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Abstract

Introduction: As the cost of high-energy feed ingredients like oils and cereals continues to rise, creating cost-
effective poultry diets while maintaining production performance has become increasingly challenging. One
approach to tackle this issue is to lower dietary metabolizable energy (ME) levels and offset the reduction by
incorporating feed additives such as multi-enzymes and phytogenic compounds. Multi-enzymes enhance nutrient
digestibility by breaking down anti-nutritional factors like non-starch polysaccharides, which improves gut
function and nutrient absorption. Phytogenic compounds, sourced from herbs and spices, are recognized for their
antimicrobial, antioxidant, and digestive stimulant properties. However, their effectiveness in low-energy diets is
not yet fully understood. This study aimed to assess the individual and combined impacts of multi-enzymes and
a phytogenic compound on the performance, nutrient digestibility, and egg quality of laying hens fed reduced-
energy diets.

Materials and methods: A total of 320 Hy-Line W-36 laying hens, aged 70 weeks, were randomly assigned to
eight dietary treatments using 2x2x2 factorial arrangements in a completely randomized design, with eight
replicates of five birds each. The study continued until the hens reached 78 weeks of age. The experimental factors
included two levels of dietary metabolizable energy (2800 and 2650 kcal/kg), the inclusion or exclusion of multi-
enzyme supplementation (200 g/ton), and the presence or absence of a standardized phytogenic compound
(0.02%). The eight dietary treatments were as follows: (1) control diet (2800 kcal/kg), (2) control diet with
enzyme, (3) control diet with phytogenic compound, (4) control diet with both enzyme and phytogenic compound,
(5) reduced-energy diet (2650 kcal/kg), (6) reduced-energy diet with enzyme, (7) reduced-energy diet with
phytogenic compound, and (8) reduced-energy diet with both enzyme and phytogenic compound. Data were
collected on feed intake, egg production, egg weight, feed conversion ratio, mortality, nutrient digestibility (using
acid-insoluble ash marker), and egg quality traits, including yolk color, shell strength, and Haugh unit.

Results and discussion: Hens on the control diet (2800 kcal/kg) demonstrated significantly superior (P<0.05)
performance in egg production, egg weight, egg mass, and feed conversion ratio compared to those on a reduced-
energy diet (2650 kcal/kg). However, supplementing the reduced-energy diet with multi-enzymes and phytogenic
compounds markedly enhanced these parameters. Notably, hens receiving both enzyme and phytogenic compound
supplements with the reduced-energy diet achieved production performance comparable to the control group,
indicating that these additives effectively offset the lower energy content. Digestibility studies revealed that
supplementation with enzymes and phytogenic compounds, whether alone or combined, significantly improved
(P<0.05) the digestibility of dry matter, crude protein, crude fiber, and metabolizable energy, especially in
reduced-energy diets. This improvement likely resulted from enhanced enzyme-substrate interactions, better gut
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morphology, and improved microbial balance in the gastrointestinal tract. Egg quality also benefited from the
supplements. Phytogenic compounds enhanced yolk color through their natural carotenoid content, while enzyme
supplementation improved eggshell strength, likely by increasing calcium absorption. A significant three-way
interaction among energy level, enzyme, and phytogenic compound was observed for various traits, including egg
production, egg mass, feed conversion ratio, and yolk pigmentation, underscoring a synergistic effect of these
dietary components.

Conclusions: Reducing dietary energy from 2800 to 2650 kcal/kg adversely affected the performance, nutrient
digestibility, and egg quality of laying hens. However, adding multi-enzymes and phytogenic compounds helped
counteract these negative effects. The combination of these additives was especially effective in improving
performance, digestibility, and egg quality in hens on reduced-energy diets. This makes the additives a viable
strategy for cost-effective and sustainable poultry production. These findings highlight the potential of integrating
enzyme-phytogenic mixtures into layer diets with lower metabolizable energy to maintain optimal productivity
without sacrificing economic efficiency.
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Table 1. Composition of feed ingredients and nutrient components of experimental diets (percentage)

Feed ingredient Reduced energy Standard energy
Corn 58 58.1
Soybean meal 28.4 28.5
Oil 1.9 2.6
Calcium carbonate 9.6 9.6
Dicalcium phosphate 0.95 1.16
Vitamin premix’ 0.25 0.25
Mineral premix? 0.25 0.25
DL-Methionine 0.185 0.180
Salt 0.41 0.41
Total 100 100
Nutrient composition

Metabolizable energy (kcal/kg) 2650 2800
Crude protein (%) 17.5 17.5
Calcium (%) 4.10 4.10
Available phosphorus (%) 0.32 0.37
Sodium (%) 0.18 0.18
Methionine (%) 0.46 0.46
Linoleic acid (%) 1.13 1.11
Lysine (%) 0.82 0.84
Threonine (%) 0.67 0.68
Tryptophan (%) 0.20 0.20
Valine (%) 0.74 0.76

! Provided (per kilogram of deit): Ca3(PO4)2, 28.0 g; K2HPO4, 9.0 g; NaCl, 8.89 g; MgSO4 7H20, 3.5 g; ZnCOs, 0.10 g; CaCOs,
3.0 g; MnSO4 H20, 0.65 g; FeSO4 7H20, 0.42 g; KI, 40 mg; CuSOs 5H:20, 20 mg; Naz2MoOs 2H-20, 9 mg; H3:BO3, 9 mg; CoSOa4

7H20, 1 mg; Na2SeOs, 0.22 mg.

2 Provided (per kilogram of diet): thiamin HCL, 20 mg; niacin, 50 mg; riboflavin, 10 mg; D-Ca-pantothenate, 30 mg; vitamin
Bi2, 0.04 mg; pyridoxine HCL, 6 mg; D-biotin, 0.6 mg; folic acid, 4 mg; menadione dimethylpyrimidinol bisulfate, 2 mg;
cholecalciferol, 15 pg; retinyl acetate, 1.789 pg; ascorbic acid, 250 mg.
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Table 2. Effect of experimental treatments on the performance of laying hens over the entire period

Main effect Mortality  Egg Egg Feed Production

(%) mass weight (g) intake (g) (%)
Metabolizable
energy (kcal/kg)
2800 1.78 4.8  1.77° 64.32 113.8° 67.7%
2650 1.78 41.5>  1.78 63.0° 117.6 65.9°
SEM 0.03 0.36 0.014 0.12 0.84 0.43
Enzyme
- 1.78 41.3> 185 62.5° 116.2 65.5°
+ 1.78 43.1*  1.82 63.8° 1151 68.12
SEM 0.02 0.32 0.016 0.19 0.72 0.69
Phytogenic
supplement
- 1.78 41.3 1.84 63.5 116.2 65.6°
+ 1.78 43.0 1.82 63.8 115.1 67.9*
SEM 0.03 028 0.017 0.16 0.66 0.61
Interaction effects
Energy Enzyme  Phytogenic

supplement

2800 - - 1.92 41.4°  1.79° 63.9% 112.7° 65.8%
2800 - + 1.8 426 1.81° 64.4° 114.5° 67.2°
2800 + - 1.7° 423> 1.80° 64.2° 113.6° 69.9%
2800 + + 1.7° 45.5*  1.80° 64.6* 114.3° 70.8%
2650 - - 1.6° 39.8¢  1.942 62.7° 121.9° 63.5¢
2650 - + 1.8 41.6° 1.84° 62.9° 115.6° 66.1°
2650 + - 1.92 41.6° 1.85° 63.1% 116.8° 65.9°
2650 + + 1.8% 43.2>  1.83b 63.3% 115.9° 68.2°
SEM 0.04 0.54 0.018 0.11 0.71 0.75

¢ Values with a different superscript letter within each column indicate significant difference at <0.05. SEM: Standard error

of the means
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Table 3. Effect of experimental treatments on the quantitative traits of laying hens' eggs
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Main effect Shell ~ Albumin  Yolk Broken  Shell less Height

(%) (%) ()  Egg(%)  egg (%) (cm)
Metabolizable energy
(kcal/kg)
2800 8.1 61.8 29.4° 2.54 1.9 6.28
2650 8.6 62.0 30.1° 2.43 1.8 6.25
SEM 0.04 0.04 0.02 0.06 0.84 0.04
Enzyme
- 8.4 62.0 29.5 2.50 1.9 6.20
+ 8.2 61.8 30.0 2.38 1.8 6.33
SEM 0.03 0.03 0.03 0.08 0.72 0.06
Phytogenic supplement
- 8.7 61.9 29.5° 2.50 1.9 6.25
+ 8.0 62.0 30.3 2.38 1.8 6.28
SEM 0.04 0.02 0.02 0.07 0.66 0.03
Interaction effects
Energy Enzyme Phytogenic

supplements

2800 - - 8.4 61.8 29.8* 2.6 1.9 6.2
2800 - + 8.2 61.7 30.1° 23 1.8 6.3
2800 + - 7.9 61.9 30.2 2.4 1.8 6.2
2800 + + 7.9 61.8 30.3 2.5 2.0 6.4
2650 - - 9.0 62.1 28.9° 2.6 1.9 6.2
2650 - + 9.0 61.9 29.1° 2.5 1.8 6.3
2650 + - 8.5 62.2 29.3° 24 2.1 6.2
2650 + + 7.9 61.9 30.2* 24 1.9 6.3
SEM 0.53 0.06 0.02 0.11 0.12 0.08

b Values with a different superscript letter within each column indicate significant difference at P<0.05. SEM: Standard error of the
means
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Table 4. Effect of experimental treatments on the quality traits of laying hen eggs

Main effect Shell Shell strength ) Haugh Yolk

weight N/m?) Thickness unit color
Metabolizable
energy (kcal/kg)
2800 84.03 424 0.339 75.4 3.45b
2650 85.18 425 0.340 74.5 3.56°
SEM 1.16 2.6 0.0035 0.48 0.04
Enzyme
- 84.42 424 0.337 74.0 3.47°
+ 84.79 425 0.341 76.0 3.542
SEM 1.27 35 0.0029 0.89 0.06
Phytogenic
supplement
- 82.92 419 0.334 73.7 3.46°
+ 86.29 430 0.344 76.2 3.552
SEM 2.32 38 0.0058 1.27 0.03
Interaction effects
Energy Enzyme Phytogenic

supplements

2800 - - 81.94 415 0.326 73.5 3.32¢
2800 - + 82.56 421 0.338 74.9 3.49b
2800 + - 85.76 431 0.346 75.1 3.48°
2800 + + 85.84 429 0.345 78.2 3.51%
2650 - - 83.71 418 0.334 72.1 3.47°
2650 - + 83.45 422 0.337 74.3 3.56*
2650 + - 86.25 430 0.342 75.2 3.61°2
2650 + + 87.31 428 0.344 76.3 3.582
SEM 2.502 4.7 0.0042 2.13 0.032

¢ Values with a different superscript letter within each column indicate significant difference at P<0.05. SEM: Standard error

of the means
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Table 5. Effect of experimental treatments on the digestibility of feed components in laying hens
Main effect P Ca Ash Fiber CP AME
) () (%) (%) (%) (Kcalkg)
Metabolizable
energy (kcal/kg)
2800 84.4 855 84.6 53.1 82.6° 92.2
2650 853 859 850 52.6 84.0° 93.0
SEM 059 072 1.23 0.56 0.43 1.26
Enzyme
- 845 856 84.1 51.9 81.9° 92.8°
+ 852 858 855 53.8 84.7 94.52
SEM 0.46 0.51 1.17 0.47 0.58 1.02
Phytogenic
supplement
- 84.4 856 837 51.5° 81.6° 93.1
+ 853 858  86.0 54.1* 84.9° 94.1
SEM 0.68 047 159 0.39 0.63 1.13
Interaction effects
Energy Enzyme Phytogenic
supplement
2800 - - 83.7 852 821 49.6°  78.1¢ 92.6°
2800 - + 842 849 845 53.42 82.4¢ 94,82
2800 + - 84.6 862 857  54.1°  83.1% 93.9®
2800 + + 85.1 858 86.2 55.2¢ 86.7° 95.6%
2650 - - 842 857 832 50.3° 81.7° 91.7°
2650 - + 85.6 865 849  52.9% 842° 93.5%
2650 + - 854 853 856  53.4*° 846 92.8°
2650 + + 86.1 86.1 86.3 53.6* 85.3% 94.1%
SEM 083 0.84 146 1.12 0.93 1.4

¢ Values with a different superscript letter within each column indicate significant difference at P<0.05. SEM: Standard

error of the means
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