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HIEEE Bk Bacillus sp. hsn03 5 B4 E N H X3 6 0 E 5=/
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(2. EITRAAArRleE2Ebe e EIT 361102)

B OE: IHx] LEFHARKE, PEERKEREEZBRMKEEY . KAEMGESF—E
FalE ey AR, R TR TR FE K. [ 6] 05 fhik—Hxt A FR 5%
AR LR 3 (Microcystis aeruginosa) 7806 H & 3373 68 e A M, A L#ATA A fLfe s T
Kx, AR LirgEs R e4Fm. [Fi5]) @i API XA &8 2 LA A LAFIE, *Fmid e
16S rRNA A B #ATR 5 A E A o itfest, @R Rmi K. L. ABRe R R A
ZiZBrEF X, BENERERE. pH. ZG 8 K. AHER ERFEH LM T 094753
RBAE B ot 2 9b ik ko T Ias 3 R 69 R L 48 R YEA #R hsn03 5 3 584 # /& (Bacillus sp.)
%) Bacillus sonorensis NBRC101234 A R A8, £ 99.59%; @ iT 4wkl sl37 4 i qH4R 4
EFRAEREABIHZOR, HREPEREH 7.0% (BRWL); JRINMTERMRA—E5TE
KT 500 Da A F 1kD, & @i, @k, &4 A4l ZR04t, F&a. SRELGIHTH
Ji. L] # 3k BARITIRE 22T TH A TR E R0 A M TTRA k7 XL A
WLk X ARAFIEG IR At — S K373 B R T4 R 3R 0906 B Al

REEIR: MEMER, FRATHE, RFRY M, ARSI

Isolation and identification of Bacillus sp. hsn03 with algicidal
activity on Microcystis aeruginosa
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Abstract: [Background] Cyanobacteria often form water bloom, seriously damage the aquatic
environment and threaten aquatic organisms. Microbes can specifically inhibit the growth of
cyanobacteria, and be used to control cyanobacteria bloom. [Objective] To isolate and screen
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bacterial strains with high algicidal ability against harmful algal bloom causing species
Microcystis aeruginosa 7806, as well as the identification of the physiological, biochemical and
molecular characteristics, meanwhile, algicidal mode and activity of the bacterium. [Methods] The
physiology and biochemistry characteristics of strain hsn03 were studied by the API test kit. The 16S
rRNA gene was sequenced and the phylogenetic tree was constructed. The algicidal activity was
investigated by determination of the algicidal effect of bacterial cells, supernatant and bacterial
culture on Microcystis aeruginosa 7806. The characteristics of algicidal substance were determined
by measuring the algicidal activity of algicidal substance treated by different temperature, pH,
protease K, organic solvent extraction, dialysis, as well as FTIR spectroscopy. [Results] Strain hsn03
possessed the highest similarity (99.59%) with the Bacillus sonorensis NBRC101234. Strain hsn03
showed high algicidal activity on M. aeruginosa through secreting extracellular algicidal substances,
and the optimum addition amount of bacterial supernatant was 7.0% (V/V). The characteristics of
algicidal substance was high thermal stability, pH stability and low molecular weight (500—
1 000 Da), which was proved to be not protein and polysaccharide, and algicidal active compound
was confirmed to contain triple bond and cumulated double bonds. [Conclusion] The excavation and
identification of algicidal bacteria play an important role in enriching the resource of algicidal
bacteria to control harmful algal bloom. By studying algicidal methods, effects and characteristics,
we will lay the foundation for further application of algicidal bacteria to control Microcystis
aeruginosa.

Keywords: Microcystis aeruginosa, Bacillus sp. hsn03, Algicidal substances, Algicidal activity and
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characteristics

Fe 1 AT A FH AR K B IEAT B, il 2 B A
R BEE BF S A RER . iR TAE
KRR, IS Y T A B9IR K A BT
WU AL BESOCR I RN B
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IKBEAL, A2 KA AEYIRAET:, b2
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RSN TSR, BRA 2N, B
A SR AR 2 s e A 5 AL, ek 1
B AT A BT R By TR LR R
VLB He A DR, AFLI I X K A v R A A
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Y5 e T se A AR G, B I T A W o3
) LA/ 40 Jo ok % ik i i K AR I A8, R
ST R Z L RURm . BA T MERA SR
SR DRI, A e R R R A R
B

A SC DA A 2% 1 B BE (Microcystis  aeruginosa
7806) MW 5E HAR, MIRHEG I 58 R K rh i — bk
BAY RIESCR MR F R hsn03, X[ T T
AL O e . B S f A B A A S, JEXT
e g 2L MM B Bt & R R A T
WILARGY, gtk — 20 35 TR1 g T T o e 20
AR B BEA
U AR
L1 EERXFAME

JRALE PR AR BEEER L FTPER . FT
B R %k . NaNO; . K,HPO, . MgSO47H,0 .
CaCly 7TH,0 . NayCOs 29 [ sy Arali s 4 i Ak K]
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TPORRPHLA R A A S TAES, TRk
WRABRAE; HRREGERA, BRI
WA RAR; BRSO, NS A,
PCR X, FIBfURAEMESMARAR,; ¥
BB, JREREAR; MEMZIIMNEEY, Bruker
NF]
1.2 #iXEM. BEMEHES

PR hsn03 7385 TR it FR K, R
JH LB K538 Ak (g/L : AR F1 iR 10.0, &4kH 10.0,
feERRy 5.0, pH 7.2)F37°C. 150 r/min{k %1555
A3 5 Fh Ay 4 Sk T BE 8 (Microcystis  aeruginosa
7806), W ERlABEETAE AR R, SRA BG11
B TOLIRIREE 50 pE/(m*s), W 2541 °C, &
I L:D=12 h:12 h &4 TSR, BGI Bt
(g/L) : NaNO; 1.500 , K,HPO, 0.040 |,
MgSO0,-7H,0 0.075, CaCly-7H,0 0.036, Na,CO;
0.020, #FHERR 0.006, FrIEMREE 0.006, LR
W A5 1.0 mL, EDTA 0.001, Z&f#7K 1000 mL,
ATHaMBERENIER. METRESHR
A5 (g/L): H;BO, 2.860, MnCl,-4H,0 1.810,
ZnSO; 0222 , Na,MoO; 0.390 , CuSO, 5H,0
0.079, Co(NOs),-6H,0 0.490.,
1.3 WA E
1.3.1 FEFEH hsn03 DB

BB RAE K 20 mL, ) FHPEEEk
BIRKIREI5), SRASMEREN . R EURS B B
P RESR D BIRAGTE LB AR IR IL R, BT
37 °C }55% 2-3 do SRBCR[FEIE ST RIZT LB
A, BT 37 °C #5597 2-3 d, EEIZPERA
EEFNARETE, 5K 0.5 mL AR SR A&
FEMIRERI T ODeggo M 0.22 1 10 mL Hil S i e s b 77
W, T 120 r/min #%3%% 5 min 5, FLE 2541 °C,
R L:D=12 h:12 h, JEIESREE 50 uE/(m*-s)5& 1%
THFR 7 d, 0.5 mL KK BG11 KiFR A0 A SR
HRE X IREH, AL FRZH AN BRLH A0S 3 A
173 WEALIRLPXT 7806 A IIEAE IR B,

AT 3 3 B U35 TR o
1.3.2 E#k hsn03 MEEHESUBREEERE

W4 IR hsn03 B0 3] LB BIATAL |, T37°C
fEIREE SR 24-48 h, WEMEHFILES, HaEdfHE
HLa S, TETMEE T IERAN A A A
1.3.3 Btk hsn03 BYEBELLEE

Z: 18 Analytic Products INC (API) J5 7% M HiAb A=
PRAAL%E , WP RE hsn03 HEFT 20 E #1120 NE £5/F
PRA AR AR E 5 77 AR L I —T% 20% 1)
KOH ¥ fEZHE i b, PREGE & KT 0
o, WAL M asiE e, TER]
PE, ATRIP ARG TN R IE R . IR KGR
T I TER . RE L 1% IR A %] LB
PAREE TR A T, A TR R A B ARG R 5 I
T 37 °C £ FRi3R 2-3 d, KB BV
T O 2 B vk LA Bz b S EE ), &
WA Bz AL G I RE T 5 2 o il S 50 Ay b 3
SEUKE 11 FoRe, TE TR 3R 5 TR In i B Y
MK, R 5 FHTC TR A Sk DA D T 1) 0 6P A
T ) — s IR AT TE R KT b, 2 Sr 2R 20 A S
W, WIS LA EE BA M . 2 R TS <™ A
MRZ DA s A AR, W
g BAPE o
1.3.4 B ¥k hsn03 AY 16S rRNA EH I E

PATRI#K hsn03 BYSERZH DNA SAHR, A 16S
rRNA JER Y 4738 5 9 27F (5-AGAGTTTGAT
CCTGGCTCAG-3")Fl 1492R (5'-GGTTACCTTGTT
ACGACTT-3")i#47 PCR, PCR SZWAKZ . 27F Ail
1492R (10 pmol/L)% 1 uL, DNA (50 ng/uL)
10 pL, Taug DNA G Hi(5 U/uL) 0.5 pL,
10xBuffer 5 uL, dNTPs (2.5 mmol/L) 1 pL, 7
ddH,0 #MEZFE 50 puL., PCR JZ i 414 94 °C
5 min; 94 °C 1 min, 55 °C 1 min, 72 °C 2 min,
30 MEH; 72 °C 8 min, PCR ¥ H#4)5 1) H 455
AT AW TR RO A BRAEIIT . T
25 5 NCBI 9 GenBank {48 %2 A & EzTaxon $({#
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JEVOHEAT H X, e B B s 8 R B4 4 56 14 ol
5@ . ) ClustalX #1 MEGA 4 A= 45%E, SRHA
Neighbor-Joining kA R G L FW -
1.3.5 Ei¥k hsn03 B9HIEM R

FrRE I 2B A RE hsn03 1 & B2 (ODeoo
9 0.80)44 i 5.0% (PARFH L) A i i A B 1k
PRI FRWT, WINFEAATI TR LB WA s:
FEFE B PR A R RE A, DA AL PR 5 X RE 41 4y
A E 3 AT, F b B AL RN X RE A [ B
F 25+1 °C, 12 h J6RE, 12 h 2AR;, SGREsRE
50 pB/(m’s)4MF N ISR, RS BURE I REFR Y
I A PREH 5506 BEZH BE AN MEAE. ODgso 2514 T ML
FEfE, I AR THEMER,

TIHEHR (%)=(4—B)/Ax100

Hrpr, A Jpxf BB EMITE ODgso 551 T 1)
WOCEEAE, B WAL HBEAAE ODgso 551 T 1Y
WG REAE
1.3.6 E %k hsn03 B9HIEA R

HHE R X EH (ODgoo 19 0.80) I T #k hsn03 i
TTUAT AR : (1) dHRRRER, REETAEN &
WE s (2) JorE B3, BRI hsn03 AR BERZ
8 000 r/min Z.0> 5 min BREFEKRFIE FIF; Q)
BB, B BERE hsn03 19 & AR IR 3R 454
B, BRERESRIGER. KA & R
TeR s A A AR AR IR 5.0% (IRFRLG) S
R A S G e R b, (RIS AR A
[FAFRRTCR LB ARG R0 BE A B, Ak
FRZH 50 B BB 3 A AT, I E B A AR
ODgso 551F T IR WOC R Z I, P 24 h i —
K, HEEE 7 d.
1.3.7 AERMEAIEH hsn03 7Y L iFE EMAR
EREEI RS

P RPE hsn03 19 LI AHE IR 1%, 3%.
5%. 7% %M I AR LR MR 7806 1
FE, IR RAFR K LB BigRIitF
PR AT BRZE O [FIATR LB Ry 7R ) e 2 A
KIC#m), HHLBEE 3 AEE, WET

25 °C, JLHRSRIE S 50 pE/(m’-s)GREREFA s
7%, WEBEMMITE ODegso 25514 T IIRIIRIOLE(EZ
J&, R 24 hill—k, EZENE 7 d.

1.3.8 HIEYMRMERBIRR

(1) #FoE M. WK hsn03 WIEH T
SAELE S, RIFE 40, 60, 80, 99 °C Kifih
P2 h, DI 1x10° Pa & B 7€ VA K I 4 BE 20 min,
WHI B ZE RSP IS RAE 7.0%0 24k E
T S8 R4 7 300 g v MG o AU A 2 K TR
LB {RAARE: 73Rt BE AL A AKD B 385 4 B ok B
4, FHATRYEEE 3 A EL, BT 25 °C, Yt
RPN 50 pEA(m>s)CIRREFRR SR, I A
R4 ODgso {E., Z )5 HEFE 24 h il —k, HELEE
7d,

(2) Mttt . PR hsn03 G, H
1 mol/L () NaOH F1 5 mol/L i HC1 %3k 3 58 15
pH £ 3.0, 50, 9.0, 11.0, FiFAH 20 )5, FHH
WEPILG pH, LIARACPRAYTCH 3w AE A BHE X
W, AL EIEWLL 7% 2R BE R0 2] e
HEAT IS A, UM GE R KB LB WA E:
FRELMBERON T B, USRS 3 N EA
BT 25°C, MR K 50 pB/(m?-s)) I IR
BagR, W BEA MBI 4G ODeso (8, Z )5 HH 24 h ]
—IR, HELEME 7 d.

(3) FE MM K 4P, PR hsn03 1 IER,
A I K 9k 100 pg/mL, FF 55 °C 1)
K HALER 2 h, KRR PRI Y b R 2R B N
T% A A, Doin A SR K LB i)
A5 5% 6 R S YA X R LRI I A S5 R R A - 3
FIEETRCA BAYEXT HRZ, AL E 3 A H R,
BT 25°C, ISR A 50 uB/(m?-s)) I IR
HIE, M E B ILS ODeso {8, 2ZJ5EERE 24 h il
—K, ESE T d.

(4) AHLAEFIZER, B hsn03 19 _FVEW,
SRR M A HLE R (AT e, &
Bi . IETHE. H2RANIERS BEWR s:1 (R
FO) Y LI ZE A 0T s BRAEH L h s A AR
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R EAGET, F/b i H I A(DMSO) % i 5
FIA B B A B S . R A SR B KT
DMSO [ BETR AT B2 AN S5 R A B 13 1Y)
FEVROR PR BRLE, ARSI E 3 A EE
1.3.9 HRYIREMLIER S 2

HUERR hsn03 1Y EIEW T T iEHTAE[MWCO
(Molecular weight cut off)=100 Da. MWCO=500 Da
1 MWCO=1 kD", & TICHZEE/KHiENT 48 h
(% 24 h Bt i OIEZE I8 K), BUBHTG 1) i
ZUREE T%IE I3 B A B T, DUIASE
KT LB WA 35 5 0S5 T R RO A S5 i
AL 1 E B RO BHEXT R, R S
B 3ANEK . N TP AR S ) 2 U
gy, K BT IE A I BERE S FOJC I BERE ) i b B
(R4 27 A PR A8 B 2L A (FITR )G AU R Ao 4
oh 400—4 000 cm ' JEFEIIRE, FFXHEE L4
TR i AT
1.3.10 HEiES

B HTR ] Origin 8.5 $EAT204T, Herpres
I P<0.05, “**ftF P<0.01,

2 HR5

2.1 E¥ hsn03 B 4FMEREIBE VLT
Bk hsn03 7 LB [EAIEFRIE FAEK 24 h )5,
Al AR B B RE hsn03 FVE iR, 2EE, &)

1 E# hsn03 BEERSA) R MBS B)

GATHE, REARY, NEY, WE 1A s
HAE A TR A S, TR0 AR T AT
SR M A 2 AR, WERDE, AR A4y
2 pm, FEZ7 0.5 pm (B 1B kg i), HAE
A DL R 29 . XA RR hsn03 4 TAE PRA AL SCEG
SR 1 Fin . B HEPE hsn03 FEIRR FHA 20%
KOH W3 i b, WidrBi @It AR el @, e
s, WHIHART AR R TRARERIZA
IREPEILEL,, A KA, 0 BH 2R 42 ik g P
PEo FETERE hsn03 2R FUSINIRE . JEMY LB [EI{A
b, iR, WTR BRI ILE IR,
WIHZ A FERER . IRE AR
2.2 B %k hsn03 Y 16S rRNA E E & R G #
o

W5 R 16S rRNA FEP 5113248 2 NCBI
) GenBank %i(#i& %2 LA & EzTaxon 54 24T EL X,
45 R WL R 5 2 B T8 (Bacillus) 1) T R
Bacillus sonorensis NBRC101234 (AYTN01000016)
HiemHPE, A 99.59% . @it ClustalX #l

MEGA 4 A=Wy%kf4:, KA Neighbor-Joining 7244 %
REKREW, IWE 2 iTLUEH, ZERY Bacillus
sonorensis NBRC101234 (AYTN01000016)7E [fl—43
T G5 ERRIE SRR B A BAE AR IRRR A R G
HEAUAM A3 BT, B A TR R A 2 FELAT BT R 1 — PR 4
B, HAw4 M Bacillus sp. hsn03 (MF925340),

Figure 1 Colony morphology (A) and cell morphology (B) of strain hsn03
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F 1 BEHk hsn03 BYEERAE L4FIE
Table 1 The physiology and biochemistry characteristics of strain hsn03

LA 4 i LA 4

Phenotypic tests Results ! Phenotypic tests Results
Reduction of nitrate to nitrite i 3-galactosidase +
Denitrification = Lysine decarboxylase =
Indole production = Ornithine decarboxylase =
D-glucose fermentation ClITrate utilization +
Arginine dihydrolase i H,S production =
UREase - UREase -
Aesculin hydrolysis AR Tryptophane deaminase -
Gelatin hydrolysis A INDole production =
D-glucose + ! Acetoin production +
L-arabinose + GELatinase +
D-mannose + Glucose +
D-mannitol 4 Mannitol +
N-acetyl-glucosamine 3 Inositol +
D-maltose + i Sorbitol W
Potassium gluconate 4 Rhamnose w
Capric acid - Saccharose +
Adipic acid - | Melibiose -
Malic acid Amygdalin aF
Trisodium citrate Arabinose

Phenylacetic acid

Note: +: Positive; w: Weakly positive; —: Negative.

Bacillus halotolerans ATCC 25096 (LPVF01000003)
_|_— Bacillus mojavensis RO-H-1 (JH600280)

Bacillus subtilis subsp. spizizenii NRRL B-23049 (CP002905)
E Bacillus tequilensis KCTC 13622 (AYTO01000043)
75| L Bacillus subtilis subsp. inaquosorum KCTC 13429 (AMXNO01000021)
— Bacillus subtilis subsp. subtilis NCIB 3610 (ABQL01000001)
Bacillus nakamurai NRRL B-41091 (LSAZ01000028)
67 Bacillus velezensis CR-502 (AY603658)

58

50| |Bacillus siamensis KCTC 13613 (AJVF01000043)
72— Bacillus amyloliquefaciens DSM7 (FN597644)
L Bacillus atrophaeus JICM 9070 (AB021181)
(,Tifacillus paralicheniformis KJ-16 (LBMNO01000156)

Bacillus glycinifermentans GO-13 (LECW01000063)
Bacillus sp. hsn03 (MF925340)

87

99
Bacillus sonorensis NBRC 101234 (AYTNO01000016)

66y Bacillus licheniformis ATCC 14580 (AE017333)
Bacillus aerius 24K (AJ831843)

—
0.002

2 E# hsn03 B9 16S rRNA £ F 89 R F (L
Figure 2 Neighbor-Joining tree showing the phylogenetic positions of strain hsn03 based on 16S rRNA gene sequences

Bacillus vietnamensis B-23890 (CLG_48530)
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2.3 Bk hsn03 HIHPREA R B EZBR AR
ERHIERR

TR TR RE hsn03 (ORIEE T =0, 405K R ik
hsn03 1 & K (ODgoo=0.80) . JCTA |- iF e 4 T 4
Jidi BRZCH T 5.0% (PARBR H) B lin 2 i Al v
PP MIEESEES . Anf 3A B, WINTJCH LB B
FRILMXT AR Ao, H ODggo (HIZ WG K, 7E
557 REFIEE] 1,05, W0 T 40 TR 4 A A BRZE A e 2
Jl, H ODggo (HMAEZHIE K, 15 7 K ODgso H
KF 1.00, HXFEAJLTAHRE, ZEN RN S EE0
JL R I B, DA AN A A K RE R, R ITIX
P AR LT e s . mdsin T W LS &
TR Ba v, SXT A, BEANAEAY ODeso fHTE
PP FR T 3 RAEFEARMFRE KT, ODgso fH
PIHEREAE 0.21, 55 3 KA 5 REIH R ETHY
#a, £ 5 R ODgso fHAM MIHEREFE 0.35 F10.30,
557 KA 030 F10.25, XEBILE IG5 K EE
WIS RE B B I A A A K

I 3B AT, ZE5PAIIN T 1%, 3%, 5%.
7% 9% JC I 33t B Ak R 2 Hh P 40 i S 3 R AS [ F
AR, TR AR, 1%A0PRZH 3 40 i
AP — B AR, ol %4
IR 1% B TR . 3% 5%Ab 32
Bifi 5 A RS ] () B, R A S gy,
HRE BT, PIECREAR, 7R3 7 REHh

A
1.2 —— Control
1.0 —=— Bacterial culture
—=— Supernatant
- 0.8 —— Bacterial cells

Q0.

8 0.6
04
0.2
0.0

1(d)

15%F0 30%. 7%F1 9%ALFREHTESS 2 K22 i H4% ie
20 %) A A S B B R, R A 3
KB R HRGE, 1SI0SR 7% 9%, HAD
BRTES 7 RIIRBVEE K, T 9% dsin &
FEEAT . 7% R B S M EERCR . F, 25
REHTCHE FIEEINE R 7%E40, IERCR
ehf o
24 HPEMIRMER

M 4A FIHT, TERE hsn03 (4 AN R 7E
AN TR) T B2 A BRI ()41 S SR ATS A 4 SRR e K
o A5 AL PRI AR R R RSN EE Y RS R AT
T Ak B (% BE P XoF B 4 A B AT LA 5w A 4 s
PE, FE 121 °C S04 F AL B S AT5 AT e A 10 54
B, SRR IR XHZ Y LT A s, e
Wyl HA RER e

& 4B WA, £ pH 24 3.0, 5.0, 9.0, 11.0
BF, B AN EE A S5 T P A X B2 A
B 225, ZEP K hsn03 AN 5 BTG MR
SRR, EA RREARS E

& 4C AT, BERE hsn03 AOAMITEEY) 2
BEEM K AT 0305 8CR -5 BT B LT %
A2ER], RUNZIMSEY AR 2P,

HE 4D AIA, ek TR e, S, IETEE
AE IS A FIL 4410 5 400 55 1 0 35 2R K P X
HEZH(P<0.01), TfiZe 2R AL HUS O ML SN B T )

o]

20

Algicidal activity (%)

& 3 E#k hsn03 BUHIEIIR KR (AR E RIS BY & B2l & A IR B (8] AU R (B)

Figure 3 The algicidal source of strain 03 (A) and effects of different dosages of bacterial culture and treatment times on

algicidal activity of strain hsn03 (B)
T PR IR ZERICER 3 A R Db 22
Note: All error bars indicate the SE of the three biological replicates.
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A B
70 - 601
60 50 -
2950 ; i
Za0f 2
E g0
=30 =
:g = 20+
B 20 Eﬂ
< 10 [ < 10 r
0 —m
Positive 40 60 80 99 121 Positive 3.0 5.0 9.0 11.0
control control
Different temperatures (°C) Different pH
C 60 - D
50 | = 807 *
@ S
= N~
2 40 - 2 60
= 2
=] S 40 |
g 30 - ‘:; x *
k=] b L
B 201 ;—)1) 20 i i *%
B o
< 10 <o N S
r S & & d &
c)o*"6 g&é\ é&‘z? \060 @&QQ
0 ' I & o & &
Positive control Protease K Q°\ & 039 0300 @é}
treatment A0 <
4 Tk hsn03 B9 LIFZRREIRE(A). pH (B). ERES K (C)FIBHLIATIZER(D)RLIEfFBIHIEIR

Figure 4 Effect of different temperature (A), pH (B), protease K (C), organic solvent extraction (D) on the algicidal activity

of the supernatant

TE: BT MR 2e i AER 3 MY e G AbRiEs. ++ U3 5 TP BEAH H7ESE T B 35 2253 P<0.01.

Note: All error bars indicate the SE of the three biological replicates. ** represents a statistically significant difference of P<0.01 when

compared to the positive control.

PR 5 2 v T B X RE 2 (P<0.01), 1B — &
Bt ST AIIE T BEAS BE DA 300 38 9 Jo vp 26 S A5 44
BAY T 2R RE DA E ) o 2 B A RO -
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Figure 5 Effect of different dialysis treatment (A) on the algicidal activity of the supernatant and the functional groups of
algicidal substance after dialysis were analyzed using FTIR spectroscopy (B)

TE: PARAG TG FEIAE 400-4 000 cm .
Note: The spectra at 400—4 000 cm ' are reproduced.
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