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Isolation, Identification, Screening and Fermentation Process
Optimization of Bacillus Producing High Antimicrobial Lipopeptide

JI Shuaiqi'?, WU Rina'**, ZHANG Taowei*®, LOU Mengxue'”®, HE Kairu**, ZHANG Yan'?, WU Junrui">*’

(1.College of Food Science, Shenyang Agricultural University, Shenyang 110866, China;
2.Liaoning Engineering Research Center of Food Fermentation Technology, Shenyang 110866, China;
3.Shenyang Key Laboratory of Microbial Fermentation Technology Innovation, Shenyang 110866, China)

Abstract: In order to screen out Bacillus sp. with high production of antimicrobial lipopeptide and determine its optimal
fermentation conditions, the study isolated and identified antimicrobial lipopeptide-producing Bacillus sp. strains from
traditional fermented soybean paste, and adopted orthogonal test to investigate how lipopeptide production by Bacillus sp
was affected by fermentation conditions, such as fermentation inoculum amount, fermentation filling volume, fermentation
time and fermentation temperature. The results showed that 27 strains of Bacillus sp. were isolated and screened out from 9
portions traditional fermented soybean paste of the Northeast, among which 6 strains were identified by 16S rDNA as
having the genes sfp, fenB and ituAd for synthesizing lipopeptide. According to the determination of lipopeptide yield and
inhibition effect, Bacillus subtilis SN-20 and Bacillus amyloliquefaciens SN-46 showed excellent performance with the
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yield of 106 and 72 mg of lipopeptide per unit, and strong inhibition effect on both gram-positive and negative indicator

bacteria. The optimal fermentation process of Bacillus subtilis SN-20 was found to be 3% inoculum, 20% fermentation

filler, 36 h fermentation time and 32 “C. The optimal fermentation process of Bacillus subtilis SN-46 was 2% inoculum,

40% fermentation filler, 24 h fermentation time and 32 “C. Under these conditions, the unit biomass yields of lipopeptides

for the two strains of Bacillus before optimization were 106.11 and 76.23 mg/g, respectively. After optimization, they

increased by 21.85% and 23.84%, respectively. The study results effectively increased the production of antimicrobial

lipopeptides from Bacillus.

Key words: antimicrobial lipopeptide; Bacillus; screening; characterization; optimization of fermentation process
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B X FL 7 fig IR R 1R T 2 AT UL AL, DU ER i g k™
i, B NR KA — 2D IS AT & B Bl
1 MRERE
1.1 MRISEE

SO A EREE (Staphylococcus aureus )SNSA-
11, P 3% 2= Wy Bp [G B ( Listeria Monocytogenes)
SNLM-8. K # T #i ( Escherichia coli) SNEC-16. ¥b
[T (Salmonella) SNS-9 | 4l 23R A Mo B ( Pseudo-
monas aeruginosa) SNPA-1 35 /~E PR BHAIL K
FEEBE AR oKk AlE I GRS
ARG IR T SAREN . 2l se . E AR, e, =
N, PERHE Y LA s AR A ARSI A BR 2y
wls H R R A R F APHAR L R
PHANPL BHEE MR AEE O LS50 K I e -

YXQ-LS-70A RIS FRZEVR KM IS 4EEE}
FABRAF]; YT-PCR AL IR = R RERHY AT IR B¢

BN IP-K300 BUBERSMASAN. iR A BR
N Fl s XIANDE2000A %Y 7 EFEZE KA | g W 4k
SLEANARA RS ] o

1.2 L7k

1.2.1 $EFRFEEMECH]  EoHl LB #5373E: /£ 1000 mL
FE TR R 10 g BRER IR . S5 g BERER R A1
10 g &AL 8N, XFF AR 38 3%, HE 1T 121 C.
20 min /KB BRI ILAE IR A BRI S al
W 20 g BEAR, Tl B 58 AR S KB .
1.2.2 EEHZEAFTE MR B 1 g EEARA
2645 9 mL AEFEK IR T, 1RG5 85 °C K
25 min FEATELERRE . MRS IRAT T LB BAR:
Fk, 37 °C 1537 24 h, YRR P K250y, [RIRT3EF 74
22 FRYL B (0, 4K B EAPIRAY B IR B 1213,
1.2.3 ZEFIFTE 16S rDNA F K FIE KA R 3 D81 i)
ORI R R NE 1L, FEHCEE R DNA, e
PRGE FH 51 W R T PR AR S R0 > o 2 D) SOk, 3R A9
3 XTAR KA BEEL N PCR S FF N 1 FioR, #8497
PCR #3401, ZMpHE HS I P WEIT N 94 C
5 min, 94 °C 30 s, 58 °C 30 s, 72 °C 1 min, 30 ™ &
¥, 72 °C 10 min. AEAKG AGIEE 519 BT R
94 °C 3 min, 94 °C 15 s, 55 °C 30's, 72 °C 30 s, 30 >
YEFF, 72 °C 10 min,

#£1 5191

Table 1 Primer design
1K
SE ORIER SR STI(5-3) JZ@;
>
o ZIEEA 27F AGAGTTTGATCCTGGCTCAG
4]
AMREE Tolp 1202R  CTACGGCTACCTTGTTACGA 500

. Sfp-F  ATGAAGATTTACGGAATTTA
Surfactin sfp 675
Sfp-R TTATAAAAGCTCTTCGTACG

. fenB-F  CTATAGTTTGTTGACGGCTC
Fengycin  fenB 1500
fenB-R CAGCACTGGTTCTTGTCGCA
. . ituA-F  ATGTATACCAGTCAATTCC
Tturin itud . 1100
ituA-R  GATCCGAAGCTGACAATAG

1.24 RGEKBEMIOME  Ff 16S IDNA § 14
P E IRIRERA T R 2GR HAT B W 0, 4%
22 NCBI #48 EXT Lb, R MEGA 7.0. 5k {F3#4T
AT, IR R G R BT,

1.2.5 AR nHIE B se s 2 - e Ik ZE
AT B HE IR 2% 2P0 70 T4k LB #5353, 3F
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T 200 r/min R 37 °C %5 3% 24 h, 8500 r/min 55
U 15 min J5 AR ZEAOFT A LI MRDE TR, 5% B8 TRACFR
sk, P FIEIEM pH %2 2.0, 4 °C vKFR T
7, PR 10000 r/min BS.C> 10 min JGWEEDTTE, H i
FEBUF AT pH & 7.0, £ 0.22 pm IR 18IS 28
JRHHERE . FFHB SRR IEE S 25 K, s =R g

JUCKHEE), FREE SIS,

1.2.6 JEAKIDTA RGN E K546 7~ T il Al Vs B B0

10° CFU/mL [WRAK - R HUELR A 75 2 2 f AT

FRHBCEE S A BRI, TRUEAC A 43BN 20 pL 4%
FLYE B I 38 S5 i B MR 3297, 5% 3% 10 S5 40 B Bl R

JNo-211

1.2.7 HBRKERE T 20 tkikss:

1.2.7.1 BEMRE MR EXT ARG 5

PERWEIEWR 5 40%, K BERTTE]CA 24 h, KR E

S 37 °C, 43 B AE SN-20 Fll SN-46 5 ZE T 4T B /Y
RPN 1%, 2%. 3%. 4% Fl 5%, 200 r/min 3% A&
HhEEIR, KIREE T SRA AR R ™

1.2.7.2  BARRR PR B AR HR AR 52 58

PER BTN 2%, KBERTEI A 24 h, KRR N
37 °C, 43HEAE SN-20 Fll SN-46 S ZEAUAT- B 1Y K T8
R E N 20%. 40%. 60%. 80% Fl1 100% 553735k
11,200 r/min FEIR LS, KIS THA AL AR K
e

1.2.7.3  BEBRAREERTEIXT AR AR RS2 e

R 2%, R BHEIR RN 40%, KRR N
37 °C, 43 ek AE SN-20 Fl1 SN-46 5 20T 5 1 A T
BT 12, 24, 36, 48, F1 60 h, 200 r/min £ R 5%
FE, KA AT AR =52

1.2.7.4 REAREXTREARTIBIRIYSZm  Sedefh

oA 3%, RIBHEW A 40%, K IERTE] A 24 h, 435
BAE SN-20 Fil SN-46 5 ZEAUFF PR I BR SRIRBE R 27,
32, 37 fll 42, 47 °C, 200 r/min &R 8535, KI¥EfE
AR AR IR R 5

1.2.8 fBRKARE T2 1EA gttt AR RN 3 45

SN-34

Frati 2R, SR Lo(34) IEAZIREG SR, IEAZ I Z /K-
2 JR, R AR BRI | RO | B R
(B A B it BE VEAT 3 /KPR S, DA AE efd:
B T2

#2OIEZHEFEAKTER
Table 2 Orthogonal factor level table

H%

KF AR BT CRIE D%
PR (%) HORER%)  EEG) RIECC)
1 1 20 24 32
2 40 36 37
3 3 60 48 42
1.3 R4

RIS A — R A G, SBSHd R FH SPSS
25.0 FAFIEATAREE; SR Origin BRI T1ERE, W35
MIKEA P<0.05.

2 HBRESHh
2.1 SEPFEFENS B4L

SGIPUD O NESEL NI Ny 2P CR R 1 7 SR ANl =2 U
5%, WIEHENIAE O AL e & I FL 36 FE b vh i 1 32
FREBEAL Ry ZEHAT B Y BARR, 353 TR 74 AR A A2 U
SAEHLNIE 1 IR . H BRI DAE Y, SE L 2R
FFE TRV B | P m By, e . Rk
B . 28555 R R DAE Y, B8R 20T PR 1) B ik
e B RN RGN =R /S N L = NI o o 7 NE < 1 5 2
ARHEZ, T 57 PR GRS 7= A= 2540, 2R T B A b [a]
TR, A IS AT, HEI0 T iH 3 i b
ZEAFTIA
2.2 SEPFEMTER 16S tDNA FFISHh

DAAHEE FH S [0 W45, 2660 147 1500 bp
Ak 7 A 3 T B S 25 TR BRI, KT 18 = 2 I > 24
1E NCBI _b i 47 R L X0 M, % Fe 45 S an e 3
B Mo AW EH R RT 32 #RAHEE 1 DNA #2
B, 4T 16S tDNA P44 F BRI K2 LK 751 [R] s TE
SN, 2 B ZEAEAT B AS R [RIIEAA A KT 99%, fek

SN-36
BT B T RN AR 252 R A 2R
Fig.1 Part of the colony and cell morphology observation results
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Table 3  Bacillus strain name and homology comparison results
after sequencing

B RS REEG L Y B S FR [ 5
1 SN-2 TN M B 2R FL AT IR 99.96%
2 SN-4 LTk HAZF FUAT IR 99.97%
3 SN-5 TR Wi B 2R FUAF 1A 100.00%
4 SN-6 LT fRIVERZEIFTA 100.00%
5 SN-9 LT HM M B 2R HUAF 1A 99.93%
6 SN-11 LTk i ZF AT IR 99.97%
7 SN-12 LTk A ZEHUAT 1R 99.93%
8 SN-15 LT DUSHTZF AR 100.00%
9 SN-17 LTHM TRVER AT 99.87%
10 SN-18 LTk fRVER AT 100.00%
11 SN-20 A | DU AAAFI 100.00%
12 SN-21 TR DUEHTFATIE 99.97%
13 SN-22 LTHM TRVER AT 99.95%
14 SN-23 TR i B 2 FLAF IR 99.99%
15 SN-25 LT A B ZEFLAT 1R 100.00%
16 SN-27 LT DUSEMTZF AR 100.00%
17 SN-31 LT TRIERZEIFTEE 99.95%
18 SN-34 SUA ] fHTER A 100.00%
19 SN-35 LT i B 2F AT IR 99.93%

20 SN-36 LT TRVER AT 99.86%
21 SN-38 TR DUSRHTZF AR 100.00%
22 SN-40 LTHM i B 2R HUAF R 100.00%
23 SN-41 LTk e Hb ZE AT T 99.62%
24 SN-43 TR i B ZEHUAT TR 100.00%
25 SN-46 LTk fRTER AT 100.00%
26 SN-47 TR DU AT 99.93%
27 SN-48 ILTHIM DUEHTZFATIE 99.93%
a b

2000 bp 2000 bp

1000 bp 1000 bp

500 bp —675bp 500 bp

250 bp 250 bp

100 bp 100 bp

K 27 BRZFAIAT IR . 2[RV XT3, 27 BREE
Sy R FRVER ZEHIAT PR 8 AR . Rh R ZEHIAT PR 9 Bk D1
SEHTZEFEAT R 7 AR . S HBZEAAT B 1 AR . A ZFEHIAT
B 2 R, B MR [R5 47 >99%, 34543 B Ak ] 5 s 2]
100%.
23 FFHEAFEERAEIAIER & AR PCR 318

HHT, 57 FAEWHE AR 2900 FiE e g
W BT, SRR DL 16S rDNA JEF - HTE i
W FR G e AR, HR A S B s P
HABEEE T, iliik PCR PG FUF NS00, F580 5 Wi
RIS S B, SN L 5 8 Sk
225 . RE IR S TIoY . B Rt ER AR IR
AFBEP R IR T, 28 itud FEPI(1100 bp) .
fenB FEIN (1500 bp) Fil sfp FEH (675 bp) BIARSTFES
A Ay B 5 DR 45 381) 1) ZFFAT B 2R HOAT PR B AR A
JRAHSC A I R 54T PCR 34, 25 S an & 2 firs .
kR SN-20, SN-31, SN-34, SN-36. SN-43 fll SN-46
SRR 7 ) 43 N AE 675 bp([&] 2a) . 1500 bp
(E 2b) F1 1000 bp(FEl 2¢) b 1 HEHH 52 45741, A
27 BRZEAIFF R P AT 6 MREAR & ZE AT BRR KIS
Jit Surfactin, Iturin Fll Fengycin & m3E R A B, Bk
6 BRI EAT G IRRIMRE T -

B 6 BRZEFUAT T 16S rDNA I 7 45 5 7E NCBI
5j GenBank "ANA I ZEFAT PR L DS T 2 64 7 [R) 54
X} bl FRAFAR LR e i B FE PR, T RGER H
Wk, g5 R aniE 3 pon. il d Rk TR

C
2000 bp

1000 bp
500 bp
250 bp
100 bp

—1500 bp
1100 bp

K2 BRIKE EEEEN sfp(a) | fenB(b) Fl itud(c) ) PCR =4
Fig.2 PCR products of lipopeptide synthase genes sfp (a), fenB (b) and ituA (c)
TE: B AR UKE N AE ARSI marker, SN-20, SN-31, SN-34, SN-36. SN-43 FI SN-46 SR .

KF811045.1 Bacillus amyloliquefaciens

70 KF954553.1 Bacillus amyloliquefaciens

50 SN-34
ot MW165777.1 Bacillus amyloliquefaciens

841" snw6

83 MWS578378.1 Bacillus amyloliquefaciens
SN-36
SN-31

100 | SN-20

l MT789001.1 Bacillus velezensis
| SN-43
JX504009.1 Bacillus subtilis

100 | KY887769.1 Bacillus velezensis
MT789024.1 Bacillus velezensis

K3 ZRAFT R RS H R AR

Fig.3 Construction of Bacillus phylogenetic tree
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ATATER] 6 AREAM N ZF AT RS . Horh SN-20 57
5 D1 ST 2EHAT B R R 8 5 o SN-31, SN-34,
SN-36 il SN-46 5 B MR AF UE A 2 AT Bol HAT 58 =519
[FIJEE . SN-43 S B Ak 5 A H 2E AT IR AL AE R — 45
=2, AR 100.00%.
2.4  SFAATEERERK M EENIE

6 MRZFFEAT BRI ™ B an &l 4 B, ZEARIE]
KEEIEULT, BEIER SN-20. SN-36 Fll SN-46 1A G
B FE S B AL T SN-31. SN-34 F1 SN-43, 4351
K% 106.11, 130.17 F1 76.23 mg/g, i34k 3 KR
{7 BB K = I 7E 42 mg/g LA, B #k SN-20.
SN-36 #l SN-46 EAVE R ARRR IR L1 7 -

150

BN AK (mg/g)
w 9 o o
S & 3 O

593
W

d
S f
0
SN-20 SN-31 SN-34 SN-36 SN-43 SN-46
Kl 4 ZEARFT RS R AR ™ B
Fig.4 Bacillus lipopeptide production per bacterial

T ARG FRERIR R 22 5 B, P<0.05.

2.5 SFEfFEAERAHNERE JINE

i FHEAR 1k, DA i i 4 BRIA | PR 2= ks
QR RIGATER . V01 ER R AR SRS 2 i B ks
B DI R BRI B TS M, 5 2R a3 4 i, 6 FhZR
P B B 22 G B A BT ) 4 €00 8 2 R P R Lk 2=
TR B B B T BT BB Y8 0 10 mm, 17X 35 22 FG A
PEB T R EE . V01T EC B R4 SR B PR A E
TCAMHIIE L, FFFT45 RS Das 2520 ffF 58 —3%, KA
BB AR 85 2% LG RHPE PR A ) SR e %) 5 22 LG R
B o AN, SN-20 F1 SN-46 FhEGREXT 5 Fis R H14
A IUHIVER, i H A R AR X F8 7N B AT FE IO H 01
i, W] SN-20 il SN-46 S 2EAFT AT 55 41 4 kR
PRRR S HA TS A BE BE T o

F4 PEMTE R AR AR

Table 4 Antibacterial effect of lipopeptide on indicator bacteria

SO RN ST 3

itk g 0 DHRE
SN-20 +++ +++ ++ + ++
SN-31 ++ ++ + +
SN-34 ++ + - +
SN-36 ++ ++ + -
SN-43 ++ + + - -
SN-46 +++ ++ + ++ ++

A EAR KT 10 mm, “H NI EARS5~10 mm, R AR/
F5 mm, “="TCAMERIE .

2.6 FRAMEERABIZMNRE
T A MR AR U 5 TR A A I 7 O AT B a6 4%

SR, K VLS 2P AT I SN-20 FIRSER) 27 HAT I
SN-46 “Z B AL B A g ki 22 HLEA T 15 Ry
P, PR e H DL ST 25 AT B SN-20 ATA & 25 fAT
P SN-46 1Bt TR IR R B A iRibk . X 2 Bk
PR R T A BRI | PO L AR TR RN A P
R P R 0, 2R anIE 5 PR

A 150 1 A I SN-20
—~ = SN-46
225t B
g C C
100 D
ER . 2 b
ﬁ i C
oz 75 d
o
=
m 0T
E
s 25+
O L
1 2 3 4 5
FEFI & (%)
B 150 I SN-20
— A B SN-46
2125 B B
I 100 - a
) c
2 g5
o
& I
® 0
E
s 25t
0 -
20 40 60 80 100
RO (%)
Clsor A I SN-20
— B SN-46
2125+ B B
£ C
ﬂﬁ* 100} D .
= ab ab b
Om
o
=
"
4\:_{
iy
24 36 48 60

FEFRIFTA] ()
150

D I SN-20
— B SN-46
2125t B & A
= C
I8 100 | a
£ b
=2 o |
= 75t
o
= Sof
E
at 25+
0
27 32 31 4 47

RBERE (°C)
5 e 1200 B B AR A ik A 52
Fig.5 Effect of fermentation process on the yield of lipopeptide
per unit cell

e RF KNG FHER IR, R — B A R ) 8 b e 25 57
%, P<0.05,

TERAE W) Je B A vh, i B S 0 45 i 5]
LRV T B TR A, BRI A B AR AR
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WA, SRS R & . A6 R EEERD
XA AR AE I AN R SA B, g5 R SN-
20 FN SN-46 5 ZEAFT P i 2 22 Fh B 09 55 I B8 B
A= S R, FEIEFI RN 2% B P= Bk SRR, =2
J& B B 0 G i BEAIG, PSR A IR S E i
SELT] 30 I R e e p R R s B IR
WOE AL, MR E IR FM A, 588 K= 2
(38

B IR IR B I T ) A T R A AR OR
HESH S —, AR R IR e X 2 AT AT PR PR
AE K =2 A 45 SR An® 5B B, 455 R SN-20 FiI
SN-46 “Z ZEAAT TR B RS IR U™ B FrEIEUAR 11 1
IR BLSEHINE D 1 R, IR 40% B EA
A BRI N T 2R R S A R e Sk
DRAR, Bl A BRI A E5 0, HETE AR (B IR R IR & 9
R PR RIME, SR NFRST A0 A, T
T A K AR R = PR

g A RN IR N SR S = A s ea =7/ F2 8 N A == ei A )
FEMA P A B B o AN R A9 A IR ) X ZEH AT
RSN AR I =2 AR g R AN 5C s, 54
AL AP BT 28 SRARLL, Bl & TRt R B9, SN-
20 Fl SN-46 5 ZFEFF B i A s Bl i, 7€ 36 h
FEEIREIE I, 36 h Z /G F=m s Wi .
SR o ZRAAAT R RO G il 22 5 i BiE BRAE B
fRAE K ARRE = A, FE RIS W, T3 Ak
YRR, ZEALAT B 9 AR KRR K 09 A2 7 T GG U
2700,

I T S R B R AR R N = T i) S =
Bz —, R Rt T AR IR i) = e ok 5G4
AN R P4 2 T et XoF AR BT PN, PR AAS B ™ B i 4%
RUIE 5D fias, 455530 2 MRZFIEFF 7L 37 °C i)

B E R K, 2 n Bl TR ke inx AR A= i
FEMA AN, FH R ] 2 SR AT oA LA T SRR, TR
A G AN 23X 2R AT B AR KA B 52, iX 5 Ye
LB I —EK
2.7 EFFRMFEAERKIE MK E

ZEAHUAT B R —Rh R E A s e Y, Hote
TR AL r] AR I A AN R A=
TERMR A I Bt b, PR | 53R e T S0
T PRSI R IR AT (6] 0 e TR R A R R R
PR A= K AU = B A B = AR R B, SRS AR
FFTREAE R T 20 G, AT Ju 5589 §F5E 07
2R, i A PN Z S RN TE SSRGS/ it il
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Table 5 Orthogonal experimental results of Bacillus velezensis

SN-20
SR A B c D A AR (mg)

1 1 1 1 1 110.6
2 1 2 2 2 105.6
3 1 3 3 3 108.4
4 2 1 2 1 118.6
5 2 2 3 2 109.4
6 2 3 1 3 105.4
7 3 1 3 2 114.5
8 3 2 1 3 109.4
9 3 3 2 1 117.1
k1 108.2 114.57 10847 11543
k2 111.13 108.13 113.77 109.83
k3 113.67 110.3 110.77 107.73
R 5.47 6.44 53 7.7
SS 449 64.29 42.38 95.06
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Table 6 Orthogonal experimental results of Bacillus
amyloliquefaciens SN-46

X::_
o

D AR R (mg)
1 82.4

2 84.2

3 77.9

1 78.5
2

3

2

3

1

w
a

82.8
85.4
75.2
82.5
85.6

O 0 N O L R W=
LW~ = >
N — W N = W N =

R o= W o— WD W —

w

3
81.5 78.7 83.43 82.17

~

k2 82.23 83.17 82.77 80.73
k3 81.1 82.97 78.63 81.93
R 1.13 4.47 4.8 1.44
SS 1.98 38.2 40.57 3.55
H7 C>B>D>A

JE 37 °C, #ERh i 2%, SKRINIR DT WFST R R DE R
ZEHAFF B PB6 fcfd: & I T 24540 2 & IR [E] 96 h,
KTERFE 30 °C, e 4%, TEARWIIE T, 3 5
2% 6 AN, DU 2 /AT B SN-20 & 1% T 2052 0 [K]
RV J B B > U P SRLVR > Ok T b > 17
B TE], A TERS ZEFEAT IR SN-46 Shy & T2 [A]> & AR IR
>R BRI R >R W R, DL ST ZE AL AT P SN-
20 AR AT 250 3PP 3%, A E 20%,
KPR E] 36 h, KM 32 °C. fRIER 10T B
SN-46 T F: & BE 1.2 Jy: Befl & 2%, & T &
40%, KIEEATE] 24 h FURFRREE N 32 Co R 4 Fh
Rl K- T 55 1R 6 &2 B, SN-20 1 SN-46 H{3f
PRARAE K = A 129.3 mg Fll 94.4 mg. X LEMFFTLY
SR 25 5702 75 0 FH TS [R) ZEHOAT B B AR 114 A= B AR
AT, 8% RS2 B T R I Hb X ARG S A 1 5E ),
HAMIAR 2. R, XHSFh 2R T AR it
AR P SR A TR . AN E BB 58 FNIR R AT 2
LR
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DUSIEHT 2F AT B SN-20. fEUERD 2FAUAT B SN-31 . fi#
VER ZFAUFT IR SN-34 | it GER 2P AT IR SN-36., AiliHE
ZEAFT B SN-43 | i UEM 2P FAT IR SN-46 B A G Ak
B R 4 AH S L R, Her D1 Sy ZE /4T TR SN-20 Ffi
TEM AT SN-46 S AL AT IENE 2 H A
B SRR E . T E 3RS DL S 2R ra AT
TR SN-20 FIfFTERS ZFfAT B SN-46 HORAEAR I T. 2.
SRR R TR B 3% FlT 2%, BRIARIEIR R 20%
1 40%, K EERFTE] S 36 h A1 24 h, K BEIREE I N
32 °C. LAVISEWZEIAFT R SN-20 FIfH I M) ZE AT
TR SN-46 A R IEEbR, R HBAE R T 2 550,
AT B ARG IR 7 B B I B ik 21.85% A1 23.84%, A
LR = T AR i, A B S ERAR AKOIAS A =
S 2% 3Tk
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