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Optimization of Fermentation Formula and Stability of Cultural
Filtrate Produced by Streptomyces samsunensi 17-7
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Abstract: In order to enhance the antifungal activity of Streptomyces samsunensis 17-7 strain and effectively utilize its
secondary metabolites, this study focused on optimizing the fermentation medium formula. Orthogonal and single factor
experiments were conducted based on the original medium, with Phellinus noxious as the indicator. The optimal formu-
lation for producing active substances from the strain was determined to include 25 g/L soy powder, 10 g/L corn meal,
10 g/L glucose, 2 g/L yeast extract, 1 g/L K,HPO,, 0.5 g/L NaCl, and 0.5 g/L CaCOs;. Following a 500 times dilution, the
relative antifungal activity of the fermentation solution increased to 51.37%, a 17.66% improvement compared to the
previous optimization, demonstrating a broad spectrum of antifungal activity. The stability of the antifungal substance
was evaluated in response to various conditions such as temperature, pH, protease, UV-irradiation, and storage. Results
indicated that the fermentation broth of strain 17-7 exhibited high temperature resistance, a significant decrease in anti-
fungal activity after one hour of UV irradiation, but retained its activity after long-term exposure to UV light. Further-
more, the broth demonstrated good acid-base tolerance, effective antibacterial activity in the pH range of 3-10, and re-
sistance to trypsin and pepsin. The fermentation broth of strain 17-7 maintained its antifungal activity for 120 days at
both 4 ‘C and room temperature (25 C). This study on the stability and storage conditions of strain 17-7’s fermentation
broth offers valuable data for potential future applications of the strain as a biocontrol agent.
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1.1.1 AXE#  17-7 Btk (S samsunensi ) |
A FIAR % 1 ( Rigidoporus lignosus ). £ e #f

AR ( Phellinus noxius). 2 B EERS 18 ( Alter-
naria yunnanensis ) . 5 H A B 16 85 7% I TR
( Corynespora cassiicola ) . 5 i W s J8 7% B
( Colletotrichum siamense, C. karstii, C. wan-
ningense, C. plurivorum, C. fructicola, C. ban-
naense, C. brevisporum) ¥ = g & #ar By Rl
WS TR IR S 1A A FAE 58 b O o B ARAT
1.1.2 #B5E MR BIAE K —5 15 5R
B (BT THEEER 200g, KNOs 1.0g,
K,HPO40.5 g, MgS0O,4-7H,0 0.5 g, NaCl 0.5 g,
FeSO, 7H,0 0.01 g, 355 20 g, pH K 7.4~7.6 );
KSR IR D) (BT SMARE 20 ¢ KK
25g. KoHPO, 1 g, NaCl0.5 g, CaCO;0.5g); 5
SE M ARG IR AL (PDA) o
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3M) ; BSD-400 R % 355748 .
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DRI T 100 mL AR & [R— S 3R i,
T 28 °C . 140 r/min JR7% 3557 5 d, AT
KW RWEEANE IR A G pH Oy 8, HiFe k&t
% E R 150 mL/500 mL, $ K563k 140 r/min,
PP 3R R 10%, 7E 28 CAMFTRIFE 5 d
J&i, 12 000 r/min 5.0 15 min, £ 0.22 pm JEM
U8, BRI TCTH A IR -
122 BaAkikfxr DB REE b
NH, KRAWNER S mm B9FTFLESFE TG AL B AR
R HE AR T T % SR LA T IO 0F o % PDA 15 57 SE il
ERE1Z 50 CA AT, B 1 mL JE 5 99 mL PDA
FEFRIR AT, B TR B 7 0L ) Jiinty 2 1 7 &R
. AR TEEA LAWY, WL —
MTERE FR AR, ITCHK 51 R ER A -F
W IR . 28 CRmEEESE 4 d 5, M523 30k
W B AR K AR, TR, I 3= O
MR B AS A BB B AR /O BRTE AR - R A
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Tab. 1 Factors and levels design of orthogonal test for
fermentation conditions

% Factor

AT Akul BIKH  CHIEE DA
Level Soy powder Corn meal Glucose  Yeast extract
(gL MgL™h (gL Mgl
1 10 5 5 2
2 15 10 10 4
3 20 15 15 6
4 25 20 20 8

KRB ER 3 W R KBS R 5 55
H 1 mL 5 99 mL PDA #3385, HIE&FH T
o AR TR 22 A K A TR I I B %
1.2.4 AZA#Eisik L 1.2.3 Ffik A SR |
PR IR B 2R Fe Rl , #E$E CuSO4. ZnSO4.
MnCl, . NaCl, FeSO4. K;HPO,4. CaCO;3., MgSOy.
KCl % 9 FpICALEh, & B s R 5800 0.1%nA
XU R TR EL, T & AN [ JCHLEY & 1 3 5%
B I E AR TCHLERRE 17-7 BRE 7 A 30 3 ) 5 Y
W, BEACH 3 IREE, BRI ER T
3FPTCALER o AR TR 22 AE K A I e M T
1.2.5 HRALE AL BRI AENE 435
WAL JS P TR R 2 DS W R 1 mL SR RS 5 4%
JEHC 1 mL 5 99 mL PDA #3308 %), BIAXHE
BEFR ML 23 50 i B Fa BE 100 5 5768 500 fi5 4
FEIE TR Y PDA AR, #5208 1.2.2 A9 38Rk 11 £k
W JRER , JRIE TR R, X AR AR S 55 5RO TR
s AR SO AL X Do T P 4100 TR 2
12,6 ZEEafEarNX (1) REREN,
PR R AT T 20, 40, 60, 80, 100 C/KIA
A3 30 min, B PR A IR 1 mL 5 99 mL PDA
RiFRSLRS) . M PEER 3 R, RIEE 22K
FEVE I E PR

(2) BHMREE. ARBERET 15W %
AMT T2 20 em &b, 435 BESF 1.2.3.4.5. 6 he
FRACPRTE S 3 UK, AR A 22 A 4 3R I T R %

(3) HEAMRRE . ERBEIEW 43 3mA
LN 1 mg/mL 1B E ARG, BEABMEN
fiti K, T 37 CALBE 2 h, DAARGSINZE (A 3 1y
KEEUEROA XS IR, R HEE 3 R, R g
K R I 5 PR R

(4) BRmFSEME. KA 1 mol/L NaOH Fl
1 mol/L HCI #4745 &K UM pH 24 1.0, 2.0, 3.0,
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0,

13.0, JHUE 24 h J5HRYCK pH T, RE4b B
A 3K, RS 224 K BRI E IR R

(5) SR et B KBRS 'S T 4 C
125 CRECE 3. 6.9, 15, 30, 60, 120d. %
AbFRE A 3 UK, AR B 22 A R SRR I B R
1.3 HEAIE

FIFH Excel 2003 1 SAS 9.4M6 A%z 1 %5
Pa 4788434, I GraphPad Prism 8.0 2K F1E
K, I Duncan’s &A% 22 740017 25 55 B 5

K56

2 HER5H5H
21 17-7 EHRRR. RIRERIXIE

VERERI AT . BELER . KER . Bk 4 4
HZE, 174 HE 4KFIERKE (£2), 4k
PR TGRS S, B I A R WERC T . ISR S
R, 4 AP XAR I 9 B 410 1] 3 11 52
¥ B>C>A>D, fHfEACFAHE N ABLCD .
WRIETT Z TSR, AT BTE 2, 3. 4 KF
ERANRE N TRASE, L4 60 AB,C,Dy,
RIRGR 25 ¢, EoKH 10 g, #4HE 10 g, Wbk
r2g.
2.2 AEEHEI 17-7 BN E B R0

HESIY 9 FhICHLERXT 17-7 TR T8 176 1 1 52
M 2 225 (K1), B K.HPO, Al CaCOs
() 100 3 P B R T L E AL ER B T, Rl
NaCl, BEEINGEIE MR R 3 FhICHLEh & 11T
JELERY . WRIEHTIIIE 4R, K HPO, 5T
&A1 g B, 17-7 WARBII R E M mdr, NaCl
HI CaCO3 AS[F] 7K -8 i 2 (R 410 TR R G i 3 25 57
R 2 #% NaCl Fil CaCO; B EEHR 0.05%, B 1L
R RS R TN 25 g EKK 10 g, 4
B 10 g BERERY 2 g0 KoHPO,1 g, NaCl 0.5 g,
CaC0;0.5 g,
23 17-7 EMR R BRI EE N E

KHPEARIE 17-7 THRR B A& B2 U8, Xty
11 P AG e AR o it T a4 00 T 3 e o, R R 17-7
FRREA 3 MR . R RIS TER B 100
£ 1 500 5 Bsf 35 ELAG G5 () 90 1R 6 1, WHAR RS A
HR I B A 10 B8R4 501 83.93% A1 51.37%, kg
500 AR AT & T 17.66%, 17-7
TR 22 T DB VRORT e R0 R ) BRSO B R o,
B 500 AEHSHANE F A HEILF] 68.33%~78.89%
(£3)
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Tab. 2 Results of orthogonal test with carbon sources and
nitrogen source on antifungal activity of
submerged cultured 17-7

=} # Factor ﬁﬂ.lﬁ %
No. Inhibition
A B C ratio/%

1 1 1 1 1 4.62+1.07°
2 1 2 2 2 27.64+2.72¢
3 1 3 3 3 25.68+4.33%
4 1 4 4 4 25.68+4.33%
5 2 1 2 3 12.00+6.59°
6 2 2 1 4 26.27+4.20%
7 2 3 4 1 41.25+3.28°
8 2 4 3 2 36.61+7.23%
9 3 1 3 4 25.19+1.19%
10 3 2 4 3 21.28+2.50¢
11 3 3 1 2 11.76+1.82¢
12 3 4 2 1 59.58+4.46"
13 4 1 4 2 35.72+2.72%
14 4 2 3 1 41.20+2.56"
15 4 3 2 4 40.15+3.35°
16 4 4 1 3 28.39+4.70%
K, 20.91 1938 1776  36.66

K, 29.03 29.10  34.84  27.93

Ks 29.45 2971 3217 2184

K, 36.37 37.57 3098  29.32

R 15.46 18.18  17.08  14.83

I ARG FRFRRZER R (P<0.05) .
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).
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ToHlEL Inorganic salts
AE/NGFRFRR 2R BFE (P<0.05) .
Different lowercase letters indicate significant difference (P<0.05).
1 AEFEHMERI 17-7 ER KBS R0 5 & 22 0m
Fig. 1 Effect of different inorganic salts on inhibition ac-
tivity of submerged cultured strain 17-7
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Tab. 3 Inhibition of 11 pathogenic fungi by fermentation
filtrate of strain 17-7 at different dilution ratios

P % Inhibition ratio/%

%y G ke 10015 FHEE 500 1%
No. Pathogen Diluted Diluted
100 times 500 times
1 =R 87.08+0.66°  64.96+0.15°
(A. yunnanensis)
2 RIS e SR I TR 78.68+0.65%"  68.33x1.22¢

(C. bannaense)

3 MBI BRI A 84.29+£0.22°  77.94+0.52%
(C. brevisporum)

4 KRR R IE S T 86.77+1.84°  75.71+0.37°
(C. fructicola)

5 AR BRIE R 80.51+1.30%  72.20+3.56°
(C. karstii)

6 AR I P 80.37+1.13%"  78.89+1.11°
(C. plurivorum)

7 AR BRI P 88.94+0.32°  69.03+0.52¢
(C. siamense)

8 AR I I P 81.08+0.58°  69.40+0.98¢
(C. wanningense)

9  MCHWTERER TR 78.54£1.277  56.72+0.76
(C. cassiicola)

10 AR HE AR A 83.93+1.49°  51.37+1.66%
(P. noxius)

11 AR ARG 57.45+0.448  42.57+0.84"
(R. lignosus)

I FSIAF/NE FEEFRR2ZE R B (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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I 2 a LA, 1E 20~100 CILHE AN, 17-7
Bk & B WA B 30 min 247 ELAG B0 R 40 TR TR
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WEIIE TS E R, 5 CK R BEIE MM B S M
BFEMEZER; 100 TR, 17-7 BEkk & BEIE W B4
S TERS A TR, JLAMTRE R R 84.31%, KEEIETR
7E 100 ‘CALFE 30 min J5 475 EA B84 A 0 B8 16 1
Ut I 2 TR YR P 18 0 S 3 e A e R T A UK
HAB G ENE, 121 CLFE 30 min J5, )
AR R 56.53%, Ui B & BEUE W A AE TS 0 I TR
TG PR T 1 v T o e 2 T 5 2R o
25 EEBIREHNLIMEEN

AN [) 5 B BB SRR TR 17-7 Tk & B2 V4D T
W A B2 (& 3), SRAMIE ST [H
MR I A T MRS, BRSS 1 h R MR R
87.81%, 5 CK TR F2ES, JIHEARL W
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Different lowercase letters indicate significant difference (P<0.05).
B2 EENAZBRENEEENZN
Fig. 2 Effect of temperature on antifungal activity of cul-
tural filtrate from strain 17-7

100

80 |- b

40

B2 Inhibition rate/%
(el

20

CK 1 2 3 4 5 6
tiA] Time/h

AR/NEFRER R 27 B (P<0.05) .

Different lowercase letters indicate significant difference (P<0.05).
Bl 3 ZE5MERETE X & B IR RN E A RS20
Fig. 3 Effect of UV irradiation on antifungal activity of
cultural filtrate from strain 17-7

PGV AN 2 h JE HA R R TR 73.79%,
WS 4 h 5 I E KR 46.75%, B THE .
UEBH 17-7 B RE & B U8 T PT RE A AE X 58 AMEUsk vy
WHEI I, 0H TR R P AR A 5 AR
PIRIAELE T 58 AN T Sz T 8 YT BT 136 2 11 S )
26 ABERNECHREEN

2B R AR AR AN B L 17-7 TR A
FEIE R MBI RS CK R IER L B 525,
PRI 80%L) b, 48 P K AL B A i Bk &
FE UGN TR R 78.98%, WEA R (& 4), UikH
17-7 B RR K B UE W, 2 B 4 B O M ) o

RNR/NEFREFRRZE R BE (P<0.05)
Different lowercase letters indicate significant difference (P<0.05).
4 EABMEBERNMEEENRMm
Fig. 4 Effect of protease irradiation on antifungal activity
of cultural filtrate from strain 17-7

X B AR, AR AT R A A D R A
WAEMH, SEAM KGR,
27 EEBREENBREIREM

FEfR AR MR e T, 17-7 TR & BN R A
pH b 4~7 B ¥ EA BAF IR 6, AR R S
CK L EER, KIFEIEHT R YEI T N 52,
pH & 4 B HANE R E KN 78.98%. pH K 2~12
B, R A IS AR 2R, TR R AT BE
PREFTE 57.00%VA L, (HERBEEAIE T HA S ik
T2 08 VR 0 M R TG o R SR R S SR B IR B T
RSN M NS, pH i 1 F1 13
mF, MR IR 31.02%F1 21.16% (& 5 ),

100
2 ab ab

e 80 [-abc T 2 abc
% T blc ll—T—bccC
B ML = d d
£ 60 d L
5
:-—5140_
% €
i) f
® 20}t ﬂ

0

CK'1 2 3 4 5 6 7 8 91011 12 13
pH
AR/NGFRFR 27 B3 (P<0.05) .
Different lowercase letters indicate significant difference (P<0.05).
B 5 pH Xt &ERRMNEE RS m
Fig. 5 Effect of pH irradiation on antifungal activity of
cultural filtrate from strain 17-7
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28 AEBEENEEREEM

FEARFE R RERGRE T, 17-7 Bk & BEIE R Y
WEEEREA —EZF(E 6). i 30d 1,4 C
WEE T AR MM A E B R T 25 CHEET
IR IE T, 4 CHERE 3 d B RN 91.99%,
1M 25 CAtiE 3 d BHI TR R FE 2 53.36%, U 17-7
PRI RR & DR VR A AE — 2 T8 ) A KA AN
e, ARIEIASE ] LARE SR H fe N . (HAS
(2, 30 d JE AN FREAATEEE T B 4 TR UE WO B G
PEF Y, IRk 49.18% . 48.01%, | 120 d
i 2B E IS, MR ETH R 62.58% .
61.91%, HHEET 30 d B IMEZR (P<0.05),

100
- 4°C

S st - 25°C

B

g 60

B

g 40 -

Z

0 1 1 1 1 1 1 J
3 6 9 15 30 60 120

fig3BE it IE] Storage time/d
B 6 fEmEEEX &R EIEE NI

Fig. 6 Effect of storage irradiation on antifungal activity
of cultural filtrate from strain 17-7

3 iTig

B AR Y 10 TR BUE RIS, SR
B AACRLFH KIR =) 70%~80% , BEFR A KIR=
P RREAE RN 1 BRI R BPRRIE . AR
TR ) SRR IEE 22, H
Xt A RV e A i g 22 e B BRgr R,
I 2H B A8 A0 RTI4TN TR 2R R 3 P
Py A S LIRS PR AR T N AR T, AE
JERUBE IR A Al SN T Rk FnEERE Ry, R
IE AR A P PR g AR 25 A, WP BERE I 17-7
R K B RGeS T i — Ak, IRAZ B bk I
EEPE Y AR . K&K 25 g/L. EoK
¥ 10 g/L . #ZBE 10 g/L . BERERY 2 ¢/L. K,HPO,
1 g/L. NaCl0.5 g/L. CaCO30.5 g/L, KEFIEW M
B 500 A% J5 F 4R BB 4 AR e T Y B0 T R
51.37%, BAALHTHER T 17.66%.

T W A 0 U TR 2 ) VT Sl S AR R
RIS B AR DG, FEniEak . ASCTCHLER Y

ARV BRI A S v A AR g e 2R T
SCHWARZ %Mk #% 5 bR EA 328 oA AR =4
FERRTS SR PR, 38 A AR 8 5 S A RN B 3R
FAF, 7 30 PSR IR AT, AR B h A
ME] 590 G, i efb a5 R
T 3 A ST R A T T T ) vk A AR A 3 TR
B, KoM, ERMSER R & BA S E AR
i, R AR R ORI Sk v e e AR R 2 1 T
P U R Y — RO BRI, BT
R HF—E Tk kA =i pi R rp, BERkg
FIRE E4 75 (S kanamyceticus ) 2545 25 B ™
PUB R 1 PR RR IS AT 8 J oA B R
BORAS N, AT T AR I, S
AT BB FH T3 5 B R AR BT T — SR A IR
A= A WA AL R, SN T S M R
P2,

ARG 17-7 TR0 Y e e M
N, 177 R KR BRI R BT AR E
100 ‘CAbFE 30 min J5 ISR 5 CK ol %2
S, fH 121 ‘CAEFE 30 min 5 RE R 56.53%,
UL 17-7 B bR & BRI P A7 AE — 0 43 T v ik /e
(R PR T R TR R IR ok LA AR
WERREE RS AUH-1 R K TEIRTE 60~80 C#A
A BT X KRB SO R A R G . 22 R
W R EERE I 15-6 AR R BEIRAE 60 CHIB0 CTA
T s 1] A B A0 BRA3CSR B TG B e e 20, fE
MR B T 80 CHY, H R BRI B P T Y
A 0 IG5 AR ) BESR SBEIR 17-7 Bk &
TR DS A TG P, Bl 55 SN FRST Isf ) A9 28 4
POTE TG PR B REAR, (H AR IRGIRTRIZE 1 h DAY
AN RS CK TR &2 5 . &M= —
S R WO AN L BRI E R =, aT
DI 3o ik A 5 A 2 S A R R SE BB LR
YEHRY, SANCHEZ-SUAREZ %22V ok 75 B AR
W= A AR iR B A A A R AR R
—2&, 17-7 VAR AT AR A AR i Tk S
OO REbE . 17-7 BRRE & B U8 A HA A1
PR Bl IS 2214 , I EL X R 2 1 il P S 1 il AN ik
HABWMERREN . pH R 3~10 B & BEIER
PIRE R A M B e, RA e R IR K ( pH
1 ER 13) FREE R £ b 2 AR I DR VR A 10 TR T
PR AN E A VE B S 17-7 Bk K BB AE 4 °C
125 C RN I PES R ERE R T B, iR
120 d Ji HAW B & PE 0 3] ETH 2 62.58% . 61.91%,
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