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Dietary metabolic energy/lysine
ratios improve the yolk color and
Hastelloy unit without affecting
the egg performance of brown
laying hens
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Yunguo Liu®, Qiangian Zhang™ and Jianying Zhang™
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Enforcement Team, Agricultural and Rural Affairs Bureau of Lanshan District, Linyi, Shandong, China,
sLinyi Vocational University of Science and Technology, Linyi, Shandong, China

This experiment evaluated the impact of varying ratios of dietary metabolic
energy: lysine (ME: Lys) in the diet on egg production, egg quality, and feed intake
of laying hens. A total of 432 Hy-line brown laying hens, aged 55 wk, were reared
over a period of 11 weeks. Hens were individually assigned to a basal standard diet
with a ME to Lys ratio of 275:64 kcal/mg, along with five additional ratio types:
270:74 kcal/mg, 275:74 kcal/mg, 280:74 kcal/mg, 285:74 kcal/mg, and 290:74
kcal/mg. Feed and fecal digestibility were determined and egg quality were
assayed on wk 1, 5, 9 and 11. The results indicated that an ME/Lys ratio of 285:74
kcal/mg improved yolk color pigment during weeks 9 and 11. Additionally, a ratio
of 290:74 kcal/mg contributed to higher Hastelloy unit measurements during
weeks 5, 9, and 11. In summary, while different ME/Lys ratios had no impact on
overall egg production, both the 285:74 and 290:74 kcal/mg ratios demonstrated
positive effects on deeper yolk color pigment and higher Hastelloy unit values.
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Introduction

Eggs are globally recognized as a high quality, cost-effective protein source that offers
nutritional and health benefits, leading to a 40% increase in consumption over the past 20
years. Accumulated evidence has demonstrated that the egg production and quality are
affected by dietary metabolic energy (ME) and amino acids. The NRC (1994) recommends
the optimal ME and protein levels in layer hens under ideal environment and management.
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For brown laying hens, the NRC (1994) recommends an ME level of
2,860 kcal/kg and a crude protein (CP) content of 16%. However,
evidence from various studies indicates that the optimal levels of
ME and CP may differ during different phases, significantly
impacting egg production and quality (Junqueira et al., 2006; Li
et al., 2023; Li et al., 2024). For feed formulation, the ME level and
the protein content are the two major nutritional parameters to
consider (Ding et al., 2016), which mainly consist of corn, wheat,
and soybean meal. Wu et al. (2005) indicated that increasing the ME
from 2,719 to 2,956 kcal/kg resulted in the reduction of feed intake
from 107.6 to 101.1 g/hen per day while increasing the egg weight.
Kim and Kang (2022) reported that the feed intake of Hy-Line
Brown laying hens (30-50 weeks) decreased when the dietary ME
increased from 2,700 to 2,800 kcal/kg in the diet. However, recent
findings by Li et al. (2024) illustrated that ME at 2,800 kcal/kg
decreased the feed intake and elevated the cholesterol content, but
failed to change the egg mass, egg weight, and quality. This
discrepancy in research outcomes highlights the current lack of
consensus on the optimal ME levels for Hy-Line Brown layers
during their post-peak production phase.

In addition to energy, amino acids play a significant role in
influencing egg quality and production. Lysine (Lys), recognized
as the second limiting amino acid in poultry nutrition, has
contradictory effects on both egg production and quality
(Kakhki et al., 2016). The NRC (1994) lists a Lys requirement of
690 mg/bird per day for white egg-laying hens. Affected by variety,
age, and genetic selection, the Lys requirements were 860, 700, and
820 mg/bird per day in a previous research (Al Bustany and
Elwinger, 1987). More recent research by Silva et al. (2015) found
that Dekalb White hens achieved the optimum economic Lys
intake with 699, 658, and 667 mg Lys per bird per day at 37-40,
41-44, and 45-48 weeks of age, respectively. A linear effect was
found between the Lys levels (550-755 mg) and both egg weight
and production in hens at 54-70 weeks of age (Edwiney et al,
2009). In the latest studies, Scappaticcio et al. (2021) indicated that
laying hens require digestible Lys below 744 mg/day at 19-59
weeks old, with higher levels positively influencing egg mass and
shell strength. Their study also found that apparent ME (2,680 and
2,780 kcal/kg) and standard ileal digestible Lys (680, 720, and 800
mg) had no effect on the egg quality and production. Nevertheless,
discrepancies remain with regard to the optimal ME/Lys ratio,
particularly for Hy-Line Brown hens during the post-peak
laying phase.

During the late egg-laying stage, Hy-Line Brown hens
experience a decline in both production performance and egg
quality (Molnar et al.,, 2016; Alfonso-Carrillo et al., 2021).
Although the egg weight, the thin-shelled egg rate, and the
malformed egg rate increased with hen age, the Haugh unit, yolk
color, and eggshell-breaking strength decreased (Ketta and
Tumova, 2016; Molnar et al,, 2016). While ME and Lys are
known to influence layer performance, their optimal levels remain
controversial, particularly for modern Hy-Line Brown strains
during post-peak production (37-72 weeks). Therefore, in the
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current study, we designed the dietary 2,700-2,900 kcal/kg ME
and 640-740 mg/kg digestible Lys combination and hypothesized
that this maintains the same level of protein for maximizing the egg
mass and egg quality of Hy-Line brown layer hens.

Materials and methods
Ethics statement

The experimental protocols describing the management and
care of animals were reviewed and approved by the Animal Care
and Use Committee of Linyi University (protocol no.
LYU20240103). This trial obeyed animal ethical approval to avoid
animal abuse and stress during the period.

Animals and housing

A total of 432 Hy-Line Brown laying hens (385 days old) with
similar body weights were acquired for this study. Each group
consisted of six replicates (72 chickens), with two hens housed
together in each cage (38 cm x 50 cm x 40 cm). The birds were
housed in a temperature-controlled environment maintained at 23°
C for an 11-week experimental period.

The hens were randomly allocated into six dietary treatment
groups based on the following ME/Lys ratios: 275:64, 270:74,
275:74, 280:74, 285:74, and 290:74 kcal/mg. Six experimental diets
contained 16.2 g/kg protein, as shown in Table 1. Throughout the
11-week study period, the animals received 8 h of daily lighting and
16 h of darkness. The environmental conditions were carefully
maintained, with ambient temperature ranging between 20°C and
22°C and relative humidity at 60%-70%.

Sampling and measurements

Feed placement and surplus were recorded using a cage unit on
weeks 1, 5,9, and 11. Daily records were maintained for the egg mass
and egg weight. Egg quality analysis was conducted on the final day of
each week by randomly selecting five eggs per treatment. Soft and
broken eggs were excluded from the analysis. Egg weight was
determined individually using a digital electronic scale (0.01-1 g).
The egg yolk and albumen were separated with a commercial
handheld egg separator. Paper napkins were used to eliminate
adherent albumen residues from the yolks, and the yolks were then
weighed. The fresh eggshells were washed with water, dried for 48 h,
and weighed. The eggshell thickness was measured using a
micrometer apparatus (0.001-mm; Model 293-240 mitutoyo co, Itd
Kanagawa, Japan) at three disparate sites (top, middle, and bottom),
which were averaged to calculate the overall eggshell thickness. The
Haugh unit was calculated according to the following formula: Haugh
units=100xlog[albumen height(mm)+7.57-1.7x (egg
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TABLE 1 Composition of the diet of laying hens (as-fed basis).

ME/Lys ratio

10.3389/fanim.2025.1638293

275:74 280:74
Ingredients (%)
Corn 56.79 59.53 57.28 55.86 54.44 53.03
Wheat grain 4.00 4.00 4.00 4.00 4.00 4.00
Wheat bran 5.00 5.00 5.60 5.60 5.60 5.60
Soybean meal 11.80 10.18 10.18 10.23 10.30 10.40
Corn gluten meal - 1.50 1.45 1.45 1.45 1.45
Soybean meal(dehulled) 10.00 9.20 9.44 9.63 9.80 9.92
Tallow 235 0.53 1.99 3.17 4.35 5.54
Calcium hydrogen phosphate 1.40 1.40 1.40 1.40 1.40 1.40
Limestone 8.06 8.06 8.06 8.06 8.06 8.06
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Methionine (99%) 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix* 0.10 0.10 0.10 0.10 0.10 0.10
Mineral mix” 0.10 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00 100.00
Calculated value
Crude protein (%) 16.20 16.20 16.20 16.20 16.20 16.20
Metabolic energy (kcal/kg) 2750 2700 2750 2800 2850 2900
Lysine (%) 0.64 0.74 0.74 0.74 0.74 0.74
M+C (%) 0.68 0.71 0.70 0.69 0.69 0.68
Ca (%) 3.57 3.57 3.57 3.57 3.57 3.57
P (%) 0.55 0.56 0.56 0.56 0.56 0.55

“Provided per kilogram of diet: vitamin A, 10,800 IU; vitamin D3, 4,000 IU; vitamin E, 40 IU; vitamin K3, 4 mg; vitamin B1, 6 mg; vitamin B2, 12 mg; vitamin B6, 6 mg; vitamin B12, 0.05 mg;

biotin, 0.2 mg; folic acid, 2 mg; niacin, 50 mg; p-calcium pantothenate, 25 mg.

"Provided per kilogram diet: Fe, 100 mg as ferrous sulfate; Cu, 17 mg as copper sulfate; Mn, 17 mg as manganese oxide; Zn, 100 mg as zinc oxide; I, 0.5 mg as potassium iodide; Se, 0.3 mg as

sodium selenite.

weight”0.037)]. (Gunawardana et al., 2008). Egg production was
determined by dividing the total number of picked eggs by the
number of layers in each treatment group throughout the testing
period. The results were expressed as a percentage.

Statistical analyses

The data were analyzed using Shapiro-Wilk in SAS (SAS
Institute, 1996) to assess the data heterogeneity. The egg weight at
weeks 9 and 11 and the yolk color at week 5 did not conform to
normal distribution, and these were analyzed using a non-
parametric one-way ANOVA. For other data, a parametric one-
way ANOVA was used. Differences were assessed utilizing
Duncan’s multiple-range tests. Variability was expressed as the
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standard error of the mean (SEM), and a p-value <0.05 was
considered statistically significant.

Results

The feed consumption data for weeks 1-11 are presented in
Table 2. Diets with an ME/Lys ratio of 270:74 mg/kg promoted a
higher feed intake compared with those using the ratios 280:74,
285:74, and 290:74 kcal/mg (p = 0.01). When ME was maintained at
2,750 kcal/kg, the average daily feed intake (ADFI) of laying hens
remained consistent across weeks.

Table 3 shows that the egg production, the egg breaking rate,
and the egg weight rate >60 g (p > 0.05) were not affected by dietary
ME/Lys supplementation throughout the experiment.
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TABLE 2 Influence of dietary metabolizable energy-to-lysine ratios on the feed intake of laying hens.

ME/Lys (kcal/mg)

275:64 270:74 275:74 280:74 285:74 290:74

1 week
ADFLg/d 130.33a 131.00a 130.83a 130.17ab 126.83ab 126.00b 1.134 <0.001
FCR 2372 2.398 2.383 2.395 2.353 2.248 0.038 0.481

‘ 5 weeks
ADFLg/d 133.67a 132.33a 129.00ab 125.50abc 122.67ab 120.67a 2311 <0.001
FCR 2.345 2313 2.335 2315 2315 2.367 0.040 0.724

‘ 9 weeks
ADFLg/d 127.00ab 129.33a 129.83a 124.67b 127.50ab 126.67ab 1.529 0.024
FCR 2.363 2315 2.378 2.372 2.328 2.340 0.040 0.553

‘ 11 weeks
ADFLg/d 129.67a 128.15ab 126.66ab 128.34a 122.00b 123.67ab 1.659 <0.001
FCR 1411 2.335 2375 2335 2328 2.375 0.038 0.229

As shown in Table 4, the egg weight, the eggshell strength, and ~ and 11 (p < 0.01). When ME was maintained at 2,750 kcal/kg, a
the eggshell thickness did not differ significantly among the groups  dietary Lys level of 740 or 640 mg/kg had no significant effect on the
throughout the experimental period (p > 0.05). However, the yolk  yolk color (p > 0.05). The Haugh unit remained consistent across
color was significantly deeper in the group administered 285:74 kcal/ ~ weeks 1, 5, and 11, except at week 9, where it was significantly higher
mg ME/Lys compared with the other ME/Lys ratio groups at weeks 9 in the 290:74 kcal/mg group than that in the other groups (p < 0.05).

TABLE 3 Influence of dietary metabolizable energy-to-lysine ratios on the feed intake of laying hens.

ME/Lys (kcal/mg)

275:64 270:74 275:74 280:74 285:74 290:74

Egg production (%)

1 week 84.13 82.94 84.33 84.33 85.71 87.30 2.10 0.76
5 weeks 90.87 87.70 90.67 89.88 89.29 89.88 1.89 0.92
9 weeks 88.10 87.10 86.90 85.71 86.51 88.10 2.16 0.97
11 weeks 85.71 84.72 89.48 86.11 84.92 83.53 2.33 0.58

Egg breaking rate (%)

1 week 0.00 0.00 0.27 0.00 0.00 0.70 0.24 0.22
5 weeks 0.00 0.00 0.00 0.00 0.00 0.00 - -

9 weeks 0.00 0.00 0.00 0.00 0.00 0.00 - -

11 weeks 0.00 0.00 0.00 0.00 0.00 0.00 - -
Egg weight >60 g

1 week 65.12 69.09 66.37 70.85 71.96 76.24 4.86 0.63
5 weeks 71.44 76.83 74.07 75.02 77.86 78.37 451 0.89
9 weeks 75.16 77.59 82.24 76.50 82.64 83.99 4.39 0.62
11 weeks 71.50 75.97 78.79 73.56 77.05 85.12 4.66 0.41
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TABLE 4 Influence of dietary metabolizable energy-to-lysine ratios on the feed intake of laying hens.

ME/Lys (kcal/mq)

270:74 275:74 280:74 285:74 290:74
1 week
Egg weight (g) 61.11 61.31 61.20 62.07 62.32 61.83 0.80 0.842
Yolk color 7.17 7.22 7.23 7.07 7.08 717 0.14 0.811
Hastelloy unit 82.50 82.43 82.81 84.14 83.08 83.55 0.76 0.584
Eggshell strength (kg/cm?) 3.90 3.94 3.86 3.93 3.87 3.89 0.07 0.799
Eggshell thickness (mm2) 41.79b 42.83ab 43.29ab 42.12b 42.47ab 44.17a 0.61 0.070
5 weeks
Egg weight (g) 62.43 64.55 64.25 65.24 65.12 64.81 0.91 0285
Yolk color 7.17 6.27 7.32 7.29 7.44 7.23 0.11 0.295
Hastelloy unit 77.39b 83.34ab 80.37b 83.75ab 84.16ab 89.22a 2.44 0.028
Eggshell strength (kg/cm?) 3.88 3.86 3.78 3.84 3.81 3.83 0.04 0.281
Eggshell thickness (mm?) 39.60a 38.40ab 38.52ab 38.36ab 36.92bc 36.28¢ 0.60 0.015
9 weeks
Egg weight (g) 63.22 64.01 64.78 64.86 63.57 63.73 0.97 0.804
Yolk color 7.14b 7.27b 7.36ab 7.32ab 7.50a 7.14 0.07 0.002
Hastelloy unit 85.56bc 89.23ab 81.87¢c 82.57¢ 79.11c 94.16a 2.20 0.017
Eggshell strength (kg/cm?) 363 375 351 396 3.66 385 0.06 0.114
Eggshell thickness (mm™?) 37.57ab 38.34a 35.77¢ 35.68¢ 36.32bc 35.33¢ 0.60 0.012
11 weeks
Egg weight (g) 61.97 62.70 62.86 64.21 61.63 62.85 0.93 0.464
Yolk color 7.27b 7.23b 7.31b 7.31b 7.51a 7.25b 0.06 0.001
Hastelloy unit 69.81b 87.96a 81.22a 85.01a 81.86a 89.47a 3.07 0.013
Eggshell strength (kg/cmz) 391 3.98 3.85 3.92 3.96 4.00 0.07 0.342
Eggshell thickness (mm?) 34.14b 35.40b 36.96a 35.32b 34.57b 35.17b 0.54 0.014

Mean + SEM (n = 6). Means in the same row with different lowercase letters differ (p < 0.05).

Discussion

“Chickens eat for energy” has been proven in this trial as the
hens fed relatively less on the high-energy (2,900 kcal/kg) than the
low-energy diet (2,700 kcal/kg), as demonstrated in numerous
studies (Wu et al., 2005; Kingori et al., 2014; Classen, 2017;
Ahiwe et al,, 2018). Independent of the protein levels, layer hens
had a lower feed intake of the high-energy diet than the low-energy
diet (Ding et al.,, 2016; Li et al., 2013; Kim and Kang, 2022) as per the
100-kcal/kg ME difference reduction. It was also found that, under
the same 2,750 kcal/kg of ME, hens had the same feed intake of any
diet containing 740 or 640 mg/kg Lys from 56 to 67 weeks of age. In
contrast, 650 mg/kg Lys contributed to more feed intake than 670
mg/kg Lys in the diet only for 1 week at 65 weeks of age (Sharif
et al., 2020).
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Extra supplementation of corn and poultry oils contributed to
greater egg weights (Bohnsack et al., 2002; Reda et al.,, 2020).
However, in this study, the egg production, the egg breaking rate,
and the egg weight remained unaffected by the varying ME/Lys
ratios. Evidence indicated that the low energy, temperature, and
breed may be related to the egg weight and mass, except for
sufficient Lys level (van Eck et al,, 2024). Our findings align with
those of studies demonstrating no difference in the egg
production when the energy levels were 2,519, 2,798, and 3,078
kcal/kg or when the ME deceased from 3,002 to 2,447 kcal/kg
(Mathlouthi et al., 2002; Wu et al., 2005; Li et al., 2025).
Contrasting results were indicated by Mathlouthi et al. (2002)
and Rao et al. (2011), where the decrease in ME in brown layer
hens from 2,753 to 2,653 kcal/kg and from 2,800 to 2,300 kcal/kg
decreased the egg mass. With Lys levels of 716 and 750-950 mg/
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kg, the egg production and egg mass were not different (Novak
et al., 2004; Fouad et al., 2018).

The egg parameters such as yolk color, albumen, eggshell, and the
Hastelloy unit are key indicators of egg quality and are easily affected
by major dietary elements (Novak et al., 2004; Shim et al,, 2013).
Pastore et al. (2018) proposed that Lys primarily supports egg
production and modulates the synthesis of egg components. In the
present study, there was no significant difference in the Haugh unit
values observed between dietary Lys levels of 640 and 740 mg/kg. The
Haugh unit serves as an indicator of egg protein quality, reflecting the
degree of thick albumen thinning, with values below 60 indicating
poor protein consistency. However, in this study, the Haugh unit
value exceeded 79, suggesting superior protein quality, which may be
attributed to the optimal ME/Lys ratio of 290:74 kcal/mg.

Interestingly, the yolk color increased as the dietary ME
increased (Gunawardana et al., 2008). In this study, 2,850 kcal/kg,
and not 2,900 kcal/kg, ME resulted in deeper yolk color pigment. A
likely explanation is that, as xanthophylls are fat soluble, more
xanthophylls may have been deposited in the egg yolk as pigments
with the increase in dietary fat (Gunawardana et al,, 2008; Ortiz
et al, 2021). In Dekalb Delta hens, Lys at 716 mg/day had no effect
on the egg production and feed intake at age 43 weeks (Novak
et al., 2004).

Conclusion

In summary, in the present study, a Lys level of 640 or 740 mg/
kg did not affect the ADFI, egg production, or quality. Only the
285:74 kcal/mg ME/Lys ratio improved the yolk color pigment in
the later stages of the trial. Based on the feed savings and
experimental results, we recommend a ME/Lys ratio of 285:74
mg/kg for 55-week-old Hy-Line brown layer hens. Due to the
limitation of the starting point of high energy and high protein
level, ME/Lys at 270:64, 270:74, 275:74, 280:74, and 290:74 mg/kg
had no benefits on the egg production or mass.
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