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Abstract�
The�objective�of�this�study�was�WR�DVVHVV�the�changes�in�mineral�nitrogen�dynamics�
during� vermicomposting� of� hydrolysed� chicken� feather� residues� (HCFR).�7KH�
experiment� included� four� treatments�with� three� replications� at� different�mixing�
UDWLRV� RI�HCFR� and� pelletized�wheat� straw� (PWS):� (T1)� 25%HCFR+75%PWS�
(w/w)�with�earthworms,��7���25%�HCFR+75%�PWS�(w/w)�without�earthworms,�
�7����0%�HCFR�+50%�PWS�(w/w)�with�earthworms,�and�(T4)�50%�HCFR+�50%�
PWS� (w/w)�without�earthworms.�The�experiment�was� carried�out� for� 120�days�
using�(LVHQLD�DQGUHL.�7KH�1�NO�

��content�increased�from�111�to�562�mg/kg��7����
from�111�to�679�mg/kg�(T2),�from��� R�����mg/kg�(T3),�and�from�80�to�343�mg/kg�
�7��.�7KH�1�NH�

��content�decreased�from�1578�to�130�mg/kg�(T1),�from�1578�to�
664�mg/kg�(T2),�from�1067�to�101�mg/kg�(T3),�and�from�1067�to�184�mg/kg��7��.�
Observed� changes� in� particular� N�species� content� resulted� mainly� from�
biodegradation�of�organic�matter�and�from�nitrification�process.�Also�the�influence�
of�denitrification�process�and�ammonia�volatilization�cannot�be�excluded.��
Key�words:�N�dynamics;�biofertilizer��compost;�organic�matter;�1�IHUWLOL]HU��
�

Chicken� feathers� produced� in� large� quantities� by� the� poultry� industry� are�
hazardous�to�the�natural�environment�due�to�their�poor�digestibility�and�potential�
as�a�source�of�microbiological�pathogens.�This�waste,�on�the�other�hand,�contains�
valuable�plant�nutrients�that�can�be�recovered�and�used�to�improve�soil�fertility�and�
agricultural� productivity.� Feathers� are� the� most� common� waste� by�product� of�
chicken� poultry,� and� their� production� is� steadily� increasing� >�@.� Every� year,�
approximately�8.5�billion�tons�of�chicken�feathers�are�produced�as�a�by�product�of�
chicken�meat�production.�The�accumulation�of�such�massive�quantities�of�resistant�
to� biological� degradation� feathers� causes� environmental� pollution� and� feather�
protein�waste�generation�[2].�The�majority�of�the�feathers�are�disposed�of�in�dumps,�
landfills,�and�incinerators.�These�handling�methods�may�pollute�the�environmenW�
by�emitting�greenhouse�gases�[3].�Furthermore,�these�methods�have�been�limited�
GXH�WR�a�lack�of�land�and�high�costs�[4].�Attempts�have�been�made�to�find�alternative�
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uses�for�chicken�feathers��such�as�biofertilizers�[5],�biofuels�[6],�and�thermoplastics�
>�@.��

Feathers�are�rich�in�protein�because�they�contain�more�than�90%�keratin�(w/w)�
>�@.�The�keratin�protein�is�made�up�of�an�insoluble,�highly�stable�structure�that�is�
cross�linked� by�disulfide,�hydrogen,�and�hydrophobic�bonds�and� tightly�packed�
into� a� supercoiled� polypeptide� in� the� form� of� α�KHOL[� ��kHUDWLQ�� DQG� �VKHHWV�
��keratin)�[�@.�Due�to�its�indigestibility�by�soil�microorganisms,�IHDWKHU�ZDVWH�LV�DV�
D� VORZ�release� nitrogen� (N)� fertiliser.� Hydrolytic� degradation� of� feathers� could�
provide�an�appropriate�substrate�for�vermicomposting�[10].�In�previous�studies�on�
vermicompost�of�hydrolysed�chicken�feather�residue�(HCFR),�researchers�have�not�
considered� changes� in� mineral� forms� of� nitrogen� during� vermicomposting� of�
HCFR.�Therefore,�the�objective�of�this�study�was�WR�DVVHVV�the�changes�in�mineral�
nitrogen�dynamics�during�vermicomposting�of�HCFR.��
�
Material�and�methods�
Experimental�setup�

The� experiment�included� four� treatments�with� three� replications� at�different�
mixing� ratios� of� HCFR� DQG� PWS:� �7��� 25%� HCFR+� 75%� PWS� (w/w)� with�
earthworms,� �7���25%�HCFR+75%�PWS�(w/w)�without�earthworms,� �7�������
HCFR�+50%� PWS� (w/w)� with� earthworms,� and� (T4)� 50%�HCFR+�50%� PWS�
(w/w)�without�earthworms.�To�avoid�earthworm�mortality�and�to�allow�earthworms�
to� return� to� optimum� condition� for� earthworm� treatments,� the� ��/� RI� substrate�
containing�earthworms������pieces//�and�a�weight�of�earthworm�biomass�ZDV����
g/L� of� substrate��was� placed� into� the� tray� from� the� side.� 7KH�vermicomposting�
process�was�carried�out�at�a�constant�temperature�of�22�°C.�By�spraying�the�surface�
with�water�every�2�days,�the�moisture�level�of�the�material�was�kept�at�around�70±
80%�of�the�wet�mass�throughout�vermicomposting.�The�experiment�was�carried�
RXW�DW�WKH�experimental�station�RI�WKH�Faculty�of�Agrobiology,�Food,�and�Natural�
Resources�in�ČHUYHQê�Òjezd,�Czech�University�of�Life�Sciences�Prague.�Granofyt�
Ltd�provided�dried�PWS�with�a�diameter�of�10�mm.�
�
Analysis�of�nitrogen�forms�(TN,�1�123�,�N�1+4����

Representative� samples�of�about�150�g�wet�weight�RI�WUHDWHG�were�taken�on�
days�0,�������������DQG������IUR]HQ�DW�����°C��lyophilised,�and�ground�to�analyse�
total�nitrogen�>71@��Qitrate�nitrogen�[N�NO�

�],�and�ammonium�nitrogen�[N�NH�
�].�

For�71�determination,� the�CHNS�Vario�MACRO�cube�analyzer�was�used.�7KH�
levels�of�available�N�NO�

��� DQG�1�NH�
��were�extracted�using� the�CAT�soOXWLRQ�

(0.01�mol/L�CaCl��and�0.002�mol/L�diethylene�triamine�pentaacetic�acid�[DTPA]�
at�a�1:10�ratio�(w/v)�[11].��
�
6WDWLVWLFDO�DQDO\VHV�

The� statistical� analyses� were� carried� out� using� STATISTICA� 12� software�
(StatSoft,�Tulsa,�USA).�The�means�of�the�three�replicates�were�used�to�calculate�all�
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of� the� results.� Analysis� of� variance� (ANOVA)�was� used� to� test� the� significant�
sources�of�variation,�and�the�following�Tukey�HSD�test�was�used�to�compare�the�
treatment�means�if�the�factors’�effect�was�significant�at�(p�<�0.05).�

�
Results�and�discussion�

TN�increased�significantly�(p�<�0.05)�with�vermicomposting�times�and�among�
the�treatments�compared�with�initial�values��Fig.�1A).��

�
1.�71��$� 1�NO�

��%��DQG��1�NH�
��(C��among�the�treatments�at�different�times�

RI�processes.�The�bars�indicate�the�standard�GHYLDWLRQV�of�the�mean�(n=3).�
Different�letters�indicate�significant�differences�among�the�treatments�(p<0.05��
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There�were�higher�TN�values�recorded�in�treatments�without�earthworms�WKDQ�
vermicompost� and� WKH� vermicompost� recovers� less� mineral� nitrogen� than� the�
control�treatments�at�the�end�of�experiments.�This�finding�was�consistent�with�the�
findings�of�Pigatin�HW�DO��>��@�ZKR�found�that�during�vermicomposting�of�various�
agricultural�residues�using�(��IHWLGD�for�60�days,�TN�increased�by�19.5%�±������
and�Pramanik�HW�DO��>��@�IRXQG�Yermicomposting�using�(��IHWLGD�for�85�days�DOVR�
increased�the�7N�content�in�tea�prunings�(30.5%±51.29%).��

7KH�WUHQGV�RI�1�NO�
��DQG�1�NH�

��contents�for�the�treatments�are�shown�in�Fig.�
�B,�C.�The�1�NO�

��content�increased�from�111�to�562�mg/kg�(T1),�from�111�to�679�
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mg/kg�(T2),�from�80�to�391�mg/kg�(T3),�and�from�80�to�343�mg/kg�(T4).�7KH�1�
NH�

��content�decreased�from�1578�to�130�mg/kg�(T1),�from������WR�����mg/kg�
(T2),�from�1067�to�101�mg/kg�(T3),�and�from�1067�to�184�mg/kg�(T4).�7KH�QLWUDWH�
content�increased�in�all� treatments,�regardless�of�earthworm�presence�or�absence�
owing�to�the�conversion�of�ammonia�to�nitrate�YLD�oxidation�by�nitrifying�bacteria�
>��@.�7KH�1�NO�

��OHYH V�ZHUH�increased�during�vermicomposting,�in�line�with�>��@��
who� found� a� decrease� in� N�NH�

�� and� an� increase� in� N�NO�
�� during� the�

vermicomposting�of� sewage�sludge.�The�changes� in�different�N�species�content�
were�caused�by�a�set�of�different�process.�Increase�of�TN�content�in�dry�matter�ZDV�
induced�by�mineralization�of�organic�matter.�Signification�proportion�of�N�NH�

��
was�converted� to�N�NO�

��during�the�nitrification�process.�Certain�portion�of�N�
NH�

�� could� be� also� volatilized� in� the� form� of� NH�.� Also� nitrogen� loss� as� the�
consequence�of�N�NO�

��conversion�to�N��within�denitrification�process�cannot�be�
excluded.�
�
Conclusion�

9ermicomposting�of�HCFR�UHVXOWHG�LQ�1�NH�
��content�decrease�accompanied�

WKH� 1�NO�
�� content� increase� where� mainly� nitrification� process� seems� to� be�

responsible�for�this�observation.�TN�content�in�dry�matter�significantly�increased�
in�all�treatments�as�the�consequence�of�mineralization�of�organic�matter.�Also�the�
denitrification� process� and� NH�� Yolatilization� could� influence� N�species�
distribution.�The�significance�of�particular�processes�on�nitrogen�balance�should�
be�verified�within�subsequent�research.��
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