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Introduction: The poultry industry is a crucial source of protein for human consumption, but nitrogen
disposal, a major cause of environmental pollution, has been a significant concern in recent decades (Fasina et
al., 2010). Various solutions have been proposed to mitigate environmental pollution from poultry manure, with
one of the most practical being the use of diets with lower protein levels. It has been demonstrated that low-
energy and protein diets can save costs and reduce nitrogen excretion (Gholami et al., 2015). Phase, intermittent,
and selective feeding are among the feeding methods, each offering distinct benefits. These rations not only
reduce feed costs but also decrease nitrogen excretion into the environment and minimize metabolic disorders
such as ascites. They are particularly recommended for maintaining birds under heat stress conditions (Pope et
al., 2004). Recent studies have shown that sequential feeding effectively reduces chick mortality. Intermittent
feed restriction in young broilers modifies hormonal status and contributes to a metabolic state that can enhance
immune capacity (Sauvant et al., 2002). This study aims to investigate the effect of alternating low-energy and
protein diets with standard diets in broilers, focusing on growth performance, blood metabolites, and small
intestine morphology.

Materials and Methods: A total of 360 one-day-old Ross 308 male broilers were divided into six treatment
groups, with five replicates per group and 12 birds per replicate. The treatments were as follow: 1) Control Diet:
Formulated according to Ross 308 nutrient recommendations and fed throughout the experiment. 2) 5% Reduced
Crude Protein (CP) Diet: Fed from day one to the end of the experiment. 3)7.5 % Reduced CP Diet: Fed from
day one to the end of the experiment. 4) 10% Reduced CP Diet: Fed from day one to the end of the experiment.
5) .Alternating Diets 1 and 3: Switched every other day. 6) Alternating Diets 1 and 4: Switched every other day.
Chickens had ad libitum access to water and feed. They were provided with 23 hours of light and 1 hour of
darkness daily. The initial room temperature was set at 32°C and was gradually reduced by 0.5°C per day until it
reached 21°C by day 21, after which it remained constant. The amount of feed consumed in periods (1-10, 11-
24, 1-24 days) was measured in each replicate pen. At the age of 24 days, one bird from each pen was
slaughtered and dissected to determine the length of the duodenum, jejunum, and ileum. Subsequently, an
intestinal section was separated from the jejunum midpoint and histology was performed on it. At the age of 24
days, one bird from each experimental unit was randomly selected and blood was collected from the wing vein.
The resulting blood was transferred to test tubes. The samples were kept at room temperature for 30 minutes,
then centrifuged at 3000 rpm for 15 minutes, and the serum was separated from the blood. Serum samples were
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poured into microtubes and kept at -20°C until analysis by an auto analyzer (Bio Systems S.A. — Costa Brava
30,08030 Barcelona, Spain). Serum contents were measured in terms of cholesterol, triglyceride, LDL-C, HDL-
C, and blood uric acid by auto analyzer. The data obtained from this experiment were analyzed using SAS
statistical software and the General Linear Models (GLM) procedure, and the treatment means were compared
using Duncan's new multiple range test at p < 0.05.

Results and Discussion: The results showed no significant differences between treatments in feed
conversion ratio and daily feed intake (P > 0.05). Weight gain from days 1 to 24 also showed no significant
differences (P > 0.05). Treatments did not significantly affect carcass traits, jejunum villi width, or crypt depth
(P > 0.05). However, villus height in treatment 3 was higher than in other treatments and significantly higher
than control. Muscle layer thickness in treatment 2 was significantly greater than in other treatments and the
control (P < 0.05). Blood biochemical parameters were not significantly different among treatments.

Conclusion: Overall, the treatment with 5% reduced crude protein, improved small intestine morphology.
Reducing crude protein by up to 10% and alternating it with the control diet did not negatively affect growth,
blood metabolites, or jejunum morphology. Since growth performance was unaffected, all treatments are viable
options.
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Table 1- Ingredients and nutrient composition of experimental diets in the starter phase (1 to 10 d)

(%) o> p8I Jals Oy Laals Moy 0 Sy Luals Moy VI Sy LealS oy Ve

Ingredients (%) Control 5% protein reduction 7.5% protein reduction 10% protein reduction

©» 49.72 57.91 58.07 56.50

Corn

(4¥F) bgws s 41.39 36.79 35.26 34.10

Soybean meal (CP, 44%)

Lo giw 4.30 0.57 - -

Soy oil

Sal S 131 1.03 1.29 128

Limestone

Slid oS (3 154 157 1.59 1.63

Dicalcium phosphate

pb S 0.30 0.30 0.30 0.30

Common salt

s SlSer 0.10 0.10 0.10 0.10

Sodium bicarbonate

Celiy g (e oo _ 05 050 05 05
Mineral-vitamin premix*

25 o3 =J 0.29 0.42 0.48 0.52

L-lysine hydrochloride

odsse ~Jl 8> 0.40 0.44 0.46 0.48

DL-methionine

gy 0.05 0.10 0.13 0.15

L-threonine

ke 0.10 0.27 1.82 444

Sand

(/) ol :Lf.wbm d;\.;w .\ly:
Calculated nutrients (%)

(keallkg) puddlie JE 53 3000 2850 2775 2700
Metabolizable energy (kcal/kg)

P oFsn 23.0 21.85 21.27 20.70
Crude protein

ol 0.96 0.96 0.96 0.96
Calcium

o JB jiud 0.48 0.48 0.48 0.48
Auvailable phosphorus

o 0.16 0.16 0.16 0.16
Sodium

oste 0.75 0.77 0.78 0.79
Methionine

Qs ¥ Ogalo 1.08 1.08 1.08 1.08
Methionine + cystine

o 144 144 1.44 1.44
Lysine

OEPF 0.97 0.97 0.97 0.97
Threonine

ol 2215 VY B ppmeling ¢ Malli 51y YO+ Jg phandS S ¢ Malliy a5y M-+ A (raling 3,5 o el |y 25 (sdko dlga 0 p)SokS b (Sl dne Slga g dtaslizg JoSa !
S 9 o) e 1N o 05 e <10 «Slgh dsl 15 o YO el 1o S o ¥ £ Mgyt )5 o VD ool fp,5 i <10V Bz (yoling fp )5 e YIY K (sl
Fagme oS ke 8wt S o 1Y cpgiibis )5 oo VB 51500 £ 5 e £O w5t )5 sheo VA+ il S koo 00 kIS 5SS (Sl i Sy dplip S (e Y10
£S5 ske YO conl ip5 o
1 The vitamin and mineral supplement provided the followings per kilogram of diet: vitamin A, 8800 international units; calciferol bag, 2500
international units; vitamin E, 11 international units; vitamin K3, 2.2 mg; vitamin B12, 0.01 mg; thiamine, 1.5 mg; riboflavin; 4 milligrams; niacin, 35

mg; Folic acid, 0.5 mg; Biotin, 0.15 mg; pyridoxine, 2.5 mg; pantothenic acid, 8 mg; choline chloride, 50 mg; betaine, 190 mg; zinc, 65 mg;
manganese, 75 mg; selenium, 0.2 mg; iodine, 0.9 mg; copper, 6 mg; iron, 75 mg.
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Table 2- Ingredients and nutrient composition of experimental diets in the grower phase (11 to 24 d)

Ingredients (%) Control 5% protein reduction 7.5% protein reduction 10% protein reduction
<2 33.87 37.23 30.62 24.29
Corn

(4¥F) bgws s 40.33 36.65 35.94 35.23
Soybean meal (CP, 44%)

PS5 15.0 18.49 26.64 34.78
Wheat

by v‘ 9 7.0 3.67 2.78 1.78
Soy oil

Sal S 1.26 127 1.29 132
Limestone

Slid oS (3 1.26 1.26 1.24 1.20
Dicalcium phosphate

pb S 0.29 0.29 0.29 0.28
Common salt

SloSir s 0.10 0.10 0.10 0.10
Sodium bicarbonate

Ve | .

Conliy 9 (e JoSo 05 05 05 05
Mineral-vitamin premix*

25 o3 =J 0.08 0.18 0.17 0.16
L-lysine hydrochloride

osse ~Jl 8> 0.31 0.34 0.33 0.33
DL-methionine

oif5 = . 0.02 0.10 0.03

L-threonine

(%) o dunslxo (dao dlgo
Calculated nutrients (%)

(keal/kg) gl 16 535! 3100 2945 2868 2790
Metabolizable energy (kcal/kg)

P oBon 215 20.43 19.89 19.35
Crude protein

ol 0.87 0.87 0.87 0.87
Calcium

7> S S 0.435 0.435 0.435 0.435
Auvailable phosphorus

o2l 0.16 0.16 0.16 0.16
Sodium

OPgte 0.65 0.66 0.66 0.65
Methionine

s T gt 0.99 0.99 0.99 0.99
Methionine + cystine

w‘J 1.29 1.29 1.29 1.29
Lysine

Nl 0.89 0.88 0.88 0.88
Threonine

Onalizg tllallog 251y A B g ¢ Ml 415YD% + S inads” g8 ¢ ol 1515 M-+ A by 23,8 o (b 00 31 )k y )3 1y 25 2lge idne lge g Atsalizg JaSa
V1D S y35 0 5 e <10 e 105 o <10 S e .5 s YO el 1.5 oo ¥ 109 .5 s VIO el 105 o +/ ) Btz slig tp 5 ko VIV (K
Sk LS et S e 1A et e +IY il fp 5 Lo VO (S £ )5 (e O g9 fp S e VR el ) slio B ST (oS 0 S e i« SBgiy sl fp S e
pS sk VO cpnl
! Supplied per kg of diet: vitamin A as acetate, 8800 1U; cholecalciferol, 2500 1U; vitamin E (as dl-a tocopherol) 80 IU, vitamin K3, 2.2 mg; Vitamin

B12, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35 mg, folic acid 0.5 mg; Biotin, 0.15 mg; pyridoxine 2.5 mg; pantothenate, 8 mg; choline
chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; magnesium, 75 mg; selenium, 0.2 mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg
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Table 3- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 1-10 d

S Ve oM Ol

839, 359« olsl Shyes &b : 5 :
ol (o5 .5) 09> 09 o= V> Spae Shygs Joas ey
. 595/ 035 y 59,/ 085 Feed conversion
Treatments 10-da b)(;dF weight o/ osinlp)S e d cor
- Weight gain (g/bir Feed intake (g/bir
Y body welg ight gain (g/bird/d d intake (g/bird/d ratio
(g/bird)
sl 1485 11.9 15.9 1.34
Control
CP _inls o7 162.7 13.6 15.8 1.16
5% reduced CP
CP aals VID 1492 12.1 17.4 1.44
7.5% reduced CP
CP ials /Y- 163.5 13.7 17.5 1.28
10% reduced CP
RS V1D g anls slaoye (e 3 j9) So 448
cp i 158.2 13.2 16.5 1.25
Daily switching of control diet and 7.5%
reduced CP
RS 7N g wald slaoyx (e 5 59y Sy 38
Cp 155.8 12.7 15.7 1.24
Daily alternate feeding of control and 10% CP
reduction diets
LanSibe e sl 7.90 177 1.10 0.83
SEM
Sl Jlo>] 061 053 0.38 0.42

P-value
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Table 4- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 11-24 d

S0V oM 0j9 aljoy ojs peljél Slygs b pas Shigs o oy
+ - - _ o> S o
loles (3/¢.5) (33255 4/¢.9) (33255 4/¢.5) Feed conversion
Treatments 24-d body weight Weight gain Feed intake ratio
(g/bird) (g/bird/d) (g/bird/d)

Sals 635.1 31.9 52.7 1.65
Control
CP _ials o7 696.9 35.3 51.8 1.47
5% reduced CP
CP Jials V21D 642.8 32.4 58.1 1.79
7.5% reduced CP
CP Jtals 71 680.9 34.1 51.4 151
10% reduced CP
YA ) Al dl.m).,? uL..o 2 39y [E TR
CP Ll 657.4 32.8 52.8 1.61
Daily switching of control diet and 7.5%
reduced CP
CP il 669.0 33.8 52.0 1.54
Daily switching of control diet and 10%
reduced CP
opSSle Hlre (slas

457 2.10 4,96 0.11
SEM

15, o N

b Joi 0.90 0.90 0.15 0.29
P-value
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Table 5- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 1-24 d

las (a0 /p)5) wlisy 0139 Gl (3950 plp)5) Slygs Bpuae Shsd b copo
Treatments Weight gain (g/bird/d) Feed intake (g/bird/d)  Feed conversion ratio
aals 2357 37.37 1.59

Control

CP ials 07, 26.26 36.80 1.40

5% reduced CP

CP ials V20 23.94 41.14 1.72

7.5% reduced CP

CP Lals 7 25.60 37.28 1.46

10% reduced CP

CP uﬂ.mK YA 9 sl ooy ul~° 2 59y S s

Daily switching of control diet and 7.5% reduced 24.63 37.68 1.53
CP

CP Laals 7V g anls (slaop> (lo 3 jg) o 4038

Daily switching of control diet and 10% reduced 25.01 36.88 147
CP

oSl s (sllat
SEM
S Jloz>! 0.900 0.850 0.193

P-value

1.85 4.88 0.15
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Table 6- The effect of daily switching of low energy and protein and standard diets on the carcass parts (% of live
weight) of broiler chicks at d 24

o Lo Ko e iy b s aS sy
Treatments Breast Thighs Back Wings Heart Liver Carcass
aals 2348 1804 1514 985 0688 294 66.51
Control

CP tals 07, 2011 1526 1366 880 0548  2.70 65.85
5% reduced CP

CP Lials VAID 2341  17.00 1506 1038 0573  3.39 65.83
7.5% reduced CP

CP als /- 2451 1676 1544 823 0653 287 64.95
10% reduced CP

CP Lials 72V/0 5 aals (slowex oloe 3 gy o 435 2098 1573 1393 869 0603 2855  59.37
Daily switching of control diet and 7.5% reduced CP

CP als 7)+ 5 0l slooyez oo )2 jg) S 45 2132 1642 1549 906 0643 317 62.28
Daily switching of control diet and 10% reduced CP

;“’Eﬁ“@‘ sene sl 0453 0275 0756  0.402 0550  0.385 0.145
Sbge Jle! 1.25 0.85 1.08 0.77 005  0.08 0.37
P-value

Cogy g 0 g ABY

Icarcasses without feathers and skin
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Table 7- The effect of daily switching of low energy and protein and standard diets on jejunum morphology
of broiler chicks at d 24

‘ 4 cobs @ 5 E] s
s in €W) Sn o8 S Gos ol e
T:eé'tmems Villus height Villus width Crypt depth M ;CI;"Iayer c “:’j O‘t‘; .
m m m rypt depth to
(Hm) (um) (Hm) thickness (Um)  villus height ratio
sl 1003.7°¢ 475.5 258.5 370.2° 3.56°P
Control
CP  jals &7, 1196.72 399.5 287.2 458.0° 4.26°
5% reduced CP
CP Lials VZID 125572 485.5 277.2 44552 4.262
7.5% reduced CP
CP ials 720 1132.5 2 4235 266 4537+ 4.26°
10% reduced CP
e 53 59y S A
g ald glao
CP _ials Y/ 1036.7 be 421.2 293.5 405.7 @® 3.27°¢
Daily switching of
control diet and
7.5% reduced CP
e 53 59y S A
AR 9 Jals Lgl.mo)ﬁ;
CP Lials 1160.52 398.7 301.5 395.0% 3.86%
Daily switching of
control diet and
10% reduced CP
:’E;\‘AS”L‘ S sl 0.003 0.267 0.281 0.022 0.025
P-value

(P<40) ditan ls gxe M3 (lyls bl o5 S yiie By (ghyls 45 gt oy b, Sike @€
&¢ Means with different letters within a column are significantly different (P < 0.05).
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Table 8- The effect of daily alternate feeding of low energy and protein and standard diets on blood serum metabolites
in broiler chicks on 24 d

S Jgads

_ o2l B b slo s o) Y JBs b slogSg s

e U uslefioaenl L adeS) () ol S ) (5 ol F )
Treat| t | 4 ° § N

reatments Urea (mg/dl) Total cholesterol LDL-C (mg/dl) HDL-C (mg/dl)

(mg/dlI)

aals 5.84 167.2 71.17 68.11
Control
CP ials 07, 5.28 179.3 80.12 68.33
5% reduced CP
CP il VZID 438 153.2 74.33 59.05
7.5% reduced CP
CP a5 7+ 5.11 160.2 73.31 65.66
10% reduced CP
e 52 59y S A

WY AT L5 clao
gf 9 S 4.45 173.3 77.33 72.83
Daily switching of control
diet and 7.5% reduced CP
Obe 23 59y SO 4dE

LA L5 ¢clao
g: 9 e 4.86 167.2 79.83 64.66
Daily switching of control
diet and 10% reduced CP
Lol slore sl 0.466 0.539 0.902 0.287
SEM
Sl Jloo! 0.38 10.21 0.17 3.89
P-value

2l 518 eolatwl 550 (b5 slrds g wd5 4l e o u_ls ‘_5;»:54%3-’

S 3! 3wl
oWl prme oy g ooyl proe Coglas I Aoy
J\.Q‘AM u.w9.)).9 olKisly d))ﬁl’“‘f LS )%Jo 9 rD‘.) ul.d.a.o.?u 5
Sy dlopeo )lSan g tngn slisl el b & capa

235 oo (10,38 o S g opl pbxl

GBS sladagr 0y pb iy 9 (S5 ade iy, s

5 Cowl At biwd slads Kl O Gh)gp @l Jolye o
SbsS Sladrgr 38las Gl SISy it Sliios
2 S sgban el 5 0y50 o sl 2l sl lSal; 4
by, pls gy il aoys g b sles (iulej] o
930y Vo U el gy el S S5 1) SargS 039
bedplio iy 3,Shes p ite bl oy b o] il
Cog by 0y Slas 4 olo il bl iS5 (S5els8i00 5 01>
y ptalejl ol o ealatl )90 (slajlass 1 S 2 28y )13 450



149

ey 0 5has ) sS993 o5 G0y glite adi ST a2 oL s 9 S0

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Abbasi, M. A., Mahdavi, A. H., Samie, A. H., & Jahanian, R. (2014). Effects of different levels of dietary crude
protein and threonine on performance, humoral immune responses and intestinal morphology of broiler chicks.
Brazilian Journal of Poultry Science, 16, 35-44. https://doi.org/10.1590/S1516-635X2014000100005

Aftab, U., Ashraf, M., & Jiang, Z. (2006). Low protein diets for broilers. World's Poultry Science Journal, 62(4),
688-701. https://doi.org/10.1017/S0043933906001218

Awad, E. A., Fadlullah, M., Zulkifli, 1., Farjam, A. S., & Chwen, L. T. (2014). Amino acids fortification of low-
protein diet for broilers under tropical climate: Ideal essential amino acids profile. Italian Journal of Animal
Science, 13(2), 3166. https://doi.org/10.4081/ijas.2014.3166

Bregendahl, K., Sell, J. L., & Zimmerman, D. R. (2002). Effect of low-protein diets on growth performance and
body composition of broiler chicks. Poultry Science, 81(8), 1156-1167. https://doi.org/10.1093/ps/81.8.1156
Dozier Ill, W. A., & Moran Jr, E. T. (2002). Dimensions and light reflectance of broiler breast fillets: Influence of
strain, sex, and feeding regimen. Journal of Applied Poultry research, 11(2), 202-208.
https://doi.org/10.1093/japr/11.2.202

Fasina, Y. O., Hoerr, F. J., McKee, S. R., & Conner, D. E. (2010). Influence of Salmonella enterica serovar
Typhimurium infection on intestinal goblet cells and villous morphology in broiler chicks. Avian Diseases, 54(2),
841-847. https://doi.org/10.1637/9055-090809-Reg.1

Gholami, M., Hassanabadi, A., Nasiri Moghadam, H., & Golian, A. (2015). Effects of different levels of digestible
arginine and protein in starter diets containing ideal amino acids ratio on performance, carcass traits and serum
parameters in broiler chickens. Iranian Journal of Animal Science Research, 7(2), 139-152. (In Persian)

Golian, A., Azghadi, A., & Pilevar, M. (2010). Influence of various levels of energy and protein on performance
and humoral immune responses in broiler chicks. Global Veterinaria, 4(5), 434-440.

Khajali, F., & Wideman, R. F. (2010). Dietary arginine: metabolic, environmental, immunological and
physiological interrelationships. World's Poultry Science Journal, 66(4), 751-766.
https://doi.org/10.1017/S0043933910000711

Laudadio, V., Passantino, L., Perillo, A., Lopresti, G., Passantino, A., Khan, R. U., & Tufarelli, V. (2012).
Productive performance and histological features of intestinal mucosa of broiler chickens fed different dietary
protein levels. Poultry Science, 91(1), 265-270. https://doi.org/10.3382/ps.2011-01675

Leclercq, B. E. R. N. A. R. D. (1998). Lysine: specific effects of lysine on broiler production: comparison with
threonine and valine. Poultry science, 77(1), 118-123.

Leeson, S., & Summers, J. D. (2001). Nutrition of the chicken. 4™ rev. ed. Nottingham University Press.

Nukreaw, R., Bunchasak, C., Markvichitr, K., Choothesa, A., Prasanpanich, S., & Loongyai, W. (2011). Effects of
methionine supplementation in low-protein diets and subsequent re-feeding on growth performance, liver and
serum lipid profile, body composition and carcass quality of broiler chickens at 42 days of age. The Journal of
Poultry Science, 48(4), 229-238. https://doi.org/10.2141/jpsa.010064

Pope, T., & Emmert, J. L. (2002). Impact of phase-feeding on the growth performance of broilers subjected to
high environmental temperatures. Poultry Science, 81(4), 504-511. https://doi.org/10.1093/ps/81.4.504

Pope, T., Loupe, L. N., Pillai, P. B., & Emmert, J. L. (2004). Growth performance and nitrogen excretion of
broilers using a phase-feeding approach from twenty-one to sixty-three days of age. Poultry science, 83(4), 676-
682. https://doi.org/10.1093/ps/83.4.676

Rada, V., Foltyn, M., Lichovnikova, M., & Musilova, A. (2013). Effects of protease supplementation of low
protein broiler diets on growth parameters and carcass characteristic. Mendelnet, 2013, 268-272.

Rehman, Z. U., Kamran, J., Abd El-Hack, M. E., Alagawany, M., Bhatti, S. A., Ahmad, G., Saleem, A., Ullah, Z.,
Yameen, R. M. K., & Ding, C. (2017). Influence of low-protein and low-amino acid diets with different sources of
protease on performance, carcasses and nitrogen retention of broiler chickens. Animal Production Science, 58(9),
1625-1631. https://doi.org/10.1071/AN16687

Rosebrough, R. W., McMurtry, J. P., & Vasilatos-Younken, R. (1999). Dietary protein effects on the broiler's
adaptation to triiodothyronine. Growth, Development, and Aging: GDA, 63(3), 85-98.

SAS. 2014. SAS User’s Guide: Statistics. Version 9.4 Edition. SAS Institute Inc., Cary, NC.

Sauvant, D., Perez, J. M., & Tran, G. (2002). Tables de composition et de valeur nutritive des matiéres premiéres
destinées aux animaux d’élevage: porcs, volailles, bovines, ovins, caprins, lapins, chevaux, poisons. INRA
Editions, Versailles.

Selle, P. H., Dorigam, J. C. D. P., Lemme, A., Chrystal, P. V., & Liu, S. Y. (2020). Synthetic and crystalline
amino acids: Alternatives to soybean meal in chicken-meat production. Animals, 10(4), 729.
https://doi.org/10.3390/ani10040729

Wilkie, D. C., Van Kessel, A. G., White, L. J., Laarveld, B., & Drew, M. D. (2005). Dietary amino acids affect
intestinal Clostridium perfringens populations in broiler chickens. Canadian Journal of Animal Science, 85(2),
185-193. https://doi.org/10.4141/A04-070


https://doi.org/10.1590/S1516-635X2014000100005
https://doi.org/10.1017/S0043933906001218
https://doi.org/10.4081/ijas.2014.3166
https://doi.org/10.1093/ps/81.8.1156
https://doi.org/10.1093/japr/11.2.202
https://doi.org/10.1637/9055-090809-Reg.1
https://doi.org/10.1017/S0043933910000711
https://doi.org/10.3382/ps.2011-01675
https://doi.org/10.2141/jpsa.010064
https://doi.org/10.1093/ps/81.4.504
https://doi.org/10.1093/ps/83.4.676
http://dx.doi.org/10.1071/AN16687
https://doi.org/10.3390/ani10040729
https://doi.org/10.4141/A04-070

VFeF Ll ¥ oylod Y alr oyl ! (olo pole leiamgly 4 i VAY

23.

24.

25.

Yang, Y. X., Guo, J., Yoon, S. Y., Jin, Z.,, Choi, J. Y., Piao, X. S., Kim, B. W., Ohh, S. J., Wang, M. H., & Chag,
B. J. (2009). Early energy and protein reduction: effects on growth, blood profiles and expression of genes related
to protein and fat metabolism in  broilers.  British  Poultry  Science, 50(2), 218-227.
https://doi.org/10.1080/00071660902736706

Zamani, M., Rezaei, M., Teimouri Yansari, A., Sayyahzadeh, H., & Niknafs, F. (2012). The effect of different
levels of energy and protein of the final ration on performance, carcass characteristics and blood serum lipids
concentration of broiler chickens. Research on Animal Production, 32, 86-692. (In Persian)

Zarate, A. J., Moran Jr, E. T., & Burnham, D. J. (2003). Reducing crude protein and increasing limiting essential
amino acid levels with summer-reared, slow-and fast-feathering broilers. Journal of Applied Poultry Research,
12(2), 160-168. https://doi.org/10.1093/japr/12.2.160


https://doi.org/10.1080/00071660902736706
https://doi.org/10.1080/00071660902736706
https://www.researchgate.net/profile/Asadollah-Teimouri-Yansari-2?_sg%5B0%5D=ZVXra7FYvSHXPlKouYf7KbxPvlTyTG9N39aanj1EDGH5v5YCixPU8zh_0WkJxFsRPOPQRGw.jcRO5hh_IqJ2fyFCwnFYQM6WFQI9iAKTjQe-Hv1Bz4aB4Px_ApZXCkia7-_w6W5-III4Y99BpetT76RrwP3LeA&_sg%5B1%5D=9jnNYd75uV0Kk7T3tXvkBQYDJNGuWMtvI3KFL9hiL97X-BA_02-X-2_vSVK1sAoHp075gQA.gYqlv15dLEKMoNge6EnqWG9HHAS8lIz0AfAR294G6RsRns2kZ9hg3jaB8bb-NflhOZ7yDMNRduQAZKVJu9B1kA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.1093/japr/12.2.160

