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Abstract

Introduction: Rising prices for common protein supplements and the limitation of protein sources and as a result,
the increase in production costs have created interest in new and cheaper protein sources for livestock. Livestock
and poultry industries produce large amounts of protein by-products that can be processed for ruminant feed.
Among animal by-products, feathers are produced as a waste by-product in large quantities in poultry
slaughterhouses. Unprocessed feather has a low digestibility of about 5.8%, so it needs to be processed as a source
of protein. Steam hydrolysis is the most common processing method used in the industry to convert raw feathers
into feather meal. Feather processing in Iran is usually done at a pressure of 200 to 300 kPa. Due to the type of
processing, feathers are not processed well. In this way, processing at different temperatures and using chemical
reducing agents along with proteases during processing to improve the quality of the final product is an option
that deserves further investigation. Therefore, the present study aimed to determine the effect of broiler raw feather
processing on dry matter and crude protein ruminal degradability.

Materials and methods: This research was carried out in a 2x2x2 factorial arrangement based on a completely
randomized design with eight treatments and five replications including: 1) Raw feathers autoclaved at 120°C and
2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes with 0.25%
sodium metabisulfite, 3) Raw feathers autoclaved at 120°C and 2 kPa pressure with 0.15% protease enzyme, 4)
Raw feathers autoclaved 120°C and 2 kPa pressure for 20 minutes with 0.25% sodium metabisulfite and 0.15%
of protease enzyme, 5) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers
autoclaved at 100°C and 2 kPa pressure for 20 minutes with 0.25% sodium metabisulfite, 7) Raw feathers
autoclaved at 100°C and 2 kPa pressure with 0.15% protease enzyme, 8) Raw feathers autoclaved at 100°C and 2
kPa pressure for 20 minutes with 0.25% sodium metabisulfite and 0.15% of protease enzyme. Protein fractions
were determined using the Agricultural and Food Research Council equations, as well as degradability parameters
using the NorFor method. Ruminal degradability and effective degradability parameters of dry matter and crude
protein were determined by rumen incubation at different incubation times inside the rumen of three Zel sheep
with rumen fistula.

Results and discussion: The study of dry matter degradability data shows that there was a statistically significant
difference between the rapidly degradable and the potentially degradable fractions, as well as the constant rate
(P<0.05), however, there was no statistically significant difference among the slowly degradable fractions. The
effective degradability was statistically significant at the rate of 2, 5, and 8% per hour in the experimental
treatments (P<0.05). The results of the ruminal degradability of crude protein showed that there was a statistically
significant difference between the rapidly degradable and potentially degradable fractions, as well as the constant
rate of crude protein degradation (P<0.05), however, there was no statistically significant difference among the
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slowly degradable fractions. The effective degradability of crude protein was statistically significant at the passage
rate of 2, 5, and 8% per hour in experimental treatments (P<0.05). So that, the raw feathers processing increased
the rapidly degradable fraction, the potentially degradable fraction, the constant rate of dry matter, and crude
protein degradation, and also the effective degradability at the passage rates of 2, 5, and 8% per hour.
Conclusions: According to the results of this research, it can be seen that the use of sodium metabisulfite for the
processing of raw feathers increased the rapidly degradable, potentially degradable fraction, and the constant rate,
and also the effective degradability in the passage rate of 2 and 5% per hour of dry matter and crude protein. Also,
the processing of raw feathers with protease enzyme increased the rapidly degradable part, potentially degradable
fraction, constant rate, and effective degradability in the passage rate of 5 and 8% per hour of dry matter and crude
protein.
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Table 1. Chemical compositions of processed raw feathers at different temperatures with sodium metabisulfite and protease (%)

Chemical Experimental treatments”

composition 1 2 3 4 5 6 7 8

Dry matter (%) 94.36+£3.40 93.28+0.9 95.49+1.62 92.82+3.04 93.77+1.41 93.39+2.1 94.56+1.40 92.61+1.51
Organic matter (%)  93.76+0.34 94.78+0.15 94.46+0.51 94.08+0.6 93.98+0.99 94.45+0.18 93.77+0.5  94.76+0.7
Crude protein (%) 88.51£1.61 87.38+1.49 86.94+0.8 89.20+£3.07 89.37+1.62 88.22+0.9 89.25+2.19 88.31%1.24
Ash (%) 6.24+£0.34  5.2240.15  5.5440.51 5.92+0.6 6.02+£0.99  5.55+0.18 6.23+0.5 5.24+0.7
Crude fat (%) 3.36+£0.21  3.46+0.52  3.45+0.72  3.60+0.45 3.53+0.21  3.46+0.83  3.56+0.49 3.64+0.2

* Experimental treatments: 1) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at 120°C and 2 kPa
pressure for 20 minutes, 0.25% sodium metabisulfite, 3) Raw feathers autoclaved at 120°C and 2 kPa pressure, 0.15% protease enzyme, 4) Raw
feathers autoclaved 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme, 5) Raw feathers autoclaved at
100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 7)
Raw feathers autoclaved at 100°C and 2 kPa pressure, 0.15% protease enzyme, 8) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20
minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme.
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Table 2. Effect of raw feather processing on ruminal degradability parameters (%), coefficient of degradability (%), and effective degradability (%/h) of dry matter

Parameters Experimental treatments ! SEM P-value?
1 2 3 4 5 6 7 8 A B C AB AC BC ABC
Degradability parameters
Fast degradable 17.08¢  19.66%  20.09° 23.35%® 18.24%  19.94° 21.03% 2425  0.310 0.2045 0.0005 0.0001 0.7135 0.8739 0.3895 0.7412
fraction (a)
Slow degradable 25.09 24.76 25.10 27.39 26.74 25.44 26.50 27.18 0315 0.1829 0.6068 0.1198 0.3220 0.6600 0.0866 0.7978
fraction (b)

Potential degradable 42.18°  44.42¢  45.19° 50.74% 44.98° 4538 47.54%  51.42%  0.606 0.1802 0.0240 0.0019 0.4801 0.8821 0.1798 0.9714
fraction (a+b)

Coefficient of 0.1554° 0.1643* 0.1658" 0.1844* 0.1604° 0.1674* 0.1683"> 0.1899* 0.0009 0.0509 0.0001 0.0001 0.8992 0.9928 0.0040 0.5234
degradability (C)

Effective degradability
Kp=0.02 39.32° 4173 4249  47.06° 42.02*  42.67° 4472  48.83* 0.584 0.1745 0.0149 0.0012 0.5008 0.8956 0.1753 0.9500
Kp=0.05 36.08° 38.64™ 3937  44.90*°  38.63 39.53% 4147® 4576 0.556 0.1696 0.0087 0.0007 05152 0.9137 0.1727 0.9254
Kp=0.08 33.66° 36.31% 37.02% 42.46° 36.08 37.16* 39.01*® 4337° 0.533 0.1671 0.0059 0.0005 0.5456 0.9294 0.1729 0.9066

=d Means in each row with different superscript letters have significant differences (P<0.05).

! Experimental treatments: 1) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite,
3) Raw feathers autoclaved at 120°C and 2 kPa pressure, 0.15% protease enzyme, 4) Raw feathers autoclaved 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease
enzyme, 5) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 7) Raw feathers
autoclaved at 100°C and 2 kPa pressure, 0.15% protease enzyme, 8) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme.

2 A: Effect of temperature; B: Effect of sodium metabisulfite addition; C: Effect of protease enzyme addition; AB: Interaction effect between factors A and B; AC: Interaction effect between factors A and
C; BC: Interaction effect between factors B and C; ABC: Interaction effect of three factors A, B, and C.
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Table 3. Effect of raw feather processing on ruminal degradability parameters (%), Coefficient of degradability (%) and effective degradability (%/h) of crude protein

Parameters Experimental treatments SEM P-value?
1 2 3 4 5 6 7 8 A B C AB AC BC ABC
Degradability parameters
Fast degradable 15.23% 18.51° 17.53% 21.64* 16.27° 17.82° 17.35° 22.71% 0356  0.6691 0.0001 0.0010 0.8665 0.8520 0.1234 0.3121
fraction (a)
Slow degradable 23.76 24.21 24.69 26.47 24.18 25.55 25.31 26.32 0.480 0.5696 0.2469 0.2043 0.9693 0.7413 0.8252 0.6658
fraction (b)
Potential degradable ~ 38.99°  42.72%¢  42.22% 4811 40.45°  4337% 42,66  49.03° 0.698  0.5432 0.0038 0.0093 0.9527 0.8949 0.3312 0.8212
fraction (a+b)
Coefficient of 0.1609° 0.1708% 0.1781°  0.1908* 0.1681> 0.1738® 0.1791> 0.1931° 0.001 02278 0.0013 0.0001 0.7949 0.5355 03198 0.6126
degradability (C)
Effective degradability
Kp=0.02 36.36°  40.18*  39.72% 4559 37.87°  40.73%°  40.11*  46.56° 0.657 0.5243 0.0023 0.0055 0.9451 0.8942 0.2985 0.7721
Kp=0.05 33.35¢  37.24% 36.80°  42.60% 34.89°  37.66  37.11%  43.62° 0.608 0.5074 0.0013 0.0030 0.9364 0.8986 0.2621 0.7126
Kp=0.08 31.10° 34.99° 34.56° 40.27* 32.64° 35.32° 34.81° 41.33% 0.573  0.4987 0.0008 0.0020 0.9296 0.9061 0.2359 0.6656

*d Means in each row with different superscript letters have significant differences (P<0.05).
! Experimental treatments: 1) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 3) Raw
feathers autoclaved at 120°C and 2 kPa pressure, 0.15% protease enzyme, 4) Raw feathers autoclaved 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme, 5) Raw
feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 7) Raw feathers autoclaved at 100°C and 2 kPa
pressure, 0.15% protease enzyme, 8) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme.
2 A: Effect of temperature; B: Effect of sodium metabisulfite addition; C: Effect of protease enzyme addition; AB: Interaction effect between factors A and B; AC: Interaction effect between factors A and C; BC:
Interaction effect between factors B and C; ABC: Interaction effect of three factors A, B, and C.
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Table 4. Effect of raw feather processing on protein fractions (g/100gDM) based on AFRC equations

Fractions Experimental treatments’ SEM P-value?

1 2 3 4 5 6 7 8 A B C AB AC BC ABC
Quickly degradable protein 13.50° 16.17° 15.23° 19.28*  14.54° 15.72° 15.49°  20.06* 0.319 0.5326 0.0002 0.0011 0.7073 0.8626 0.0802 0.4394
Slowly degradable protein 18.70 18.94 19.30 21.40 19.31 20.22 20.31 21.07 0.405 0.4394 0.2335 0.1495 0.8349 0.7137 0.6035 0.5464
Rumen degradable protein 32.19¢  35.11b 34.53¢  40.68®  33.86° 35.93%¢ 3580% 41.13* 0.618 0.4083 0.0042 0.0078 0.7411 0.8794 0.2083  0.9962
Effective rumen degradable protein ~ 29.49*  31.88® 31.48° 36.82¢  30.95° 32.79®  32.70® 37.12* 0.568 0.4064 0.0072 0.0113 0.7508 0.8535 0.2410 0.9343
Undegradable dietary protein 56.31*  52.26%°  52.41%c  48.52%¢ 55528 5220%c  5345% 4719 (0.589 0.8238 0.0020 0.0064 0.7458 0.9209 0.5502 0.5078
Digestible undegradable protein 3737 34.35% 34,69 30.81¢  43.27*  40.76®  39.57® 36.86™ 0.684 0.0006 0.0414 0.0224 0.7654 0.8043 0.8477 0.9066
Metabolizable protein 56.17° 54.68° 54.76° 54.29°  62.10° 61.66° 60.42*  60.52* 0.452 0.0001 0.3876 0.1457 0.8436 0.6022 0.5059 009112

*d Means in each row with different superscript letters have significant differences (P<0.05).

! Experimental treatments: 1) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 3) Raw feathers
autoclaved at 120°C and 2 kPa pressure, 0.15% protease enzyme, 4) Raw feathers autoclaved 120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme, 5) Raw feathers autoclaved at
100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 7) Raw feathers autoclaved at 100°C and 2 kPa pressure, 0.15% protease enzyme,
8) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme.

2 A: Effect of temperature; B: Effect of sodium metabisulfite addition; C: Effect of protease enzyme addition; AB: Interaction effect between factors A and B; AC: Interaction effect between factors A and C; BC: Interaction
effect between factors B and C; ABC: Interaction effect of three factors A, B, and C.
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Table 5. Effect of raw feather processing on protein fractions based on NorFor system

Fractions Experimental treatments' SEM P-value?

1 2 3 4 5 6 7 8 A B C AB AC BC ABC
Crude protein (CP) (g/kgDM) 885.1 873.8 869.4 892.0 893.7 882.2 892.5 883.1 3.605 0.2934 0.7435 0.9383 0.2807 0.9221 0.2291 0.2875
Soluble crude protein (SCP) 74.4° 119.9° 97.94 135.2% 79.3¢ 124.3° 107.2°¢ 136.4% 1.035 0.0292 0.0001 0.0001 0.3163 0.8897 0.0104 0.3704
(g/kgCP)
CP (PdCP) Potential degradable 110.83¢ 151.98% 133.63%  160.97% 109.74¢ 175.24*  150.21% 153.08% 4.234 0.3699 0.0008 0.1534 0.9972 0.6921 0.0362 0.1636
(g/kgCP)
Soluble + potential degradable CP 185.23¢  271.88® 231.53° 296.17* 189.04¢ 299.57*  257.41%® 289.48¢ 4914 0.2157 0.0001 0.0047 0.8279 0.7582 0.0212 0.1703
(g/kgCP)

Degradation rate of CP (KdCP) (%/h) 0.1609°  0.1708 0.1781° 0.1908*  0.1681% 0.1738° 0.1791° 0.1931°  0.001 0.2278  0.0013 0.0001 0.7949  0.5355 0.3198 0.6126

#d Means in each row with different superscript letters have significant differences (P<0.05). ! Experimental treatments: 1) Raw feathers autoclaved at 120°C and 2 kPa pressure for 20 minutes, 2) Raw feathers autoclaved at
120°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 3) Raw feathers autoclaved at 120°C and 2 kPa pressure, 0.15% protease enzyme, 4) Raw feathers autoclaved 120°C and 2 kPa pressure for 20 minutes,
0.25% sodium metabisulfite, 0.15% of protease enzyme, 5) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 6) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite,
7) Raw feathers autoclaved at 100°C and 2 kPa pressure, 0.15% protease enzyme, 8) Raw feathers autoclaved at 100°C and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of protease enzyme.

2 A: Effect of temperature; B: Effect of sodium metabisulfite addition; C: Effect of protease enzyme addition; AB: Interaction effect between factors A and B; AC: Interaction effect between factors A and C; BC: Interaction
effect between factors B and C; ABC: Interaction effect of three factors A, B, and C.
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