51.89 51.32 53.79 53.85 56.08 2.533 0.69 0.16 0.73

96-99 49.19 52.61 52.21 53.23 55.23 2.612 0.59 0.11 0.88
100-103 42.91° 53.15% 52.07* 57.65* 54.45% 3.038 0.02 0.01 0.08
92-103 48.00° 52.36% 52.69® 54.91% 55.25% 2.166 0.04 0.01 0.44

(5 10352 /39)) 30055 Mg
Egg production (g/b/d)

92-95 31.49 31.85 32.66 32.47 33.77 1.582 0.87 0.28 0.87

96-99 29.83 32.62 31.98 32.75 33.91 1.631 0.50 0.11 0.75
100-103 25.52° 32.59 32.07 33.19° 33.07 1.716 0.01 0.01 0.06
92-103 28.95° 32.36% 32.24% 32.802° 33.59° 1.370 0.04 0.03 0.37

(Shhgs Bpas p)S 1¢,0055 W5 p)5) (238 a5y
Feed conversion ratio (g FI/g EP)

92-95 2.724 2.682 2.615 2.664 2.534 0.115 0.80 0.26 0.87

96-99 2.906 2.715% 2.726% 2.7072® 2.506° 0.120 0.04 0.04 0.91
100-103 3.340° 2.621° 2.604° 2.641° 2.5330 0.160 0.01 0.01 0.15
92-103 2.990° 2.673% 2.647% 2.6712° 2.524P 0.100 0.03 0.01 0.30

(IS Toxi [39)) (8> jlwgeid g JE (o35l
Metabolizable energy intake (kcal/b/d)

92-95 217.40¢ 227.34b% 234.07% 241.52% 246.75*  5.147 <0.01 <0.01 0.64

96-99 221.93¢ 231.30% 237.86% 247.30° 24797*  4.786 <0.01 <0.01 0.41
100-103 216.76 223.14 229.46 236.18 242.72 9.063 0.29 0.02 0.98
92-103 218.70¢ 227.26% 233.80% 241.67% 245.81*  4.816 <0.01 <0.01 0.67

(P55 1035 139)) (58by3 P& (nS9
Crude protein intake (g/b/d)

92-95 11.02¢ 11.52°¢ 11.86% 12.24% 12.51% 0.261 <0.01 <0.01 0.65

96-99 11.25¢ 11.73b¢ 12.06 12.53% 12.58 0.443 <0.01 <0.01 0.42
100-103 10.99 11.31 11.63 11.97 12.31 0.459 0.29 0.02 0.97
92-103 11.09¢ 11.52b¢ 11.85% 12.2520 12.47% 0.244 <0.01 <0.01 0.68

(s T 55kS) Er0058 5 kS o Mg (sl Slygs ann
Feed cost for 1 kg egg production (Rial/kg)

92-95 25783 26574 27072 28691 28485 1180 0.36 0.04 0.84

96-99 27504 26895 28236 29149 28167 1233 0.75 0.34 0.79
100-103 31613% 25977° 26948 284482 28472 1685 0.19 0.49 0.07
92-103 28300 26482 27419 28763 28375 1017 0.25 0.45 0.39

(P5) 05 iy Sy
Live body weight difference (g)
92-103 -154° -115%® =772 -582 -942 19.27 0.04 0.06 0.12

(P<o1-0) 5,15 I3 ine VST 1515 S e g o oS i) 2 3 (Sl ™
+d Values in a row with no common superscript letter are significantly different (P < 0.05).
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Table 3- Effect of dietary energy and nutrient density effect on egg quality of “Hy-Line W36” laying hens in the 2nd production-

cycle
(2233) g Slalinl @ 0y (i Slge 5 (531 w515 s
(axdn) (oo Dietary energy and nutrient density ratio to strain P-Value
Age recommendation SEM
(week) 91 94 97 100 103 ANOVA Liner Quadratic
equation equation
() Erop55 013 xSlee
Average egg weight (g)
95 61.91 61.35 62.01 60.22 61.55 0.961 0.70 0.54 0.71
99 61.60 60.64 62.04 60.85 62.62 1.071 0.65 0.39 0.38
103 60.28 61.69 61.20 61.30 60.84 0.997 0.88 0.69 0.68
(30)3) 2dsas (g (39
Albumin relative weight (%)
95 59.940 58.940 59.720 59.100 60.260 0.675 0.12 0.16 0.16
99 56.980 56.580 56.990 57.630 57.630 0.405 0.37 0.27 0.27
103 58.360 59.390 58.690 57.810 58.170 0.615 0.27 0.78 0.77
(223) 0355 (s 039
Yolk relative weight (%)
95 30.76 31.56 30.87 31.40 30.57 0.522 0.60 0.30 0.30
99 30.86 31.39 30.74 30.46 30.50 0.564 0.78 0.77 0.76
103 29.80 29.14 29.88 30.90 30.20 0.578 0.35 0.88 0.88
(203) gy (oo 039
Shell relative weight (%)
95 9.30 9.50 9.41 9.50 9.17 0.134 0.33 0.07 0.07
99 12.16 12.03 12.27 11.91 11.87 0.195 0.58 0.03 0.04
103 11.84 11.47 11.43 11.29 11.63 0.278 0.22 0.65 0.62
PIENRESA
Hugh unit
95 67.61 66.71 66.60 68.10 67.13 1.233 0.87 0.74 0.73
99 77.90 77.29 76.03 76.79 76.29 1.505 0.89 0.60 0.62
103 85.99 86.76 87.36 87.36 86.32 1.718 0.97 0.49 0.49
Egg shape index
95 76.78 77.03 76.24 75.84 76.79 0.447 0.33 0.31 0.32
99 76.54 76.84 75.95 76.56 76.65 0.487 0.67 0.52 0.53
103 76.29 77.31 76.36 77.11 76.55 0.356 0.46 0.42 0.43
(P57 caSe yia slo) Eow55 0329 0139
Egg special weight (g/cm®)
95 1.074 1.074 1.073 1.074 1.072 0.001 0.28 0.30 0.28
99 1.082 1.082 1.082 1.081 1.081 0.001 0.91 0.88 0.78
103 1.084 1.081 1.084 1.082 1.082 0.001 0.16 0.90 0.92
(e dee) £ o5 gy Caols
Egg shell thickness (mm)
95 0.382 0.382 0.377 0.382 0.374 0.001 0.59 0.69 0.67
99 0.386 0.380 0.390 0.379 0.387 0.001 0.63 0.81 0.81

103 0.365 0.363 0.370 0.363 0.375 0.001 0.35 0.45 0.43
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Table 4- Summary of estimated dietary energy and nutrient density ratio to strain recommendation for optimization of performance

by liner and quadratic broken-line regression fit models

oS /AD aiels
Jol il b 035 3ygl yy Approximate 95% confidence limits PValue R dleo
Parameter/Model Estimated ratio ol b Equation

Lowe High

(p5 10333, 159)) &2 M5

Egg production (g/b/d)
ot S b 94.46 91.27 97.64 0.04 093  Y=-1.1371X+32.88
Linear broken-line
P sl 95.71 87.55 103.90 0.03 092  Y=0.1769X2+32.87
Quadratic broken-line

(Shed Bpas p 5 1 jop5s Mg p5) Wl Jiad oo
Feed conversion ratio (g FI/g EP)

ol ausd b 97.02 92.72 101.30 0.02  0.83 Y=0.0571X+2.60
Linear broken-line
PP asibs 95.95 89.48 102.4 0.01 089  Y=0.0153X2+2.61
Quadratic broken-line
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Introduction Increasing feed costs are significant issues in the poultry industry. Therefore, poultry producers
often interested to feed low energy and nutrient dense diets to reduce production cost, while low energy and
nutrients dense diets may not appear to supply sufficient energy for laying hens. Hens can regulate their feed
intake to maintain energy and nutrient intake in accordance with their requirements. In this way, hens will
consume more of a low energy and nutrients dense diet than of a high energy and nutrients dense diet, ensuring
the calories and nutrient consumed be sufficient. However, some studies have shown that hens especially the
modern ones are not precise in adjusting their feed intakes, such as the Hy-Line W-36, since they only have a
limited capability to increase their feed intake to ensure adequate energy and nutrients intake. While low energy
and nutrient dense diets are less expensive to purchase, they may not ensure optimal egg production if hens are
unable to adjust their feed intake. On the other hand, the purchase price of low energy and nutrient dense diets
can be substantially lower than high-density diets, if they are effective in maintaining long-term egg production
performance, so that can result in increased returns for the producer. Thus, feeding low energy and nutrient
dense diets to laying hens may result to improve returns due to a lower cost of diets. However, it has been shown
that the increased efficiency of birds fed on high energy and nutrient dense diets can offset the higher cost of
feed. The hypothesis of this study was to investigate how Hy-Line W-36 laying hens in post molting period can
respond to lower energy and nutrients dense diets, through their increase in feed intake to maintain energy and
nutrient consumption to support egg production.

Materials and methods The birds that used for this experiment were molted at the 70wk of age on a non-
fasting feeding program according to the molting recommendation by Hy-line W36 laying hens guide. Three
hundred twenty 78wk Hy-Line W36 hens were individually weighed and randomly assigned to 80 cages of four
birds each. Eight replicate groups of 8 hens each (two adjacent cages) were randomly assigned to each of the 5
treatment diets with location within house as blocking criteria. The pre-experimental period was two weeks for
acclimatization, and the experimental period was from 92-103 weeks of age (three 28d periods; 92-95, 96-99,
100-103wk of age). Experimental diets were formulated according to the guidelines in the Hy-Line W-36
Commercial Management Guide (2015) for 104g feed intake according to the average pre-experimental period
egg production and feed intake data. Thus the control diet (100% of recommendation) was formulated to contain
2845 kcal/kg AMEn; 14.42% CP; 4.14% calcium; 0.48% available phosphorus; 0.17% sodium; 0.67% digestible
lysine; 0.36 digestible methionine; 0.56 digestible methionine + cysteine; and 0.47 digestible threonine. Four
other dietary concentrations of energy and nutrients density were formulated to provide 91, 94, 97, and 103%
and one diet with the 100% of recommendations stated in the 2015 Hy-Line W36 commercial management
guide. Egg production (number and weight) and mortality were recorded daily, whereas feed consumption was
measured every 4wks as feed disappearance. Six eggs/replicate (48 eggs/treatment) laid in the last 72 h of each
28d period were collected and transported to Egg Quality Laboratory at the Ferdowsi University for of egg
weight, albumen, yolk and shell relative weight, Haugh units, egg shape index, egg special gravity, and shell
thickness determination. The feed cost/kg egg production was calculated by feed costs time feed conversion
ratio. Data were analyzed by ANOVA using the GLM procedure of SAS 9.1 (2003), with dietary treatment and
block as independent variables. Diet effects were evaluated using linear and quadratic orthogonal polynomial
contrasts. The linear broken-line (LBL) and quadratic-broken line (QBL) regression models were used to
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estimate the dietary energy and nutrient density ratios for optimization of egg mass and feed conversion ratio.

Results and discussion Previous research showed that hens would linearly adjust their feed intake in
response to diet nutrient density by eating significantly more feed that was low in energy and less feed that was
high in energy. These changes in feed intake were not in agreement with the results of the current study showed
that egg production, and egg mass were increased and feed conversion ratio (FCR) decreased significantly and
linearly, with the increase in dietary energy and nutrients density. There was not any significant difference in the
egg production, egg mass and feed conversion ratio in birds fed diet containing three percent (103%) more
nutrient density than that of strain recommendation. Whereas, feed intake, egg weight, white yolk and shell
relative weight, egg shape index, specific gravity, egg shell thickness as well as Haugh unit were not
significantly affected by dietary energy and nutrients density. Significant linear increase due to increase in
energy and nutrients density were observed for most measured parameters, including hen-day egg production,
egg weight, egg mass, feed efficiency, energy intake, and body weight gain. The hen-day egg production showed
that hens fed diets containing 91% of control diet laid fewer eggs than those fed diets with 100 or 103% of
nutrients recommendation. The energy and nutrient requirement for optimal egg mass (g/b/d) and FCR during
the post molting period (92-103Wk) by LBL model were 94.96 and 97.02%, and by QBL model 95.71 and
95.95% of strain recommended, respectively.

Conclusion In summary, the increase in energy and nutrients density in diet of Hy-Line W-36 laying hens
increased egg production, egg weight, egg mass, energy intake as well as decreased body weight losses and feed
conversion ratio. The regression analyses of data showed that, laying hens diet formulated at the 95-97% of
nutrients recommendation had the optimal egg production and economic performance during the second egg
production cycle. Furthermore, hens were unable to adjust their feed intakes since the lowest energy and
nutrients density diet deteriorate egg production performance.
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