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Abstract

This experiment aimed to evaluate the energy and amino acid nutritional values
of three types of steam-hydrolyzed enzymatically treated feather meals for meat
ducks using the True Metabolizable Energy (TME) method, thereby providing
fundamental data for the rational development and utilization of feather meal
protein resources.

The three feather meals ( - ) were derived from 42-day-old Cherry Valley meat
ducks, 550-day-old Roman laying hens, and 100-day-old Sanhuang meat chick-
ens, respectively.

Twenty 7-week-old Cherry Valley meat ducks were selected for the experiment
and randomly assigned to 4 treatments, with 5 replicates per treatment and
1 duck per replicate, housed individually in cages. Treatment 1 (T1) was for
evaluating feather meal , Treatment 2 (T2) for feather meal , Treatment 3
(T3) for feather meal , and Treatment 4 (T4) for the starvation treatment. The
experimental period lasted 7 days.

The results showed: 1) On a dry matter (DM) basis, the gross energy (GE) val-
ues of the three feather meals were 21.31, 21.02, and 20.18 MJ/kg, respectively;
the apparent metabolizable energy (AME) values were 13.71, 12.29, and 12.10
kJ/kg, respectively; and the TME values were 14.83, 13.42, and 13.22 MJ/kg,
respectively.

2) On a DM basis, the crude protein (CP) contents of the three feather
meals were 91.05%, 87.31%, and 91.06%, respectively; the total amino
acid (TAA) contents of all three feather meals exceeded 80%, though the
amino acid contents varied considerably among different feather meals.
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3) The apparent metabolizable rates of TAA for the three feather meals were
81.51%, 73.07%, and 76.85%, respectively, while the true metabolizable
rates of TAA were 85.09%, 76.89%, and 80.43%, respectively. Significant
differences (P < 0.05) were also observed in the contents of apparent utiliz-
able amino acids and true utilizable amino acids among the three feather
meals.

In conclusion, using the TME method to determine the nutritional values of
energy and amino acids in feather meals revealed obvious differences in metabo-
lizable energy (ME), apparent utilizable amino acids, and true utilizable amino
acids among the three feather meals. Feather meal exhibited higher GE, ME,
CP, and TAA metabolizable rates than feather meals and .
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Abstract: This experiment was conducted to evaluate the energy and amino
acid nutritional values of three types of steamed and enzymatically hydrolyzed
feather meal in meat ducks using the true metabolizable energy (TME) method,
thereby providing fundamental data for the rational development and utiliza-
tion of feather meal protein resources. The three feather meals (I-1II) were de-
rived from 42-day-old Cherry Valley duck feathers, 550-day-old Lohmann layer
chicken feathers, and 100-day-old yellow-feathered broiler chicken feathers, re-
spectively. Twenty 7-week-old Cherry Valley ducks were randomly allocated to
four treatments, with five replicates per treatment and one duck per replicate
housed individually. Treatment 1 (T1) evaluated feather meal I, treatment 2
(T2) evaluated feather meal II, treatment 3 (T3) evaluated feather meal III, and
treatment 4 (T4) served as a fasting control. The experimental period lasted 7
days. The results showed that: 1) On a dry matter (DM) basis, the gross energy
(GE) values of the three feather meals were 21.31, 21.02, and 20.18 MJ/kg, re-
spectively; the apparent metabolizable energy (AME) values were 13.71, 12.29,
and 12.10 kJ/kg, respectively; and the TME values were 14.83, 13.42, and 13.22
MJ /kg, respectively. 2) On a DM basis, the crude protein (CP) contents were
91.05%, 87.31%, and 91.06%, respectively; total amino acid (TAA) contents
exceeded 80% for all three feather meals, though significant differences existed
in amino acid composition among them. 3) The apparent metabolizable rates
of TAA were 81.51%, 73.07%, and 76.85%, respectively, while the true me-
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tabolizable rates were 85.09%, 76.89%, and 80.43%, respectively. Significant
differences (P < 0.05) were observed in both apparent and true available amino
acid contents among the three feather meals. These findings demonstrate that
evaluation of feather meal energy and amino acid nutritional values via the TME
method reveals distinct differences in metabolizable energy and available amino
acids among the three products. Feather meal I exhibited higher GE, ME, CP,
and TAA metabolic rates compared to feather meals IT and III.

Keywords: feather meal; crude protein; metabolizable energy; amino acid

Feathers constitute 5%-7% of the body weight of adult poultry and represent a
promising animal protein resource due to their high protein content. Previous
research has demonstrated that incorporating 5% feather meal into layer diets
can partially replace soybean meal and improve feed conversion ratio. Studies on
growing-finishing pigs have shown that enzymatically or hydrolyzed feather meal
can partially substitute for fish meal or soybean meal, though the replacement
ratio generally should not exceed 8%. Other studies in finishing pigs indicated
that replacing soybean meal with 9.765% feather meal requires crystalline amino
acid supplementation to avoid adverse effects on performance. These findings
suggest that nutritional values vary considerably among different feather meals
and that their amino acid profiles may be unbalanced. Although feather pro-
tein content reaches approximately 90% (primarily keratin), untreated keratin
exhibits low digestibility, limiting feather utilization. Unprocessed feathers have
minimal nutritional value, whereas hydrolyzed feather meal produced under ap-
propriate conditions shows significantly improved protein digestibility, and sup-
plementation with microbial proteases can further enhance feather meal protein
digestibility.

Feather meal primarily consists of keratin with low digestibility. Variations
in feather source lead to differences in keratinization degree and feather type,
resulting in substantial nutritional differences among feather meals. Since Sib-
bald proposed the true metabolizable energy (TME) method, it has gained
widespread attention and application due to its rapid, simple, and accurate ad-
vantages. The TME method is commonly used for evaluating feed nutritional
value in chickens and can also be applied to meat ducks. Therefore, this study
analyzed the conventional composition, volatile basic nitrogen (VBN) content,
and in vitro protein digestibility via pepsin hydrolysis of steamed and enzymat-
ically hydrolyzed feather meal, while simultaneously determining energy and
amino acid nutritional values in Cherry Valley ducks using the TME method
to provide an experimental basis for rational development and utilization of
protein feed resources.
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1. Materials and Methods
1.1. Experimental Materials

The feather meal production process involved washing and sun-drying feathers,
followed by batch high-pressure steaming in a horizontal steamer (800 mm di-
ameter, 3,000 mm length) at 135 °C and 0.4 MPa pressure for 30 minutes at
pH 7. After cooling the reaction mixture to 70 °C, protease (activity: 50,000
1U/kg) was added at 1 kg per batch for 15 minutes of hydrolysis (protease pur-
chased from Liaoning Huaxing Biological Technology Co., Ltd.). The product
was then steam-dried, ground, and passed through a 40-mesh sieve. Feather
meal I was derived from 42-day-old Cherry Valley duck feathers (duck feather
meal). Feather meal II was derived from 550-day-old Lohmann layer chicken
feathers (layer feather meal). Feather meal IIT was derived from 100-day-old
yellow-feathered broiler chicken feathers (broiler feather meal).

1.2. Experimental Animals and Management

Twenty healthy 7-week-old Cherry Valley (SM3) male ducks with body weight
of (3.26 £ 0.3) kg were randomly divided into four treatments, with five repli-
cates per treatment and one duck per replicate housed individually. Treatment
1 (T1) evaluated feather meal I, treatment 2 (T2) evaluated feather meal II,
treatment 3 (T3) evaluated feather meal III, and treatment 4 (T4) served as
a fasting treatment to determine endogenous losses. The TME method was
employed to determine energy and amino acid metabolic rates of the steamed
and enzymatically hydrolyzed feather meal. Feathers around the cloaca were
trimmed, and plastic bottle caps with holes were sutured in place to facilitate
complete collection of excreta.

1.3. Sample Collection and Preparation

The metabolic trial was conducted at the Leshan Experimental Base of Sichuan
Giastar Group. Except for the fasting group, each duck in the experimental
groups was force-fed 60 g of feather meal. The metabolic procedure followed
the Sibbald TME method, comprising a 72-hour adaptation period with a corn-
soybean meal diet [metabolizable energy (ME): 12.55 MJ/kg, crude protein
(CP): 16.21%, produced by Sichuan Giastar Group|, a 24-hour pre-trial period
with the test diet, a 36-hour fasting period, and subsequent force-feeding of 60
g test diet . During the trial period, excreta were collected three times daily,
weighed, and preserved by adding 5 mL of 5% hydrochloric acid per 100 g fresh
sample before storage at -20 °C. After collection, samples from the 36-hour
period were thawed, mixed uniformly, dried at 65 °C, re-equilibrated for 24
hours, weighed, ground through a 40-mesh sieve, and prepared using quartering
method for subsequent analysis.
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1.4.1. Determination Indicators

Dietary measurements included dry matter (DM), CP, ether extract (EE), crude
ash, calcium (Ca), and phosphorus (P) content according to Zhang Liying’ s
methods, amino acid content according to GB/T 18246-2000, gross energy (GE)
using an oxygen bomb calorimeter, pepsin digestibility according to GB/T
17811-1999, and VBN content according to GB/T 19164-2003. Excreta sam-
ples were analyzed for DM and CP content following Zhang Liying’ s methods,
amino acid content according to GB/T 18246-2000, and GE using an oxygen
bomb calorimeter.

1.4.2. Calculation Methods

Amino acid metabolic rate was calculated as follows:

Apparent amino acid metabolic rate (%) = [(Amino acid intake - Amino acid
in excreta) / Amino acid intake] x 100;
True amino acid metabolic rate (%) = [(Amino acid intake - Amino acid in

excreta + Endogenous amino acid) / Amino acid intake] x 100;

Apparent available amino acid content (%) = Amino acid content x Apparent
amino acid metabolic rate;

True available amino acid content (%) = Amino acid content x True amino acid
metabolic rate.

Energy metabolic rate was calculated as follows:

Apparent energy metabolic rate (%) = [(GE intake - Energy in feces - Energy
in urine) / GE intake] x 100;

True energy metabolic rate (%) = [(GE intake - Energy in feces - Energy in
urine + Endogenous energy) / GE] x 100;

Apparent metabolizable energy (MJ/kg) = (GE intake - Energy in feces - Energy
in urine) / DM intake;

True metabolizable energy (MJ/kg) = (GE intake - Energy in feces - Energy in
urine + Endogenous energy) / DM intake.

1.5. Data Processing

Data were analyzed using SPSS 16.0 software for analysis of variance, with
Duncan’ s multiple comparison test. Differences were considered significant at
P < 0.05, non-significant at P > 0.05, and highly significant at P < 0.01. Results
are expressed as “mean =+ standard error.”

2. Results

2.1.1. Gross Energy, Conventional Components, VBN, and Pepsin
Digestibility of Feather Meals

As shown in Table 2 , feather meals I, II, and III contained 91.17%, 89.80%, and
92.47% DM, respectively. On a DM basis, CP contents were 91.05%, 87.31%,
and 91.06%; GE values were 21.31, 21.02, and 20.18 MJ/kg; VBN contents were
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984.2, 1,153.5, and 1,137.2 mg/kg; and pepsin digestibility values were 88.64%,
78.95%, and 81.54%, respectively.

2.2. Emnergy Metabolic Rate and Metabolizable Energy of Feather
Meals

Table 3 presents the energy metabolic rates and metabolizable energy values.
Feather meals I, II, and III exhibited AME values of 13.71, 12.29, and 12.10
kJ/kg, and TME values of 14.83, 13.42, and 13.22 MJ /kg, respectively. Highly
significant differences (P < 0.01) in apparent and true energy metabolic rates
were observed among the three feather meals, with feather meal I showing the
highest and feather meal II the lowest values. AME and TME differed highly
significantly between feather meal I and II and between feather meal I and III
(P < 0.01), while significant differences were found between feather meal IT and
III (P < 0.05).

2.3.1. Amino Acid Composition of Feather Meals

The amino acid composition of feather meals, determined by acid hydrolysis, is
presented in Table 4 . On a DM basis, the amino acid profiles of the three feather
meals were similar but exhibited distinct differences. Total amino acid (TAA)
and total essential amino acid (TEAA) contents followed the order: feather meal
I > feather meal III > feather meal II. All three feather meals contained over
80% TAA, but TEAA contents were only approximately 30%. Non-essential
amino acids such as serine, glutamic acid, glycine, and proline were present at
high concentrations. Among essential amino acids, cystine, threonine, arginine,
branched-chain amino acids (leucine, isoleucine, and valine), and phenylalanine
were relatively abundant, whereas methionine and lysine contents were low and
varied considerably among the three feather meals. Thus, feather meal repre-
sents a protein resource with high TAA content but relative deficiency in certain
essential amino acids, particularly lysine and methionine.

2.3.2. Amino Acid Metabolic Rate of Feather Meals

The apparent amino acid metabolic rates and apparent available amino acids
are shown in Table 5 , while true amino acid metabolic rates and true available
amino acids are presented in Table 6 . Apparent metabolic rates were lower than
true metabolic rates for all feather meals. Both true and apparent metabolic
rates of TEAA and TAA differed highly significantly among feather meals I, II,
and IIT (P < 0.01). The apparent metabolic rates of TAA were 81.51%, 73.07%,
and 76.85%, while true metabolic rates were 85.09%, 76.89%, and 80.43% for
feather meals I, I, and III, respectively. The apparent metabolic rates of TEAA
were 81.60%, 72.98%, and 77.40%, with true metabolic rates of 85.55%, 76.91%,
and 80.53%, respectively. Leucine exhibited the highest metabolic rate across
all feather meals, while aspartic acid showed the lowest. Based on amino acid
contents and metabolic rates, the available amino acid contents were calculated.
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Feather meal I had significantly higher apparent and true available TAA con-
tents than feather meals IT and IIT (P < 0.01), and similarly higher apparent
and true available TEAA contents (P < 0.01).

3. Discussion

3.1. Characteristics of Nutrient Composition in Different Feather
Meals

As shown in Table 2, feather meals I and III had similar CP contents, which
were 4.28% and 4.27% higher than that of feather meal II, respectively. Consid-
erable variations in DM, ash, and EE contents among the three feather meals
resulted in substantial differences in GE. Feather meal IIT exhibited the highest
ash content and lowest EE content, leading to the lowest GE value. Conversely,
feather meal I showed relatively high CP, EE, and DM contents with the lowest
ash content, resulting in the highest GE value. VBN, comprising ammonia and
nitrogenous amines produced from protein decomposition, serves as an indicator
of raw material freshness and is commonly used to assess fish meal deterioration.
In fish meal, VBN content below 500 mg/kg indicates excellent freshness, while
values exceeding 1,500 mg/kg suggest spoilage. As an animal protein source, the
three feather meals had VBN levels between 500 and 1,500 mg/kg, indicating
none had spoiled. Higher VBN content signifies poorer freshness; thus, freshness
ranked as feather meal I > feather meal III > feather meal II. In vitro digestibil-
ity offers a rapid and simple method for evaluating ingredient digestibility. Shen
et al. reported that feather meal pepsin digestibility between 70%-85% corre-
lates parabolically with true amino acid digestibility. In this study, feather meal
I s pepsin digestibility fell outside this range, precluding direct prediction of
its amino acid digestibility from pepsin digestibility alone. However, it could be
inferred that feather meal IIT had higher amino acid digestibility than feather
meal II.

3.2. Energy Metabolic Rate

Highly significant differences in energy metabolic rates were observed among the
three feather meals in this study. Han and Parsons reported TMEn values of
13.10 and 13.47 MJ/kg for feather meal in cecectomized and non-cecectomized
roosters, respectively. Barbour et al. obtained TMEn values of 13.79, 12.93,
and 12.99 MJ/kg for pre-pressed, enzyme-treated, and conventionally processed
turkey feather meal in turkeys, with energy metabolic rates of 60.47%, 58.10%,
and 54.73%, respectively. Dale measured TMEn values ranging from 12.94-
16.72 MJ/kg across 15 feather meal samples in roosters. Jiang et al. reported
an AME value of 10.20 MJ/kg for feather meal in yellow-feathered broilers, sub-
stantially lower than the AME values obtained in this study (13.71, 12.29, and
12.10 MJ/kg), possibly due to the exceptionally high ash content (22.16%) in
their feather meal, which would negatively impact AME. These results demon-
strate considerable variation in ME among different feather meals. Previous
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research has shown that TMEn can be predicted from CP, EE, and ash con-
tents. Dale derived the regression equation TMEn (MJ/kg) = 11.97 + 0.32
x EE (R? = 0.821) for feather meal in roosters. Additionally, processing pa-
rameters including steaming pressure, duration, pH, and enzymatic treatment
affect feather meal utilization. To maximize utilization efficiency, this study
employed processing parameters of 0.4 MPa pressure, 30-minute steaming time,
pH 7, and subsequent protease hydrolysis, yielding high energy utilization rates
for all three feather meals. Despite identical processing conditions, energy uti-
lization differed among feather meals, likely attributable to inherent nutritional
differences. This study found that feather meals with higher oil and CP con-
tents and lower ash content also had higher GE. Since feather meal protein
exceeds 80%, CP utilization necessarily influences GE metabolic rate. Liu et
al. reported a linear correlation between feather meal TMEn and true amino
acid utilization in 8-week-old turkeys. In this study, feather meal I exhibited
the highest pepsin digestibility and correspondingly highest energy utilization,
suggesting that differences in energy metabolic rates and ME values primarily
stemmed from variations in CP utilization (i.e., amino acid utilization). Al-
though feather meal IIT showed higher pepsin digestibility than feather meal II,
its ME was lower, possibly because feather meal II had substantially higher EE
content, and feather meal fat is highly utilizable.

3.3. Amino Acid Metabolic Rate

The study revealed highly significant differences in amino acid metabolic rates
among feather meal types, with considerable variation in amino acid contents,
resulting in different available amino acid contents. Significant differences were
observed in total available amino acid and total available essential amino acid
contents among the three feather meals. Bandegan et al. reported ileal apparent
and true metabolic rates of 39%-74% and 42%-78% for feather meal in 8-week-
old broilers, substantially lower than this study’ s results, likely due to species
differences in amino acid digestibility between chickens and ducks. Studies in
barrows and broilers have demonstrated large variations in amino acid metabolic
rates among different feather meals and shown that processing parameters af-
fect amino acid metabolic rates. In this study, identical processing parameters
were used for all three feather meals, suggesting that differences in amino acid
metabolic rates resulted from variations in nutritional composition, though the
specific mechanisms remain unclear. It is speculated that differences in growth
cycles among meat ducks, laying hens, and yellow-feathered broilers led to vary-
ing degrees of feather keratinization, which in turn affected hydrolysis efficiency
during processing and resulted in different amino acid metabolic rates. These
findings indicate that under fixed processing parameters, feathers with lower ker-
atinization degrees yield higher amino acid metabolic rates after steaming and
enzymatic hydrolysis, suggesting that different feathers may require different
processing parameters for optimal results.

In summary: In 7-week-old meat ducks, feather meals I, II, and III had GE
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values of 21.31, 21.02, and 20.18 MJ/kg, AME values of 13.71, 12.29, and 12.11
kJ/kg, and TME values of 14.83, 13.42, and 13.22 MJ/kg, respectively, on a
DM basis. On a DM basis, all three feather meals contained over 80% TAA,
though amino acid contents varied significantly among them. In 7-week-old
meat ducks, the apparent metabolic rates of TAA were 81.51%, 73.07%, and
76.85%, while true metabolic rates were 85.09%, 76.89%, and 80.43% for feather
meals I, II, and III, respectively, with significant differences in both apparent
and true available amino acid contents.
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