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Amino acid production from waste feather by Bacillus
amyloliquefaciens 3-2

ZHOU Lian'"® XIE Xiao-Lin'** GU Zhen-Hong> CHEN Mei-Biao'
YAO Qing® ZHU Hong-Hui'"

(1. Guangdong Institute of Microbiology, Guangdong Provincial Key Laboratory of Microbial Culture Collection and
Application, Guangzhou Provincial Open Laboratory of Microbial New Application Technique, State Key Laboratory of

Applied Microbiology, South China (The Ministry-Province Joint Development),
Guangzhou, Guangdong 510070, China)
(2. College of Agriculture, South China Agricultural University, Guangzhou, Guangdong 510642, China)

Abstract: [Objective] To develop a novel and efficient amino acid fertilizer, a liquid fermentation of
waste feathers was established and optimized aiming at enhancing the degradation of waste feather
and yield of amino acid. [Methods] Bacillus amyloliquefaciens 3-2 was used to ferment feathers. The
influences of fermentation temperature, time, feathers content, sole carbon source, carbon-nitrogen
complex and metal ions on the degradation of feather as well as the kinds and yield of amino acids
were studied. [Results] No positive correlation between degradation of waste feathers and yield of
amino acid was observed. Increase of fermentation time contributed to the degradation of feathers.
The optimal fermentation conditions of degradation of feathers were 37 °C, 1% feather, lactose as
external carbon source and Mg”" and the highest degradation of feathers was 81.92%. The increase of
feathers content favored the yield of amino acids (less than 20%). The optimal conditions of kinds
and yield of amino acids were 37 °C, 108 h, 10% feathers, 0.5% lactose and no carbon-nitrogen
complex and metal ions with the kinds of 17 and highest yield of 20.861 g/kg amino acids.
[Conclusion] The production of nutrient-rich amino acids fertilizer from waste feathers by
fermentation of Bacillus amyloliquefaciens 3-2 is a reliable, eco-friendly and economical technology.
The results will be a technological support to develop novel amino acids fertilizer.

Keywords: Bacillus amyloliquefaciens, Waste feathers, Fermentation, Amino acid, Process

optimization
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Table 1 Conventional physical and chemical properties of feather

b3 K GiikidERT B AL S
Treatment Water content (%) CP content (g/kg) NT (g/kg) OM (%) TC (g/kg)
3)E Feather 8.20 871.20 139.00 89.79 520.80 3.75
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Table 2 Effects of different carbon sources on content of amino acids in fermentation broth (g/kg)

i B TR iz FLBE A 2k 4P
Treatment Glucose Starch Sugar Milk sugar Malt sugar Pure feather
Asp 0.000 0.000 0.029 0.015 0.000 0.010
Thr 0.000 0.000 0.058 0.035 0.000 0.000
Ser 0.000 0.048 0.140 0.180 0.020 0.045
Glu 0.000 0.110 0.199 0.000 0.035 0.095
Pro 0.000 0.000 0.000 0.000 0.000 0.000
Gly 0.000 0.011 0.030 0.062 0.008 0.087
Ala 0.000 0.000 0.053 0.038 0.000 0.031
Cys 0.021 0.000 0.242 0.000 0.272 0.000
Val 0.000 0.155 0.066 0.791 0.092 0.251
Met 0.000 0.000 0.000 0.089 0.048 0.000
Ile 0.000 0.000 0.000 0.080 0.000 0.000
Leu 0.000 0.000 0.000 0.093 0.000 0.042
Tyr 0.013 0.087 0.097 0.532 0.112 0.167
Phe 0.052 0.544 0.660 1.153 0.665 0.480
Lys 0.000 0.122 0.115 0.084 0.174 0.080
His 0.000 0.000 0.000 0.000 0.000 0.000
Arg 0.000 0.000 0.000 0.000 0.000 0.021
SEIERR Total AA 0.086 1.076 1.689 3.152 1.427 1.309
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Table 3 Effects of different compound carbon and nitrogen sources on content of amino acids in
fermentation broth (g/kg)

b 334 B/ S A ks 4P
Treatment Bran Corn flour Bean pulp Bean cake Pure feather
Asp 0.000 0.000 0.000 0.000 0.000
Thr 0.000 0.000 0.000 0.000 0.000
Ser 0.030 0.000 0.031 0.026 0.000
Glu 0.097 0.000 0.134 0.130 0.030
Pro 0.000 0.000 0.000 0.000 0.000
Gly 0.003 0.000 0.004 0.003 0.000
Ala 0.000 0.000 0.000 0.000 0.000
Cys 0.196 0.168 0.000 0.219 0.222
Val 0.039 0.015 0.163 0.089 0.047
Met 0.000 0.006 0.000 0.051 0.000
Ile 0.000 0.000 0.000 0.000 0.000
Leu 0.000 0.000 0.000 0.000 0.000
Tyr 0.100 0.064 0.247 0.189 0.136
Phe 0.446 0.414 0.621 0.596 0.524
Lys 0.017 0.023 0.105 0.121 0.037
His 0.000 0.000 0.000 0.000 0.000
Arg 0.000 0.000 0.000 0.000 0.000
SRR Total AA 0.928 0.691 1.305 1.426 0.995
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Table 4 Effects of different metal ions on degradation
rate of feathers

b [GoES
Treatment Degradation rates (%)
MgCl, 80.72
CaCl, 76.54
ZnCl, 66.75
4li3P)°E Pure feather 81.92

x5 TRERBTHABATRERSERFME

Table 5 Effects of different metal ions on content of
amino acids in fermentation broth (g/kg)

AE MgCl, CaCl, ZnCl, AHE
Treatment Pure feather
Asp 0.000 0.008 0.008 0.010
Thr 0.000 0.000 0.000 0.000
Ser 0.022 0.041 0.000 0.045
Glu 0.082 0.079 0.030 0.095
Pro 0.000 0.000 0.000 0.000
Gly 0.056 0.009 0.013 0.087
Ala 0.000 0.000 0.000 0.031
Cys 0.000 0.000 0.228 0.000
Val 0.252 0.051 0.035 0.251
Met 0.000 0.000 0.000 0.000
Ile 0.000 0.000 0.000 0.000
Leu 0.000 0.000 0.000 0.042
Tyr 0.137 0.113 0.136 0.167
Phe 0.525 0.498 0.524 0.480
Lys 0.060 0.074 0.037 0.080
His 0.000 0.000 0.000 0.000
Arg 0.000 0.000 0.000 0.021
AR 1.133 0.872 0.995 1.309
Total AA
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Figure 5 Feather degradation rate under different feather
meal contents
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Table 6 The content of amino acids in fermentation broth with different feathers and the related indexes were added (g/kg)

Kb T Feathers (%)

Treatment 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Asp 0.000 0.010 0.005 0.018 0.135 0.119 0.145
Thr 0.000 0.000 0.007 0.042 0.429 0.505 0.733
Ser 0.000 0.045 0.049 0.137 0.769 0.864 1.207
Glu 0.005 0.095 0.000 0.141 0.773 0.694 0.659
Pro 0.000 0.000 0.000 0.000 0.184 0.190 0.295
Gly 0.000 0.087 0.025 0.394 1.770 1.537 2.092
Ala 0.000 0.031 0.019 0.054 0.430 0.447 0.842
Cys 0.041 0.000 0.000 0.000 0.210 0.197 0.226
Val 0.000 0.251 0.177 0.728 2.448 2.909 3.219
Met 0.000 0.000 0.000 0.000 0.182 0.180 0.172
Ile 0.000 0.000 0.000 0.096 0.945 1.085 1.286
Leu 0.000 0.042 0.000 0.318 2.006 2.510 2.974
Tyr 0.020 0.167 0.410 0.533 0.970 1.044 0.988
Phe 0.099 0.480 1.084 1.018 2.749 3.197 3.540
Lys 0.000 0.080 0.122 0.061 0.160 0.156 0.178
His 0.000 0.000 0.000 0.014 0.061 0.082 0.088
Arg 0.000 0.021 0.000 0.000 0.159 0.183 0.163
M LR 0.199 1.309 1.899 3.555 14.381 15.901 18.808
Total amino acid
RILRRINFE R 3.833 6.883 13.644 33.258 50.052 56.704 71.839
Amino acid consumption
IR R 4.94 15.98 12.22 9.66 22.32 21.90 20.75
Amino acid yield (%)

N
W
1

—=— Amino acid content 1100
Degradation rate
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Table 7 Effects of time on content of amino acids in fermentation broth (g/kg)
AbBH Time (h)

Treatment 36 48 60 72 84 96 108 120 132
Asp 0.060 0.057 0.128 0.150 0.200 0.232 0.248 0.227 0.124
Thr 0.306 0.237 0.203 0.196 0.231 0.256 0.249 0.258 0.205
Ser 0.782 0.502 0.479 0.461 0.522 0.556 0.534 0.575 0.485
Glu 0.905 1.200 0.884 0.850 0.954 1.006 0.924 0.909 0.593
Pro 0.046 0.055 0.128 0.152 0.201 0.238 0.204 0.190 0.181
Gly 1.629 0.574 0.449 0.406 0.414 0.299 0.679 0.232 0.156
Ala 0.473 0.251 0.174 0.174 0.169 0.180 0.322 0.215 0.139
Cys 0.085 0.112 0.157 0.206 0.252 0.271 0.300 0.261 0.252
Val 2.455 3.389 4.102 4.234 4.380 4.734 4.698 4.220 4.214
Met 0.137 0.034 0.491 0.456 0.423 0.375 0.334 0.526 0.308
Ile 0.628 0.673 0.999 0.903 0.830 0.703 0.677 0.550 0.481
Leu 1.515 1.891 1.937 2.087 2.153 2.215 2.189 1.855 1.894
Tyr 1.369 1.751 1.991 2.028 2.131 2.172 2.407 2.445 2.676
Phe 3.708 3.860 4.468 4.839 5.050 5.304 6.003 5.497 5.491
Lys 0.190 0.089 0.329 0.350 0.372 0.431 0.684 0.528 0.658
His 0.062 0.071 0.091 0.096 0.110 0.121 0.185 0.094 0.149
Arg 0.058 0.063 0.119 0.147 0.178 0.205 0.224 0.205 0.188
Js¥=e:97 14.408 14.810 17.129 17.734 18.571 19.299 20.861 18.785 18.194
Total amino acid

FUEREHLE, WM AEAMEYE, FRAE B, FETER 2 As 3-2 BT PBA A

PR A B K (T BN iR & A
0-108 h YRl B[] — B AEFHST, 76 108 h 5% K
i, 720861 g/kg; SRJEHEE BRI AIE T, Szt
MR & i RS . 2 b D5 AT R A TR S P
FARE T A Ry TSP 0 B 1, P 52 o ok s JU R
QIR , 5 IR A0 v T B B i A KA BT
THRED, 7 5 T o 31 ) B R e A S R ) M1
T TR 2 R 43 fiff R FH %

HIE 7 AT, AR ad JEmR () AR A a3 5 a0
RIS A AT AN AT, B B R & B 1 de K
{HIEAERTE 108 ho AL, XEFEELR GBS K
PR ) ) [RT O DG R A TR 25 20 Ar, s B TmT 0 )
n 8 fius . FAEIH R, SRR FERE AR,
AR R A 04 R T B TR 45 S a5

3 4w
FRUERS 2RI 3-2 RE)™ A Ak A A K i
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AT ILIRIERLE FR57 4, I sk 2 AR A o
PR P B 2B 7 2 IR 7 i, PR AR SR 57
PETIAA N —AEE T,

T LN B IR N R L R R R
EBOE. B BEmAN. SR EFENE
TP B R AR SOR DL RO B SRR AN RN i
IFEIR, SCIRZE SRR . PRI P B R S R
SUPRANRIEADG, A KRBT, P EREE
REN, MAEBHEE R 37 °C. FBFIMER 1%,
PAFUBE R A Inas s Mg i, B B R
KE 81.92%, B FIBIRIEIG N, 2L 05t
WIEIN(TE 20%IEFLAN), YA BEREE A 37 °C. K&
fREFIAA 108 hy PIEBHMEN 10% ., FLBEES &
H0.5% . ANIWINEAER . ARINE)E 27,
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5% 20.861 g/kg.
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Table 8 Regression analysis of various amino acids contents and time

ZIEHZ Amino acid [5J577F2 Regression equation R-square P
Asp Y=—0.002X’+0.026X°—0.051.X+0.086 0.978 4 1.385E"
Thr Y=—0.002X>+0.036X*—0.166X+0.439 0.957 8 0.000 7
Ser Y=—0.005X>+0.087X*—0.422X+1.097 0.905 8 0.005 4
Glu Y=—0.004X>+0.045X—0.167X+1.141 0.5142 >0.05
Pro Y=—3.979 81E "X>+6.094 68E °X*+5.047E *X—0.043 8 0.943 2 0.001 5
Gly Y=—0.017X*+0.284X*—1.472X+2.732 0.893 0 0.007 4
Ala ¥=2.091 7-0.071 2X+8.387 3E *X*—3.118 57E ‘X 0.911 1 0.004 6
Cys Y=—9.8E"X*+0.009X*+0.014X+0.058 0.9858 <0.000 1
Val Y=0.006X°~0.159X*+1.299X+1.349 0.966 3 0.000 4
Met Y=0.01X°—0.035X>+0.259X—0.153 0.5315 >0.05
Ile Y=—0.934 4+0.065 3X—7.208 79E *X*+2.332 84E °X° 0.856 3 0.015 1
Leu Y=0.223 8+0.048 3X—3.456 04E *X*+5.504 5E'X° 0.885 5 0.008 7
Tyr Y=0.006X°—0.092X*+0.567X+0.913 0.985 1 <0.000 1
Phe Y=3.863 9—0.036 2X+1.049 25E*X*—5.181 54E °X° 0.954 1 0.000 9
Lys ¥=0.313 2-0.011 2X+2.232 42E *X*-9.084 87E X 0.853 7 0.015 8
His ¥=0.073 4—1.518 1E *X+4.010 34E°X*—1.899 78E 'X° 0.601 6 >0.05
Arg ¥=0.083 6—3.926 63E >X+1.037 58E “X*—5.168 39E ' X° 0.986 1 <0.000 1
B MR Total amino acid Y=—0.032X>+0.303X°+0.308X+13.613 0.9355 0.002 1
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