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Abstract | This study evaluated the effect of dietary crude protein level on carcass traits, meat quality, and meat amino
acids of wandering whistling ducks. A total of 108 wandering whistling ducks were grouped into three treatments,
each with nine replications of four ducks. The treatments consisted of diets containing 12% (T1), 15% (T2), and 18%
(T3) crude protein. Measured parameters included final body weight, carcass percentage, meat quality characteristics,
and amino acid profile. Data were analyzed using analysis of variance (ANOVA), followed by Duncan’s multiple range
test to identify significant differences. The results indicated that dietary protein level had no significant (P > 0.05)
effect on most carcass traits, including carcass yield, non-carcass components, leg, breast, bone, and meat percentages.
However, protein level significantly (P < 0.05) influenced final body weight, with the highest value observed at 18%
protein. Protein level also significantly (P < 0.05) affected meat water content, crude protein, ash, cholesterol, water-
holding capacity (WHC), and cooking loss. The 15% protein diet resulted in higher water content and WHC, whereas
the 12% protein diet produced higher crude protein and ash contents. Meat cholesterol was highest at 18% protein,
while cooking loss was highest at 15% protein. Dietary protein level also resulted in variations in meat amino acid
concentrations among treatments. In conclusion, a dietary protein level of 12% can be used without adversely affecting
carcass characteristics or overall meat quality in wandering whistling ducks.
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INTRODUCTION

he wandering whistling duck (Dendrocygna arcuata)

is a waterfowl spread across Southeast Asia and
Australia (Carboneras and Kirwan, 2020). In Indonesia,
the wandering whistling duck has long been known as a
source of highly nutritious animal food. Its meat is believed
to increase stamina and provide health benefits. The
protein content of wandering whistling duck meat reaches

20.2%, higher than chicken (18.2%), goose (16.4%), and
Alabio duck (11.3%) (Ministry of Health of the Republic
of Indonesia, 2018). In addition, its low-fat content (4.3%)
makes it a healthier alternative to chicken (25%), goose
(31.5%), Alabio duck (27%), and duck (28.6%) (Ministry
of Health of the Republic of Indonesia, 2018). The
distinctive taste of wandering whistling ducks’ meat also
increases consumer appeal, so this species has the potential
to be developed as an exclusive food source.
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Today, the population of wandering whistling ducks in
Indonesia is mostly still in the wild, so its production
potential is not yet optimal. Research by Khaing and Mya
(2019) on wandering whistling ducks showed that, of the
30 nests observed, only 20% hatched eggs, while predators
damaged 33.37%, floods damaged 26.66%, 13.33% were
abandoned, and 6.66% were lost for no apparent reason.
Predation, unstable environmental conditions, competition
for food, and shrinking habitat due to land conversion are
the main obstacles to developing the wandering whistling
duck as a productive poultry species.

Domestication is an important strategy for optimizing
the genetic potential of wandering whistling ducks.
Domestication studies on Gallus gallus show that although
its growth is initially slow, semi-intensive rearing can
significantly improve its performance (Rahayu, 2001). In
the context of domestication, one key factor to consider
is the protein content of the feed. Proper protein content
regulation can support optimal growth and carcass quality
of poultry (Wu ez a/.,2024; Baeza et al.,2012; Depawole and
Sudarma, 2020), improve carcass composition (Nuningtyas
et al., 2024; Liu ez al., 2015), and improve meat quality
(Wang ez al.,2013; Benahmed ¢z a/.,2023). Research on the
impact of protein on carcass quality and related parameters
in wandering whistling ducks remains limited, with the
primary references being chickens and ducks. Presently,
breeders of wandering whistling ducks continue to utilize
commercial chicken or duck feed; however, as the ducks
near maturity, this feed is substituted with rice grain, while
the rearing system remains semi-intensive. The application
of these feeds to wandering whistling ducks is based solely
on breeders’ experience and does not align with the specific
nutritional requirements necessary for optimal growth,
carcass production, or carcass quality. Indeed, data on the
nutritional needs of wandering whistling ducks, especially
protein, remain scarce. Owing to these conditions, the
present study aimed to evaluate the effects of feed protein
levels on the carcass quality, nutrient composition, and
amino acid profiles of wandering whistling duck meat, as a
basis for developing a sustainable, science-based wandering
whistling duck farming system. Moreover, this research
may serve as a guideline or reference for the development
of adult wandering whistling ducks in Indonesia.

MATERIALS AND METHODS

ANIMALS, DIET, AND HOUSING

The present study employed 108 five-month-old
wandering whistling ducks, with an average body weight
of 543.77+38.58 g. These ducks were obtained from the
wandering whistling ducks community in Demak, Central
Java Province, Indonesia. The experimental design was a

completely randomized design (CRD). The wandering

whistling ducks were divided into three feeding treatment
groups, with 9 replications; each replication consisted of
4 wandering whistling ducks (2 males and 2 females). All
wandering whistling ducks were reared in a 1x1x0.7 m
(length x width xheight) cage. Each cage compartment
was equipped with a feeding place, a drinking place, an
artificial nest, and a basin of water for bathing, which
was provided only in the morning. All feed treatments
were given ad /libitum, and the rearing was carried out
intensively according to animal welfare standards. Brown
(1998) indicates that the wandering whistling duck is
herbivorous and requires a relatively low protein intake,
typically 15%-18% for adults. Based on this information,
it was determined that the feed protein level should be set
at 15%, with adjustments of 3%, resulting in a low level of
12% and a high level of 18%.

The feeding treatments comprised T1 (12% protein), T2
(15% protein), and T3 (18% protein). These treatments
were formulated from various feed ingredients, with
their composition and nutrient content detailed in Table
1. The feeding regimen was implemented over a three-
month period. The initial month served as an adaptation
phase, during which the wandering whistling ducks were
provided with a complete commercial feed for the first two
weeks. Subsequently, in the third and fourth weeks, the
commercial feed was gradually mixed with the treatment
teed. In the second and third months, the wandering
whistling ducks were fed the treatment feed ad /ibitum.

Table 1: Ingredients and chemical composition of the
treatment diet.

Feed ingredients Treatments
T1 T2 T3
Corn (%) 64 62 59
Rice bran (%) 27 21 15
Soybean meal (%) 2 10 19
Meat bone meal (%) 5 5 5
Dicalcium phosphate (%) 03 03 03
Limestone (%) 1.7 1.7 1.7
Total (%) 100 100 100
Calculated nutrient composition*
Crude Protein (CP, %) 125 152 183
Crude Fat (Cfat, %) 6.70 594 5.15
Crude Fiber (CFib, %) 455 433 413
Metabolizable energy (Kcal/Kg) ** 2868 2858 2838
Lysine (%) 0.53 0.72 094
Methionine (%) 0.23 0.26 0.30
Phosphorus (%) 0.68 0.67 0.67
Calcium (%) 1.17 1.19 1.21

*BEC Solution laboratory analysis results. **Calculated based on
the Bolton formula EM = 40.81 x (0.87) CP + ((2.25 x CFat) +
NFE) + 2.5) cited by Sugiharto et al. (2017).
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PERFORMANCE AND CARCASS YIELD

Performance data were collected at the end of the rearing
period by weighing all wandering whistling ducks. Prior to
measurement, the wandering whistling ducks were fasted
for 12 hours without feed, but were given access to drinking
water. Following the fasting period, the wandering whistling
ducks were weighed to determine their final live weight,
and subsequently, one male duck per cage (nine ducks per
treatment group) was slaughtered in accordance with halal
procedures as prescribed by Islamic law. The slaughtering
process involved severing the primary blood vessels, after
which the ducks’ bodies were allowed to drain until all
blood was expelled, and the feathers were then plucked.
Post-plucking, the internal organs, head, neck, and legs of
the wandering whistling ducks were excised and weighed
to ascertain the carcass weight, calculated using the formula
from Obajuluwa ez a/. (2021). The weighed carcasses were
then divided into breast and thigh sections, which were
weighed to determine their respective weights, and the
percentages relative to live weight were calculated. For
commercial purposes, the carcasses of wandering whistling
ducks are primarily sold as breast and thigh sections; the
carcass is bifurcated into these two parts. Each section was
further dissected into meat and bones, weighed, and the
percentage of live weight was calculated.

MEAT QUALITY

Following the separation of meat from the bones of
wandering whistling ducks (nine ducks per treatment
group),a comprehensive quality assessment was conducted.
The evaluation of the meat’s physical attributes, such as
water-holding capacity and cooking loss, followed the
methodology outlined by Sopian ¢z /.(2020). Concurrently,
the meat’s nutrient profile, including moisture, crude fat,
crude protein, and ash content, was analyzed using the
AOAC (2006) standard procedures. Furthermore, the
cholesterol levels in the meat were quantified through the
Liebermann-Burchard method, as detailed in Mishra e7 a/.
(2024).

MEAT AMINO ACID PROFILE

Two meat samples from wandering whistling ducks,
representing each treatment group, were collected and
analyzed to determine their amino acid profiles. The
analysis was conducted utilizing an Ultra-Performance
Liquid Chromatography (UPLC) instrument, following
the methodology established by Rohman and Gandjar
(2007) and Waters (2012).

DATA ANALYSIS

The data were analyzed using the Statistical Package for
Social Sciences (SPSS) version 20. A one-way analysis of
variance with a completely randomized design was used.

When the treatments had a significant effect (P<0.05) on

the measured variables, Duncan’s Multiple Range Test
(DMRT) was subsequently utilized for further analysis.

RESULT'S AND DISCUSSIONS

PERFORMANCE AND CARCASS YIELD

'The impact of various feed protein levels on performance
and carcass yield is presented in Table 2. The study
results showed that feeding with different protein levels
significantly affected the final body weight of the wandering
whistling ducks (P<0.05). However, they did not affect the
percentage of carcass and non-carcass, the percentage of
thighs, breasts, or bones, or the meat in the Wandering
whistling duck. Adding higher levels of protein allows the
conversion of feed into meat, increasing the final weight of
the wandering whistling duck. This is in line with research
by Wang ¢z a/. (2020), which found that ducks fed a high-
protein diet (16% higher) performed better than those fed
a low-protein diet, findings supported by Joshi ez 2/. (2015)
on Khaki Campbell ducks. Protein is an essential nutrient
for muscle protein synthesis and body tissue growth

(Leeson and Summers, 2005).

Table 2: The performance and carcass traits of Wandering
Whistling Ducks fed with different protein levels.

Variable

Treatments (Protein level, %)

T1(12) T2 (15) T3 (18)
Final body weight 597.03= 563.14+ 612.41+
(g) 54.47® 36.83° 28.89*
Carcass yield (%) 69.30£3.17 67.82+2.08 69.08£2.50
Non carcass (%) 30.70+3.10 32.18+2.00 30.92+2.5
Leg (%) 23.91+1.62 23.53+1.08 23.35+1.36
Breast (%) 45.22+1.98 44.15+£1.57 45.59+1.80
Bone (%) 12.84+2.31 14.64+2.36 13.86+2.62
Meat (%) 37.14x3.86 36.89+2.21 37.53+2.92

® Superscripts in the same row indicate significant differences

(P<0.05).

Higher protein levels provide more amino acids needed
for this anabolic process. Protein helps form body tissue,
repair damaged tissue, and support production needs; its
excess is converted into energy for livestock (Purnamasari
et al, 2024). Poultry performance is determined by
genetic ability and adaptation to the environment. This
can be one of the factors affecting the final weight of
wandering whistling ducks when fed different protein
concentrations in their ration. This can serve as a reference
for the next domestication steps, where, at the time of
the study, wandering whistling ducks that still retain
natural characteristics were just beginning to adapt to
environmental changes and the type of feed provided.

'The percentage of bones, meat, and carcass parts, including
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the thighs and breast, is not affected by the provision of
protein with different levels in wandering whistling ducks’
teed. Previous research on Peking ducks conducted by Wu ez
al. (2024) showed no effect of feed protein levels on carcass
percentage. Moreover, the wandering whistling ducks
used at the end of the study, after the disturbance, showed
that their reproductive organs had developed, whereas
in poultry, when they reach adulthood, their metabolism
shifts from muscle growth to fat enlargement and the
development of reproductive organs. Research by Liu er
al. (2017) showed that increasing dietary protein levels can
increase carcass protein content while reducing fat content.
However, once a threshold is reached, further increases in
protein do not significantly affect carcass composition. The
average percentage of wandering whistling ducks carcasses
was 67.82-69.30; this carcass percentage is higher when
compared to Hybrid Ducks of 59.65% - 63.39% (Sofjan e#
al., 2020) and Cihateup-Alabio (CA) Ducks of 56.05% -
57.36% (Putra ez al., 2015).

MEAT COMPOSITION

'The composition of the wandering whistling ducks’ meat
in the study is presented in Table 3. Based on the ANOVA
results (Table 3), the level of feed protein had a significant
effect (P <0.05) on water content, protein content, ash
content, cholesterol content, water holding capacity, and
cooking loss in wandering whistling ducks’ meat.

Table 3: The Meat Quality of Wandering Whistling
Ducks fed with difterent protein levels.

Variable Treatments (Protein level, %)
T1(12) T2 (15) T3 (18)
Water content (%) 70.26+0.83> 71.70+0.68* 71.34+1.74®
Crude Protein (%) 20.77£0.67* 19.84+0.71> 20.29+0.30®
Crude Fat (%) 6.32+0.78  5.26x0.79  5.63%1.55
Ash (%) 1.50+0.09*  1.42+0.14® 1.37+0.11°
Cholesterol 91.33£12.34> 96.42+9.45> 108.40+7.68*
(mg/100 g)
Water holding ca-  53.01+0.50* 52.21x0.82> 52.83+0.69%
pacity (WHC) (%)
Cooking loss (%)  29.47+1.06° 30.58+0.73* 28.85x0.71°

® Superscripts in the same row indicate significant differences

(P<0.05).

In terms of water content, higher protein values tend to
indicate higher water content. Protein and connective
tissue content greatly influence meat’s water content.
Protein can bind water (Water Holding Capacity/ WHC).
A decrease in protein levels, as seen in T2 compared to
T1, can increase humidity by reducing the water-binding
solid fraction. Low-protein feed can reduce muscle density
and increase relative humidity; water in meat is strongly
influenced by the myofibril structure, which depends on
the muscle’s protein content (Purslow ez a/., 2020).

The highest water content was observed at T2, which did
not differ from T3. The water content at T2 was higher
due to the looseness of the connective tissue in the meat,
while the fat content was also lower (Table 3). Jayasena
et al. (2013) explained that higher water content is
typically found in meat with loose connective tissue and
low fat content. Son e al. (2024) reported the opposite:
that a decrease in protein levels did not affect the water
content of broiler meat. The water content in this study
was included in a good value for determining the quality of
poultry meat which is usually 65-80% (Forest ¢z al., 1975)
and was still in the same range as the water content of
wandering whistling ducks meat, which is 70.2% (Ministry
of Health of the Republic of Indonesia, 2018), but higher
when compared with the results of Hartati et. al (2025) on
Magelang ducks, namely between 64.32-65.79%.

Different protein levels influence the crude protein content
of wandering whistling ducks’ meat. The lowest value is in
the 15% protein treatment, which yields a duplicate protein
content of 18%, the same as 12%; however, 12% and 15%
protein have significantly different protein content. In
general, the protein content of wandering whistling ducks’
meat in this study is still within the range reported by the
Ministry of Health of the Republic of Indonesia (2018),
namely 20.02. The lowest protein level, namely 12%, can
still produce 20.77% meat protein, which means that the
wandering whistling ducks’ability to convert feed into meat
protein is very good. The crude fat content of wandering
whistling duck meat is not affected (P>0.05) by differences
in feed protein levels; a similar result was observed in the

study by Ashour ez a/. (2020) using Egyptian Geese.

The ash content in meat decreases with increasing feed
protein levels, likely because soybean meal is used more at
higher protein levels. Soybean meal is known to contain
phytic acid, a trypsin inhibitor (Manangi and Coon, 2006;
Mishra ez al., 2024). This content can reduce mineral
absorption in the body (Nath ¢z a/.,2022), thereby reducing
mineral retention in the meat of wandering whistling
ducks. The results of the ash content of wandering
whistling ducks’ meat are higher when compared to other
poultry such as chickens (0.9 g), ducks (1.1 g), and geese
(1 g) (Ministry of Health of the Republic of Indonesia,
2018), which means that the wandering whistling ducks’
meat is rich in mineral sources.

'The cholesterol content of wandering whistling ducks’meat
increases with increasing protein levels in the feed, and
the same thing also happened in the study of Barteczko
and Lazek (2008) conducted on broilers. Increasing the
protein level in the feed provides protein/amino acids
that can be broken down into acetyl-CoA (Wang ¢z al.,

2023; Shi and Tu, 2015). Acetyl-CoA can be used to
synthesize cholesterol in the liver (Kumari, 2023), which
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is then passed into the blood and into meat. The ability of
wandering whistling ducks to fly causes the breast muscles
to be very active compared to the thigh muscles so that the
resulting meat looks redder on the breast than the thighs
(Figure 1), the red color is caused by myoglobin (Tahuk
et al., 2020) which functions in the transport and storage
of oxygen in muscle cells and meat, and gives a distinctive
color to the meat.

Figure 1: Wandering whistling ducks carcass.

Active muscles have higher cholesterol levels, the results
of cholesterol analysis of wandering whistling ducks breast
meat are 110.73 mg g™ and thigh meat is 70.86 mg g7,
these results are in line with the results of cholesterol in
turkeys and chickens where the more active part is the
opposite of wandering whistling ducks, namely the thigh,
has higher cholesterol than the breast (Galves ez a/., 2018;
Dwiloka ef al., 2021) the mechanism can be seen in
Figure 2. Although it is often called dangerous, the role of
cholesterol for the wandering whistling ducks’body is very
important because it functions as an important component
of cell membranes and is a precursor for steroid hormones,
bile acids, and vitamin D, and plays an important role in
livestock physiology.

High-intensity, High aerobic

Cholesterol maintains

The WHC results at T1 were higher than those at T3
and T2.The WHC value significantly affects meat quality
because it reflects the extent of protein damage. The
higher the WHC value, the better the meat binds water,
preventing nutrient loss (Prasetyo ez a/., 2021). According
to Soeparno (2005) in Gultom ez al. (2023), one factor
affecting WHC meat is feed. This condition is thought
to be caused by higher protein absorption, leading to
increased WHC content in meat. The high WHC value
in P1 is related to the meat’s high protein content. Protein
plays an important role in increasing WHC by binding
water within muscle fibers (Saputro ez al., 2024).

The highest cooking loss of wandering whistling duck
meat was observed at T2, but remained within the standard
threshold for poultry meat, as reported by Soeparno (2005),
who stated that cooking loss values are generally 15-40%.
This is influenced by the ability of wandering whistling
ducks to synthesize protein, as the addition of protein to
the ration binds much water, resulting in a low cooking
loss percentage. Saputro e7 al. (2024) stated that cooking
loss is inversely related to WHC; low WHC values are
associated with higher cooking loss.

AMINO ACID PROFILE

Amino acid profile in wandering whistling ducks’ meat can
be seen in Table 4. The quality of wandering whistling ducks’
meat, especially related to amino acid content, is greatly
influenced by the protein level in the feed. Proper nutrition
has been shown to play an important role in maximizing
the growth and health of poultry, including the production
of essential amino acids needed for body protein synthesis.
Various studies have shown the importance of feed protein
composition in achieving optimal poultry meat quality.
Amino acids in wandering whistling ducks’ meat with 12-
18% protein treatment show data that almost all amino
acids in wandering whistling ducks’ meat are higher than
those in broiler chickens and cherry valley ducks (He et al.,
2021; Zhang et al.,2023), except for glycine. Glycine levels
in broiler chickens are much higher than in all treatments,
and in ducks, because broilers exhibit fast growth and a
higher muscle composition. Glycine is an amino acid that
functions to increase growth and intestinal absorption
capacity (Zhang ez al., 2023).

Enhanced cholesterol Greater intramuscular

long-duration flight metabolism membrane fluidity, transport and synthesis cholesterol in breast
receptor function, to meet metabolic muscle
and mitochondrial demands
integrity
Figure 2: Cholesterol mechanism in wandering whistling ducks breast meat.
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Table 4: Meat amino acid of wandering whistling ducks fed with different protein levels.

Parameter Unit T1
L-Alanine mg/kg 11590.02
L-Arginine mg/kg 15775.09
L-Aspartic acid mg/kg 14637.59
Glycine mg/kg 10380.41
L-Glutamic acid mg/kg 25940.37
L-Histidine mg/kg 10251.09
L-Isoleucine mg/ke 10241.71
L-Leucine mg/kg 18328.65
L-Lysine mg/kg 14671.81
L-Valine mg/kg 11327.96
L-Phenylalanine mg/kg 13321.5
L-Proline mg/kg 7718.5
L-Serine mg/kg 9912.24
L-Threonine mg/kg 11902.63
L-Tyrosine mg/keg 9476.475

T2 T3 Broiler* Duck™*
12592.68 11924.87 9440 11250
16803.71 14590.98 9710 11310
15101.57 13842.57 6170 17150
11016.49 10489.05 17120 7660
26832.35 25006.06 11830 26500
9420.35 9027.37 3040 4970
11130.41 10601.11 5110 8180
20414.84 19263.93 9870 15100
16588.77 15056.45 8800 16270
12036.5 11527.54 6010 9210
12438.93 12021.08 4930 6680
8590.795 8107.945 12360 6570
10559.15 10017.71 6400 7050
12424.86 11996.77 5180 8610
8926.18 8223.635 3820 5840

* reference values were reported by He and Wu (2021). Reference values were reported by ™ Zhang ez a/ (2023). These reference
values from the cited literature are presented for descriptive comparison only and were not statistically compared with T1-T'3.

The amino acid that is most abundant in wandering
whistling ducks’ meat is glutamate, the same as in ducks
(Table 4). Glutamate (Glu) is an amino acid known to
increase the umami taste in meat, including duck meat.
'This amino acid significantly affects the sensory properties
and quality of meat. Research shows that glutamate is
one of the amino acids that contribute to meat flavor and
can provide important nutritional benefits when present
at adequate concentrations (Huo e a/, 2021; Zhou et
al., 2022). One of the main functions of glutamate is to
improve taste. Research by Huo ez a/. (2021) found that
glutamate improves meat flavor by optimizing its amino
acid composition. In addition, Zhou ez a/. (2022) found
that several amino acids, including glutamate, play a key
role in meat aroma and taste. Further research also shows
that the use of glutamate-containing food supplements in

duck feed can improve meat quality (Guo ez a/.,2019).

The amino acid composition of wandering whistling
ducks’ meat is also influenced by the maintenance process.
For example, research by Inayat ez a/. (2023) found that
different rearing methods can affect the fatty acid profile
and meat quality of Pekin ducks, indicating a complex
relationship between feed, environment, and meat nutrient
composition. In addition, Zhou ez a/. (2022) reported that
Liancheng duck meat contains distinct umami compounds
and is enriched in glutamic acid, offering a new perspective
on taste variation among duck species. The importance
of glutamate is not only limited to the flavor profile,
but also to the nutritional balance. Glutamate can serve
as a safe and effective flavor enhancer in food, thereby

improving the palatability of duck meat, thereby positively

impacting consumer acceptability (Adetunji ez a/., 2019).
The presence of glutamic acid in the meat of wandering
whistling ducks provides a unique, appealing taste that
consumers find appealing. However, not only glutamine;
several amino acids can affect taste, including Arginine,
Leucine, Isoleucine, Valine, Phenylalanine, Methionine,
and Histidin, which impart a bitter taste; Glutamic acid
and Aspartic, a pleasant fresh taste; and Glycine, Alanine,
and Serine, a sweet taste (Yin ez al., 2023).

CONCLUSION

Based on the research results, it can be concluded that a
protein level of 12% can be fed to wandering whistling
ducks without significantly disrupting carcass and meat
quality. This indicates that a 12% protein level has the
potential to serve as an alternative in wandering whistling
ducks feed formulation while maintaining the quality of
the resulting meat. Future research is recommended to
evaluate combinations of different protein and energy
levels to determine a more efficient protein level.
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