Egypt Pouit. Sci. Vol (26) (I): (207-220)

OPTIMUM DIETARY PROTEIN AND ENERGY LEVELS
FOR NORFA HENS DURING THE LAYING PERIOD

By

G. A. Zanaty
Dept. of Poul. Preduc., Facul. of Agric., Minufiya University Shebin EI-Kom, Egypt

Received: 17/11/2005 Accepted: 18/12/2005

Abstract: An experiment was conducted to determine the optimum dietary
protein and energy levels for Norfa hens during the laying period (22-42
weeks of age). A total of 225 Norfa hens were used Birds were randomly
distributed into 9 comparable groups, 25 hens each. Each group was fed
one of the 9 experimental diels during the experimental period. Three
levels of crude protein (18, 16 and 14 %), within each level, three levels of
dietary energy (2800, 2600 and 2400 Kcal ME /Kg diet) were used

Resulis showed that increasing dietary protein and energy levels
significantly (P<0.03) improved egg number, egg weight, egg mass and feed
conversion (feed intake/egg mass). While, feed intake significantly (P<0.03)
increased with decreasing dietary protein and energy levels. Increasing
dietary protein levels significantly (P<0.05) increased shell thickness and
albumen percentage. While, volk percemtage decreased with increasing
protein level Dietary energy levels had no effects on external or inlernal
egg quality except Haugh units which were increased with decreasing level
of energy. From the nutritional and economical point of view, it could be
recommended ro feed Norfa hens on a diet containing 16 % CP and 2800
Keal ME/Kg diet during the laying period (22-42 weeks of age).

INTRODUCTION

Norfa hens were developed in the Department of Poultry Production,
Faculty of Agriculture, Minufiya University, Shebin El-Kom, Egypt; as egg
layers through a breeding program by crossing two White Leghorn strains
imported from Norway with the indigenous Fayoumi and White Baladi
chickens. All possible crossing were used along with the selectiont of high
egg producing chickens to develop Norfa chickens. Norfa hens are
characterized with small body weight (less than 1500 g), low maintenance
requirements and early sexual maturity (i.e., 150 d; Zanaty ef al., 2001).
Details of the breeding programs of developing Norfa chickens were
reported by Abdou (1996).
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Feeding cost of poultry production is usually considered the most
expensive item; dietary protein and energy sources are the most expensive
component in poultry diets. Poultry producers are generally practicing
feeding birds on a series of balanced diets termed starter, grower, developer
and layer covering all nutrients as listed in NRC (1994). As energy
requirement seems to be a determining factor in feed intake, dietary protein
content or more specifically amino acids content has a role as well. When
protein level was low, birds would increase feed intake to compensate
partially for lower amino acids consumed (Zanaty and Ibrahim, 2005).

Many poultry investigators continued to look for methods to produce
economically poultry products through increasing returns over the cost of
feed using optimum dietary protein and/or energy levels (Keshavarz and
Nakaijima, 1995; El-Sayed et al., 2001; Zanaty et al., 2001; El-Sheikh,
2002; Essa ef al, 2003; Yakout er al., 2003 and 2004 and Zanaty and
Ibrahim, 20035). Therefore, this study was designed to investigate the
optimum dietary protein and energy levels of Norfa hens during the laying
period.

MATERIAL AND METHODS

The present study was carried out at the Poultry Research Farm,
Faculty of Agriculture, University of Minufiya.

A total number of 225 Norfa hens, 22 week-old, were reared under
similar management and hygienic conditions. Birds were randomly
distributed into 9 treatments, each contained 25 hens. Birds were housed in
individual cages, (42 L x 26 W x 45 cm H). Feed and water were available
ad libitum during the experimental period (2242 weeks of age). Artificial
light was used beside the normal day light to provide 16-hour day
photoperiod. A 3x3 factorial design of treatment was used. Nine
experimental diets (Table 1) were formulated with three levels of crude
protein (18, 16 and 14% CP), each containing either 2800, 2600 or 2400
Kcal ME/Kg diet. Diets were formulated to cover the total sulfur amino
acids (TSAA), lysine, calcium and available phosphorus according to NRC
(1994) recommendation for egg-laying strains consuming 80-100g feed/d.
All performance measurements were based on 4-weeks intervals throughout
the experimental period. Feed intake (FI) was recorded and feed conversion
(FC) was calculated. Egg production traits including hen day production
percent (EP), egg weight (EW), egg number (EN) and egg mass (EM) were
recorded and calculated on a daily basis. Representative egg samples (5
eggs) from each treatment were collected throughout the last period of the
study (39-42 weeks of age) in order to determine egg and shell quality. Egg
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shape and yolk index were determined according to Romanoff and
Romanoff (1949} as follows:

Egg shape index (%) = (width / length) x 100.
Yolk index (%) = (height / diameter) x 100.

Egg shell thickness was measured using a micrometer at the
equator. Haugh units was applied from a special chart using egg weight and
albumen height which was measured using a tripod micrometer according to
Haugh (1937), Kotaiah and Mohapatra (1974) and Eisen et al. (1962} as
follows:

Haugh units = 100 log (H + 7.57 - 1.7 W%*"),
Where: H = Albumen height (mm).
W =Egg weight (g).

Representative samples from the experimental diets were taken for
chemical analysis which was determined according to A. O. A. C. methods
(1995). Economical efficiency for egg production was calculated from the
input-output analysis according to the price of the experimental diets and
egg produced. Values of economical efficiency were calculated as the net
revenue per unit of total costs (Soliman and Abdo, 2005),

Data were subjected to two-way analysis of variance using General
Linear Model (GLM} procedure of statistical analysis system (SAS, 1996).
Means were separated by Duncan’s multiple range test {Duncan, 1955).
Differences with P<0.05 were considered significant. Data were presented
based on means and pooled standard error of means (SEM).

RESULTS AND DISCUSSION

Egg number and EP significantly increased (P<0.05) with increasing
CP level from 14 to 16 or 18%, without significant differences between the
groups fed 16 and 18% CP throughout the experimental intervals and the
whole period (Table 2). These results are similar to those reported by Abdel-
Rahman (1993); El-Sayed ef al., (2001); Zanaty et al., (2001) and Yakout er
al., (2004). Regarding dietary energy, birds fed 2800 Kcal ME/Kg diet had
the highest EN and EP followed by the group fed 2600 Kcal ME/Kg diet,
however; the lowest EN and EP were obtained from those fed 2400 Kcal/Kg
diet (Table 2). Differences were only significant between 2800 and 2400
Kcal ME/Kg diets in EN. Differences were significant (P<0.05) among
dietary energy levels for EP. These results agree with those of Soliman
(2002) and Yakout ef al.. (2003). The results of EW and EM followed the
same trend of EN (Table 3) being higher for hens fed the high protein level
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(18%) and lower for that fed the low level (14%CP). Differences were only
significant (P<0.05) between groups fed 18 or 16% CP and those fed the
14% CP. Results are in harmony with those of other investigators who
reported that EW and EM increased with increasing dietary protein level
(Abdel-Rahman, 1993; Zanaty et al., 2001 and Yakout et al., 2004). Data of
EW and EM (Table 3) indicate that increasing ME level in the diets,
increased EW and EM during all studied periods. Differences among groups
were significant (P<0.05). Similar results were obtained by Soliman, (2002)
and Yakout ef al., (2003).

Feed intake increased with decreasing CP level in the diets during all
studied periods (Table 4); group fed 14% CP consumed significantly
(P<0.05) more feed than those fed 16 or 18% CP. These results agreed with
those obtained by Aggoor et al., (1997); Zanaty et al., (2001); Yakout e/ al.,
(2004) and Zanaty and Ibrahim, (2005). Data in Table (4) also showed that
feed intake significantly (P<0.05) decreased with increasing dietary energy
level at all experimental intervals. These resuits are in agreement with those
reported by Yakout et al., (2003) and Zanaty and Ibrahim, (2005). However
a positive response of increasing ME level on feed intake was reported by
Soliman, (2002). Feed conversion was significantly (P<0.05) improved by
increasing dietary protein level from 14 to 16 or 18% (Table 4). However,
there were no significant differences between FC of birds fed on high (18%)
or medium (16%) protein diets. Similarly, FC significantly (P<0.05)
improved with increasing dietary energy level from 2400 to 2800 Kcal
ME/Kg diet during all studied periods (Table 4). This improvement in FC
was in agreement with that reported by Yakout et al., (2003 and 2004).
However, the present results disagree with those reported by Soliman
(2002).

The results of feeding different dietary protein level on egg quality
showed that increasing CP had no effects on shell percentage, egg shape
index and Haugh units (Table 5). Similar findings were obtained by Abdel-
Rahman (1993) and Yakout ef al., (2004). Nevertheless, shell thickness and
albumen percentage were significantly (P<(.05) increased with increasing
CP. This may be due to the increase in EW with the CP increment. These
results are in a relative harmony with the results of Yakout, (20003 and
Yakout et al. (2004) who reported that increased of shell thickness with
increasing CP might be due to enhancing Ca deposition in the shell matrix
due 10 the increase in the availability of the essential amino acid methionine.
This indicates the possibility to increase shell quality by proper dietary
manipulation of nutrients (Keshavartz, 2003).
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The results of egg quality also indicated that yolk percentage
increased with decreasing CP level (Table 4). This trend of yolk% may have
been due to the inverse relationship between EW and yolk%. These results
are in a relative agreement with those reported by Abdel-Rahman (1993).
On the contrary, Yakout er al. (2004) found that yolk% increased with
increasing CP level.

Results in Table (5) indicated that egg yolk index of birds fed 16%
CP was significantly (P<0.05) higher than those fed the higher or lower
protein levels. While, there was no significant differences between the latter
groups. These results are in agreement with those reported by Yakout er al.,
(2004). On the other hand, Abdel-Rahman (1993) found no effect of feeding
different protein levels on egg yolk index.

With regard to the effect of feeding different energy levels on egg
quality, Table (5) shows that dietary energy levels did not affect the shell%,
shell thickness, egg shape index, albumen%, yolk% and egg yolk index.
Similar results were reported by many investigators (Fathi, 2001; Soliman,
2002; Yakout et al., 2003 and Soliman and Abdo, 2005). The results
presented in Table (5) also showed that birds received 2400 Kecal ME/Kg
diet had significantly (P<0.05) higher Haugh units compared to those fed
2600 or 2800 Kcal/Kg diet, without differences between the latter groups
(Table 5). Similar results were obtained by Soliman (2002) and Soliman and
Abdo (2005).

Results presented in Table (6), revealed that highest economical
efficiency was obtained with the diet containing 16% CP and 2800 Kcal
ME/Kg diet {175 C/P ratio). This may have been due to the better feed
conversion obtained for those birds fed this experimental diet compared
with other diets. The lowest economical efficiency was obtained from the
diet containing 14% CP and 2400 Kcal ME/Kg diet {171 C/P ratio).

From the results obtained in this study, it is recommended to feed
Norfa hens a diet containing 16% CP and 2800 Kcal ME/kg diet (175 C/P
ratio) during the laying periods from 22 to 42 weeks of age to get maximum
performance and better economical efficiency.
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Table (1): Composition and chemical analysis of the experimental diets, %.

Treaiments Price
Ingredients 1 2 3 4 5 6 7 8 9 fion
(LE)
Yellow corn (8.8%) 58.01 57.26 4849 | 6502 | 60.16 | 5135 | 6677 | 63.08 | 5441 1100
Soybean meal (44%) | 29.30 27.88 2573 ¢ 2334 1 2149 1934 t 1695 15.40 13.17 1625
Wheat bran - 425 15.47 - 7.98 18.93 416 1683 [ 21.78 775
Cotton seed oil 235 - - 1.17 - - 1.49 - - 4500
Bone meal steamed 1.16 1.16 1.16 132 i.16 1.16 132 132 1.24 760
Limestone, ground 847 847 847 8.39 8.47 847 839 842 845 60.6
Vit & Mim. Mix.! 0.30 0.30 0.30 0.30 0.30 0.30 0.30 030 0.30 6200
L-tysine-H cf? - . - - - - 0.12 0.14 016 | 2600
DL- methionine’ 0.10 0.10 007 0.15 0.13 0.14 0.19 0.20 018 2900
Sodium chioride 0.31 0.31 0.31 031 031 0.3% 031 031 [tk] 150
Total 100 100 100 100 109 100 100 100 104 -
Calculated values’:
Crude protein 17.99 18.02 18.02 15.99 16.00 16.00 1399 14.03 14.00 -
ME, Kcal / Kg diet 2803 2599 2399 2801 2598 2397 2800 2597 2400 -
C /P ratio 156 144 133 175 162 150 200 185 173 -
Lysing % 094 0.93 091 .80 0.79 0.77 0.78 0.78 0.78 -
Methionine % 0.38 0.38 0.36 0.41 .39 0.39 043 0.43 0.41 -
Met +Cystine % 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 G.66 -
Calcium % 3.66 267 3.67 3.06 3.65 367 365 3.66 366 -
Av phosphorus % 0.28 0.29 0.29 0.28 0.28 0.28 0.28 028 028 -
Determined values:
Dry matter % 89.52 89.60 89.62 89 54 89.58 | 89.63 89 55 89 49 8953 -
Crude protein % 17.96 17.98 1729 15.96 159 1 1597 | 139 1399 1398 -
Ether extract % 451 2.52 246 375 262 . 233 418 2M 273 -
Crude fiber % 328 3.65 448 245 364 ] 442 3.04 355 4 49 -
Price / von (LE) 1255 1153 1106 1185 i 109 1062 fis 1071 1024 -

Titamin and mineral premix provided per kilogram of the diet: Vit. A, 12000 JU;

mg; Cu., 10mg, Se, 0.l mgand Co., 0 L mg

¥t Dy, 2500 1U, Vit E. 10 mg;
Vi K, 3mg, Vit. B, I mg; Vit B; 4 mg. Pantothenic acid. 10 mg, Nicotimic acid, 20 mg, Folic acid. | mg, Biotin, 0.05
mg, Nidcin, 40 mg; Vit. Bs 3 mg, Vit. Byg, 0.02 mg, Coline chlonde, 500 mg, Mn, 62 mg, Fe., 30 mg; Zn,, 56 mg, |, |

! L-lysine-H cl: is 8 monahydrochloride 98 % pure feed grade (contains 78 4 % lysine).
' DL-methionine: 98 % teed grade (contained 98 % methionine.
* Calculated according 10 NRC (1994).
* Based on prices of Egyptian market, 2004
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Table (2): Egg production of Norfa hens as affected by dietary protein and energy levels.

Age in CP: 18% Tl’ea:l;n ,;:1 s 14 % Average crergy levels Pooled
(week)  MEC 2800 2600 2400 2800 2600 2400 2800 2600 2400 2800 2600 2400  SEM
Egg number (EN) / hen
2226 wks 1300 1242 1078 1303 1195 1105 1135 Q081 973
Average 1219 12,01 10.63° 1249 1173 1052 006
27-30 wks 1600 1572 1568 1558 1551 1546 1451 1382 1346
Average 15.80" 15.65" 13.93° 15.50°  1502* 1487 008
3134 wks 1786 1743 1721 1783 §721 168 1623 1585 1517
Average 17.50% 1730 15.95° 17.31"  1683%  l661* 009
3538 wks 190t 1883 1856 1906 1852 1822 1763 1711 1692
Average 18.80° 18.60° 17.22" 1857 18.15% 1790 007
3942 wks 1682 1648 1620 1665 1635 1611 1555 (542 1538
Average 16.50° 16.37° 15.45° 1634 1608° 15950 008
22-42 wks 8270 3088 7843 8235 79354 Tij0 0 7527 73l 7126
Average 80.70 79.93 318 80.20°  77.81*  7580°  0.64
Egg production (EP), %
22-26 wks 4679  443€ 3850 4654 4268 3946 4054 386l 3475
Average 43 4289 3797 44.62* 4188  375F 0.17
27-30 wks 5714 5614 5600 5707 5539 5521  51R2 4936  48.07
Average 56.43 55.89" 49.75* 5534 5363 53.09° 022
31-34 wks 6379 6225 6146 6368 6146 6021 5796 5661 5632
Average 62.50* 61.78" So.96° 61.81" 60J1°  5633* 025
35-38 wks 67.89 6725 6629 6807 6614 6507 6296 61.11  60.43
Average 67.14° 66.43* 61.50" 6631" 6483 6393 026
3942 wks 6007 5886 5786 5946 5839 5754 5554 5507  54.93
Average 58.93 58.46" §5.18° 5836 5744 56.78° 0.23
2242 wks S9.14 5777 5602 5896 5681 5550 5376 5215 5090
Average 57.64" 57.09° 5227 §7.29*  5558° 54.04° 0.22

Means followed by different superscripts in the same row are significantly different (P < 0.05).
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Table (3): Egg weight and egg mass of Norfa hens fed diets containing different dietary protein and energy levels.

Age in cr 18% 16% Treatments 149 Average energy leveis P?oled
(weck) ME 2800 2600 2400 2800 2600 2400 2800 2600 2400 2800 2600 2400  °M
Eug weight (EW), g
2226 wks 4136 4087 4065 4128 4105 4004 4041 3922 3784
Average 4096 4079 39.16° 4102° 4038 395| 016
27.30 wks 4674 4599 4468 4664 4573 4506 4508 4441 4373
Average 45 80* 45.81* 441" 46158 4538 444y 018
31-34 wks 4989 4839 4686 4854 4837 4781 4713 4673 4622
Average 4845* 43 24° 46.69° 4852° 4790° 46.9¢° 0.19
34-38 wks si42 5029 4969 s114  s021 4936 4981 4898 a8 06
Average 50 47* 50 24° 48 95° 50797 4943 49.04° 020
3942 wks 5149 5072  s004 5136 5061 4995 5018 4899 4820
Average 50 75" 50.64" 492" S101"  S0M1®  4940° 019
22-42 wks 4818 4739 4638 4779 4719 4644 4652 4567 448l
Average 4728* 47.14° 4567 4750° 4872  4588° 019
Egg mass (EM), g/ hen / day

22-26 whs 1935 i8.13 1565 1921 17.52 1580 1638 1514 1315
Average 1771° 17 51° 14.89% 183" 1693 1447 0.08
27-30 wks 2671 2582 2502 2662 2533 2488 2336 2192 2102
Average 2591° 2561° 2.10° 2556°  2436° 2364 0.12
31-34 wks 3182 3025 2880 3091 2973 2879 2732 2645 2603
Average 30.29* 2981° 26 60° 3002 WE1" 28RF 0.14
35-38 wks 3491 3382 3294 348l 3321 3212 336 2993 2904
Average 3389 3338 EVR g 3369 3232 313F 017
3942 wks 3093 2085 2895 3054 7955 2874 2787 2698 2648
Average 2991 01 1 2978 2879°  2808° 0.13
2242 wks 2874 3757 2627 2842 2707 2607 2526 2408 2314
Average 2753 2119 24 16" 2747 2624°  25.16° 0.13

Means {oliowed by different superseripts in the same row are significantly different (P < 0.05).
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Table (4): Feed intake and feed conversion of Norfa hens as affected by dietary protein dnd energy levels,

Age Treatmenis
weck) CP: 18% 16% 14% Average encrgy levels P;’gl’,;“
ME: 2800 2600 2400 2800 2600 2400 2800 2600 2400 2800 2600 2400
Feed intake (Fl), g feed / hen / day
2226 wks 4431 56.1% 7504 4432 5707 7621 4736 6043 7761
Averpge 58.80" 59.20° 61.80° 4533 57.88" 76.59° 0.29
27-30 wks 65.54 84.21 10535 6635 2503 10602 6771 86.49 167.70
Avera 85.00° §5.80° 87.30° 66.53° 835.24" 106.32* 042
31-34 wks TR44 9462 11224 7881 95 16 1343 7982 9626 11522
Average 95.16" 95.70° 97 10" 7902 9535° 11353 ¢.47
35-38 wks 8412 10118 12280 8503 10221 12416 8627 10362 126.97
Average 102 70° 103.80° 105,70 85.14° 102 34° 124.64° 0.5}
39-42 wks &B04 10223 12413 8.4 104132 12504 8946 10621 128.33
Average 103.80° 105. 10" 107.90° 86 78° 104.19° 12583 0.52
22-42 wks 7149 8768 807 7213 8872 10891 406 9060 TTRE
Awerage 39.08" 29.92% 91.94" 72.56° 89.00° 109.38° 0.44
Feed conversion (FC), g F1/ g EM

22-26 wks 229 110 4385 231 336 482 289 399 590
Average 341° 3.46° 4.26 2.50° 345° 519 0.004
27-30 wks 245 126 421 249 336 4.26 290 165 512
Average 331° 337 399 2.61° 35® 453 0.004
31-34 wiks 2.47 313 3190 251 120 393 292 364 443
Avera, 317" 3.21* 3.66' 263 pk vy 409" 0.003
35-38 wks 24] 2.99 173 244 3.08 387 275 3.46 437
Average Jo4t 33 353 253 3.8t 399 0.003
3942 wks 235 342 429 282 152 435 320 3194 185
Average 3490 3.56° 4.00° 292 1.63° 4 5(¢* 0.004
2242 wks 247 318 420 251 3.28 425 198 380 493
Average 328° 3358 I8¢ 2.64° 342° 446" 0.004

Means followed by different superscripts in the same row are significantly different (P < 0.05).
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Table (5): Effect of dietary protein and energy levels on egg quality of Norfa hens.

Treatments

liems CcP: 18% 16 % 4% Average cnrgy levels

ME: 2800 2600 2400 2800 2600 2400 2800 2600 2400 2800 2600 2400
Egg shell qualiry

EW (g) 51.49 50.72 50.04 51.36 50.61 49.95 50.18 48.99 48.20

Average 50.75* 50.64* 49.12° 5100 5011°  49.40°

Sheli (%) 11.82 11.65 11.90 11.85 11.91 11.82 1189 1183 1195

Average 15.79 11.86 11.89 1185 11.80 11.89

ShT. (mm)' 0.344 0.351 0.362 0.335 0342 0.350 0.343 0332 0.323

Average 0352 0.342" 0.333° 0.341 0342 0.345

E.Shl. (%) 76.78 76.65 7673 76.78 76.69 76.81 7724 77.19 76.96

Average 76.72 76.76 7713 76.93 76.84 76.83

Lnternal egg quality

Alb. (%) 53.48 53.25 5332 52.61 52.34 5288 5143 5148 5135

Average 53.35° 5261° 51427 5251 52.36 52.52

Yolk (%) 35.01 34.86 34.62 3492 3511 3503 3522 36.13 37.10

Average 34.83° 35.02° 36.15* 35.05 35.37 35.68

Haugh U? 69.75 70.15 72.65 69.80 70.55 73.01 69.65 70.61 7322

Average 70.85 7112 7116 69.73° 7044 7296

E Y.L (%) 42.77 43.80 43.21 439] 45.12 45.33 4307 4302 44.06

Average 4347 45.12* 43.45° 43.58 44.05 44.20

Means followed by different superscr:
' Sh. T. (mm): Shell thickness (mm).
Haugh units.

* Haugh U.:

ts in the same row are significantly different (P < 0.05).
E. Sh. I. (%0): Egg shape index (%a). 3 Alb. (%): Albumen (%).
*E. Y.L (%) Egg yolk index (%).

Pooled

SEM

0.25

0.06

0.001

0.38

026

0.17

035

022
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Table (6): The economical efficiency of the experimental diets fed during the laying period
(from 22 — 42 weeks of age) of Norfa hens.

Treatments
tems CP: 18% 16% 14%

ME: 2800 2600 2400 2800 2600 2400 2800 2600 2400

No: 1 2 3 4 5 6 7 8 9
Price / Kg feed (L.E.) 1.26 1.15 .1 1.19 1.11 1.06 1.15 1.07 1.02
Total feed intake / hen (Kg) 10.01 1228 1513 1010 1242 1525 1037 1268 1556
Total feed cost f hen (L.E.) 1261 1412 1679 1202 1360 1617 1193 1357 1587
Tatal number of eggs / hen 8279 R0.88 7843 8255 7954 7170 7527 701 7126
Toial price of eggs / hen  (L.E.)' 20,70 2022 1961 2064 1989 1943 1882 1825 1782
Net revenue / hen (LEY 8.09 6.10 2.82 8.62 6.29 326 689  4.68 1.95
Econemical efficiency (%) 64.16 4320 1680 7171 4625 2016 5115 3449 1229

' Assuming that price of one-egg was 25 P.T, (according to Egyptian market, 2004),
? Net revenue / hen {(L.E.) = Total price of eggs — Total feed cost.
* Economical efficiency = (Net revenue - Total feed cost) = 100.
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