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ABSTRACT This study evaluated the effects of mus-
cle fiber characteristics on meat quality traits in 45
female fast- and slow-growing ducks. Three duck breeds
at typical market ages were selected and slaughtered,
including fast-growing ducks (Cherry Valley duck) and
slow-growing ducks (Small-sized Beijing duck and
Liancheng White duck). M. pectoralis major (PM), m.
soleus (SOL), m. gastrocnemius (GAS) and m. exten-
sor digitorum longus (EDL) were used to assess muscle
fiber characteristics as well as meat quality properties.
The results showed that the fiber compositions in PM,
GAS, and EDL muscles only consisted of fast-twitch
fibers irrespective of the breeds, while a low percentage
of slow-twitch fibers were observed in slow-growing
ducks (17.03% and 29.14%). The significant clear differ-
ences of fiber diameter, fiber density and fiber cross-sec-
tional area (CSA) was observed among three duck
breeds. Small-sized Beijing ducks had the highest diame-
ter and cross-sectional fiber area coupled with a dramati-
cally lowest fiber density when compared to other 2
breeds both in breast and leg muscles. In addition, the
meat quality traits such as moisture content, release
water, and intramuscular fat content were significantly
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affected by the breeds. Slow-growing ducks, especially
Liancheng White ducks, exhibited higher release water,
intramuscular fat content, as well as lower moisture con-
tent (P < 0.05) compared to the fast-growing ducks.
The lower pH24 h value and shear force tended to be
present in breast of Liancheng White ducks (P < 0.05).
The higher protein content and collagen content were
detected in breast of Liancheng White ducks and the leg
muscle of Small-sized Beijing ducks (P < 0.05), respec-
tively. Finally, the correlation coefficients between mus-
cle fiber characteristics and meat quality showed that
the diameter, density and CSA of fibers had a moderate
or significant correlation with pH, shear force value,
moisture content, and protein content of meat in fast-
growing ducks. In slow-growing ducks, muscle fiber
characteristics had a moderate or significant correlation
with pH, shear force value, release water, protein con-
tent, and intramuscular fat content of meat. These
results indicated that muscle fiber characteristics is a
useful parameter to explain in parts the variation of
meat quality including pH, shear force value, and pro-
tein content of meat, both in slow-growing ducks and
fast-growing ducks.
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INTRODUCTION

In the 21st century, meat quality has always been
important to the consumer, and it is an especially critical
issue for the meat industry (England et al., 2013;
Listrat et al., 2016). Breed is an important factor that
can influence meat quality in some ways including total
number of fibers, fiber cross-sectional area (CSA) and
fiber type composition of a given muscle within a species.
For example, the longissimus dorsi muscle of Berkshire
pigs has a larger percentage of slow-twitch fiber com-
pared to Landrace and Yorkshire pigs (Ryu et al., 2008).
Increasing the proportion of slow-twitch fibers in muscle
is known to increase the redness and decreases the rate
of pH decline (Choi et al., 2007). Lee et al. (2012)
showed that significant differences in pork quality traits
and muscle fiber characteristics exist among various
breeds, and the variation in muscle fiber characteristics
can partially explain the variation in meat quality, both
across and within breeds. However, little or no informa-
tion is available on the existence of relationships
between various meat quality traits and muscle fiber
characteristics in different duck breeds.
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There are numerous duck breeds in China including 3
main types of meat ducks are raised: native breeds (also
called slow-growing ducks or high-quality ducks), stan-
dard ducks (also called fast-growing ducks) and crossbred
ducks (Zhang et al., 2019). Slow-growing ducks have an
inferior growth rate with a poor feed conversion rate and
are reared for a longer period as compared to fast-growing
breeds, but the meat of slow-growing ducks has unique
meat flavor and texture (Kwon et al., 2014). Earlier
Dransfield and Sosnicki (1999) reported higher growth
rates may induce morphological abnormalities, induce
larger fiber diameters and a higher proportion of glyco-
lytic (white) fibers in poultry. Although certain studies
on muscle fiber characteristics, carcass traits and meat
quality in ducks were reported by Kisiel and
Ksią _zkiewicz (2004); Witkiewicz et al. (2004);
Bernacki et al. (2008) and Kokoszy�nski et al. (2020),
extensive information on factors determinant of meat
quality in slow- and fast-growing ducks is not available.
Therefore, the purpose of this study was evaluated the
effects of muscle fiber characteristics on meat quality
traits in fast- and slow-growing ducks, and to determine
how muscle fiber structure influences meat quality in dif-
ferent duck breeds. These data could find out the effect of
breeds on meat quality through muscle fiber characteris-
tics in duck, which might provide alternatives to further
improve the meat quality in the duck production.
Figure 1. Schematic view of muscle fiber and bundle in three distinct c
(a), Small-sized Beijing duck (b) and Liancheng White duck (c) at market ag
toxylin and eosin staining. Scale bar = 100 mm. (C) Comparison of histologic
diameter; b) muscle fiber cross-sectional area; c) fiber density. Vertical bar
indicate significant (P < 0.05) differences. Abbreviations: EDL, m. extenso
gastrocnemius.
MATERIALS AND METHODS

Ethics Statement

All animal experimental procedures were approved and
guided by the Institutional Animal Care and Use Com-
mittee of the School of Animal Science and Technology,
Yangzhou University (Permit Number: YZUDWSY,
Government of Jiangsu Province, China).
Birds, Slaughter Procedures, and Sample
Collection

A total of 45 female ducks, including fast-growing
ducks (37 d for Cherry Valley ducks, SM3 heavy hybrid,
n = 15) and slow-growing ducks (70 d for Small-sized
Beijing ducks and 65 d for Liancheng White ducks,
n = 15 respectively) were obtained (Figure 1A−1C)
from LiHua Farming Co., Jiangsu, China. Individuals
within each breed had the same genetic background.
The birds were electrically stunned in a water bath
(240 mA, 120 V, 5 s), killed by neck cut. After slaughter,
the carcasses were cooled in a chilling room (4°C).
At 45 min postmortem, the m. pectoralis major (PM)
and the leg muscle were taken from the right side of the
carcass. Form the leg muscle of carcasses, m. soleus
(SOL), m. gastrocnemius (GAS) and m. extensor
ommercial breeds of ducks. (A) Appearance of the Cherry Valley duck
e; (d) Schematic diagram of leg muscle anatomical locations. (B) Hema-
al characteristics of muscle fiber of the three duck breeds. a) muscle fiber
s represent mean § SD (n = 6). The different superscripts on the bars
r digitorum longus; PM, m. pectoralis major; SOL, m. soleus; GAS, m.
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digitorum longus (EDL) were excised (anatomical loca-
tions are shown in Figure 1A−1D). Part of the samples
were cut in pieces (0.5 £ 0.5 £ 1.0 cm3 pieces), stored at
4% paraformaldehyde until analyzed for hematoxylin-
eosin (H&E) staining and immunohistochemistry analy-
sis. Another part of the samples were frozen in liquid
nitrogen and kept at −80°C until subsequent analyses.
Thereafter the breast muscle and leg muscle from the left
side of the carcass were excised, and the skin, visible fat
and excessive connective tissues were removed, vacuum
packed, and stored at 4°C for meat quality analysis.
H&E Staining and Immunohistochemistry

To evaluate the characteristics of muscle fiber, each
muscle section was stained with H&E staining based on
the method Cardiff et al. (2014). In brief, muscle samples
were fixed in 4% paraformaldehyde for 24 h at room tem-
perature, embedded in paraffin, cut at thicknesses of 5
microns on a cryostat (CM 1860, Leica Biosystems, Wet-
zlar, Germany), and stained with H&E. Representative
areas were photographed under a Nikon 90i microscope
(Nikon, Tokyo, Japan) at a magnification of 200£ .

The immunohistochemistry staining protocol was per-
formed as previously described (Kim et al., 2016) with
minor modifications. Each muscle sample was fixed in
4% paraformaldehyde for 24 h and paraffin-embedded.
Serial muscle sections (10 mm in thickness) were sliced
from each sample with a cryostat (CM 1860, Leica Bio-
systems, Wetzlar, Germany). The sections were blocked
with 10% normal goat serum (Santa Cruz Biotechnol-
ogy, Inc., Santa Cruz, CA). Two primary antibodies,
anti-fast myosin skeletal heavy chain (MYH1A, 1:1,000,
#ab51263; Abcam, Cambridge, UK) and anti-slow myo-
sin skeletal heavy chain (MYH7B, 1:4,000, #ab11083;
Abcam, Cambridge, UK) were used, respectively. Sec-
tions were incubated overnight at 37°C with the primary
antibodies. The secondary anti-bodies, goat anti-mouse
IgG H&L (HRP) (1:5,000, # ab205719; Abcam, Cam-
bridge, UK) was applied for 30 min at 37°C. An image
analysis system (Image-Pro plus 5.1; Media Cybernetics
Inc., Rockville, MD) was used to examine the stained sec-
tions. For each muscle, three different points on three
images containing a total of about 300 muscle fibers with-
out signs of tissue disruption and freeze damage were esti-
mate. Fiber density (number/mm2), fiber proportions
(area %), CSA (mm2) and fiber diameter (mm) were calcu-
lated. Mean CSA of each fiber was estimated from about
300 fibers and fiber density was presented as the number
of individual fibers per 1 mm2 of the total fiber CSA. Mus-
cle fiber area percentage (%) was defined as the total CSA
of each fiber type to the total fiber area.
Meat Quality Measurements

The pH24h was measured 24 h after slaughter by using
a portable pH meter (HI9125 portable water proof pH/
oxidation reduction potential meter, HANNA Instru-
ments, Cluj-Napoca, Romania). The pH meter was
standardized by a two-point method against standard
buffers of pH 4.0 and pH 7.0. The average pH value was
defined by 3 measurements at different points on the
same muscle samples.
Release water analysis was carried out with a dilatom-

eter (C-LM3B, Tenovo, Beijing, China) according to the
method of Joo (2018) with adaptations as follows.
Briefly, samples (about 1 g, W1) of the breast muscle
and the leg muscle were weighed at 24 h postmortem.
Then, 16 layers of filter papers were placed on the top
and bottom of the sample. This sandwich was placed
between hard plastic plates on the platform of the dila-
tometer. The meat sample was pressurized (68.66 kPa)
for 5 min and weighed the meat sample again (W2). The
release water of meat was calculated based on the differ-
ence in weight before and after the test. The percentage
of release water % was calculate as follow: Release water
(%) = (W1-W2) / W1 £ 100%.
Shear force was evaluated according to the method of

Baublits et al. (2005). Cores with a diameter of 1 cm
were removed from the breast muscle and leg muscle at
different positions and parallel to fiber orientation. The
samples were sheared perpendicular to the long axis of
the core with a Digital Meat Tenderness Instrument
(model C-LM3B, Northeast Agricultural University,
Harbin, China; probe model XL1155). The results are
expressed in Newton (N). Each value was an average of
3 measurements on the same muscle samples.
Ground meat composition (protein, intramuscular fat,

collagen and moisture) was analyzed with a FoodScan
Analyzer (Delta 320, Mettler-Toledo Group) using the
methods described by Song et al. (2017). The results
were given in percent (g/100 g£ 100%) of intramuscular
fat, moisture, collagen and protein.
mRNA Expression Analysis

The mRNA expression levels of selected genes were
determined using quantitative reverse transcription
polymerase chain reaction (qRT-PCR) analysis. Total
RNA was extracted from the each sample using the TRI-
ZOL reagent (Invitrogen Corp, Carlsbad, CA) with
DNase I (Takara Biotechnology Co. Ltd., Dalian,
China) to remove DNA. Assessment of RNA quality
was performed on a 1.0% agarose-gel electrophoresis and
photographed. An aliquot of each extract was used for
spectrophotometry to determine RNA quality and con-
centration. RNA with a 260/280 ratio between 1.95 and
2.2 and a 260/230 ratio > 1 and < 3 was considered satis-
factory and was used in this study. Each RNA extract
was assayed in triplicate and an average value was deter-
mined. Reverse transcription was performed using a Pri-
meScript RT Master Mix kit (Takara Biotechnology Co.
Ltd., China) according to the manufacturer’s instruc-
tions. qRT-PCR was carried out in optical 96-well plates
on an ABI 7500 Real-Time PCR System (Applied Bio-
systems, Foster City, CA, USA) using SYBR Premix Ex
Taq Kits (Takara Biotechnology Co. Ltd., China).
Primer sequences for qRT-PCR were designed using



Table 1. Primers for qRT-PCR of MyHC-related genes.

Gene GenBank accession Primer sequence (50!30) Length (bp)
Product
size (bp)

Annealing
temperature (°C)

MYH7B NM_204587.2 F: GCTGCGGTGTAACGGTGTC 19 119 60
R: CTGGAATGGCTGCTGGGT 18

MYH1A NM_001013396.1 F: GAACCCTCCCAAGTATGA 18 124 60
R: GAGACCCGAGTAGGTGTAG 19

MYH1B NM_204228.3 F: GGGAGACCTGAATGAAATGGAG 22 140 60
R: CTTCCTGTGACCTGAGAGCATC 22

b-actin EF667345.1 F: GAGAAATTGTGCGTGACATCA 21 152 60
R: CCTGAACCTCTCATTGCCA 19

Note: All the primers are designed with Primer 5.0 software and synthesized by Nanjing Qingke bioengineering company. F, forward primer. R, reverse primer.
Abbreviations: MyHC, myosin heavy-chain; MYH7B, (type I) slow-twitch myosin heavy-chain; MYH1A, (type IIb) fast-twitch myosin heavy-chain;

MYH1B, (type IIa) fast-twitch myosin heavy-chain.
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Primer Express 5.0 software (Applied Biosystems) based
on the National Center for Biotechnology Information
published sequences (www.ncbi.nlm.nih.gov, Table 1).
All primer pairs generated specific amplicons with
expected size. All primers were evaluated for amplifica-
tion efficiency before use. Efficiency of target genes was
within 5% of the reference gene (b-actin). A melting
curve analysis was performed after all reactions to
ensure amplification specificity. MYH7B, MYH1A, and
MYH1B were normalized to internal control gene. Rela-
tive expression levels of the target mRNAs were calcu-
lated using the 2�DDCt method as described by Livak &
Schmittgen (2001).
Statistical Analysis

The error terms used throughout this study are stan-
dard deviation (SD). The experimental data were pre-
sented as means § SD. Statistical analysis was
performed using SPSS statistical software (SPSS, Ver.
18.0). A two-way ANOVA was performed in order to
evaluate the main effect. Duncan's multiple range test
was used to analysis of the main effect of each indepen-
dent variable and any significant differences between
them. A level of P < 0.05 was set as the criterion for sta-
tistical significance. The relationships between muscle
fiber characteristics and meat quality in different duck
breeds were analyzed using Pearson correlation coeffi-
cients. Besides, descriptive statistics based on the Guill-
ford scale was applied (Guillford, 1942).
RESULTS

Comparison of Meat Quality Traits Among
Breeds

To compare the meat quality traits among breeds, the
pH24 h, release water, shear force, moisture content, pro-
tein content, intramuscular fat content and collagen con-
tent were measured. Some significant main effects were
observed for different breeds and muscular tissues on the
contents of water and intramuscular fat (Table 2). The
higher intramuscular fat content and the lower moisture
content were observed in Liancheng White ducks (P <
0.05), while the highest moisture content and the lowest
intramuscular fat content in Cherry Valley ducks (P <
0.05). Also, the intramuscular fat content was greater in
leg muscle than that in the breast muscle, and less
release water in leg muscles (P < 0.05). In addition, there
was a significant interaction between factors (breeds and
muscular tissues) for the meat pH24 h value, shear force,
protein content and collagen content (P < 0.05). The
lower pH24 h value and shear force tended to be present
in breast muscle of Liancheng White ducks (P < 0.05).
The greater protein contents were detected in breast
muscle of Liancheng White ducks and Small-sized Bei-
jing ducks (P < 0.05). Also, the highest collagen content
was found in leg muscle of Small-sized Beijing ducks
(P < 0.05). Collectively, these results indicated that the
breed was the more important influencing factor in meat
quality traits tested, and the Liancheng White ducks
had greater protein content, intramuscular fat content,
as well as fewer shear force and moisture content.
Comparison of Muscle Fiber Morphology
Traits Among Breeds

To compare the morphology traits of muscle fibers in
ducks, representative characteristics of 4 muscular tis-
sues were investigated (Figure 1B). There was signifi-
cant interaction between factors (breeds and muscular
tissues) for the fiber diameter, CSA, and fiber density
(Figure 1C, Supplementary Table 1). The diameter of
breast muscle fibers was significantly smaller than that
of other muscular tissues in all three duck breeds, espe-
cially when compared to EDL (P < 0.05) (Figure 1C-a).
The largest muscle fiber CSA was observed in SOL and
EDL of Small-sized Beijing duck (Figure 1C-b). As
expected, the fiber density showed an opposite trend
from the fiber diameter and the CSA (Figure 1C-c). The
highest fiber density (1770/mm2) was observed in PM of
Liancheng White duck.
Comparison of Myosin Heavy Chain-Based
Fiber Characteristics Among Breeds

Next, the mRNA expression of MyHC isoform
MYH7B (type I, slow-twitch), MYH1A (type IIb, fast-
twitch), and MYH1B (type IIa, fast-twitch) in three
duck breeds were detected by qRT-PCR. As shown in

http://www.ncbi.nlm.nih.gov


Table 2. Meat quality traits of the Cherry Valley duck, Small-sized Beijing duck and Liancheng White duck at market age.

Items pH24 h

Release water
(%)

Shear force
(N)

Moisture
content (%)

Protein
content (%)

IMF content
(%)

Collagen
content (%)

Cherry Valley duck
Breast 5.99 § 0.11b 15.97 § 4.45 36.08 § 2.94c 75.61 § 0.12 23.28 § 0.57b 1.75 § 0.17 1.32 § 0.22b

Leg 6.39 § 0.11a 9.88 § 2.68 54.33 § 0.61a 74.48 § 1.24 22.41 § 0.45c 2.50 § 0.58 1.51 § 0.20ab

Small-sized Beijing duck
Breast 6.30 § 0.11a 11.34 § 2.97 46.64 § 1.14b 73.34 § 0.97 23.67 § 0.09a 2.37 § 0.40 1.44 § 0.08b

Leg 6.33 § 0.14a 8.13 § 3.78 57.83 § 2.53a 72.97 § 0.81 21.77 § 0.10d 3.28 § 0.02 1.63 § 0.16a

Liancheng White duck
Breast 5.76 § 0.04c 15.98 § 0.69 31.57 § 5.18c 72.78 § 0.60 23.76 § 0.14a 2.41 § 0.30 1.44 § 0.10b

Leg 5.96 § 0.08b 13.26 § 2.54 55.68 § 1.56a 73.23 § 1.12 21.97 § 0.07d 3.20 § 0.44 1.31 § 0.07b

Breeds
Cherry Valley
duck

6.20 § 0.23 12.49 § 4.56a 45.20 § 10.17 75.04 § 1.04a 22.84 § 0.67 2.13 § 0.57b 1.41 § 0.22

Small-sized
Beijing duck

6.33 § 0.12 9.97 § 3.48b 52.23 § 6.38 73.15 § 0.88b 22.72 § 0.99 2.83 § 0.54a 1.54 § 0.15

Liancheng
White duck

5.86 § 0.12 14.43 § 2.34a 43.63 § 13.64 73.00 § 0.95b 22.87 § 0.94 2.80 § 0.56a 1.37 § 0.11

Muscular tissues
Breast 5.99 § 0.23 14.12 § 3.63a 38.09 § 7.35 74.15 § 1.43 23.53 § 0.43 2.12 § 0.42b 1.39 § 0.16
Leg 6.23 § 0.22 10.63 § 3.44b 55.95 § 2.16 73.69 § 1.29 22.10 § 0.40 2.92 § 0.57a 1.49 § 0.20

P-value (two-way ANOVA)
Breeds 0.000 0.027 0.000 0.000 0.545 0.000 0.052
Muscular
tissues

0.000 0.009 0.000 0.228 0.000 0.000 0.121

Breeds *
Muscular
tissues

0.000 0.547 0.006 0.080 0.000 0.867 0.029

Note: Results are reported as means § SD (n = 6).
a-dSuperscripted letters within a row indicate significant differences (P < 0.05).
Abbreviation: IMF, intramuscular fat.
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Figure 2, Cherry Valley duck, Small-sized Beijing duck
and Liancheng White duck exhibited higher expression
levels of MYH1B and MYH1A, but MYH7B was barely
expressed in PM (P < 0.05). Although the MyHC genes
were expressed in all leg muscles, the expression patterns
were different in GAS, SOL, and EDL. Generally, the
expression levels of MYH1B was the highest, and the
expression levels of MYH7B was the lowest. However,
the Small-sized Beijing duck exhibited higher expression
levels of MYH7B than MYH1B in SOL (P < 0.05)
(Figure 2B), and the Liancheng White duck exhibited
higher expression levels of MYH7B than MYH1A in
SOL (P < 0.05) (Figure 2C).

We also performed immunohistochemistry analysis of
anti-MyHC antibody to investigate the fiber type com-
position. As shown in Figure 3A, fiber type composition
within muscles showed a similar trend to qRT-PCR
results. Fast-reactive fibers tended to be distributed
more evenly throughout the sections while slow-reactive
fibers tended to be more specific. Anti-slow MHC, which
corresponds to type I, did not stain any muscles in
Cherry Valley duck (Figure 3a1-a1 and a10-d10). The
three major muscles (PM, GAS and EDL) observed
were pure types (consisting of one isoform, type II),
whereas hybrid types (consisting of 2 isoforms, type I
and type II) were only found in the SOL skeletal muscles
in Small-sized Beijing duck and Liancheng White duck
(Figure 3b2-b3 and b20-b30). However, the proportions
of the fiber types varied greatly between the SOL
muscles among the breeds. As shown in Figure 3B, the
area percentage of type I fiber in SOL muscle was high-
est in Liancheng White ducks (29.14%) when compared
to Small-sized Beijing ducks (17.03%) and Cherry Valley
duck (0%). There were no differences in the percentage
of fibers between breed groups in PM, GO, and EDL,
which comprise only fast-twitch fibers. Together, the
fiber compositions of PM, GAS and EDL muscles only
consisted of fast-twitch fibers irrespective of the breeds,
while little slow-twitch fibers could be identified in SOL
in Liancheng White ducks and Small-sized Beijing
ducks.
The Relationship of Muscle Fiber
Characteristics and Meat Quality Traits in
Duck Breeds

To estimate the relationships of muscle fiber charac-
teristics and meat quality traits in duck breeds, the
Pearson correlation coefficients (r) were evaluated. Cor-
relation coefficients of muscle fiber characteristics
including fiber diameter, CAS, and fiber density with
meat quality traits for fast- and slow-growing ducks are
presented in Table 3. For moisture content with the
muscle fiber diameter, obtained value R was sufficient
for evaluating the relationship as poor (r = �0.081), and
for collagen content of values R = 0.489, correlations
could be regarded as moderate and the value of correla-
tion factor as real in slow-growing ducks. Significant cor-
relations of meat quality traits with fiber density were
observed for pH24 h (r = 0.610), shear force value
(r = 0.809), intramuscular fat content (r = 0.593), colla-
gen content (r = 0.489), release water (r = �0.696) and
protein content (r = �0.769). Consistent with these
observations, significant correlations with fiber CSA
were observed for shear force value (r = 0.808),



Figure 2. Relative mRNA expressions of myosin heavy-chain (MyHC) isoform genes in the muscles of the Cherry Valley duck (A), Small-sized
Beijing duck (B) and Liancheng White duck (C). mRNA expression was normalized to b-actin gene expression. Data are expressed as means § SD
(n = 3). Statistically significant differences are indicated by different letters (P < 0.05). Abbreviations: PEDL, m. extensor digitorum longus; M, m.
pectoralis major; GAS,m. gastrocnemius; SOL, m. soleus.
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intramuscular fat content (r = 0.606), release water
(r = �0.528) and protein content (r = �0.814). For fiber
density parameters, significant correlations were
observed with pH24 h (r = �0.569), shear force value
(r = -0.936), intramuscular fat content (r = -0.574),
release water (r = 0.505) and protein content
(r = 0.796). Although a similar relationship between
fiber diameter and meat quality was observed in fast-
growing ducks, there were poor relationships between
fiber diameter and release water (r = �0.393), collagen
content (r = �0.025) in fast-growing ducks. For pH24 h
(r = 0.497), shear force value (r = 0.54) and moisture
content (r = �0.469) with the fiber CSA, correlations
could be regarded as moderate, and for protein content
of values r = �0.594, correlations could be regarded as
significant. In addition, there was poor relationship
between fiber density and collagen content
(r = �0.034). For other items with the muscle fiber



Figure 3. Comparison of myosin heavy-chain (MyHC) based muscle fiber characteristics. (A) Immunohistochemical analysis for four separate
muscles using an anti-MyHC antibody in three duck breeds at market age. Scale bars: 100 mm. Red arrows are pointing to examples of fibers showing
positive reactivity for fast-myosin staining (type II); blue arrows are pointing to examples of fibers that were nonreactive. Green arrows are pointing
to examples of fibers showing positive reactivity for slow-myosin staining (type I); black arrows are pointing to examples of fibers that were non-reac-
tive. (B) Fiber area composition of four separate muscles in three duck breeds at market age. Results are mean values. type I = blue; type
II = orange. Abbreviations: EDL, m. extensor digitorum longus; GAS, m. gastrocnemius; PM, m. pectoralis major; SOL,m. soleus.
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density, an r as large as 0.469 or larger, either positive or
negative, correlations could be regarded as moderate or
significant.
DISCUSSION

China is the most productive duck meat producer in
the world (Zeng et al., 2016), and duck meat plays an
important role in the Chinese poultry market (Bai et al.,
2020). Consumers are increasingly demanding duck
meat products which are of high quality 100% of the
time, particularly in affluent countries. In present study,
we evaluated the effects of muscle fiber characteristics
on meat quality traits in fast- and slow-growing ducks,
and to determine how muscle fiber structure influences
meat quality in different duck breeds.
Intramuscular fat content is discussed as a target trait

for breeding schemes because it is a major concern for
both the meat industry and consumers, increasing the



Table 3. Correlation coefficients (r) between muscle fiber characteristics and meat quality traits in fast- and slow-growing ducks.

Slow-growing ducks Fast-growing ducks

Items Fiber diameter Fiber cross-sectional area Fiber density Fiber diameter Fiber cross-sectional area Fiber density

pH24 h 0.610** 0.444* �0.569** 0.574* 0.497* �0.604**
Shear force value (N) 0.809** 0.808** �0.936** 0.56* 0.54* �0.671**
Release water (%) �0.696** �0.528** 0.505** �0.393 �0.393 0.532*
Moisture content (%) �0.081 �0.066 �0.034 �0.571* �0.469* 0.594**
Protein content (%) �0.769** �0.814** 0.796** 0.525* �0.594** 0.469*
IMF content (%) 0.593** 0.606** �0.574** 0.517* 0.407 �0.542*
Collagen content (%) 0.489* 0.319 �0.127 �0.025 0.036 �0.034

Note: Levels of significance: *P < 0.05; **P < 0.01.
Abbreviation: IMF, Intramuscular fat.
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intramuscular fat content to improve the meat quality is
the most important part of the breeding work
(Chen et al., 2018). In present study, results showed a
lower intramuscular fat content of fast-growing ducks
compared to slow-growing ducks. The shear force values
were used to assess the tenderness, which is another
meat trait of importance to consumers and processors
(Huda et al., 2011). In our study, the lower shear force
tended to be present in the breast muscle of slow-grow-
ing ducks. Also, the greater protein contents were
detected in breast muscle of slow-growing ducks and
fewest in the leg muscle of fast-growing ducks. To con-
cluded, these indicated that the breed was the more
important influencing factor in meat quality traits
tested, and the slow-growing ducks, particularly the
Liancheng White ducks had greater protein content and
intramuscular fat content, as well as fewer shear force
and moisture content.

In general, muscle fiber type is responsible for the vari-
ation in meat quality within and between muscles
(Kirchofer et al., 2002; Choi and Kim, 2009).
Kim et al. (2016) reported that the clearly different
characteristics of the muscle fiber type in bovine muscles
are basically a result of the differences in their physiolog-
ical functions, and are consequently related to beef qual-
ity. Ishamri and Joo (2017) reported that the main fiber
types are type IIB, IIA and type I in poultry. In this
study, we investigated the expression of myosin heavy
chain-related genes (MYH1A, MYH1B, and MYH7B)
and the myosin heavy chain-related proteins. We distin-
guished the fast-twitch fibers (type II) and slow-twitch
fibers (type I) in fast- and slow-growing ducks. However,
we were unable to distinguish fast-twitch fibers (IIB and
IIA) at the protein level in breast muscle and leg muscle,
due to the lack of antibody. Our results showed that the
breast muscle in three duck breeds is entirely composed
of fast-twitch fibers, which inconsistent with the previ-
ous studies demonstrated the duck has higher red muscle
fiber (approximately 16% fast-twitch fibers and 84%
slow-twitch fibers) in Pekin duckling breast (Smith
et al., 1993). It seems that the variations between the
abovementioned 3 studies possibly caused by the different
breed and different age of the experimental animal (duck-
lings vs. ducks at typical market ages). In our study, all of
the GAS and EDL muscles in 3 duck breeds were entirely
composed of fast-twitch fibers, while little slow-twitch
fibers could be identified in SOL in slow-growing ducks.
So, given this reality, it is unlikely that muscle fiber type
directly explains differences in duck meat quality. There-
fore, in the following section publications are considered
that analyzed the different morphological characteristics
of muscle fiber, as we speculated that the muscle fiber
morphology traits had greater impacts on meat quality
traits compared to the fiber types.
It is generally accepted that low muscle fiber number

correlates with fibers that exhibit greater hypertrophy,
and these large muscle fibers seem to have a larger fiber
CSA tend to have poorer meat quality than muscles hav-
ing a smaller fiber CSA (Gentry et al., 2002). One possi-
ble explanation is that the size of muscle fibers affects
muscle growth potential and the size of the fiber bundle,
resulting in the visible coarseness of transverse sections
of meats (Chen et al., 2007; Zhao et al., 2011;
Kokoszy�nski et al., 2019). That is confirmed in the pres-
ent study, given that the close relationship between the
muscle fiber characteristics (including muscle fiber diam-
eter, fiber density and fiber CSA) and tenderness of
meat: thinner muscle, smaller CSA, more density, lower
shear force (better tenderness). The assumption that
muscle fiber size also influences the water-holding capac-
ity is supported by the results of Berri et al. (2007) who
showed that breast muscles with larger fiber size exhib-
ited and lower drip loss values. Our results indicated
that muscle fiber size and CAS was inversely correlated
with release water in slow-growing ducks. However, the
correlations between fiber characteristics and release
water were no significant correlation in fast-growing
ducks. Notably, our experiment also indicated that
moisture content was significant correlated with the
fiber diameter, CSA and density in fast-growing ducks.
Therefore, we conclude that differences in meat quality
traits and muscle fiber characteristics exist among vari-
ous breeds, and the variation in muscle fiber characteris-
tics can partially explain the variation in meat quality,
both across and within breeds.
CONCLUSIONS

In conclusion, the results showed that the significant
differences in meat quality traits and muscle fiber char-
acteristics exist among duck breeds, although all ducks
evaluated in this research were assigned a normal qual-
ity class. Slow-growing ducks, especially Liancheng
White ducks, exhibited higher release water, intramus-
cular fat content, as well as lower moisture content.
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Muscle fiber characteristics is a useful parameter to
explain in parts the variation of meat quality including
pH, shear force value, and protein content of meat, both
in slow-growing ducks and fast-growing ducks. Our con-
tinued researches will focus on manipulating muscle fiber
characteristics to improve meat quality traits in the
duck production.
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