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Abstract: In order to promote the utilization of the high-value proteins in Penaeus vannamei head byproducts and to reduce the ammonia
odor produced during their fermentation. A strain of Bacillus amyloliquefaciens YA289 was identified in a screen of samples collected from a
mangrove forest in Beihai. This strain was used for liquid fermentation of the Penaeus vannamei heads. The polypeptide, amino acid nitrogen,
and ammonia nitrogen contents of the supernatant were analyzed as indexes. The single factor test, Plackett-Burman test, and Box-Behnken test
were performed to optimize the fermentation conditions, which were as follows: 5 g/L glucose, 5 g/L NaCl, a solid-to-liquid ratio of 1:8 (g/100
mL), 5wt% starter culture, pH value 6, a rotational speed of 180 r/min, 34 ‘C, and 44 h. Under these conditions, the polypeptide content in the
produc't o f s h ri.m p h e a d f er memntation w a s
16.35 mg/mL, which was 2.7 times higher than that before optimization. Bacillus amyloliquefaciens YA289 had a good degradation effect on the
proteins in Penaeus vannamei heads and less ammonia nitrogen was released during fermentation. These findings provide an experimental basis
to better utilize the protein resources from Penaeus vannamei heads and for the development and utilization of Bacillus amyloliquefaciens
YA289.
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Fig.1 Effect of carbon source on amino acid nitrogen,
polypeptide and ammonia nitrogen content
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KBBE  AGHRI)(Z100mL)  BUEMHE)%  C(pH)

D(#3®)/(r/min) ECGRE)'C  FFIEYh % MKA#K A/ (mg/mL)

1 1 (1:6) -1 (D 1 (8
2 -1 (1:10) 1 (5 -1 @
3 -1 (1:10) -1 (D -1 @
4 -1 (1:10) 1 () 1 (8
5 1 (1:6) -1 (D -1 4@
6 -1 (1:10) -1 (D -1 @)
7 1 (1:6) 1 (5 1 (8
8 1 (1:6) 1 (5 -1 @
9 1 (1:6) -1 (D 1 (8
10 1 (1:6) 1 () -1 4

1 (200) -1 3D 1 (72) 7.79+0.24
-1 (160) -1 GD 1 (72) 13.66+0.18
1 (200) 1 37D 1 (72) 9.11+0.25
-1 (160) 1 37D -1 24 15.49+0.16
-1 (160) 1 37D 1 (72) 4.65+0.22
-1 (160) -1 3D -1 24 16.31+0.05
-1 (160) 1 37N 1 (72) 8.00£0.15
1 (200) 1 37D -1 24) 7.21+0.25
-1 (160) -1 GD -1 4) 11.15+0.14
1 (200) -1 GD -1 24 5.81£0.02
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11 -1 (1:10) -1 (D 1 (® 1 (200) 1 37D -1 24 13.69+0.26
12 -1 (1:10) 1 () 1 (® 1 (200) -1 3D 1 (72) 15.01£0.12
% 2 Plackett—Burman SLINZERBE M ST &, TR 3 HIBSEUFEE R, SCAAE Aol s
Table 2 Significance test of factors for Plackett-Burman test 17T —2F Box-Behnken i
R BE A& T PA ZEMHA % 3 mBEMEH SRt RER
e 10.657 29.10 0.000 Table 3 Experimental design and results of steepest climbing
A -6442 -3221 -8.80 0.000 1 ;i A Fikre . SR E ik
B 0417 0209 057 0.59 6 % (@00 o /’fé* n )3
C 2395 1197 327 0.022 2 = mL) /(mg/mL)
D -1.773  -0.886 -2.42  0.060 5 1 1:6 4 37 7 0.9440.29
E -1931 -0965 -2.64 0.046 3 2 1:7 5 35 60 9.90+0.08
F -1.905 -0.953 -2.60 0.048 4 3 1:8 6 33 48 13.8440.52
73 %%N}ﬁlﬁ% 4 1:9 7 31 36 9.65+0.17
5 1:10 8 29 24 3.66+0.25
HIZR 3 R as R AT, B RRALL . pH {H. R 6 1:11 9 27 12 2.35£0.06
IR ARIARAL, 2 kBRI 2B BT T B
# 4 Box-Behnken IRIQIZIHFILER
Table 4 Design and results of Box-Behnken experiment
FE Y A F#Hi tb/(g/100 mL) BpH Ci2R/C D BtIA]/h % KR = K B /(mg/mL)

1 0 (1:3) -1 (5 1 (35) 0 (48) 12.80+0.18

2 0 (1:3) 0 (6) -1°(BD) -1.(36) 12.06+0.06

3 -1 (1:9 0 (6) 0 (33) -1 (36) 10.45+0.03

4 1 (17 1 (7D 0°(33) 0 (48) 13.36+0.10

5 0 (1:3) 0.(6) 0 (33) 0 (48) 16.07+£0.31

6 0 (1:3) 0 (6) 0 (33) 0 (48) 15.23+0.15

7 0. (1:8) -1 (5) -1 3D 0 (48) 13.01+£0.34

8 1 (D 0 (6) 0 (33) -1 (36) 12.54+0.26

9 1 (1:7) 0. (6) -1 3D 0 (48) 13.48+0.01

10 0 (1:8) 0 (6) 0 (33) 0 (48) 14.61+0.44

11 1 (17D 0 (6) 1 (35) 0 (48) 13.07+0.04

12 L (1:7) 0 (6) 0 (33) 1 (60) 6.60+0.11

13 0 (1:8) 0 (6) 0 (33) 0 (48) 15.28+0.26

14 -1 (1:9) 0 (6) 0 (33) 1 (60) 6.40+0.04

15 0 (1:3) -1 (5 0 (33) -1 (36) 11.25+0.00

16 17 -1 (5 0 (33) 0 (48) 12.89+0.36

17 -1 (1:9) 1 (D 0 (33) 0 (48) 9.07+0.44

18 0 (1:3) 0 (6) 1 (35) 1 (60) 7.80+0.22

19 -1 (1:9) -1 (5 0 (33) 0 (48) 10.57+0.23

20 0 (1:3) 0 (6) -1 3D 1 (60) 8.10+0.03

21 0 (1:3) 0 (6) 0 (33) 0 (48) 16.14+0.11

22 -1 (1:9) 0 (6) 1 (35) 0 (48) 11.1140.11

23 0 (1:3) 1 (N 0 (33) -1 (36) 12.54+0.26

24 0 (1:3) 0 (6) 1 (35) -1 (36) 13.97+0.04

25 0 (1:3) 1 (N 0 (33) 1 (60) 6.02+0.01

26 0 (1:3) 1 (N -1 3D 0 (48) 10.12+0.01
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27 -1 (19 0 (6)
28 0 (1:8) -1 (5
29 0 (1:3) 1N

-1 3D 0 (48) 9.78+0.08
0 (33 1 (60) 8.924+0.17
1 (35) 0 (48) 13.58+0.16

2.4 Box-Behnken % %

X 4 FRRIGSE REAT —IRE TS, W]
ZIRBTEIREE (YY) R 75 L

Y=1547+121 4-0395 6 B+0481 7 C-241 D+04922 AB
-0.434 0 AC-0.468 9 AD+0.919 4 BC-1.05 BD-0.550 4 CD
-2.38 4-1.78 B>-1.19 C>-3.96 D,

XN AT 77 22508, 45 RUNER 5 R, 1%
BRI 2 (p<0.0001), RIUTAEZ, AR
R=09757, KIEJG R2%q=0.9515, 15MEHt=20.9801>4,
DA R BRI SRR RT, RN, v LR
B A TRLIN e AR PRI 7R, o AR 7 22 0 AT 5 R p AT
S TR Z0) 22 JOR o R P S M /NIRRT 9= D
>A4>C>B, RIBA)>ENE > >pH fH.

*5 MYIMRBINHFEDTER

Table 5 Analysis results of the regression model

FTEXRR Rk AWA

¥ F1{& P44 2EH

A 227.89 14 16.28 4020  <0.0001 ok
4 17.70 1 17.70 4371  <0.0001 ok
B 1.88 1 1.88 4.64 0.049 2 *
C 2.78 1 2.78 6.88 0.020 1 *
D 69.97 1 69.97 17278 <0.000 1 o

AB 0.9691 1 0.969 1 2.39 0.1442
AC 0.7536 1 0.753 6 1.86 0.194 0
AD 0.8794 1 0.879.4 2.17 0.1627
BC 3.38 1 3.38 8.35 0.0119 *
BD 439 1 4.39 10.83 0.005 4 ok
CcD 1.21 1 121 2:99 0.1057
A2 36.76 1 36.76 90.79  <0.000 1 ok
B 20.54 1 20.54 50.71  <0.000 1 ok
Cc 9.11 1 9.11 22.51 0.0003 ok
D? 101.97 1 101.97  251.83  <0.0001 ok
KRE 5.67 14 0.4049
R 4.03 10 04033 09861 05548  REF
#iEE 1.64 4 0.409 0
At 233.56 28

E: AT ERFMEE (p<0.01), *RTEFEF (p<0.05),

LRk EE / (mg/mL)
LA R/ (mg/mL)

[¢)]

LIk it / (mg/mL)
LS B / (mg/mL)

"':‘0"""}‘2
G2 AR
l'OzQ:Q:O:z.

7]

LIk i/ (mg/mL)

ZRKEHE/ (mgml) -y
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11 BERRZ BRI E
Fig.11 Response surface diagram of interaction of various factors
E: a5 AR A pH, AR AR B bARRE ], pH el R, pH Al ], R E Aol A S KR 2 KRR AR R,

83T Design-Expert 12 S 2RNE L. pH E.
TP B TR)IX 4 AN BRI 2 1 g o 7t T Pl ) 11 s
T PRI B R ) AR A 7 2 IR B BE (138 Ak, A2
AT ) 8 PR R, R RT3 0 i 7 {2 i B V3%
EHERT A, 2R ERE I pH A BHR L. &
JE RIS [a] 3G 28 2 S B s PR e ds, 7ES A
FEHHOAKFRREE, SRR FEH RN E
TER. 22 bRmd, MR RBRTN, 24 4 A5
K720 BIE 4=1:7.6. B=6.10. C=33.55. D=43.76 It},
AEAEMRAE (16,11 mg/mL). T 56 UEZ A T
SERMTRENE, R ESLMRER R E S, T
IR 2 1 SO R EL 1:8 (2/100 mL) pH 1H 6+
IJE 34 °C. WA 44 h #0477 3 SIS, IS
LK R E N 16.35 mg/mL, STRIMERSE, B
AR RAF, RACETRI L2850 5.
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