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Abstract
This experiment aimed to investigate the effects of dietary manganese methio-
nine supplementation on production performance, egg quality, and serum bio-
chemical parameters in laying hens. A total of 480 commercial“Jinghong No. 1”
laying hens at 53 weeks of age with similar production performance were ran-
domly allocated into 5 groups, with 6 replicates per group and 16 hens per
replicate. The hens were fed a corn-soybean meal basal diet (containing no
manganese in the 5% premix). The control group received the basal diet supple-
mented with 60 mg/kg manganese sulfate (as manganese), while the experimen-
tal groups received the basal diet supplemented with 20, 40, 60, or 80 mg/kg
manganese methionine (as manganese), respectively. The pre-trial period lasted
1 week, and the formal trial period lasted 9 weeks. The results showed: 1) The
average daily feed intake of hens in the 40 mg/kg manganese methionine group
was significantly higher than that of the control group (P<0.05), increasing by
3.23% compared to the control group; dietary manganese methionine supplemen-
tation had no significant effect on laying rate, average egg weight, or feed-to-egg
ratio (P>0.05). 2) The Haugh unit, eggshell strength, and eggshell thickness
in the 60 and 80 mg/kg manganese methionine groups were significantly higher
than those in the control group (P<0.05), with Haugh unit increasing by 8.42%
and 10.33% compared to the control group (P<0.05), eggshell strength increas-
ing by 12.13% and 17.05% compared to the control group (P<0.05), and eggshell
thickness increasing by 8.57% compared to the control group (P<0.05); dietary
manganese methionine supplementation had no significant effect on albumen
height or yolk color (P>0.05). 3) The serum uric acid content in the 80 mg/kg
manganese methionine group was significantly lower than that in the control
group (P<0.05), decreasing by 25.12% compared to the control group; dietary
manganese methionine supplementation had no significant effect on serum alka-
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line phosphatase, aspartate aminotransferase (AST), alanine aminotransferase
(ALT) activities, or calcium, phosphorus, glucose, total protein, and albumin
contents (P>0.05), but the serum alkaline phosphatase activity, albumin, and
calcium contents in the manganese methionine supplementation groups showed
an upward trend compared to the control group. In conclusion, dietary man-
ganese methionine supplementation can improve egg quality, inhibit protein
catabolism, and enhance protein utilization efficiency.

Full Text
Effects of Dietary Manganese Methionine on Performance,
Egg Quality and Serum Biochemical Parameters of Laying
Hens
ZHOU Minyao, MIAO Liping, QI Mingxing, ZOU Xiaoting*

(Key Laboratory of Animal Nutrition and Feed Science of Ministry of Agricul-
ture, Feed Science Institute, Zhejiang University, Hangzhou 310058, China)

Abstract: This experiment was conducted to investigate the effects of dietary
manganese methionine on performance, egg quality, and serum biochemical pa-
rameters of laying hens. Four hundred and eighty 53-week-old“Jinghong No. 1”
commercial laying hens with similar production performance were randomly al-
located to 5 groups with 6 replicates per group and 16 hens per replicate. The
hens were fed a corn-soybean meal basal diet (without manganese in the 5% pre-
mix). The control group received the basal diet supplemented with 60 mg/kg
manganese sulfate (as manganese), while the experimental groups received the
basal diet supplemented with 20, 40, 60, or 80 mg/kg manganese methionine (as
manganese), respectively. The pre-test period lasted for 1 week, and the formal
test period lasted for 9 weeks. The results showed: 1) The average daily feed
intake of hens in the 40 mg/kg manganese methionine group was significantly
higher than that of the control group, increasing by 3.23% (P<0.05). Dietary
manganese methionine had no significant effects on laying rate, average egg
weight, or feed-to-egg ratio (P>0.05). 2) The Haugh unit, eggshell strength,
and eggshell thickness in the 60 and 80 mg/kg manganese methionine groups
were significantly higher than those in the control group (P<0.05). Specifically,
the Haugh unit increased by 8.42% and 10.33% (P<0.05), eggshell strength
increased by 12.13% and 17.05% (P<0.05), and eggshell thickness increased
by 8.57% (P<0.05) compared with the control group. Dietary manganese me-
thionine had no significant effects on albumen height or yolk color (P>0.05).
3) The serum uric acid content in the 80 mg/kg manganese methionine group
was significantly lower than that in the control group, decreasing by 25.12%
(P<0.05). Dietary manganese methionine had no significant effects on serum
alkaline phosphatase, glutamic-oxaloacetic transaminase, or glutamic-pyruvic
transaminase activities, nor on calcium, phosphorus, glucose, total protein, or
albumin contents (P>0.05). However, the activity of alkaline phosphatase and
the contents of albumin and calcium in the manganese methionine-supplemented
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groups showed an increasing trend compared with the control group. In con-
clusion, dietary manganese methionine can improve egg quality, inhibit protein
catabolism, and enhance protein utilization efficiency.

Keywords: manganese methionine; laying hens; performance; egg quality;
serum biochemical parameters

Introduction
Manganese (Mn) is an essential trace element with multiple biological functions
in livestock and poultry nutrition. It serves as a cofactor for various enzymes
and participates in multiple metabolic processes including carbohydrate and
lipid metabolism [?], promotes hematopoiesis, and improves reproductive per-
formance [?]. Manganese also plays a crucial role in skeletal development during
embryonic and growth periods, and dietary manganese deficiency can lead to ab-
normal cartilage development, slipped tendon, and tibial chondrodystrophy [?].
Since Wilgus et al. [?] first discovered the relationship between manganese and
chick skeletal development in 1937, the role of manganese in animal nutrition
has received widespread attention. Xiao et al. [?] reported that dietary man-
ganese deficiency affects eggshell quality, reducing eggshell strength, thickness,
and toughness. Hossain et al. [?] found that increasing dietary manganese levels
in chickens increased laying rate and egg weight. Chen et al. [?] observed that
dietary manganese supplementation significantly increased serum total protein
(TP) content and alkaline phosphatase (AKP) activity in broilers.

The NRC (1994) [?] recommends supplementing 60 mg/kg manganese in laying
hen diets. However, since the absorption rate of manganese in chickens is only
1-3% [?] while the tolerance level can be as high as 2000 mg/kg, nutritionists
have suggested increasing the manganese requirement standard [?]. Currently,
manganese is primarily supplemented in diets as inorganic salts such as man-
ganese sulfate and manganese oxide, but the low utilization rate of inorganic
manganese not only causes waste but also pollutes soil and water through ex-
cretion [?]. In recent years, organic manganese products chelated or complexed
with amino acids have attracted attention. These products overcome the dis-
advantages of inorganic manganese, offering good chemical stability, alleviating
antagonism among mineral elements, and providing higher absorption efficiency
and biological efficacy [?]. Therefore, this study aimed to investigate the effects
of manganese methionine and its supplementation levels on laying hen perfor-
mance, egg quality, and serum biochemical parameters, providing experimental
evidence for guiding production and rational application of new, efficient, and
environmentally friendly manganese additives.
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Materials and Methods
1.1 Experimental Materials

Manganese methionine used in this experiment was purchased from Alltech Bio-
Products Co., Ltd. (Tianjin, China), with a manganese content of 15%. The
experiment was conducted at the San Yi Co., Ltd. breeding base in Jiande City,
Zhejiang Province. The experimental animals were“Jinghong No. 1”commercial
laying hens.

1.2 Experimental Design and Diets

Four hundred and eighty 53-week-old“Jinghong No. 1”commercial laying hens
with similar performance were randomly divided into 5 groups with 6 replicates
per group and 16 hens per replicate. The pre-test period lasted for 1 week, and
the formal test period lasted for 9 weeks. Hens were fed a corn-soybean meal
basal diet (without manganese in the 5% premix). The control group received
the basal diet supplemented with 60 mg/kg manganese sulfate (as manganese),
while the experimental groups received the basal diet supplemented with 20,
40, 60, or 80 mg/kg manganese methionine (as manganese), respectively. Each
group received supplemental methionine to ensure a dietary methionine content
of 0.34% across all treatments. The basal diet was formulated according to the
“Feeding Standard of Chickens”(NY/T33-2004). The composition and nutrient
levels of the basal diet are shown in Table 1 .

Table 1 Composition and nutrient levels of the basal diet (air-dry
basis), %

Note: 1) The premix provided the following per kg of diet: VA 7,500 IU, VD3
2,500 IU, VE 25 mg, VK3 2.5 mg, VB1 1.5 mg, VB2 4.5 mg, VB6 3 mg, VB12
0.02 mg, niacin 25 mg, folic acid 1.1 mg, calcium pantothenate 8 mg, biotin
0.12 mg, choline chloride 400 mg, Cu 20 mg, Fe 90 mg, Zn 90 mg, I 0.8 mg, Se
0.3 mg. 2) Nutrient levels were calculated values.

1.3 Management

The feeding trial was conducted at the San Yi Co., Ltd. breeding base in Jiande
City, Zhejiang Province. A three-tier cage system was used. Feed was pro-
vided at 07:00 and 15:00 daily, with the amount adjusted according to residual
feed. Hens had ad libitum access to feed and water throughout the experiment.
Lighting combined natural and artificial illumination (18:00-23:00, 5 h artifi-
cial lighting at 10 lx intensity). Conventional management and immunization
procedures were followed, and the chicken house was disinfected regularly.

1.4 Measurements

Performance: Daily records of egg number, egg weight, and soft-shell eggs
were kept per replicate. Feed intake was recorded weekly. Laying rate (%),
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average egg weight (g), average daily feed intake (g/d), and feed-to-egg ratio
were calculated for the entire experimental period.

Egg Quality: At the end of the experiment, 6 eggs were randomly selected
from each replicate (36 eggs per group) for egg quality determination. Egg
quality was measured using a Nippon Denshi DET-6000 egg quality analyzer.
Measured parameters included albumen height (mm), yolk color, Haugh unit,
eggshell strength (kgf/cm2), and eggshell thickness (mm).

Serum Biochemical Parameters: At the end of the experiment, 12 hens were
randomly selected from each group, fasted for 24 h, weighed, and blood samples
were collected. Serum was prepared by centrifugation at 3,000 r/min for 10 min.
Serum total protein, albumin (ALB), uric acid (UA), glucose (GLU), calcium
(Ca), and phosphorus (P) contents, as well as alkaline phosphatase, glutamic-
oxaloacetic transaminase (GOT), and glutamic-pyruvic transaminase (GPT) ac-
tivities were measured using assay kits purchased from Nanjing Jiancheng Bio-
engineering Institute, following the manufacturer’s instructions.

1.5 Data Processing

Experimental data were analyzed using one-way ANOVA with SPSS 17.0. Dun-
can’s multiple range test was used for post-hoc comparisons. Results are ex-
pressed as “mean ± standard error.”Differences were considered significant at
P<0.05.

Results
2.1 Effects of Dietary Manganese Methionine on Performance of Lay-
ing Hens

As shown in Table 2 , dietary manganese methionine had no significant effects
on laying rate, average egg weight, or feed-to-egg ratio (P>0.05). However, the
average daily feed intake of hens in the 40 mg/kg manganese methionine group
was significantly higher than that of the control group, increasing by 3.23%
(P<0.05).

Table 2 Effects of dietary manganese methionine on performance of
laying hens

Note: In the same row, values with different small letter superscripts indicate
significant difference (P<0.05), while values with the same or no superscripts
indicate no significant difference (P>0.05). The same applies below.

2.2 Effects of Dietary Manganese Methionine on Egg Quality of Lay-
ing Hens

As shown in Table 3 , the Haugh unit, eggshell strength, and eggshell thickness
in the 60 and 80 mg/kg manganese methionine groups were significantly higher
than those in the control group (P<0.05). Specifically, the Haugh unit increased
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by 8.42% and 10.33% (P<0.05), eggshell strength increased by 12.13% and
17.05% (P<0.05), and eggshell thickness increased by 8.57% (P<0.05) compared
with the control group. Dietary manganese methionine had no significant effects
on albumen height or yolk color (P>0.05).

Table 3 Effects of dietary manganese methionine on egg quality of
laying hens

2.3 Effects of Dietary Manganese Methionine on Serum Biochemical
Parameters of Laying Hens

As shown in Table 4 , the serum uric acid content in the 80 mg/kg manganese
methionine group was significantly lower than that in the control group, de-
creasing by 25.12% (P<0.05). Dietary manganese methionine had no signifi-
cant effects on serum alkaline phosphatase, glutamic-oxaloacetic transaminase,
or glutamic-pyruvic transaminase activities, nor on calcium, phosphorus, glu-
cose, total protein, or albumin contents (P>0.05). However, the activity of al-
kaline phosphatase and the contents of albumin and calcium in the manganese
methionine-supplemented groups showed an increasing trend compared with the
control group.

Table 4 Effects of dietary manganese methionine on serum biochem-
ical parameters of laying hens

Discussion
3.1 Effects of Dietary Manganese Methionine on Performance of Lay-
ing Hens

Venglovská et al. [?] reported that supplementation of 120 mg/kg manganese
from sulfate, protein manganese, or glycine manganese in the basal diet had no
significant effects on egg production, egg weight, feed intake, or feed conversion
ratio in laying hens. Xie et al. [?] found that adding 0, 120, or 240 mg/kg
manganese from sulfate or protein manganese to broiler breeder diets did not
significantly affect laying rate or egg weight. Yuan et al. [?] also showed that
adding 20, 40, or 60 mg/kg manganese sulfate or 20 mg/kg manganese methion-
ine to a basal diet containing 20 mg/kg manganese had no significant effects on
laying rate, egg weight, feed intake, or feed conversion ratio at various produc-
tion stages. The present study found that dietary manganese methionine had
no significant effects on laying rate, average egg weight, or feed-to-egg ratio,
consistent with the above results, indicating that manganese supplementation
level and form have no significant effects on these performance indicators. How-
ever, this study found that dietary supplementation with 40 mg/kg manganese
methionine significantly increased average daily feed intake, which aligns with
Yildiz et al. [?] who reported that organic manganese supplementation at 75
mg/kg significantly increased feed intake in laying hens. This suggests that
manganese methionine may promote feed intake. Additionally, the present re-
sults showed an upward trend in laying rate and egg weight with manganese
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methionine supplementation, possibly related to increased feed intake leading
to higher energy and protein intake, which promotes material deposition during
egg formation. However, Zhan [?] reported that a diet containing 60 mg/kg
manganese significantly improved laying rate, and Peng et al. [?] found that di-
etary manganese level significantly affected laying rate, egg production, broken
egg rate, and feed conversion ratio. These discrepancies with our results may
be attributed to differences in manganese form and level, chicken breed, and
rearing environment.

3.2 Effects of Dietary Manganese Methionine on Egg Quality of Lay-
ing Hens

Egg quality measurement is important for assessing the economic value of eggs.
Generally, higher albumen height and larger Haugh unit indicate better egg
quality [?]. In this study, dietary manganese methionine supplementation had
no significant effects on albumen height or yolk color but significantly increased
the Haugh unit. This is consistent with Gheisari et al. [?], who reported that
dietary supplementation with organic manganese, zinc, and copper significantly
improved Haugh unit compared with equivalent doses of manganese, zinc, and
copper oxides. However, Yenice et al. [?] found that the form and level of
manganese, zinc, copper, and chromium had no significant effects on Haugh
unit, and Yang et al. [?] reported that dietary manganese supplementation at
35 mg/kg significantly reduced yolk color. These inconsistent results may be due
to differences in chicken breed, diet type, manganese supplementation method,
and rearing conditions.

Eggshell strength and thickness are important indicators for evaluating eggshell
quality. Improved eggshell quality can reduce economic losses during egg trans-
port and storage. Research suggests that dietary calcium, phosphorus, and vi-
tamin D3 sources and levels play important roles in eggshell quality, while trace
elements such as zinc, manganese, and copper can improve eggshell mechanical
properties by affecting calcite crystal formation and structure modification [?].
Xiao et al. [?] demonstrated that dietary supplementation with 100 mg/kg or-
ganic manganese significantly improved eggshell strength, thickness, and tough-
ness, as well as eggshell microstructure. Venglovská et al. [?] reported that all
manganese-supplemented groups (organic or inorganic) significantly increased
eggshell thickness, eggshell weight, eggshell percentage, and egg shape index.
Yu et al. [?] also found that all organic manganese and zinc groups had signif-
icantly higher eggshell strength and thickness than inorganic groups, with the
best results observed in the group supplemented with 11 mg/kg organic zinc
and 8 mg/kg organic manganese. The present study showed that the 60 and 80
mg/kg manganese methionine groups had significantly higher eggshell strength
and thickness compared with the control group (60 mg/kg manganese sulfate),
consistent with the above reports and suggesting that manganese methionine
improves eggshell quality. The beneficial effect of manganese on eggshell quality
may be related to its influence on the content of various matrix proteins involved
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in eggshell calcification and its promotion of glycosaminoglycan and glucuronic
acid synthesis in the eggshell gland [?].

3.3 Effects of Dietary Manganese Methionine on Serum Biochemical
Parameters of Laying Hens

Serum total protein and albumin contents are important indicators for evaluat-
ing protein anabolism, while uric acid content represents the degree of protein
catabolism. In this study, dietary manganese methionine had no significant ef-
fects on serum total protein or albumin contents, consistent with Attia et al. [?]
who reported that dietary manganese level and form had no significant effects on
serum total protein, calcium, or phosphorus contents in laying hens. Other stud-
ies have suggested that amino acid manganese supplementation can significantly
increase serum total protein content in broilers without significantly affecting
serum uric acid content [?]. The present study demonstrated that dietary sup-
plementation with 80 mg/kg manganese methionine significantly reduced serum
uric acid content. These results indicate that dietary organic manganese can
improve protein utilization efficiency, possibly because organic manganese has
higher absorption efficiency than inorganic manganese. Amino acid manganese
is generally believed to be absorbed intact and function directly in the body,
whereas inorganic manganese enters the body in ionic form and must first bind
to proteins before functioning. However, the absorption mechanism and action
pathway of manganese methionine remain unclear and require further investi-
gation.

Some studies have suggested that manganese can act as an activator of alka-
line phosphatase, and dietary manganese supplementation can increase alkaline
phosphatase activity [?]. However, this study found that dietary manganese
methionine had no significant effect on serum alkaline phosphatase activity in
laying hens. Yang et al. [?] also reported that dietary manganese or manganese-
zinc mixtures had no significant effects on serum alkaline phosphatase activity.
Although the present study observed an increase in alkaline phosphatase activ-
ity with manganese methionine supplementation, the effect was not significant,
possibly because activation of alkaline phosphatase requires higher manganese
levels. This study also found that dietary manganese methionine had no signifi-
cant effects on serum calcium, phosphorus, or glucose contents, nor on glutamic-
oxaloacetic transaminase or glutamic-pyruvic transaminase activities, consistent
with reports by Attia et al. [?] and Wei et al. [?], suggesting that these serum
biochemical parameters are not sensitive to dietary manganese level or form.

Conclusion
Dietary supplementation with 60 mg/kg manganese methionine significantly im-
proved Haugh unit, eggshell thickness, and eggshell strength, thereby improving
egg quality. When dietary manganese methionine supplementation increased to
80 mg/kg, serum uric acid content was significantly reduced, inhibiting protein
catabolism and promoting protein utilization efficiency.
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