Journal of Life Science 2024 Vol. 34. No. 5. 304~312

ISSN (Online) 2287-3406
DOl : https://doi.org/10.5352/JLS.2024.34.5.304

Degradation of Poultry Feathers by Bacillus amyloliquefaciens Y10 With Plant
Growth-promoting Activity and Biological Activity of Feather Hydrolyzates

Yedam Kim1, Young Seok Lee1, Youngsuk Kim1, Jinmyeong Song1, Yeongbeen Bak1, Gyulim Park1,

O-Mi Lee? and Hong-Joo Son'*

]Department of Life Science and Environmental Biochemistry, Life and Industry Convergence Institute, Pusan National University, Miryang

50463, Korea

’Avian Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Korea

Received April 4, 2024 /Revised May 13, 2024 /Accepted May 14, 2024

This study was conducted to characterize strain Y10, isolated from discarded chicken feathers. Strain
Y10 was identified as Bacillus amyloliquefaciens through phenotypic and 16S rRNA gene analysis.
B. amyloliquefaciens Y10 exhibited plant growth-promoting activities, including the production of
fungal cell-degrading enzymes (cellulase, lipase, protease, and pectinase), siderophores, ammonia, and
indoleacetic acid. Furthermore, strain Y10 was able to inhibit the mycelial growth of several phytopa-
thogenic fungi. When 0.1% sucrose as a carbon source and 0.05% casein as a nitrogen source were
added to the basal medium, adjusted to pH 10, and cultured at 35°C, the degradation rate of chicken
feathers by strain Y10 was about two times higher than that of the basal medium, with the feathers
almost completely degraded in four days. Strain Y10 also degraded various keratin substrates, including
duck feathers, wool, and human nails. It was confirmed that the feather hydrolyzates prepared using
strain Y10 exhibited antioxidant activities, such as 1,1-diphenyl-2-picrylhydrazyl radical scavenging
activity (ECsp = 0.38 mg/ml) and superoxide dismutase-like activity (ECso = 183.7 mg/ml). These
results suggest that B. amyloliquefaciens Y10 is a potential candidate for the development of bio-
inoculants and feed additives applicable to the agricultural and livestock industries, as well as the

microbiological treatment of keratin waste.
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Table 1. Influence of carbon and nitrogen sources on feather degradation by Bacillus amyloliquefaciens Y10

Carbon source (0.1%)  Relative feather degradation (%)

Nitrogen source (0.1%)  Relative feather degradation (%)

Glucose 19.8+£2.3 Beef extract 54.6£1.1
Fructose 11.94£3.5 Casamino acid 58.3+2.4
Galactose 48.7+1.7 Casein 100.0£1.8
Sucrose 100.0£1.0 Gelatin 48.6+0.8
Lactose 72.6£3.6 Malt extract 42,5422
Maltose 67.3+£1.4 Polypeptone 54.7£1.9
Glycerol 26.8+1.2 Tryptone 60.5+2.4
Mannitol 33.2+2.9 Yeast extract 63.6£3.3
Sorbitol 46.3£3.0 NH4NOs 23.9£1.5
None 65.1£1.3 (NH4)2SO04 38.4+0.6
None 50.5+2.9
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences
showing the position of Bacillus amyloliquefaciens
Y10 and Bacillus strains.
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Fig. 2. Photographs showing plant growth-promoting and antifungal activities of Bacillus amyloliquefaciens Y10.
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Fig. 3. Influence of sucrose (A) and casein (B) concentrations, temperature (C) and initial pH (D) on feather degradation by

Bacillus amyloliquefaciens Y10.
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Fig. 4. Time course (A) of feather degradation and keratinase production by Bacillus amyloliquefaciens Y10 in improved and
basal media. (B) indicates photographs of visual and scanning electron microscopy of chicken feathers observed before

and after cultivation in an improved medium.
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Fig. 5. Degradation of different keratin substrates by Bacillus amyloliquefaciens Y10.

7hete] 59U FF w3 7&4% Fig. 5914 B+ upe} &
£ KLof| ol ZH2} 64.3%, 68.8
ol & I%E}lﬂ‘}io‘/‘r At &g
ol && BHofFnh ol HE A
ol 7 At 71d ] FxF zold 7|lsle A=
SAAT 3, B, pumilis F3-4= 2819 $E, 42 2
Ao ERES 4 81%, 10% ¥ 15% E3l[31]5tHR 2
™, Thermoactinomyces candidus= FE.2] 11%E &3)[15]
sttt BRuEAT o] AL & Zal rAEe 713
o] &5 oF 5ol AFS T aoFsid, B
e TR Agd
AAEH, ol EAa

s

fo
wn
~J
xX
fo
et
Nk
ol
p\e
rlo
41:

i

>l

amyloliquefaciens Y102] -5 &3

71l e Aol dEe &

33 SHe HPRFE OUT FEY B WFH e
Aetel A718e) Hel 3ot el F4g AHA)
E A0 AE b0l e AdET

s, =3}9] %Ol o] HI = gt} AL E A A
#35l] butylated hydroxytoluene, butylated hydroxyanisole
‘_g_g] sLA) BLALELA| 7 /\]__Q_Q_L 9lo} o]EL o Hzl
£5 22U o] HA g5 EZY MEe vig-



310 BB UTIX] 2024, Vol. 34. No. 5

>

DPPH radical scavenging activity (%)
g
S

D
(=]
L

[y
[=]
1

DPPH

o1

Concentration (mg/ml
0 . . i

00 02 04 06 08 10 12 14 16 138

Concentration (mg/ml)

w
3

i
(=]
1

e
o
L

SOD-like activity (%)
o W
S S

—_
(=]
L

0 . =
0 50 100 150 200 250

Concentration (mg/ml)

Fig. 6. DPPH radical scavenging (A) and SOD-like (B) activities of feather hydrolyzates prepared by Bacillus amyloliquefaciens
Y10. The inset figures indicate DPPH radical scavenging and SOD-like activities of ascorbic acid, respectively.

whetA 4

£ 4
e
__}L'

Foll

kil

7}
= =
Aok -2 &34k DPPH 2tt]
= Fig. 6A° A He npel 2t
0.8 mg/m19] H*%Oﬂ H DPPH 2}

—{oﬁ
QL

t

qr &

2 o
>

Lm i)
?

= A 57 }El-ﬁiﬁ}(hyperbohc type). = v‘i‘—
9] SOD FAIEA L F= o&EF oz glslA F
sigmoidal types YEFH ATHFig. 6B). ©] AHE
Hg o g sy ¢ Zal4E2 DPPH &z &7%
I} SOD FAFEA 9 ECso2 ZHZ 0.38 mg/ml 2 183.7
mg/mlZ A, A t 272 ascorbic acid®] DPPH 2}t)Z
27 FEEE(ECs = 0.09 mg/ml) ¥ SOD FAHEA #&
= (ECso = 1.52 mg/ml) R0 94T B Aol A85
5 #3|4HE29 DPPH & &4 FEF S+ Bacillus
pumilus Al [9]& ©] &3t ZAH Z(ECs = 0.3 mg/ml)}:
o oA =%k O Y Bacillus sp. MPTK6 [26]5 ©]-83t] =
A AECso = 0.6 mg/m)E = SE}Th ¥ = ascorbic
acid Bt} W2 e e S RS sty 8 &
a4k=2] o]¥ kst A YL wlg- FH RS Aol
AAZ 5 %EHA]‘E*‘ 7}-—?014 AFE A% A oy
! = ATHI1]. E=3 ks
=95 BAAES /\}37& 7 E AHESHAE AR
AY o g3 % 7gE
SHTIAIZA &0}
oheFgk A ks A of A
AFITHAF HY =S o]
2 ThFSt o) Ak
2 2A &8 7t
iz AR
Aol FFH THX| e R 4k ~Ed 220 9

H

s
f

[«
— 0

ofN A ¥ >
£ N{N' E{O _\0{_,‘
A
20 o
2w
!
@)
X
" ieA
2

I R
30
2
o
=y
b
2
R
kil
o
>
il

_C:L

O o oo @ W 4y 1o of m¥
v
fo
o 1©
o
5&
e
1
e
i
o
rlr
o
H:I
r—{u:

N
3
HU.

Al

2 9% ojorgom o) A

This work was supported by a 2-Year Research Grant of

Pusan National University.

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

References

1. Alahyaribeik, S., Seyed, D. S., Tabandeh, F., Honarbakhsh,
S. and Ghazanfari, S. 2021. Stability and cytotoxicity of
DPPH inhibitory peptides derived from biodegradation of
chicken feather. Protein Expr. Purif. 177, 105748.

2. Blois, M. S. 1958. Antioxidant determinations by the use
of a stable free radical. Nature 181, 1199-1200.

3. Bohacz, J. 2017. Biodegradation of feather waste keratin
by a keratinolytic soil fungus of the genus Chrysosporium
and statistical optimization of feather mass loss. World J.
Microbiol. Biotechnol. 33, 12.

4. Brandelli, A. 2008., Bacterial keratinases: useful enzymes
for bioprocessing agroindustrial wastes and beyond. Food
Bioprocess. Technol. 1, 105-116.

5. Cheong, C. W., Lee, Y. S., Ahmad, S. A., Ooi, P. T. and
Phang, L. Y. 2018. Chicken feather valorization by ther-
mal alkaline pretreatment followed by enzymatic hydrol-
ysis for protein-rich hydrolysate production. Waste Manag.
79, 658-666.

6. Compant, S., Dufty, B., Nowak, J., Clement, C. and Barka.



10.

11.

12.

13.

14.

15.

16.

17.

18.

E. A. 2005. Use of plant growth-promoting bacteria for
biocontrol of plant diseases: principles, mechanisms of ac-
tion, and future prospects. Appl. Environ. Microbiol. 1,
4591-4959.

. da Gioppo, N. M. R., Moreira-Gasparin, F. G., Costa. A.

M., Alexandrino, A. M., de Souza, C. G. M. and Peralta,
R. M. 2009. Influence of the carbon and nitrogen sources
on keratinase production by Myrothecium verrucaria in
submerged and solid state cultures. J. Ind. Microbiol.
Biotechnol. 36, 705-711.

. Dye, R., Pal, K. K., Bhatt, D. M. and Chauhan, S. M.

2004. Growth promotion and yield enhancement of peanut
(Arachis hypogaea L.) by application of plant growth-pro-
moting rhizobacteria. Microbiol. Res. 159, 371-394.

. Fakhfakh, N., Ktari, N., Haddar, A., Mnif, I. H., Dahmen,

1. and Nasri, M. 2011. Total solubilisation of the chicken
feathers by fermentation with a keratinolytic bacterium,
Bacillus pumilus Al and the production of protein hydro-
lysate with high antioxidative activity. Process Biochem.
46, 1731-1737.

Fisher, S. H. and Sonenshein, A. L. 1991. Control of car-
bon and nitrogen metabolism in Bacillus subtilis. Annu.
Rev. Microbiol. 45, 107-135.

Fujiwara, N. and Yamamoto, K. 1987. Production of alka-
line protease in a low-cost medium by alkalophilic Bacil-
lus sp. and properties of the enzyme. J. Ferment. Technol.
65, 345-348.

Gerhardt, P., Murray, R. G. E., Costilow, R. N. and
Wester, E. W. 1981. Manual of methods for general bac-
teriology, pp. 5-61, American Society for Microbiology:
New York, USA.

Ghaffar, 1., Imtiaz, A., Hussain, A., Javid, A., Jabeen, F.,
Akmal, M. and Qazi, J.,I. 2018. Microbial production and
industrial applications of keratinases: an overview. Int.
Microbiol. 21, 163-174.

Hamre, K., Kolas, K. and Sandnes, K. 2010. Protection
of fish feed, made directly from marine raw materials, with
natural antioxidants. Food Chem. 119, 270-278.
Ignatova, Z., Gousterova, A., Spassov, G. and Nedkov,
P. 1999. Isolation and partial characterization of ex-
tracellular keratinase from a wool degrading thermophilic
actinomycete strain Thermoactinomyces candidus. Can. J.
Microbiol. 45, 217-222.

Jeong, J. H., Jeon, Y. D., Lee, O. M., Kim, J. D., Lee,
N. R., Park, G. T. and Son, H. J. 2010. Characterization
of a multifunctional feather-degrading Bacillus subtilis
isolated from forest soil. Biodegradation 21, 1029-1040.
Jeong, J. H., Lee, O. M., Jeon, Y. D., Kim, J. D., Lee,
N. R, Lee, C. Y. and Son, H. J. 2010. Production of kerati-
nolytic enzyme by a newly isolated feather-degrading
Stenotrophomonas maltophilia that produces plant growth-
promoting activity. Process Biochem. 45, 1738-1745.
Jeong, J. H., Park, K. H., Oh, D. J., Hwang, D. Y., Kim,
H. S., Lee, C. Y. and Son, H. J. 2010. Keratinolytic en-
zyme-mediated biodegradation of recalcitrant feather by
a newly isolated Xanthomonas sp. P5. Polym. Degrad.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Journal of Life Science 2024, Vol. 34. No. 5 311

Stab. 95, 1969-1977.

Kang, S. M., Cha, M. K., Kim, S. J. and Kwon, Y. J. 2006.
The effect of quality improvement for wool and silk treat-
ed with protease produced by B. subtilis K-54. J. Kor. Soc.
Cloth. Ind. 8, 239-244.

Lane, D. J. 1991. 16S/23S rRNA sequencing, pp. 115-175.
In: Stackebrandt, E. and Goodfellow, M. (eds.), Nucleic
acid techniques in bacterial systematics. John Wiley and
Sons: New York, USA.

Li, Q. 2019. Progress in microbial degradation of feather
waste. Front. Microbiol. 10, 2717.

Lucas, F. S., Broennimann, O., Febbraro, 1. and Heeb, P.
2003. High diversity among feather-degrading bacteria
from a dry meadow soil. Microb. Ecol. 45, 282-290.
Marklund, S. and Marklund, G. 1974. Involvement of su-
peroxide anion radical in the oxidation of pyrogallol and
a convenient assay for superoxide dismutase. Eur. J. Bio-
chem. 47, 469-474.

Masaki, H. 2010. Role of antioxidants in the skin: anti-ag-
ing effects. J. Dermatol. Sci. 58, 85-90.

Mazzoto, A. M., Cedrola, S. M. L., Lins, U., Rosado, A.
S., Silva, K. T., Chaves, J. Q., Rabinovitch, L., Zingali,
R. B. and Vermelho, A. B. 2010. Keratinolytic activity of
Bacillus subtilis AMR using human hair. Lett. Appl.
Microbiol. 50, 89-96.

Mukesh Kumar, D., Priya, P., Nithya Balasundari, S.,
Nandhini Devi, G. S. D., Immaculate Nancy Rebecca, A.
and Kalaichelvan, P. T. 2012. Production and optimization
of feather protein hydrolysate from Bacillus sp. MPTK6
and its antioxidant potential. Middle-East J. Sci. Res. 11,
900-907.

Onifade, A. A., Al-Sane, N. A., Al-Musallam, A. A. and
Al-Zarban, S. 1998. Potentials for biotechnological appli-
cations of keratin-degrading microorganisms and their en-
zymes for nutritional improvement of feathers and other
keratins as livestock feed resources. Bioresour. Technol.
66, 1-11.

Pandey, P., Kang, S. C., Gupta, C. P. and Maheshwari, D.
K. 2005. Rhizosphere competent Pseudomonas areuginosa
GRC1 produces characteristic siderophore and enhances
growth of Indian mustard (Brassica campestris). Curr.
Microbiol. 51, 303-309.

Park, G., Lee, G. M., Lee, Y. S., Kim, Y., Jeon, C. M.,
Lee, O. M., Kim, Y. J. and Son, H. J. 2023. Biodegrada-
tion and valorization of feather waste using the kerati-
nase-producing bacteria and their application in environ-
mentally hazardous industrial processes. J. Environ. Man-
age. 346, 118986.

Schwyn, B. and Neilands, J. B. 1987. Universal chemical
assay for the detection and determination of siderophores.
Anal. Biochem. 160, 47-56.

Son, H. J., Park, H. C., Kim, H. S. and Lee, C. Y. 2008.
Nutritional regulation of keratinolytic activity in Bacillus
pumilis. Biotechnol. Lett. 30, 461-465.

Tang, Y. W. and Bonner, J. 1947. The enzymatic in-
activation of indoleacetic acid I. Some characteristics of



312 BB UTIX] 2024, Vol. 34. No. 5

the enzyme contained in pea seedlings. Arch. Biochem.
13, 17-25.

33. Vesela, M. and Friedrich, J. 2009. Amino acid and soluble
protein cocktail from waste keratin hydrolysed by a fungal
keratinase of Paecilomyces marquandii. Biotechnol. Bio-
process Eng. 14, 84-90.

34, Wang, H., Guo, Y. and Shih, J. C. H. 2008. Effects of
dietary supplementation of keratinase on growth perform-
ance, nitrogen retention and intestinal morphology of
broiler chickens fed diets with soybean and cottonseed
meals. Anim. Feed Sci. Technol. 140, 376-384.

35. Wawrzkiewicz, K., Lobarzewski, J. and Wolski, T. 1987.

36.

37.

Intracellular keratinase of Trichophton gallinae. J. Med.
Vet. Mycol. 25, 261-268.

Williams, C. M., Richter, C. S., Mackenzie, J. M. and Shih,
J. C. H. 1990. Isolation, identification and characterization
of a feather-degrading bacterium. Appl. Environ. Microbiol.
56, 1509-1515.

Woo, E. O., Kim, M. J., Son, H. S., Ryu, E. Y., Jeong,
S. Y., Son, H. J, Lee, S. J. and Park, G. T. 2007. Produc-
tion of keratinolytic protease by Bacillus pumilus R37 and
feather hydrolysate as a source of amino acids. J. Environ.
Sci. 16, 1203-1208.

2242 N3 57 8
U MME P2 BsAE MalEs

% &2 %w
w2 o] pHE 1002 576—8}0:] 35CoA Mg e
28] F7FE oM, Wi 4Ll
UE, Ao EEY e o AgE rEde
5 4H&-2 D

o o
o] A< &

O

o Aw

Utk o] A WPRF

2

&

H2g PEEE 2400710l kA SR 3]

Zx(cellulase, lipase, protease and pectinase), siderophore,
YebAS. Yot Y10 4
Z1Eu A of] &4 YU O =2 sucrose 0.1%, 4
o, APl o

-2 E A3 B U}, =3 NI AF

2l = AT Y3 EFE
DPPH &}tz A7 %5 (ECs = 0.38 mg/ml)JJr SOD A (ECs =
= A=td #H7=2
g F Ae A= BE As §oF 2 ARV AMde] FAZ FR7F =2

Xl 8ME JV&l Bacillus amyloliquefaciens Y100| Qg 712 29| &3l
A

" ol2af? - £gF
A, CEEFAHG R A3t

g 71¥

czllus amylollquefaczensﬂ &3l Ao= Q’O]Q 2Tt B. amyloliquefaczens

GEYol &
TE GF AEHAAY FF0)Y FA}
© 2 casein 0.05%5 H713 &

TE E3E&2 71 EuA v QF
= MAdE z24dolA 28 5,

o] g3l =AH

183.7 mg/ml)3} & 4k
ROk ofu gl T4k 4F
Al AL,

mzﬂm

H et Aeln
/\ 01



