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Table 1- The effect of O gas processing feather meal at different time intervals on the dry matter and
chemical composition (dry matter %)
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In each row data with different superscripts are statistically different (P < 0.05).
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Table 2- The effect of O® gas processing feather meal at different time intervals on the volume of
cumulative gas produced and coefficients (mL per 500 mg of dry matter)

(4i35) O3l 38

0° Gas (min)
e ol
Gl ke sl T S 90 60 30 MY oS
SEM < TN Blank Control  |ncubation
p-value times
0.695 <0.0001 5.38° 9.35° 7.70°% 8.45° 8.00° 5.38° 2
0.695 <0.0001 7.58° 12.44% 11.09% 11.17° 10.65*  7.58° 4
0.695 <0.0001 8.95° 15.54° 13.52%® 13.14%® 12.32®  8.95° 6
0.695 <0.0001 10.40° 18.63° 16.46% 15.95° 14.74>  11.30° 8
0.695 <0.0001 10.58° 22.48° 19.04° 18.44° 16.57°  12.90° 10
0.695 <0.0001 10.31° 25.65° 20.63° 20.41° 18.02°  13.90° 12
0.695 <0.0001 10.26° 41.31° 34.13° 32.11° 23.95¢ 18.57¢ 24
0.695 <0.0001 10.74" 56.08° 46.35° 4351° 33.33¢  26.90° 48
0.695 <0.0001 14.06" 70.03% 59.32° 55.96° 43.28°  34.49° 72
0.695 <0.0001 15.36" 75527 64.36° 60.77° 47.08°  37.06° 96
0.695 <0.0001 15.09"° 78.53% 66.79° 62.75° 48.23'  36.86° 120
Al
Coefficients
1.64 <0.0001 18.28" 85.00° 74.04° 70.23° 55.68¢  42.28° B
0.001 0.365 0.018° 0.024° 0.021% 0.021%¢ 0019 0.022° C

(P<ev0) Wjls guls me sl KuSC L glel 5l csline Gg b gla Kl Civsy oo 3
In each row data with different superscripts are statistically different (P < 0.05).
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. Prevotella ruminicola

. Ruminobacter amylophilus
. Butyrivibrio fibrisolvens

. Selenomonas ruminantium
. Prevotella bryantii

. Streptococcus bovis

. Clostridium aminophilum

. Clostridium sticklandii

. Megasphaera elsdenii
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Table 3- The effect of O® gas processed feather meal at different time intervals on fermentation
parameters within 24-hour of incubation

(4433) 03l 38

0°® Gas (min) -
L oLz St sl 2
S Solasre mlas 180 90 60 30 e Fermentation parameters
- p-value Control
SEM
Ol
0.18 0. 002 16.48*  14.84°  1447°  14.09°  10.95° °
Methane (g / kg DM)
0.02 0.440 6.74 6.77 6.77 6.79 6.81 pH
(><\~°/m|) ;ﬁbj}sﬁﬁf [GveON 3
0.11 0.002 109°  10.0° 9.6™ 9.6™ 9.1° Protozoa population
(x10°%/ml)
it osle an LB
0.06 <0.0001 34.68° 3175 3053° 29.01 22.73°

Degradability of DM (mg /
mi500)

(P<a/v0) Wyls (uls pme sl jf.LJSi L L;)L»IJE sl g b du&ﬁgﬁ a5y A
In each row data with different superscripts are statistically different (P < 0.05).
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Table 2- The effect of O° gas processed feather meal at different time intervals on the dry mater
degradability and coefficients (%)

(4i33) 0531 58

0°® Gas (min)

e sl e slacles
wfuu | 180 90 60 30 — SPIPY
. S .

- SR Control  |heubation
SEM p-value -
times
0.67 <0.0001 23.95° 21.65° 21.05° 19.12° 18.15° 2
0.67 <0.0001 25.88° 24.12%® 22.82° 21.28¢ 19.12¢ 4
0.67 <0.0001 28.15° 26.42% 26.48% 24.88" 21.28¢ 8
0.67 <0.0001 30.68° 29.15%® 27.38° 26.75° 22.08° 12
0.67 <0.0001 35.82° 33.28° 31.08° 29.03¢ 24.95° 24
0.67 <0.0001 40.65% 36.22° 33.08° 30.48¢ 28.02¢ 48
0.67 <0.0001 43.82° 40.18° 36.68° 34.68° 32.02¢ 72
0.67 <0.0001 48.05° 42.15° 38.62° 36.44° 32.42¢ 96
Al
Coefficients
2.59 0.96 8.01 7.87 6.68 5.70 6.83 a (%)
1.67 0.01 34.25° 30.12% 27.99® 26.53% 22.62° b (%)
0.05 0.69 0.12 0.14 0.19 0.22 0.14 c(hh)
0.40 <0.0001 37.65° 33.90° 31.48° 29.61¢ 26.32¢ ED=0.02
0.57 <0.0001 32.66° 29.70° 28.10% 26.68° 23.17¢ ED=0.05
0.68 0.0003 29.11° 26.77® 25.64° 24.48° 20.99° ED=0.08

(P<4/05) 115 o ls pre sl [SaSS b olol ks 5l sz Gy b sla oSl cinsy s s
In each row data with different superscripts are statistically different (P < 0.05).
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Abstract
Background and objectives: The use of bio-waste in animal feed reduces feed costs. In
addition, their application reduces environmental pollution caused by the disposal of this waste.
Feather makes up about 10% of a bird's weight. The 90% of full weight contains keratin, which
is rich in the serine amino acids cysteine, glycine, alanine, and threonine. The strength of
fibrous protein is due to its high hydrogen, disulfide bonds, and low hydrophilicity, which
makes keratin insoluble and stable against degradation by enzymes such as trypsin and pepsin.
Although the poultry industry in the country is expanding day today, there are no plans to
process and return this valuable product to the production cycle. Therefore, the purpose of this
study was evaluation the effect of ozone gas processing on the nutritional value of feather meal
in ruminant nutrition using in vitro and in situ nylon bags techniques.

Materials and methods: To process the feather meal with ozone gas, a reactor was designed
and built with a capacity of withstanding the pressure of 2 bars. The processing reactor was a
double-walled steel tank with a steel surface with a capacity of 1 kg. An ozone generator with a
capacity of ten grams of ozone per hour was connected to it and an oxygen capsule was used to
supply the oxygen needed by the device and also to increase the pressure inside the reactor.
Experimental treatments include: control (without processing), ozone-processed feather meal in
30 minutes, ozone-processed feather meal in 60 minutes, ozone-processed feather meal in 90
minutes, and ozone-processed feather meal in 180 minutes. To determine the degradability
coefficients of dry matter, three fistulated Holstein male steers were used to prepare and
incubate the samples in situ within the rumen. To determine the effect of processing on the
amount of gas produced in the laboratory, the pressure of the produced gas was determined in
three separate cycles and three repetitions per sample in each run. A randomized complete block
design (livestock effect as a block) was used to evaluate the data related to degradability.

Results: Feather meal dry matter under the influence of ozone gas showed a significant
decrease in treatments of 60, 90, and 180 minutes (P <0.05). The amount of ether extract under
the influence of ozone gas processing significantly increased in treatments 60, 90, and 180
minutes (P<0.05). The amount of crude protein in the treatment of 180 minutes showed a
significant increase compared to the control (P <0.05), however, no significant difference was
observed in other treatments. The highest amount of crude protein was observed in the treatment
of 180 minutes (79.35%) and the lowest amount was observed in the control treatment
(78.46%). The amount of ash was not affected by the ozone treatment. Ozone gas processing
increased the amount of gas production (P <0.05). The gas production of the insoluble part
showed a significant increase in all processing times compared to the control (P <0.05). The
decomposition rate constant showed a significant decrease in the 180-minute treatment (P
<0.05). There was a significant increase in methane production volume and dry matter
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digestibility of all treatments (P<0.05). The highest amount of methane production was
observed in the treatment of 180 minutes (16.48). The pH value was not significant. The
protozoan population in 90 and 180 min treatments showed a significant increase compared to
the control (P <0.05). Dry matter degradability showed a significant increase in all treatments (P
<0.05). The highest amount of dry matter degradability was observed at 96 hours in 180
minutes’ treatment (48.05%) and the lowest amount was observed in the control treatment
(32.42%). The insoluble part showed a significant increase with increasing frequency (P <0.05).
Effective degradability in all passage rate constants showed a significant increase with
increasing processing time (P <0.05).

Conclusion: According to the results of this experiment, it can be concluded that processing
feather meal using ozone increases its dry matter degradability and nutritional value. Future
studies are needed to increase the processing time and use of oxygen in the air.

Keywords: Feather meal, Gas production, Nylon bag technique, Ozone Gas
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