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Abstract
A total of 240 geese (28 days old; 120 ganders and 120 gooses) with an average initial body weight of 1068.19 ± 6.59 g were

used to evaluate the effects of increasing dietary methionine (Met) levels on growth performance, blood hematology, organ
indexes, and myofiber traits. The experimental period was 42 days. All birds were randomly assigned to four treatment groups
based on the initial body weight. There were six replicate cages per treatment, and 10 geese per cage (5 ganders and 5 gooses).
Dietary treatments were based on a basal diet containing 0.25% Met, and extra supplied 0.25%, 0.50%, and 0.75% Met to form
different dietary groups (0.25%, 0.50%, 0.75%, and 1.00% Met, as-fed basis). The results of this study indicated that final body
weight, body weight gain, and feed efficiency increased quadratically, relative weight of breast muscle and myofiber diameter
increased cubically, serum total protein and uric acid concentrations, relative weight of liver and abdominal fat, and myofiber
diameter increased linearly, whereas myofiber density decreased linearly, with the level of Met increased. The maximized
growth performance and breast muscle parameters were observed in 0.75% Met-containing group.

Key words: goose, growth performance, myofiber traits, methionine, organ index

Introduction
Methionine (Met) is the first limiting amino acid for poul-

try (Rehman et al. 2019; Lee et al. 2021). Met is a key nutri-
ent ingredient in the diet for maintaining healthy growth
and general production (Bunchasak 2009). Met deficiency in
diet will decline breast muscle accretion (Wen et al. 2014),
depress growth (Wu et al. 2021), impair immune status (Wu
et al. 2012), reduce protein synthesis (Lee et al. 2021), de-
crease carcass edible components (Wu et al. 2019), and lead
to metabolic disorders (Kikusato et al. 2015). Therefore, main-
taining the normal growth and production of poultry re-
quires sufficient Met in the diet.

In the past, Nitsan et al. (1983) evaluated the Met re-
quirement of geese, and noted that hatched to 2-week-old
geese required 0.29% dietary Met level, while geese aged
2–7 weeks required 0.15% dietary Met level. Leclerq et al.
(1987) reported that the requirement of Met for 4–6-week-old
geese was 0.29%–0.31%, while that for 7–12-week-old geese
was 0.25%–0.27%. Modern goose breeding company recom-
mended that the Met requirement in growing gosling was
0.30%, while that of breeder gosling was 0.25% (https://ww
w.dpi.nsw.gov.au/). However, NRC (1994) does not provide a
clear recommendation for the Met requirement of geese.
Therefore, it is necessary to evaluate the response of growth

and productive performance of geese to different dietary Met
levels.

Feeding growing goslings with 0.28% Met-containing basal
diet and supplemented with 0.06% and 0.12% Met (0.28%,
0.34%, and 0.40% Met, as-fed basis) has been reported to sig-
nificantly improve body weight and body weight gain (BWG)
(Yang et al. 2016, 2017). Increasing dietary Met levels (0.23%,
0.33%, 0.43%, 0.43%, and 0.63% Met, as-fed basis) in geese
could increase BWG and gain-to-feed ratio (G:F) and decrease
relative weight of abdominal fat (Wang et al. 2010). In addi-
tion, Yang et al. (2018) noted that the body weight and BWG
in geese fed with 0.40% Met-containing diet were higher than
those of geese fed with 0.28% Met-containing diet.

However, more studies are needed to evaluate the effects
of dietary Met supplementation on growth and productive
performance in geese. In addition, the breed of geese used in
the above studies is Yangzhou geese, which is different from
this study. Evaluating the response of growth and productive
performance in different breeds of geese to the increase of di-
etary Met levels is helpful to determine the Met requirement
of geese. In the present study, dietary Met allowance was set
as 0.25%, 0.50%, 0.75%, and 1.00%. In addition, the breed of
geese was Jilin White goose. We hypothesized that increasing
dietary Met levels could improve growth performance, organ
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indexes, and myofiber traits in geese. The objective of this
study was to evaluate the response of growth performance,
blood hematology, organ indexes, and myofiber traits to the
variation of dietary Met levels (0.25%, 0.50%, 0.75%, and 1.00%
Met, as-fed basis) in Jilin White goose.

Materials and methods
All procedures of this study were approved by the Insti-

tutional Animal Care and Use Committee of Jilin Agricul-
tural University (Changchun, China). Animals were handled
according to the guidelines described by the Canadian Coun-
cil on Animal Care (2009).

Animals and housing
A total of 240 28-day-old Jilin White geese (120 ganders

and 120 gooses) with an average initial body weight of
1068.19 ± 6.59 g were used in a randomized complete block
design experiment. All geese were housed in a temperature-
controlled room with continuous lighting. The temperature
of the room was maintained at 24 ◦C and then reduced by
2 ◦C per week to a final temperature of 20 ◦C.

Experimental design and diets
Based on the initial body weight, geese were randomly as-

signed to four treatments, with six replicate cages and 10
geese per replicate (5 ganders and 5 gooses). The experimen-
tal period was 42 days (28–70 days of age). All birds had free
access to feed and water throughout the experimental pe-
riod. Dietary treatments were based on a corn–soybean meal
basal diet containing 0.25% Met, and extra supply with 0.25%,
0.50%, and 0.75% Met to form four dietary groups (0.25%,
0.50%, 0.75%, and 1.00% Met, as-fed basis). The basal diet was
formulated based on NRC (1994) (Table 1).

Sample collection and measurements

Feed analysis

After homogeneous mixing, feed samples were collected
from each dietary group. All feed samples were dried in a
70 ◦C constant temperature oven for 72 h. Subsequently, feed
samples were ground and sieved with a 1 mm sieve. Feed
powder with a diameter of less than 1 mm was collected
for feed composition analysis. According to the procedure es-
tablished by AOAC (2000), the dry matter (method 930.15),
crude protein (nitrogen × 6.25; method 968.06), and crude
fiber (method 991.43) composition in the diet was analyzed.
Then, the representative feed samples in each group were
hydrolyzed with 6 N HCl for 24 h at 110 ◦C. An amino acid
analyzer (2690 Alliance, Waters, Inc., Milford, MA, USA) was
used for determining amino acid contents in the diet. In ad-
dition, the contents of neutral detergent fiber and acid deter-
gent fiber in the diet were measured according to the method
provided by Mertens (2002).

Table 1. Composition and nutrient levels of the exper-
imental basal diet (%, as-fed basis).

Ingredients, %

Corn 50.87

Soybean meal 24.94

Wheat bran 5.10

Fish meal 1.70

Lysine-HCl 0.17

Lucerne 10.00

Maize stalk 5.00

Dicalcium phosphate 0.72

Limestone 0.70

Sodium chloride 0.30

Vitamin and trace mineral premix1 0.50

Total 100.00

Calculated value, %

Metabolizable energy, MJ/kg 10.40

Calcium 0.80

Available phosphorus 0.36

Hemicelluloses 0.16

Analyzed composition, %

Crude protein 18.89

Methionine 0.25

Total sulfate amino acid 0.48

Lysine 0.95

Crude fiber 0.66

Neutral detergent fiber 0.28

Acid detergent fiber 0.12

1Provided per kg of complete diet: Cu, 10 mg; Fe, 60 mg; Zn, 60 mg; Mn,
80 mg; Se, 0.3 mg; I, 0.2 mg; Cr, 0.15 mg; choline chloride, 1000 mg;
vitamin A (retinyl acetate), 10 000 IU; vitamin D3, 2000 IU; vitamin
E (dl-α-tocopheryl acetate), 10 IU; vitamin K3, 2 mg; thiamine, 2 mg;
riboflavin, 8 mg; pyridoxine, 2 mg; vitamin B12, 0.02 mg; pantotheni-
cacid, 20 mg; nicotinic acid, 50 mg; folic acid, 1 mg; biotin, 0.2 mg.

Growth performance

All geese were weighed on days 1, 21, and 42 after feed
deprivation for 12 h for measuring body weight gain (BWG).
Cage-based feed intake was checked daily to measure average
daily feed intake (ADFI). The G:F was calculated using BWG
and ADFI values.

Blood hematology analysis

At the end of the experiment, two geese (one gander
and one goose) per cage were selected randomly and blood
samples were collected via wing vein and immediately cen-
trifuged (3000g) for 15 min at 4 ◦C to obtain serum samples.
The concentrations of total protein, uric acid, albumin, mal-
ondialdehyde (MDA), and superoxide dismutase (SOD) were
measured with commercial kits (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, Jiangsu, China) using an Olympus
AU640 analyzer (Olympus, Tokyo, Japan).

Downloaded From: https://bioone.org/journals/Canadian-Journal-of-Animal-Science on 27 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0101


Canadian Science Publishing

Can. J. Anim. Sci. 103: 73–80 (2023) | dx.doi.org/10.1139/CJAS-2021-0101 75

Relative weight of organ analysis

After blood collection, the geese were slaughtered by cervi-
cal dislocation. The breast muscle, liver, abdominal fat, bursa
of fabricius, spleen, and thymus were removed and weighed
to calculate the organ indexes. The organ indexes were calcu-
lated using the following equation:

Organ index (%) = Organ weight
Live body weight

× 100

Myofiber trait analysis

After slaughtering the geese, the breast muscle samples
were cut into small pieces and fixed with 10% neutral
buffered formalin for 12 h, followed by dehydration in in-
creasing concentrations of alcohol (70%, 80%, 90%, 95%, and
100%) and xylene. Consequently, samples were embedded in
paraffin and stored in an oven at 60 ◦C. Twelve hours later,
samples were removed from the oven and histological cas-
settes. Fragments were placed in “paper boxes” and covered
with paraffin. After the paraffin solidified into blocks, the “pa-
pers” were removed and the blocks were kept under refriger-
ation until the cuts were realized (Felício et al. 2013).

Serial tissue sections (3 μm thickness) were excised per-
pendicular to the direction of the myofibers using a cryostat.
After sectioning, the paraffin section ribbon was put on the
coating slide glass. Dried slides were kept in oven at 60 ◦C
for 2 h to eliminate any excess paraffin. The next step con-
sisted of paraffin removal and slide hydration, using xylene
and different concentrations of ethanol. Samples were then
stained following the hematoxylin and eosin staining proto-
col (Felício et al. 2013).

Samples were then dehydrated again and mounted. In each
specimen, the diameters of muscle fibers and muscle fiber
density were measured under a light microscope equipped
with a ScopePhpto (LY-WN 300, Hangzhou Scopetek Opto-
Eletric Co., Ltd.).

No less than 150 intact, well-oriented muscle fibers’ cross-
sectional area of five fields of vision was measured under 40×
objective lens. With muscle fibers assumed to be round, the
muscle fiber cross-sectional area (A) was converted to diam-
eter (D) by the following formula: D = 2

√
A/π . The average

value was calculated to represent the diameter of the muscle
fibers (Liu et al. 2019).

The image analysis software was used to measure the total
area (S) and the number of muscle fibers (N) of five randomly
selected fields of vision. The density (d) was calculated by the
following formula: d = N/S, and the average value of the five
visual fields was taken as the muscle fiber density (Liu et al.
2019).

Statistical analysis
Data were subjected to statistical analysis in a randomized

completely block design using the general linear model pro-
cedure (SAS Institute Inc., Cary, NC, USA). The replicate cage
was used as the experimental unit. The effect of increasing
concentration of dietary Met was determined by orthogonal

polynomial contrasts. The model included linear, quadratic,
and cubic contrasts for effects of supplemental Met. Vari-
ability in the data was expressed as the standard error of
means (SEM), and P < 0.05 was considered statistically sig-
nificant. The linear and cubic relationships were compared
using the REG procedure and TRANSREG procedure of SAS,
respectively.

Results
Final body weight (quadratic, P = 0.036), BWG (quadratic,

P = 0.037), and G:F (quadratic, P = 0.027) were improved with
increasing dietary Met levels. However, extra Met supply did
not affect the ADFI. In addition, the highest body weight,
BWG, and G:F were observed in geese receiving 0.75% Met-
containing diet compared with other groups during the ex-
perimental period (Table 2).

A linear increase of serum total protein (P = 0.012) and
uric acid (P = 0.039) concentrations was observed with the
increase of Met levels in the diet. However, the variation of
dietary Met levels did not affect the serum albumin, SOD, and
MDA concentrations (Table 3).

Increasing dietary Met levels linearly increased the rela-
tive weight of liver (P = 0.029) and abdominal fat (P = 0.025),
while cubically improved the relative weight of breast mus-
cle (P = 0.045). Increasing dietary Met levels had no effects on
the relative weight of bursa of fabricius, spleen, and thymus
of geese (Table 4).

Density of myofiber linearly decreased with increasing di-
etary Met levels (P = 0.004). Moreover, diameter of myofiber
linearly (P < 0.001) and cubically (P = 0.009) increased with
increasing dietary Met levels (Table 5).

Discussion
It has been reported that increasing dietary Met levels was

beneficial to the growth and productive performance of poul-
try (Yang et al. 2018). However, excess Met supplementation
also induced toxic effects in poultry (Xue et al. 2018). The re-
duction of feed intake was considered as the characteristic
of toxicity response in hyper-Met supplementation (Xie et al.
2007; Faulyi et al. 2015). In the present study, ADFI of geese
was not decreased by increasing dietary Met levels. Therefore,
the Met levels used in this study could be considered as a tol-
erable excessive level that would not induce toxic effects on
the growth and productive performance of geese.

The growth of poultry is sensitive to the variation of dietary
Met levels. It has been reported that birds fed a diet with
Met levels higher than the recommendation of NRC could
improve the growth performance (Peng et al. 2018; Rehman
et al. 2019). Growth is a complex phenomenon; muscle ac-
cretion and obesity could induce an increase in body weight
(Chen et al. 2006; Wen et al. 2014). Protein synthesis is nec-
essary for muscle accretion (Handique et al. 2019). Concen-
trations of serum total protein directly reflect the capacity
of protein synthesis in vivo (Wu et al. 2021). High protein
synthesis capacity in vivo usually corresponds to a high per-
centage of breast muscle and body weight in poultry (Wen
et al. 2014; Ghavi et al. 2020; Sahebi-Ala et al. 2021). In the
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Table 2. The response of growth performance to increasing dietary dl-methionine (dl-Met) levels in Jilin White geese.

Dietary dl-Met levels P value

Items 0.25% 0.50% 0.75% 1.00% SEM ANOVA Linear Quadratic Cubic

Body weight, g

Day 1 1067.80 1069.63 1079.80 1055.53 6.586 0.110 0.583 0.246 0.385

Day 42 3204.30b 3386.00ab 3567.00a 3355.00ab 49.483 0.065 0.108 0.036 0.295

BWG, g 50.87b 55.15ab 59.22a 54.75ab 1.105 0.058 0.079 0.037 0.318

ADFI, g 236.35 229.76 229.26 230.48 4.010 0.591 0.541 0.555 0.881

G:F 0.22b 0.24ab 0.26a 0.24ab 0.005 0.041 0.052 0.027 0.398

Note: BWG, body weight gain; ADFI, average daily feed intake; SEM, standard error of the mean. Different letters within a row indicate a significant difference
(P < 0.05).

Table 3. The response of blood hematology to increasing dietary dl-methionine (dl-Met) levels in Jilin White geese.

Dietary dl-Met levels P value

Items 0.25% 0.50% 0.75% 1.00% SEM ANOVA Linear Quadratic Cubic

Total protein, g/dL 1.24b 1.22b 1.28a 1.29a 0.018 0.025 0.012 0.346 0.104

Uric acid, μmol/L 300.30b 358.70ab 358.00ab 426.00a 38.582 0.043 0.039 0.917 0.539

Albumin, g/L 16.80 16.03 16.20 17.57 0.313 0.197 0.297 0.063 0.907

MDA, nmol/mL 0.04 0.04 0.03 0.04 0.003 0.235 0.428 0.145 0.211

SOD, U/mL 0.17 0.20 0.18 0.18 0.007 0.333 0.881 0.088 0.141

Note: MDA, malondialdehyde; SOD, superoxide dismutase; SEM, standard error of the mean. Different letters within a row indicate a significant difference
(P < 0.05).

Table 4. The response of organ indexes to increasing dietary dl-methionine (dl-Met) levels in Jilin White geese.

Dietary dl-Met levels P value

Items, % 0.25% 0.50% 0.75% 1.00% SEM ANOVA Linear Quadratic Cubic

Liver 19.29c 20.83bc 22.34ab 24.37a 0.889 0.005 0.029 0.868 0.934

Breast muscle 55.36b 54.13b 68.15ab 61.00ab 3.845 0.023 0.085 0.449 0.045

Abdominal fat 6.85b 8.32ab 13.96a 12.25ab 2.039 0.028 0.025 0.442 0.218

Bursa of fabricius 0.77 0.71 0.67 0.60 0.154 0.886 0.436 0.966 0.940

Spleen 0.96 0.88 0.99 0.66 0.087 0.389 0.237 0.400 0.345

Thymus 2.29 2.74 2.48 2.23 0.312 0.661 0.744 0.278 0.615

Note: SEM, standard error of the mean. Different letters within a row indicate a significant difference (P < 0.05).

Table 5. The response of myofiber traits to increasing dietary dl-methionine (dl-Met) levels in Jilin White geese.

Dietary dl-Met levels P value

Items 0.25% 0.50% 0.75% 1.00% SEM ANOVA Linear Quadratic Cubic

Density of myofiber, × 103

bundle·mm−2
37.04a 25.50ab 11.59b 10.76b 6.919 0.028 0.004 0.443 0.619

Diameter of myofiber, μm 82.08b 81.78b 89.48a 89.38a 1.346 <.001 <.001 0.942 0.009

Note: SEM, standard error of the mean. Different letters within a row indicate a significant difference (P < 0.05).

present study, the improvement of body weight, BWG, rel-
ative weight of breast muscle, and serum total protein con-
centration was observed with increasing dietary Met levels.
Therefore, we considered that the increase of dietary Met lev-
els could promote the protein synthesis in vivo, which was
manifested in the increase of serum total protein concentra-
tion, thus increasing the relative weight of breast muscle and
being beneficial to the improvement of growth performance,
which was consistent with the opinions of Wen et al. (2017)
and Sahebi-Ala et al. (2021). In addition, the relative weight of
abdominal fat was increased linearly with the level of Met in-

creased in the diet, which probably means the obesity of birds
(Chen et al. 2006). However, several studies have reported the
converse result; they noted that increasing dietary Met lev-
els would lead to the decrease of abdominal fat deposition in
birds (Chattopadhyay et al. 2006; Majdeddin et al. 2019). Ef-
fects of increasing dietary Met levels on the relative weight
of abdominal fat need to be further discussed. We considered
that the increase of abdominal fat percentage was also bene-
ficial to the increase of body weight in geese. In this study, fi-
nal body weight provided significant fit to quadratic models:
Y = 2727.8 + 2221.4X − 1574.5X2, where Y is the body weight
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and X is the dietary Met level. In addition, BWG provided
significant fit to quadratic models: Y = 40.132 + 50.036X−
35.002X2, where Y is the BWG and X is the dietary Met level.
The improvement of G:F was also observed with increasing
dietary Met levels. Del Vesco et al. (2013) mentioned that in-
creasing dietary Met levels would decrease the expression of
uncoupling protein in the muscle, which results in the en-
ergy being used for ATP synthesis instead of heat production
(Ledesma et al. 2002; Cannon et al. 2006). This means the im-
provement of energy utilization in the body. On the other
hand, the increase of G:F can also be explained as promoting
the synthesis of protein in vivo through increasing dietary
Met levels (Angelo 2018). This means the improvement of ni-
trogen utilization in the body. Therefore, we considered that
the improvement of G:F was related to the promotion of pro-
tein synthesis in vivo through increasing dietary Met levels,
which was manifested in the increase of the relative weight
of breast muscle, which was consistent with the opinions of
Majdeddin et al. (2019) and Sahebi-Ala et al. (2021). During
days 1–42, G:F provided significant fit to the quadratic model:
Y = 0.16 + 0.2607X − 0.1812X2, where Y is the feed efficiency
and X is the dietary Met level. In brief, increasing dietary
Met levels could improve the growth performance of geese
through improving breast muscle accretion.

It has been reported that increasing dietary Met lev-
els could lead to an increase in breast muscle percentage
(Albrecht et al. 2019; Jiang et al. 2019). It has been proved
that Met supplementation could promote muscle anabolism
and reduce catabolism, thus favoring protein synthesis in
muscle (Zeitz et al. 2019; Ghavi et al. 2020). This regulation
was significant for muscle growth, because the ratio between
protein synthesis and catabolism determined the actual rate
of protein deposition in muscle (Powell 2016). In this study,
the enhancement of protein synthesis in vivo was also ob-
served with increasing dietary Met levels, which was mani-
fested in the increase of the relative weight of breast mus-
cle, this response providing a significant fit to a cubic model:
Y = 108.2 − 363.4X + 704.5X2 − 388.4X3, where Y is the rel-
ative weight of breast muscle and X is the dietary Met level.
Muscle accretion includes two types: myofibrillar hypertro-
phy and sarcoplasmic hypertrophy. As mentioned by Zhai et
al. (2012, 2016), extra Met supplementation induced the in-
crease of protein deposition in muscle, thus increasing the
relative weight of breast muscle, which was related to sar-
coplasm hypertrophy. Sarcoplasmic hypertrophy would lead
to a decrease of myofiber density and an increase of myofiber
cross-sectional area (Zatsiorsky and Kraemer 2006). Accord-
ing to Sahebi-Ala et al. (2021), Met as a donor of sulfur group
was beneficial to enhance the diameter of myofiber. In addi-
tion, Duclos et al. (2007) reported that the average myofiber
diameter in birds with higher body weight was larger than
those with slower growth. The increase in myofiber per unit
area corresponds to the decrease in its density. In the present
study, we observed that increasing dietary Met levels could in-
crease the diameter of myofiber and decrease the density of
myofiber, which was direct evidence of sarcoplasmic hyper-
trophy. Similarly, Sahebi-Ala et al. (2021) noted that increas-
ing dietary Met levels could increase diameter of myofiber
and the relative weight of breast muscle in broiler chicks.

Therefore, we considered that increasing dietary Met levels
promotes the protein synthesis in muscle, resulting in sar-
coplasm hypertrophy, which was manifested in the increase
of myofiber diameter and the decrease of myofiber density,
thus improving the relative weight of breast muscle. In the
present study, density of myofiber decreased as dietary Met
level increased, this response providing a significant fit to
a linear model: Y = 44.41 − 9.27X, where Y is the myofiber
density and X is the dietary Met level. In addition, diameter
of myofiber increased as dietary Met level increased, this re-
sponse providing a significant fit to a cubic model: Y = 106.2
− 165.3X + 317.2X2 − 168.8X3, where Y is the myofiber diam-
eter and X is the dietary Met level.

It has been reported that the relative weight of abdominal
fat has a negative response to the increase of dietary Met lev-
els (Chattopadhyay et al. 2006; Majdeddin et al. 2019). How-
ever, in this study, the relative weight of abdominal fat in-
creased with the increase of Met levels in the diet. Applegate
(2008) noted that if the ratio of amino acid provided to the
demand of birds was inappropriate, excess amino acids will
be deaminated and likely used as a source of energy. The in-
crease of serum uric acid concentration indicated the occur-
rence of excessive deamination of amino acid in vivo (Karami
et al. 2018; Ghavi et al. 2020). In addition, Del Vesco et al.
(2013) mentioned that increasing dietary Met levels could de-
crease the expression of uncoupling protein in the muscle,
which results in the energy being used for ATP synthesis in-
stead of heat production (Ledesma et al. 2002; Cannon et al.
2006). This probably means that the energy supply was in-
creased in the body. In poultry, the increase of energy supply
usually corresponds with the deposition of fat in vivo (Wen et
al. 2017). Therefore, we considered that extra Met supplemen-
tation resulted in the occurrence of excessive deamination
of Met, which was manifested in the increase of serum uric
acid concentration. This probably led to the increase of en-
ergy supply in vivo, thus promoting deposition of abdominal
fat. On the other hand, liver is the site for lipid metabolism;
the variation of its weight reflects the level of metabolic ac-
tivity intensity (Liu et al. 2014; Jones 2016). In this study, in-
creasing dietary Met levels resulted in the increase of relative
weight of liver, which probably means that the increase of
the lipid synthesis. We also considered that the increase in
the relative weight of liver was helpful to increase the rela-
tive weight of abdominal fat. The relative weight of liver and
abdominal fat increased as dietary Met level increased, this
response providing a significant fit to linear models, respec-
tively: Y = 17.52 + 6.70X, where Y is the relative weight of
liver and X is the dietary Met level; and Y = 4.89 + 8.73X,
where Y is the relative weight of abdominal fat and X is the
dietary Met level.

Immune organs in poultry mainly include thymus, spleen,
and bursa of fabricius (Ruan et al. 2017). The reduction of
relative weight of immune organs represents immunosup-
pression, while the increase of the immune organs means
immune enhancement (Iftikhar et al. 2012). However, in the
present study, increasing dietary Met levels did not affect the
relative weight of thymus, spleen, and bursa of fabricius. The
requirement of Met level for optimal immunity in birds has
been reported to be higher than its requirement for optimal
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growth (Shini et al. 2005; Hassanein and El-Sagheer 2006). As
the results observed in this study, increasing dietary Met lev-
els did not generate positive effects on the immune status of
geese through increasing the relative weight of immune or-
gans, and also did not generate any negative effects.

Serum biochemical parameters, such as total protein, al-
bumin, and uric acid, are indicators of physiological and nu-
tritional status of birds (Reda et al. 2020; Wu et al. 2021).
The concentrations of serum total protein reflect the protein
synthesis capacity in vivo (Wu et al. 2021). In this study, the
serum total protein concentration increased as dietary Met
level increased, this response providing a significant fit to
a linear model: Y = 1.20 + 0.09X, where Y is the serum to-
tal protein concentration and X is the dietary Met level. This
indicated that increasing dietary Met levels could promote
protein synthesis in vivo. The concentration of serum albu-
min was mainly affected by the protein intake (Wada et al.
2018). Strategies of increasing feed intake could promote pro-
tein intake in birds (Kareem 2017). It has been reported that
the reduction of protein intake led to the decrease of serum
albumin concentration in birds (Emadi et al. 2010). In this
study, although the intake of Met increased with the increase
of dietary Met supplementation the serum albumin concen-
tration has not fluctuated, which probably indicated that the
concentration of serum albumin in geese was not sensitive
to the variation of dietary Met levels. Uric acid is the product
of amino acid catabolism (Zarghi et al. 2020). The increase
of serum uric acid production means the increase of amino
acid catabolism (Wen et al. 2014; Sun et al. 2020). It is usu-
ally used as an accurate indicator for determining the amino
acid requirement (Donsbough 2008). As the result observed in
this study, feeding geese with 1.00% Met-containing diet had
the highest serum uric acid concentration among all groups,
this response providing a significant fit to a linear model:
Y = 266.67 + 150.53X, where Y is the serum uric acid con-
centration and X is the dietary Met level. This indicated that
the Met supplementation in 1.00% was excessive for geese,
but it was still safe, because the feed intake as a Met toxicity
indicator did not decline.

In addition, uric acid, like SOD, can also be used as an effec-
tive antioxidant (Mahmoudi et al. 2018) to improve antioxi-
dant status in vivo (Ognik and Krauze 2016). MDA, as the final
product of lipid peroxidation, is a good indicator represent-
ing oxidative damage (Kalvandi et al. 2019; Todorovic et al.
2019). It has been reported that increasing dietary Met levels
could improve antioxidant status of birds through increas-
ing serum uric acid and SOD concentrations and decreas-
ing serum MDA concentration (Swennen et al. 2011; Wen
et al. 2014; Kalvandi et al. 2019). However, in this study, in-
creasing dietary Met levels did not affect the serum SOD and
MDA concentrations, which indicated that increasing dietary
Met levels did not induce oxidative reaction. According to
Dahiya et al. (2007), the requirement of Met level for modu-
lating the concentrations of the antioxidant enzymes in birds
was higher than its requirement for optimal growth and G:F.
Therefore, we considered that the increase of dietary Met
levels did not impair the antioxidant status in geese, but it
may be beneficial to the antioxidant status through increas-
ing serum uric acid concentration.

Additionally, it should be noted that the Met requirement
of goose evaluated by the studies of Nitsan et al. (1983) and
Leclerq et al. (1987) was lower than our study; however, it
did not lead to the impairment of performance for geese.
The same is true for the recent investigation conducted by
the goose breeding company (https://www.dpi.nsw.gov.au/)
and the study of Wang et al. (2010). To better understand the
Met requirements of geese, more research is needed, and
the research needs to be conducted in different breeds and
growth stages.

Conclusion
The results observed in this study indicated that the levels

of Met (0.25%, 0.50%, 0.75%, and 1.00% Met, as-fed basis) used
in this study could be regarded as a tolerable excessive level.
In addition, increasing dietary Met levels could promote pro-
tein synthesis in vivo, which was manifested in the increase
of serum total protein concentration, thus increasing the rel-
ative weight of breast muscle and being beneficial to the im-
provement of growth performance. We also observed that the
increase of myofiber diameter and the decrease of myofiber
density were related to the increase of dietary Met levels; this
provided direct evidence for the relationship between the
increase of relative weight of breast muscle and sarcoplas-
mic hypertrophy caused by the increase of dietary Met levels.
However, increasing dietary Met levels led to the increase in
the relative weight of liver and the occurrence of excessive
deamination of Met, which was manifested in the increase in
serum uric acid concentration, this probably being the rea-
son for the increase of the relative weight of abdominal fat.
In addition, increasing dietary Met levels may be beneficial to
the improvement of antioxidant status in geese through in-
creasing serum uric acid concentration. The appropriate level
of dietary Met to maximize the growth performance and my-
ofiber traits in geese was 0.75%.

Article information

History dates
Received: 8 October 2021
Accepted: 2 July 2022
Accepted manuscript online: 26 October 2022
Version of record online: 19 December 2022

Copyright
© 2022 The Author(s). Permission for reuse (free in most
cases) can be obtained from copyright.com.

Data availability
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Author information

Author ORCIDs
De Xin Dang https://orcid.org/0000-0002-9672-8922
Desheng Li https://orcid.org/0000-0002-3153-0675

Downloaded From: https://bioone.org/journals/Canadian-Journal-of-Animal-Science on 27 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0101
https://www.dpi.nsw.gov.au/
https://marketplace.copyright.com/rs-ui-web/mp
https://orcid.org/0000-0002-9672-8922
https://orcid.org/0000-0002-3153-0675


Canadian Science Publishing

Can. J. Anim. Sci. 103: 73–80 (2023) | dx.doi.org/10.1139/CJAS-2021-0101 79

Author contributions
De Xin Dang: conceptualization, data curation, resources,
software, visualization, writing – original draft; Yan Cui: for-
mal analysis, investigation; Haizhu Zhou: project administra-
tion, resources, visualization; Yujie Lou: data curation, formal
analysis, supervision: De’sheng Li: supervision, writing – re-
view & editing.

Competing interests
The authors declare no financial of personal conflicts of in-
terest.

Funding information
There was no funding for this submission.

References
Albrecht, A., Hebel, M., Heinemann, C., Herbert, U., Miskel, D., Saremi,

B., and Kreyenschmidt, J. 2019. Assessment of meat quality and shelf
life from broilers fed with different sources and concentrations of
methionine. J. Food Qual. 2019: 6182580. doi:10.1155/2019/6182580.

Angelo, J.M.B. 2018. Effect of feeding germinated brown sorghum
and methionine supplementation on performance of broiler
chicken. M.Sc. thesis, University of Nairobi, Nairobi, Kenya.

AOAC. 2000. Official method of analysis. 17th ed. Association of Official
Analytical Chemists, Washington, DC.

Applegate, T.J. 2008. Protein and amino acid requirements for poultry
supplementation options in poultry. Int. J. Poult. Sci. 8(1): 588–591.

Bunchasak, C. 2009. Role of dietary methionine in poultry production. J.
Poult. Sci. 46(3): 169–179. doi:10.2141/jpsa.46.169.

Canadian Council on Animal Care (CCAC). 2009. Guidelines on the care
and use of farm animals in research, teaching and testing. CCAC, Ot-
tawa, ON.

Cannon, B., Shabalina, I.G., Kramarova, T.V., Petrovic, N., and Neder-
gaard, J. 2006. Uncoupling proteins: a role in protection against
reactive oxygen species——or not? Biochim. Biophys. Acta Bioenerg.
1757(5): 449–458. doi:10.1016/j.bbabio.2006.05.016.

Chattopadhyay, K., Mondal, M.K., and Roy, B. 2006. Comparative efficacy
of dl-methionine and herbal methionine on performance of broiler
chicken. Int. J. Poult. Sci. 5(11): 1034–1039.

Chen, S.E., McMurtry, J.P., and Walzem, R.L. 2006. Overfeeding-induced
ovarian dysfunction in broiler breeder hens is associated with
lipotoxicity. Poult. Sci. 85(1): 70–81. doi:10.1093/ps/85.1.70. PMID:
16493948.

Dahiya, J.P., Hoehler, D., Van Kessel, A.G., and Drew, M.D. 2007. Effect of
different dietary methionine sources on intestinal microbial popula-
tions in broiler chickens. Poult. Sci. 86(11): 2358–2366. doi:10.3382/
ps.2007-00133. PMID: 17954586.

Del Vesco, A.P., Gasparino, E., Neto, A.R.O., Rossi, R.M., Soares, M.A.M.,
and da Silva, S.C.C. 2013. Effect of methionine supplementation on
mitochondrial genes expression in the breast muscle and liver of
broilers. Livest. Sci. 151(2): 284–291. doi:10.1016/j.livsci.2012.11.005.

Donsbough, A.L. 2008. The use of serum uric acid as an indicator of amino
acid utilization in diets for broilers. M.Sc. thesis, Louisiana State Uni-
versity and Agricultural and Mechanical College, Baton Rouge, LO.

Duclos, M.J., Berri, C., and Le Bihan-Duval, E. 2007. Muscle growth and
meat quality. J. Appl. Poult. Res. 16(1): 107–112. doi:10.1093/japr/16.
1.107.

Emadi, M., Kaveh, K., Bejo, M.H., Ideris, A., Jahanshiri, F., Ivan, M., and
Alimon, R.A. 2010. Growth performance and blood parameters as in-
fluenced by different levels of dietary arginine in broiler chickens. J.
Anim. Vet. Adv. 9(1): 70–74.

Faulyi, O.B., Adebayo, I.A., and Agbede, J.O. 2015. Influence of hypo and
hyper methionine supplementation on growth performance and im-
munological responses to Newcastle disease vaccinations of broiler
chickens. African J. Food Agric. Nutr. 15(5): 10597–10613. doi:10.
18697/ajfand.72.15405.

Felício, A.M., Gaya, L.G., Ferraz, J.B.S., Moncau, C.T., Mattos, E.C., Santos,
N.P., et al. 2013. Heritability and genetic correlation estimates for per-
formance, meat quality and quantitative skeletal muscle fiber traits
in broiler. Livest. Sci. 157(1): 81–87. doi:10.1016/j.livsci.2013.08.005.

Ghavi, S., Zarghi, H., and Golian, A. 2020. Effect of dietary digestible sul-
phur amino acids level on growth performance, blood metabolites
and liver functional enzymes of broilers 1–11 days of age. Ital. J. Anim.
Sci. 19(1): 1439–1449. doi:10.1080/1828051X.2020.1847606.

Handique, B., Yengkhom, R., and Maurya, L.K. 2019. Lysine and methio-
nine supplementation in commercial broiler chicken: a review. J. En-
tomol. Zool. Stud. 7(3): 193–196.

Hassanein, H.H., and El-Sagheer, M. 2006. Effect of ad libitum or re-
stricted feeding with or without supplemental lysine and methionine
on broiler chicken performance. Egypt. Poult. Sci. 26(1): 367–387.

Iftikhar, H., Mahmood, M.S., Arshad, M.I., Akhtar, M., Mahmood, F., and
Rafique, A. 2012. Immune system dysfunction in broiler chickens ex-
perimentally inoculated with fowl adenovirus serotype-4 associated
with inclusion body hepatitis hydropericardium syndrome. Turk. J.
Vet. Anim. Sci. 36(3): 223–230. doi:10.3906/vet-0807-21.

Jiang, S.G., Pan, N.X., Chen, M.J., Wang, X.Q., Yan, H.C., and Gao, C.Q.
2019. Effects of dietary supplementation with dl-methionine and dl-
methionyl-dl-methionine in breeding pigeons on the carcass char-
acteristics, meat quality and antioxidant activity of squabs. Antioxi-
dants, 8(10): 435. doi:10.3390/antiox8100435.

Jones, J.G. 2016. Hepatic glucose and lipid metabolism. Diabetolo-
gia, 59(2016): 1098–1103. doi:10.1007/s00125-016-3940-5. PMID:
27048250.

Kalvandi, O., Sadeghi, A., and Karimi, A. 2019. Methionine supplemen-
tation improves reproductive performance, antioxidant status, im-
munity and maternal antibody transmission in breeder Japanese
quail under heat stress conditions. Arch. Anim. Breed. 62(1): 275–286.
doi:10.5194/aab-62-275-2019. PMID: 31807638.

Karami, M., Torki, M., and Mohammadi, H. 2018. Effects of dietary sup-
plemental chromium methionine, zinc oxide, and ascorbic acid on
performance, egg quality traits, and blood parameters of laying hens
subjected to heat stress. J. Appl. Anim. Res. 46(1): 1174–1184. doi:10.
1080/09712119.2018.1481411.

Kareem, D.U. 2017. Effects of DL or MHA-FA methionine supplementation
on blood parameters of ISA brown pullets. Federal University of Agri-
culture, Abeokuta (FUNAAB), Abeokuta, Nigeria

Kikusato, M., Sudo, S., and Toyomizu, M. 2015. Methionine deficiency
leads to hepatic fat accretion via impairment of fatty acid import by
carnitine palmitoyltransferase I. Br. Poult. Sci. 56(2): 225–231. doi:10.
1080/00071668.2014.996529. PMID: 25561085.

Leclerq, B., Blum, J.C., Sauveur, B., and Stevens, P. 1987. Nutrition of
geese. In Feeding non-ruminant livestock. Butterworths, London, UK.
pp. 110–112.

Ledesma, A., de Lacoba, M.G., and Rial, E. 2002. The mitochon-
drial uncoupling proteins. Genome Biol. 3(1): 3015. doi:10.1186/
gb-2002-3-12-reviews3015.

Lee, M., Park, H., Heo, J.M., Choi, H.J., and Seo, S. 2021. Multi-tissue
transcriptomic analysis reveals that l-methionine supplementation
maintains the physiological homeostasis of broiler chickens than d-
methionine under acute heat stress. PLoS ONE, 16(2021): e0246063.
doi:10.1371/journal.pone.0246063. PMID: 33503037.

Liu, H.N., Liu, Y., Hu, L.L., Suo, Y.L., Zhang, L., Jin, F., et al. 2014. Ef-
fects of dietary supplementation of quercetin on performance, egg
quality, cecal microflora populations, and antioxidant status in lay-
ing hens. Poult. Sci. 93(2): 347–353. doi:10.3382/ps.2013-03225. PMID:
24570456.

Liu, H.H., Mao, H.G., Dong, X.Y., Cao, H.Y., Liu, K., and Yin, Z.Z. 2019.
Expression of MSTN gene and its correlation with pectoralis muscle
fiber traits in the domestic pigeons (Columba livia). Poult. Sci. 98(11):
5265–5271. doi:10.3382/ps/pez399. PMID: 31265735.

Mahmoudi, M., Azarfar, A., and Khosravinia, H. 2018. Partial replace-
ment of dietary methionine with betaine and choline in heat-stressed
broiler chickens. J. Poult. Sci. 55(1): 28–37. doi:10.2141/jpsa.0170087.
PMID: 32055153.

Majdeddin, M., Golian, A., Kermanshahi, H., Michiels, J., and De Smet, S.
2019. Effects of methionine and guanidinoacetic acid supplementa-
tion on performance and energy metabolites in breast muscle of male
broiler chickens fed corn–soybean diets. Br. Poult. Sci. 60(5): 554–563.
doi:10.1080/00071668.2019.1631447. PMID: 31190558.

Downloaded From: https://bioone.org/journals/Canadian-Journal-of-Animal-Science on 27 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0101
http://dx.doi.org/10.1155/2019/6182580
http://dx.doi.org/10.2141/jpsa.46.169
http://dx.doi.org/10.1016/j.bbabio.2006.05.016
http://dx.doi.org/10.1093/ps/85.1.70
https://pubmed.ncbi.nlm.nih.gov/16493948
http://dx.doi.org/10.3382/ps.2007-00133
https://pubmed.ncbi.nlm.nih.gov/17954586
http://dx.doi.org/10.1016/j.livsci.2012.11.005
http://dx.doi.org/10.1093/japr/16.1.107
http://dx.doi.org/10.18697/ajfand.72.15405
http://dx.doi.org/10.1016/j.livsci.2013.08.005
http://dx.doi.org/10.1080/1828051X.2020.1847606
http://dx.doi.org/10.3906/vet-0807-21
http://dx.doi.org/10.3390/antiox8100435
http://dx.doi.org/10.1007/s00125-016-3940-5
https://pubmed.ncbi.nlm.nih.gov/27048250
http://dx.doi.org/10.5194/aab-62-275-2019
https://pubmed.ncbi.nlm.nih.gov/31807638
http://dx.doi.org/10.1080/09712119.2018.1481411
http://dx.doi.org/10.1080/00071668.2014.996529
https://pubmed.ncbi.nlm.nih.gov/25561085
http://dx.doi.org/10.1186/gb-2002-3-12-reviews3015
http://dx.doi.org/10.1371/journal.pone.0246063
https://pubmed.ncbi.nlm.nih.gov/33503037
http://dx.doi.org/10.3382/ps.2013-03225
https://pubmed.ncbi.nlm.nih.gov/24570456
http://dx.doi.org/10.3382/ps/pez399
https://pubmed.ncbi.nlm.nih.gov/31265735
http://dx.doi.org/10.2141/jpsa.0170087
https://pubmed.ncbi.nlm.nih.gov/32055153
http://dx.doi.org/10.1080/00071668.2019.1631447
https://pubmed.ncbi.nlm.nih.gov/31190558


Canadian Science Publishing

80 Can. J. Anim. Sci. 103: 73–80 (2023) | dx.doi.org/10.1139/CJAS-2021-0101

Mertens, D.R. 2002. Gravimetric determination of amylase-treated neu-
tral detergent fiber in feeds with refluxing in beakers or crucibles:
collaborative study. J. AOAC Int. 85(6): 1217–1240. doi:10.1093/jaoac/
85.6.1217. PMID: 12477183.

National Research Council (NRC). 1994. Nutrient requirements of
poultry. 9th rev. ed. National Academies Press, Washington,
DC.

Nitsan, Z., Dvorin, A., and Nir, I. 1983. Protein, essential amino acids
and glycine requirements of the growing gosling (Anser ciereneus). Br.
Poult. Sci. 50(1): 455.

Ognik, K., and Krauze, M. 2016. The potential for using enzymatic assays
to assess the health of turkeys. World’s Poult. Sci. J. 72(3): 535–550.
doi:10.1017/S0043933916000246.

Peng, J.L., Bai, S.P., Wang, J.P., Ding, X.M., Zeng, Q.F., and Zhang, K.Y.
2018. Methionine deficiency decreases hepatic lipid exportation and
induces liver lipid accumulation in broilers. Poult. Sci. 97(12): 4315–
4323. doi:10.3382/ps/pey317. PMID: 30101340.

Powell, D.J. 2016. Investigating the effect of nutritional status on chicken
satellite cell activity and muscle development. Ph.D. dissertation,
University of Sydney, Camperdown, Australia.

Reda, F.M., Swelum, A.A., Hussein, E.O.S., Elnesr, S.S., Alhimaidi, A.R.,
and Alagawany, M. 2020. Effects of varying dietary dl-methionine lev-
els on productive and reproductive performance, egg quality, and
blood biochemical parameters of quail breeders. Animals, 10(10):
1839. doi:10.3390/ani10101839.

Rehman, A.U., Arif, M., Husuain, M.M., Alagawany, M., Abd El-Hack, M.E.,
Taha, A.E., et al. 2019. Growth performance of broilers as influenced
by different levels and sources of methionine plus cysteine. Animals,
9(12): 1056. doi:10.3390/ani9121056.

Ruan, T., Li, L., Peng, X., and Wu, B. 2017. Effects of methionine on the
immune function in animals. Health (NY), 9(5): 857–869. doi:10.4236/
health.2017.95061.

Sahebi-Ala, F., Hassanabadi, A., and Golian, A. 2021. Effect of replace-
ment different methionine levels and sources with betaine on blood
metabolites, breast muscle morphology and immune response in
heat-stressed broiler chickens. Ital. J. Anim. Sci. 20(1): 33–45. doi:10.
1080/1828051X.2020.1868358.

Shini, S., Li, X., and Bryden, W.L. 2005. Methionine requirement and
cell-mediated immunity in chicks. Asia Pac. J. Clin. Nutr. 14(2005):
S123.

Sun, M., Zhao, J., Wang, X., Jiao, H., and Lin, H. 2020. Use of encapsu-
lated l-lysine-HCl and dl-methionine improves postprandial amino
acid balance in laying hens. J. Anim. Sci. 98(10): skaa315. doi:10.1093/
jas/skaa315. PMID: 32954399.

Swennen, Q., Geraert, P.A., Mercier, Y., Everaert, N., Stinckens, A.,
Willemsen, H., et al. 2011. Effects of dietary protein content and
2-hydroxy-4-methylthiobutanoic acid or dl-methionine supplemen-
tation on performance and oxidative status of broiler chickens. Br.
J. Nutr. 106(12): 1845–1854. doi:10.1017/S0007114511002558. PMID:
21736775.

Todorovic, D., Stojanovic, M., Scepanovic, L., Mitrovic, D., Scepanovic, V.,
Scepanovic, R., et al. 2019. Effects of subchronic methionine stimula-
tion on oxidative status and morphological changes in the rat ileum.
Gen. Physiol. Biophys. 38(2019): 535–544. doi:10.4149/gpb_2019033.
PMID: 31829311.

Wada, Y., Takeda, Y., and Kuwahata, M. 2018. Potential role of amino
acid/protein nutrition and exercise in serum albumin redox state. Nu-
trients, 10(1): 17. doi:10.3390/nu10010017.

Wang, Z.Y., Shi, S.R., Zhou, Q.Y., Yang, H.M., Zou, J.M., Zhang, K.N., and
Han, H.M. 2010. Response of growing goslings to dietary methionine
from 28 to 70 days of age. Br. Poult. Sci. 51(1): 118–121. doi:10.1080/
00071660903431406. PMID: 20390576.

Wen, C., Chen, X., Chen, G.Y., Wu, P., Chen, Y.P., and Zhou, Y.M. 2014. Me-
thionine improves breast muscle growth and alters myogenic gene
expression in broilers. J. Anim. Sci. 92(3): 1068–1073. doi:10.2527/jas.
2013-6485. PMID: 24492548.

Wen, C., Jiang, X.Y., Ding, L.R., Wang, T., and Zhou, Y.M. 2017. Effects of
dietary methionine on growth performance, meat quality and oxida-
tive status of breast muscle in fast- and slow-growing broilers. Poult.
Sci. 96(6): 1707–1714. doi:10.3382/ps/pew432. PMID: 28008130.

Wu, B., Cui, H., Xi, P., Jing, F., Wei, C., and Liu, X. 2012. Effect of methio-
nine deficiency on the thymus and the subsets and proliferation of
peripheral blood T-cell, and serum IL-2 contents in broilers. J. Integr.
Agric. 11(6): 1009–1019. doi:10.1016/S2095-3119(12)60093-8.

Wu, Y.B., Tang, J., Xie, M., Zhao, R., Huang, W., Zhang, Q., and Hou, S.S.
2019. Effects of dietary energy and methionine on growth perfor-
mance and carcass traits of growing pekin ducks from 15 to 42 days
of age. Poult. Sci. 98(11): 5870–5875. doi:10.3382/ps/pez332. PMID:
31222342.

Wu, Y., Tang, J., Cao, J., Zhang, B., Chen, Y., Xie, M., et al. 2021. Effect of
dietary l-methionine supplementation on growth performance, car-
cass traits, and plasma parameters of starter pekin ducks at different
dietary energy levels. Animals, 11(1): 144. doi:10.3390/ani11010144.

Xie, M., Hou, S.S., Huang, W., and Fan, H.P. 2007. Effect of excess me-
thionine and methionine hydroxy analogue on growth performance
and plasma homocysteine of growing Pekin ducks. Poult. Sci. 86(9):
1995–1999. doi:10.1093/ps/86.9.1995. PMID: 17704389.

Xue, J.J., Xie, M., Tang, J., Huang, W., Zhang, Q., and Hou, S.S. 2018. Ef-
fects of excess dl- and l-methionine on growth performance of starter
Pekin ducks. Poult. Sci. 97(3): 946–950. doi:10.3382/ps/pex380. PMID:
29281068.

Yang, Z., Wang, Z.Y., Yang, H.M., Zhao, F.Z., and Kong, L.L. 2016. Re-
sponse of growing goslings to dietary supplementation with methio-
nine and betaine. Br. Poult. Sci. 57(6): 833–841. doi:10.1080/00071668.
2016.1230663. PMID: 27717289.

Yang, Z., Wang, Z.Y., Yang, H.M., Xu, L., and Gong, D.Q. 2017. Effects of
dietary methionine and betaine on slaughter performance, biochemi-
cal and enzymatic parameters in goose liver and hepatic composition.
Anim. Feed. Sci. Technol. 228(2017): 48–58. doi:10.1016/j.anifeedsci.
2017.04.003.

Yang, Z., Yang, H.M., Gong, D.Q., Rose, S.P., Pirgozliev, V., Chen, X.S.,
and Wang, Z.Y. 2018. Transcriptome analysis of hepatic gene expres-
sion and DNA methylation in methionine- and betaine-supplemented
geese (Anser cygnoides domesticus). Poult. Sci. 97(10): 3463–3477. doi:10.
3382/ps/pey242. PMID: 29931118.

Zarghi, H., Golian, A., and Nikbakhtzade, M. 2020. Effect of dietary di-
gestible lysine level on growth performance, blood metabolites and
meat quality of broilers 23–38 days of age. J. Anim. Physiol. Anim.
Nutr. 104(1): 156–165. doi:10.1111/jpn.13214.

Zatsiorsky, V.M., and Kraemer, W.J. 2006. Science and practice of strength
training. 2nd ed. Human Kinetics, Champaign, IL. pp. 47–65.

Zeitz, J.O., Mohrmann, S., Käding, S.C., Devlikamov, M., Niewalda, I.,
Whelan, R., et al. 2019. Effects of methionine on muscle protein syn-
thesis and degradation pathways in broilers. J. Anim. Physiol. Anim.
Nutr. 103(1): 191–203. doi:10.1111/jpn.13026.

Zhai, W., Araujo, L.F., Burgess, S.C., Cooksey, A.M., Pendarvis, K., Mercier,
Y., and Corzo, A. 2012. Protein expression in pectoral skeletal muscle
of chickens as influenced by dietary methionine. Poult. Sci. 91(10):
2548–2555. doi:10.3382/ps.2012-02213. PMID: 22991541.

Zhai, W., Peebles, E.D., Schilling, M.W., and Mercier, Y. 2016. Effects of di-
etary lysine and methionine supplementation on Ross 708 male broil-
ers from 21 to 42 d of age (I): growth performance, meat yield, and
cost effectiveness. J. Appl. Poult. Res. 25(2): 197–211. doi:10.3382/japr/
pfw002.

Downloaded From: https://bioone.org/journals/Canadian-Journal-of-Animal-Science on 27 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0101
http://dx.doi.org/10.1093/jaoac/85.6.1217
https://pubmed.ncbi.nlm.nih.gov/12477183
http://dx.doi.org/10.1017/S0043933916000246
http://dx.doi.org/10.3382/ps/pey317
https://pubmed.ncbi.nlm.nih.gov/30101340
http://dx.doi.org/10.3390/ani10101839
http://dx.doi.org/10.3390/ani9121056
http://dx.doi.org/10.4236/health.2017.95061
http://dx.doi.org/10.1080/1828051X.2020.1868358
http://dx.doi.org/10.1093/jas/skaa315
https://pubmed.ncbi.nlm.nih.gov/32954399
http://dx.doi.org/10.1017/S0007114511002558
https://pubmed.ncbi.nlm.nih.gov/21736775
http://dx.doi.org/10.4149/gpb_2019033
https://pubmed.ncbi.nlm.nih.gov/31829311
http://dx.doi.org/10.3390/nu10010017
http://dx.doi.org/10.1080/00071660903431406
https://pubmed.ncbi.nlm.nih.gov/20390576
http://dx.doi.org/10.2527/jas.2013-6485
https://pubmed.ncbi.nlm.nih.gov/24492548
http://dx.doi.org/10.3382/ps/pew432
https://pubmed.ncbi.nlm.nih.gov/28008130
http://dx.doi.org/10.1016/S2095-3119(12)60093-8
http://dx.doi.org/10.3382/ps/pez332
https://pubmed.ncbi.nlm.nih.gov/31222342
http://dx.doi.org/10.3390/ani11010144
http://dx.doi.org/10.1093/ps/86.9.1995
https://pubmed.ncbi.nlm.nih.gov/17704389
http://dx.doi.org/10.3382/ps/pex380
https://pubmed.ncbi.nlm.nih.gov/29281068
http://dx.doi.org/10.1080/00071668.2016.1230663
https://pubmed.ncbi.nlm.nih.gov/27717289
http://dx.doi.org/10.1016/j.anifeedsci.2017.04.003
http://dx.doi.org/10.3382/ps/pey242
https://pubmed.ncbi.nlm.nih.gov/29931118
http://dx.doi.org/10.1111/jpn.13214
http://dx.doi.org/10.1111/jpn.13026
http://dx.doi.org/10.3382/ps.2012-02213
https://pubmed.ncbi.nlm.nih.gov/22991541
http://dx.doi.org/10.3382/japr/pfw002


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


