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Optimization of Fermentation Conditions and Analysis of Activity
Stability of Antagonist Streptomyces sp. R,A-15
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Abstract: Citrus is one of the most important fruits in China, and its post-harvest occurrence of citrus green mold is a
serious threat to the quality and safety of citrus, and also causes mycotoxin contamination in the fruit. A strain of Srep-
tomyces sp. R,A-15 with good antagonistic effect on the pathogen of citrus green mold was isolated from the root soil of
red orange plants in the red orange orchard of Jiuzhoujiang, Lianjiang, Zhanjiang city, Guangdong province. The opti-
mization of the fermentation conditions and stability analysis of the bacterial inhibition activity were studied to provide
reference for the preparation and application of the biocontrol agent of citrus green mold. In this study, Penicillium
digitatum was used as the target fungus, and the fermentation broth was used as the inhibitory activity according to the
size of the diameter of the inhibition zone by paper diffusion method. The fermentation medium of strain R,A-15 was
optimized using one-way and cross-combination tests, and the fermentation conditions were optimized by response sur-
face analysis to improve the inhibitory activity of the fermentation broth, and the stability of the fermentation broth was
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investigated under different acid-base, temperature and ultraviolet light conditions. The optimum carbon source for the
fermentation medium of the strain was cornmeal and the optimum nitrogen source was acid-hydrolyzed casein in the
one-way and cross-combination tests. Based on response surface analysis, it was concluded that cornmeal and fermenta-
tion time had a significant effect on the bacteriostatic activity of the fermentation broth. The optimal fermentation me-
dium for maximum inhibitory activity of the fermentation broth, as determined by validation tests, was 12.09 g of
cornmeal, 4.00 g of acid-hydrolyzed casein, 2.00 g of calcium carbonate, 2.00 g of magnesium sulfate, 2.00 g of dipo-
tassium hydrogen phosphate, 1.00 g of sodium chloride, and 1 L of distilled water. The optimal fermentation conditions
were: initial fermentation pH 7.0, fermentation time 37.50 h, fermentation temperature 34 “C, inoculum volume 3%, and
shake flask filling volume 100 mL/250 mL. The bacteriostatic activity of the fermentation broth of the strains increased
by 39% after optimization. The overall bacteriostatic activity of the fermentation broth of the strain could be maintained
at arelatively stable and high activity level after treatment with different temperatures and ultraviolet light conditions,
but the bacteriostatic activity of the fermentation broth decreased under strong acid and alkali. The results indicate that
Sreptomyces sp. R,A-15 has a good and stable inhibitory effect on the citrus green mold pathogen, and has a good
prospect for practical application, which lays a foundation for the later scale fermentation as well as the development of
bacterial agents.
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PARR & b 3R 3k | SPL 1 R 5L | 1SP2 1537 3L | 1SP3
WEgR bk | 1SPA 53R 5L | I1SP5 B g5k | 1SP6 1 55 4k |
ISP7 1324k | RoA 1 3R AN L G S 15 3%
B IR PERIG SR AL PDA B3k

MR E KR SRR M4 1.00g, A
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Different lowercase letters indicate significant difference (P<0.05).
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Fig. 1 Effect of culture medium on inhibitory activity of
fermentation broth of strain R,A-15
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Fig. 2 Effect of nitrogen source on inhibitory activity of
fermentation broth of strain R,A-15
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Fig. 3 Effect of carbon source on inhibitory activity of
fermentation broth of strain R,A-15

F1 mE. RIEASIEK RA-15 X EER
HE AR 20T
Tab. 1 Effect of combination of carbon and nitrogen
sources on inhibitory activity of fermentation broth
of strain R,A-15

T P AR
Average diameter of
inhibition zone/mm

Nitrogen source Carbon source

i B2 ¢ NV S 10.50+0.06"
T R ik FoKH 11.23+0.07°
i B2 it W R 10.55+0.05"
R AP S 10.41+0.06°
HEA M FORTE 10.89+0.04%
HEM HeHE A 10.67+0.03"
R 7K fff ik 2 VS 10.42+0.07°
2 7K i i £ 141 T K TH 11.35+0.09°
i 7K i i 28 141 W 10.87+0.53*

I ARVNEFRRR 25 % (P<0.05),
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).

2.2 HE#k RA-15 R EESLHHIMRIL

PR RoA-15 & TRV A 100 BT 106 2 B % e ) 46s
pH 13 R 2 BLSE I KR N a3 25 R L IE 4,
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o RILHIE pH ol 7.0 B HE R RA-15 il &
TR 4G pH.

PR RoA-15 & IR 00 TR 17 14 Bifi & Pz e (]
(3G I R IF N s, 25 LA 5.
552 KB AR TR TG Pk St LA R TSP 34 B
R 12.30 mm. PR i EIS E) R 2 d = TR PR
RoA-15 M L & BERT [H]

TE 30~34 °C il DX i) Py A0 B 37 e ol i 3 7
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Fig. 4 Effect of initial pH of fermentation on inhibitory
activity of fermentation broth of strain R,A-15
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Fig. 5 Effect of fermentation time on bacteriostatic activ-
ity of fermentation broth of strain R,A-15
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W22 B KR N, R ILIE 8, Y
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Fig. 6 Effect of fermentation temperature on bacteriostatic
activity of fermentation broth of strain R,A-15
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Fig. 7 Effect of inoculum amount on inhibitory activity of
fermentation broth of strain R,A-15
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Fig. 8 Effect of loading volume on inhibitory activity of
fermentation broth of strain R,A-15
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PLBA D RIS 1Y 7 AR T R A il
Xt 7 AR PIAKE, W LR 2, fi i
Plackett-Burman {5 % 7 AN T SR P 2K SF %
Th, $EAT 12 Y Al & e 0 A 1, 45 R L
#* 3.

K H Minitab 20 34, K A B 90 B 3 1
FERma A, FEE—K B R P00 24
#=11.902-0.209X;—1.046X,+0.617X3—0.289X —
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Tab. 2 Typesand levels of factors

%4 RETES oAy o mAY
Factor No. Type of factor Low level High level
(-1 (+1)

X1 KRR pH 6.0 8.0

Xz K PR 1) ol 1 3

Xa RBERIEIC 32 36

Xa PR EI% 2 4

Xs Sy B imL 75 125

Xe £ K ifi/g 8.00 12.00

X7 TR 7K itk i 25 11 /g 3.00 5.00

M oA 25 R ILER 4, FEFTBEM 7 T, Rz
AFTE A P {ER 0.013, EOKMERY P {E>M 0.026, 34/
T 0.05, FHHIX 2 B A F-X 5 TR A0 H0 TR 36 AT
FROM . A 5 A PRI RN e IR 4 B PR Y I
B, R EERIRLR ORI T (E5 50 h—4.22

H1 3.46, FEHH K PR IR] 0 2 PR ) 400 B 3% P A2 A
M), 71T = DR T X 22 P P 411 T 37 P 2 T R
24 RBERHIRIGE RS

M Plackett-Burman {45 7] LLE Y, A& T[]
N E KT E M AR RoA-15 A IR0 411 bl 1
MO R o R BER [ AR, 58 Y 45 ik
TR Ia] s FOKTAEIERLNL,, v fE AR 77 3 i
MR EHA R WX 2 FE T RIE . RN &
SRR RE B o3 HT, B T 2 Bl R T AR A O 1) K
A N 48 h R IR, R T[] 328 7 4 4 ; M 10.00 g
FRah, SO EKE A E . HAbIE E2H T,
DL R 2R e A B A R R 2, X AT R
Tedi A%, I K TR A TR 1 e o SR BE e 3K
e RN 5. MABERTEY 36 h, EoKTE N
12.00 g i, KPR ARG PR AR, B DAL 4%
PRIy 5, 64T I 2200w 7 T8 BT Ak o

% 3 Plackett-Burman if i3t & H F & KK Fi&it
Tab. 3 Plackett-Burman test for high and low level designs for each factor

2 A P2 AR
zﬁof X %a Xa S & . % Average di aﬂe%]er%ofiini%ﬁon zone/mm
1 + _ + — - = + 13.84+0.04
2 + + - + - = = 9.18+0.06
3 — + + = + - - 10.49+0.04
4 + - + + - + - 14.06£0.08
5 + + - + + = + 8.59+0.11
6 + + + = + + - 11.69+0.07
7 — + + + = + + 13.79+0.11
8 = - + + + - + 11.25+0.07
9 - = = + + + - 12.81+0.29
10 + — = = + + + 12.80+0.06
11 _ + — — - + + 11.40+0.06
12 _ _ - _ = = = 12.93+0.02

% 4 Plackett-Burman i & 2 1% 5 47
Tab. 4 Plackett-Burman test significance analysis

x5 REEREIKEIZIT
Tab. 5 Experiment design of steepest ascent

% Factor Z¥ Ratio T1{H T-value P {4 P-value
W 11.902 48.06 0.000
KB 4G pH -0.209 -0.84 0.446
K PR ) -1.046 —4.22 0.013
KR 0.617 2.49 0.067
A -0.289 -1.17 0.308
R -0.631 -2.55 0.063
FORTE 0.856 3.46 0.026
P2 7K fife s £ 1 0.042 0.17 0.872

G 8 V1 B AR
Average diameter of
inhibition zone/mm

P a3 E 1)
No. Fermentation time/h Cornmeal/g

1 24 10.00 13.61+0.16
2 30 11.00 14.07+0.17
3 36 12.00 14.56+0.06
4 42 13.00 14.24+0.05
5 48 14.00 13.83+0.06

25 NN HEIREIRITERS T
M BETCH RS 45 R A B, EF TR T4
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M, R EER R A R I AT 5 NAKE LR
AT, PR AIRBEIT IR 6, HREH
ODEARK BT, TFRE 13 iR I & Bk 0 B
W, LR A IREE R E 7,

FH Minitab 20 #FiEAT e mlHG, 748
TR EAR (YY) X AR BERTRE] (X)) R K IH
(Xe) M ZRZWHIHFE: Y=1.76+0.1911X,+
1.524X5—0.002271X,°—0.06050X¢’—0.0016 7X,Xs

2w E VR 2504 s, 198 F{E>h 25.78,
P {4 0.000, ¥t B [l )5 7 BRHULA sty T SE .
TG B X B AR S R R I) L R K T A il T L
9, F(HLILIE 10, dyma R AR AT, Mk

x6 HFu

TRt E] (Xp) b 37.5, FoKM (Xe) A 12.09 B,
B K AR - 34 AR R 14.56 mm,
2.6 IIEIKIE
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Tab. 6 Center composite experimental design factor levels

P 2 G P 2 4 i A 725 7K F- Level of independent variable
Factor No. Factor name ~1.414 -1 0 1 1.414
Xz KR ] /h 19.03 24.00 36.00 48.00 52.97
Xs FoKi/g 9.17 10.00 12.00 14.00 14.83
£7 RLEARRER .
Tab. 7 Center composite test results %
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Fig. 9 Response surface plots of fermentation time and
9 36.00 12.00 14.56+0.09 cornmeal affecting inhibitory activity of fermentation broth
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Fig. 10 Contour plot of fermentation time and cornmeal
affecting inhibitory activity of fermentation broth
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A: The inhibitory zone of R,A-15 after optimization; B: Thein-
hibitory zone of the original fermentation broth of strain R2A-15.
B 11 HEtk RA-15 KB R HIGRER
ARSI E R R
Fig. 11 Comparative results of bacterial inhibition of cit-
rus green mold by fermentation broth of strain RA-15 be-
fore and after optimization
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Fig. 12 Temperature stability of fermentation broth of
strain R,A-15
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