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The aim of this study was to isolate mesophilic chicken feather-degrading bacteria and to evaluate feather
hydrolysate as alternative biofertilizer. Isolate RS7 was isolated from compost and identified as Bacillus
pumilus according to APl analysis and 168 rDNA sequencing analysis. Chicken feathers were completely
degraded after 5 days of cultivation at 30°C. Feather hydrolysate treated by B. pumilius RST positively in-
fluenced Helianthus sannuus L. (sunflower) growth (e.g. growth rate, number and dry weight of leave, and flower-
ing rate). These results suggest that feather hydrolysate prepared using B. pumilius RS7 could successfully be used as
alternative biofertilizer, thereby reducing the environmental impact of feather waste from the poultry industry.
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2.1. Keratinolytic protease AAF Aol &£ %
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1%, yeast extract 0.5%, skim milk 5%, NaCl 0.5%
9 agar 2% (pH 75)°|qt}. £88 7149 A9
ZA& NH4Cl 0.05%, NaCl 0.05%, K:HPO4 0.01%,
KH:PO4 0.02%, MgClz - 6H20 0.019 % yeast ex-
tract 0.01% (pH 75)0)1QeH, Agdd FHFIoE
go) $rns Hrsigu’.
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Fig. 1. Photographs showing biological activities of isolate RST7.
Formation of clear zone on skim milk agar plate (A; left colony was Escherichia coli; right colony
was isolate RS7). Feather degradation by isolate RS7 after 0 (middle) and 5 (right) days of

incubation.

ZgH28 poto] AAFL A1t FE3I B3
t}. Helianthus sannuus L. E&+= 6A7F Fet
shockingA1 71 &, potoll #}E-3t wl7] (Eyelaton,
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T 22:1C (3 2A)F 18£1T (¢ ZA)E, "‘E
70+7%% Ztzt ZHGT. WY 838 I+
zh Sx B AE-g 25%2 N3 1Y 151
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3.1. Keratinolytic protease A4+ #59 & o

573

Q“]ﬁ} ZF9 Yo 2Ry R Eaf5ol —401‘4
I, £L& Kkeratinolytic activityE 712 RS7 ¥
23)3lgtl RS7 #5= skim milk agar plateOI]/ﬁ
ANE 92 proteases HHIBIY FHEE A
on $m7 Hrtd 7|9 wMAE o] &3t 30T
dA wjgAl, 59 T +RE HAF EISATH
(Fig. 1). Bacillus licheniformis PWD-1L 50Tl M
109 who] $2g A3 2a'V8, Streptomyces
pactum DSM405302 50TCHA REFHoZ 25
2ajste AP0z Hado] o w}aw RS7 &

Fol $2 ool Bo 9599, Ee 0T
$RE 948 BAY & UYoBR $E 23A
ek $E pARFERT dUAE Adtd &

32

o7 wasgdg.
0.1%7} H7rd 228 F719 wiAdA 3

Hiok-S AA|SAA keratinolytic activityS HE

+ A3E Fig. 2014 B ukeh 2ok v AIE A
o &4 4L gutstA S0t wid 6973
Hd 24 41 UmDe Jehiled, 2 & F23}
A &a B0l A JuldEs T3t &
He HF F1E AN vl 1821 B M =
£ keratinolytic activity® R, 36A1 vl §
E7F &A% BEEHAT (data not shown).

RS7 #FE 28994 AFoEA, "}]}‘351}% 3
Aot 719 Wi Y colonye EFH
3l pale yellowE uYeRIT. API kit 50CHB9}
20EE ©) &3t 54T Ad, AFTFE Bacillus
pumilus$t 743 S-AFsHTH (data not shown). Rt}
34 BAHL A3t A¥AF9 165 1DNA &7
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Fig. 2. Keratinolytic activity in a minimal medium

containing 0.1% chicken feather.
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RS7 4 ATACATGCAAGTCGAGCGGACAGAAGGGAGCTTGCTCCCGGATGTTAGCGGCGGACGGGT 63
PERVELLCTE TR L P e L e i
B.pumilus 24  ATACATGCAAGTCGAGCGGACAGAAGGGAGCTTGCTCCCGGATGTTAGCGGCGGACGGGT 83

RS7 64 GAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAAT 123
PUCCEELELLEE T et e e b b e e b i
B.pumi tus 84 GAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAAT 143

RS7 124  ACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTA 183
PEREEEL T e b e et e b e b g
B.pumilus 144  ACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTA 203

RS7 184  CAGATGGACCCGCGGCGCATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATG 243
FECLCVEEEEET L e e et e e e e e i
B.pumilus 204  CAGATGGACCCGCGGCGCATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGAGGATG 263

RS7 244  CGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA 303
FULELEEECE e e e b e e b e e e e e e i i
8.pumifus 264  CGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA 323

RS7 304  CGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCG 363
FECELELCOE R e e e b e e e e e
B.pumifus 324  CGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCG 383

RS7 364  TGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCGAGAG 423
FECLCLILRE L LR e e e e b e e e e e e
B.pumilus 384  TGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCGAGAG 443

RS7 424  TAACTGCTCGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAG 483
PECCLTEEEEEEE R E R L et e e C i e e e el
B.pumifus 444  TAACTGCTCGCACCTTGACGGTACCTAACCAGAAAGCCACGGGTAACTACGTGCCAGCAG 503

RS7 484  CCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAG 543
PECELTEEE R e e L e ek
B.pumilus 504  CCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAG 563

RS7 544  GCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACT - 603
FELLCLET TR e e LU LR T EET ]
B.pumi/us 564  GCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACT 623

RS7 604  GGGAAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGA 663
PECCCELECE TR e e L L e
B.pumifus 624  GBGAAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGA 683

RS7 664  GATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGC 723
CECLLTEEER R e e b e b e e e e e e e e
B.pumilus 684  GATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGC 743

RS7 724  GAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGT 783
PECLCLLER LT T e e LR g
B.pumi/us 744  GAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGT 8O3

RS7 784  GCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCC 843
PLLCLELCEL UL R T L T e e
B.pumifus 804  GCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCC 863

RS7 844  TGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT 903
FIVELTCCEL O R e e e e e
B.pumifus 864  TGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCOCGCACAAGCGGT 923

RS7 904  GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG 963
FEVRRUCLEC TR e e e e e e e
B.pumifus 924  GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG 983

RS7 964  ACAACCCTAGAGATAGGGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTGTC 1023
PERPEVEE R b b e L b LR T
B.pumilus 984  ACAACCCTAGAGATAGGGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTGTC 1043

RS7 1024 GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTA 1083

PECECTEET TR R R R LR T
B.pumilus 1044 GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTA 1103

Fig. 3. Alignment of 165 rDNA sequences of isolate RS7 and Bacillus pumilus.

AqEL EA3% & NCBI GenBankd] 5% #AF 32. $ 2 EaiEo] A& A X 9%
FFEIH} FAATLY ABHYE dolE A, ou BafANEo wgF slAE Hrhstr] sk
Bacillus pumilus$t 100%2] FEAS 74X A} 334 Wy 2 B pumnilus RS79 93 $-& £
t} (Fig. 3). Wt AFFFE B. pumilus RS70]  4HE§& Helianthus sannuus Loﬂ nezge o 3%
= ol&

ghm 9H s

R R EERE E
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B. pumilus RS79 93 $2 RS B3
ARl 9 & & F7MFL 6 7ﬂi"1 3leha Wy
o 9% EFHAEL 233 A GeNET o 12
v =4 Ueien, 3 l‘i— i 2T 23718
o} 34 A% =9tk (Fig. 5).

Me&-& Fig. 6014 B nhe} o] ZF AT
A 1 Folrt Falo] etk B Y &Y
9 38ta Lo 9T ¥ RS BT 4

==

H]

By B. pumilus
RS7

By NaOH

Optimal medium
(control 2)

Water (control 1)

0 2 4 6 8 10 12
Total increasing height (cm)
Fig. 4. Effect of feather hydrolysate on growth rate of

Helignthus sannuus L. Data were total in-
creasing hight after 35 days of incubation.

By Bacillus
pumilus RS7

ByNaOH

Optimal medium
(control 2)

Water (control 1)

Total increment of leaf (number)

Fig. 5. Effect of feather hydrolysate on increment of
leave number of Helianthus sannuus L. Data
were total increment of leave number after 35
days of incubation.

g Me g Y FAx MSEHA FgroH,
274 wWRAAAE 10%9 % S BRAT
a8Y B pumilus RS7l 948 52 E3f4EE &
=3 A% 30%9 NF&EL BTk

Q9] Az AAZS 2 AdE Fig. 79 Y&
Wlch Az AAZEe d9 Yol FAE st
= ztolth. B. pumilus RS79) 98 $52 E3jiHE
o B2 A¥TY F AF: AATFLE 26 gO2A,
8}8ta Whgol 9@ RAEE BFY A¥L (22
@RT 120] A% E¢t =3 & EFY d2T
07 g) Bok 4d) A= £9koH, d F9
lEg o & Aolg EATh

A2AA 2 BEHAE HEEZMY 7S
AES AT AFHEo] AY gAeBE & IF
A= vndd £ JAAT 2 4¥Y dHE F

3o]Q) 3

Bl w06, PR LALES 489 S4E AP
ez $¥3 B89 & YA Sz

By NaOH

Optimal medium
(control 2)

Water (control 1)

RS —
RS7

0 5 10 15 20 25 30 35

Flow ering rate (%)

Fig. 6. Effect of feather hydrolysate on flowering rate
of Helianthus sannuus L. after 35 days of
incubation.

By B. pumilus
RS7

By NaOH
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(controi 2)

Water (control 1)

0 05 1 15 2 25 3
Dry w eight of leave (g)
Fig. 7. Effect of feather hydrolysate on dry weight of

leave of Helianthus sannuus L. after 35 days
of incubation.
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