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Characteristics of Citrus By-Product Ferment Using Bacillus subtilis as Starter Extracts. Moon,
Young Gun, Kyeong Jun Lee, and Moon-Soo Heo*. Faculty of Marine Science, Cheju National Univer-
sity, Jeju 690-756, Korea — In this study, we investigated the biological activity of antioxidant and antibac-
terial activity of citrus by-product ferment. Hot water extracts and 80% methanol extracts from citrus by-
product of ferment were screened for antibacterial activity pathogenic bacteria by paper disc method.
Among the various hot water extracts and 80% methanol extracts the Bacillus subtilis showed relatively
strong antibacterial activities in the order. The reducing activity on the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical and -OH radical scavenging potential were sequentially screened, in search for antioxidant

activities of citrus by-product ferment.

Key words: Citrus by-product ferment, Bacillus subtilis, antioxidant activity, antibacterial activity, Hot water

extracts, 80% methanol extracts
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Table 1. List of bacteria used for fermentation.
Stain No.
KCCM! 40820

IKCCM: Korean Culture Center of Microorganism

Bacteria name

Bacillus subtilis

oA Fehito} Al e o] 4319k Table 1).

HE 7ISFLE Al7e| TR

g 7 AEIA Ad ARR 7 3 AR
S Aol D83} s 2 B7E AMSEle] BEt ¥
Algel] /‘F&ﬂ%iﬂr WA BE AE VAR AR 1 kg
of @EEFT 1 LE A7 ¥ BE3EE 5%, wwre A
7} %ff}é}r:}. b %i 3 N NaOHE- ¢|-4-3}e] pHE 7.0
A, 223 i F 38k F3TE o83t 121°CHlA
2587k Fgsted Al E AZ3HH

283 YETE AR 3 7RAREE A A
ZHA AN G5 AV 2 RS dE2TE AME,
Az ZFEulR3= Bacillus subtilisE o835} &3] A
74A] -70°Ce]] B-aetEA] Agel AMg-Eld

HE JBRLUHES WE H FE

e 7P RS LaEs] A8l B subiliss ©l-43}
et g 7 ARE S WEAT)7) Asled B subtilis T
FZ A wieksl=dl Nutrient broth(NB, Difco, USA) #)#|
£ ARE3led 30°CelA] 2~3UzF 21 oE Ik wiekelgd
ok A wiF" B subtlis& w4 3 NBol| 1.0 x 10 cfw/
ml FEE FF3)e] LI 2] wieksisict. o|FA] wj
¥¥ B. subtilist- A 2] FANX AxH oAl ZFEulA] o
AEshed A Ae AEFe € TEE Y&
1.0 x 10° cfwmlc] =A B HALFE o] &3} oA
B Msle] ZHul Rl 2.5%7) EA HEF sted B subtilis?)
2| A AE-LEQ] 30°ColAM T2RI17HERE 3714 F2718] el A]
shaking incubato~Z ©]-&3}e] 100 rpm o2 WHIspHA] 2
B ARH. LR AlF FEE = 3 L S8
boitleZ o] 25191 0m 72417k <k WHE AlZT}. LEAR o
g & H‘i /l—%?% pH:= 3.5 271 =23i9lon B,
subtilis®) 5= 25x 10° cfuml® Z7}slsiH).

oA %E%l A|BE -70°C YF30d A 2447 FFA
7 F FAZAXIE ol 83t 283§ TAAXE I
TAAZ B AEE GM-MM390083) 7] (X4 dx=H),
Korea)ys /‘}-9-3}04 R iee 1o

EHH Al8F 5 g% 80% Methanol} B4 5F5 250
ml7} E13le 1000 ml AERRAFe A7l E3h3 ¥
F25 55 77} 25°C, 40°C, 60°C F718lelA 327F B<t
FZ23A S A2 ¥ of3x|(Whatman No.1, England)E ©|
43} o=} AJ5] ¥ Rotary Evaporator HS-2001N (Hahn
Shin, Koreays AR2-8led 10012 739} &3l
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gAY AH-E FF= PEAYAIE] KCTC(Korean
Collection For Type Culture)®} =578 3¢l KCCM
(Korean Culture Center of Microorganisms)lA 1258 &
pitol(Table 2) WiFzZel 2A| A wiFsle] Aol A8
stdvt. B 24 Age McFarland No 0.52 LVQQ z+
zke) A7 AL WEH WAL ALste] Fu]Folx
Muller Hinton agar(MHA, BBL, USA) plateo]] &31F =
walx, A% F Hd¥ paper disce(37 6 mm, Advantec,
Japan)ll B. subtilisol] 2J8l} HE =)z LE AES FFHS
9 80% methanolel] 2)3] 22 2o F3AL |
mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/mie] FEZ _%Zé 3}
o] 50 pLA H3lsle FA gk F MHA plateel] HeiA 2z}
Hjof &xol] 3 24417k v k3] clear zones: caliper®-
=] 3t} Caliper® &A% clear zone< paper disc¥
2R x E3F ke

HXIB0is0 28t &itst &M 5F

R A}F-o] 5(Electron donating ability, EDA) 4.0 x 10
M DPPH(1,1-diphenyl- 2-picryhydrazyl}§—°li 2 mie} HFAL
ES S5 80% wske-S A3l 25°C, 40°C, 60°Co
A FEsle] 104 5E5F $2HE F=HE | mgml, S
mg/ml, 10 mg/ml, 20 mg/ml= 3|43 AL | m &
g3t ¥, spectrophotometer Hanson OPRON-3000, Korea)
2 525 nmolA] FRES 243 xFERs Ay 3
224 9] a-tocopherol® &4} 3FALEHAl 9] BHA(butylated
hydroxytoluene), BHT(butylated hydroxytoluene)Z- 0.05%
(w)e] F=2 Azg F A= DPPHEY 2 migh 2T
4 | miE 3 AF B subtilis 98 LEEA] ok 7
TIPS AT 2 SR INAE Alx3 F A
z% DPPHEY 2 mig} =T | mMS EFE F 308

Table 2. List of strains, media and optimum temperature used
for antibacterial activity.

Bacteria name Media zﬁiglgycrr)l
Vibrio tubiashii KCTC 2728 Marine Agar 30
Vibrio harvey KCTC 2717 Marine Agar 25
Edwardsiella tarda KCTC 12267 Nutrient Agar 25
Vibrio anguillarum KCTC 2711 Marine Agar 25
Staphylococus aureus KCTC 1916 BHI Agar 37
Vibrio alginolyticus KCTC 2928 Marine Agar 28
Vibrio cholerae KCTC 2715 Marine Agar 25
Vibrio parahaemolyticus KCTC 2471 Marine Agar 30
Vibrio salmonicida KCTC 2726 Agrra:y\:}\);g]aiasl(z]};()l 30
Sreptococcus parauberis KCTC 3651 Marine Agar 25
Streptococcus iniae KCTC 3657 Marine Agar 25
Vibrio ichthyoenteri KCCM 40870 Marine Agar 25
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b AFeol A vheAI7] & FEEE A sl
A2} Fof 5 (Electron donating ability, EDA)2 Bacillus
subtilis A7FESE B A717e) EBE 7age vepalt

EDA(%) = (1 — Bacillus subtilis A7}72] 4=
A A7) F95) x 100

Hydroxyl radical 2718 (HSA) &8

=5HI M5 =99 hydroxyl radical(OH) &8
A5S ZAF817] $18) 2-deoxyribose oxidation method W
HO1E W¥sled Sl

A& el 10 mM FeSO/EDTA €4 0.2 ml, 10 mM 2-
deoxyribose 0.2 ml, %39 0.2 ml¢} 0.1 mM phosphate
buffer(pH 7.4) 1 ml, 10 mM H,0, 0.2 mlE 7}3}al 37
°CellA] 44 7F E2k vhE- A|F1 F, 2.8% TCA (trichloroacetic
acidy®l 1 miZ 7psbe] ¥H-E FA AlFY 2 ¥ 1.0%
TBA (thiobarbituric acid)$% 1 mlE 7}3ted 100°Cel| A
10871 74AAZ) F F45:3] WA A 532 nmell M FREE

ZAslglom A8l W3t 71EAIBE Bacillus subtilisoll )
8 EEZR 2 FEAL 7RI FA .

g8l g 272 A9 3R a-tocopherol) A
}AF3HAl @) BHA(butylated hydroxytoluene), BHT(butylated
hydroxytoluene)& AF£-3tgc}h. -OH £ &AL HSA
(hydroxy! radical scavenging ability)E. ¥7] dlgiow o2
3 2e Aoz A sl

HSA(%)=[1 — [(absorbance of sample at 532 nm)

/(absorbance of control at 532 nm)]] x 100
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Bacillus subtilis ©]-8-3}o] HEE 7hg 713-FALE 59
9] 34 Alglel i3 A== Table 33 Table 49 “FelS]
v}, Bacillus subtilisE- °]-43lo] WRAA|7] 7+ 7} HAME
I Bacillus subtilisS o|-83}A] & a7 7 7y

Table 3. Antimicrobial activities of hot water extracts from citrus by-products and fermented products.

Concentration

Fish pathogenic bacteria(clear zone on plate(mm})

Sample name

(mg/ml) A B C D E F G H I J K L
1 - - - - - - - - - - - -
CBP* 5 - - - - - - - 6.5 - - - -
(25°C)° 10 - - - - 6.5 - - 11 - - - -
20 - - 75 11 10 11 - 11.5 - - . -
CBP 5 - - . - - - - 8 - - - -
(40°C)° 10 - - - - 7.5 - 7 13 8 8 - -
20 75 75 9 115 11 13 105 15 10 105 8 8
1 - - - - - - - - - - - -
CBP 5 - - - - - - - 8 - - - -
(60°C)° 10 - - - - 7 - 7 125 65 7 - :
20 6 6 9 1.5 1 12 10 145 9 10 7 7
CBP + ! i i i i i i i } i i i i
. . 5 - - - - - - - 6.5 - -
Bacillus subtilis
ornb 10 - - - - 6.5 - - 11 9 8.5 6 6
(25°C)
20 8 8 8.5 11 10 12 9 12 10 10 9.5 9
CBP + ! ) ) ) ) ) 7 i
. . 5 - - - 6 6 6.5 65 105 85 9 6 6
Bacillus subtilis
(40°C)? 10 75 75 9 10 9.5 10 95 135 85 9 7 7
20 10 105 12 135 14 145 17 18 115 12 125 13
CBP + ! j § i . . . 8 i i j i
. . 5 6 6.5 7 7 7 3 8 11 6 75 6 6.5
Bacillus subtilis
(60°C)? 10 9 9 10 11 105 12 11 15.5 9 10 75 8
20 11 115 13 14 15 145 175 17 12 13 12 135

2 Citrus by-product, : extraction temperature.

A. KCTC 2728 Vibrio tubiashii, B. KCTC 2717 Vibrio harvey, C. KCTC 12267 Edwardsiella tarda, D. KCTC 2711 Vibrio anguillarum, E.
KCTC 1916 Staphylococcus aureus, F. KCTC 2928 Vibrio alginolyticus, G. KCTC 2715 Vibrio cholerae, H. KCCM 40870 Vibrio ichthyoen-
teri, 1. KCTC 2726 Vibrio salmonicida, J. KCTC 2471 Vibrio parahaemolyticus, K. KCTC 3657 Streptococcus iniae, L. KCTC 3651 Srepto-

coccus parauberis.
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Table 4 Antimicrobial activities of 80% methanol extracts from citrus by-products and fermented products.
Concentration Fish pathogenic bacteria(clear zone on plate(mm})
Sample name
(mg/ml) A B C D E F G H I J K L
1 - - - - - - - 6 - - - -
CBP? 5 - - - - 7 6.5 6 7 - - - -
@s5°cy 10 6 6.5 - 75 8 7 7.5 12 6 6.5 - -
20 8.5 9.5 9 12 12.5 12 10 13 9 9.5 - -
1 - - - - - - - 7 - - - -
CBP 5 - - - - 7 6 6.5 8 - - - -
(40°C)° 10 65 7 65 8 15 8 8 13 8 8 6 6
20 9.5 11 11 12.5 13 13 11 15.5 11 11.5 9 9
. . - . - . - 7 . - . -
CBP 5 - - - 7 6 6.5 8 - - - -
(60°C)° 10 7 7 7 8.5 8 8.5 8 125 85 8 6.5 6
20 10 11 11 125 135 13 11 16 10 10.5 8 8
CBP + ! i i § i i i i 73 i § )
. o 5 7 7.5 6.5 7 6.5 7.5 7 10 7.5 6.5 6 6
Bacillus subtilis
(25°C)° 10 9 9.5 9 9.5 10.5 11 11 14 9.5 9 9 9.5
20 11.5 12 13 12 14.5 15 16.5 19 11 10.5 11.5 12
CBP + ! ) ) ) . ) ) ) 7 ) - )
. - 5 6 6 6" 6 6 6.5 6.5 10.5 8.5 9 6 6
Bacillus subtilis
(40oc)b 10 7.5 7.5 9 10 95 10 9.5 13.5 8.5 9 8 8
20 10 10.5 12 13.5 14 14.5 17 18 11.5 12 11 12
CBP + ! ) § - i i . . 8 ) i i §
. o 5 6 6.5 7 7 7 8 8 11 6 7.5 6 6.5
Bacillus subtilis :
(60°C) 10 9 9 10 1 10.5 12 1 14.5 9 10 7.5 8
20 11 11.5 13 14 15 13.5 17.5 18 12 11 12 12.5

®; Citrus by-product, *: extraction temperature.

A. KCTC 2728 Vibr.o tubiashii, B. KCTC 2717 Vibrio harvey, C. KCTC 12267 Edwardsiella tarda, D. KCTC 2711 Vibrio anguillarum, E.
© KCTC 1916 Staphylococcus aureus, F. KCTC 2928 Vibrio alginolyticus, G. KCTC 2715 Vibrio cholerae, H. KCCM 40870 Vibrio ichthyoen-
teri, 1. KCTC 2726 Vibrio salmonicida, J. KCTC 2471 Vibrio parahaemolyticus, K. KCTC 3657 Streptococcus iniae, L. KCTC 3651 Srepto-

coccus parauberis.

=z =2

S 7 80% methanolS 7}A| 2L 25°C, 40°C,
60°Co A} 347t Sk Z22TAE AAM 1 myml, 5 mg/
ml, 10 mg/ml, 20 mg/mlel] F=F 3A3te] A AL
9o}, 2 A2} Bacillus subtilisE ©) 8314 ¢kl WEAZI
7 #5922 (Table 3piME FE52-%0 wet 2

ZHo) el ehRT E2 AF S PR Aol
£ Jehigic}. 53] 40°Ce}H 60°ColA FE3 AR 20 mg/
ml F=A KCTC 2711 Vibrio anguillarum, KCTC
1916 Staphylococur aureus, KCTC 2928 Vibrio alginolyticus,
KCTC 40870 Vibrio 1chthyoentert°ﬂ ojs] & S e}
W2 gle}. 40°Cel| A F231 A|87) 60°CA] 23 A&
o} vt S o wu)EA|nt v 2 o] FA) et
wte}. Bacillus suttilisS o]-&3}] EAZ 27 7p-FAat
= A9FEYeM e FaAeE I AT RE
A7) 73} v aste] Bobs w5 mg/ml oA FE 24
o] vJeh-}7] A2+ 10 mg/mBt 20 mg/ml A= B
A@dgol M ga A b2 ok =3 80%

%}
7} a)

fui

j

T

methanolE AM-3led 32381 A| Bl AM(Table 4)% vE71R|
2 Bacillus subtiliss °]-83te] R 7+g 77
F% A3 w2 AL eI Q)Y Bacillus
subtilisg °| -9-6’}7(] ok a7 AE JEHANE 80%
methanol 25°C FZA|RollAE 20 mg/mioilA 40°Ce}t 60°C
FZ2A8ME 5 mgml FEA KCTC 1916
Staphylococcus aureus, KCTC 2928 Vibrio alginolyticus,
KCTC 2715 Vibrio cholerae, KCTC 40870 Vibrio ichthyo-
enteriol t3lod B3HA-E Ho|7] A|ZFste] 20 mg/ml
Eel M= AN FF Aol ekt Bacillus
subtilisE ©|431A] 93 WEAIZ] 3 TEARE ‘Q"‘ *
Eﬁ_q Ao} wigspA 400N FEE ABelM 23 Y

& 3o} el vbd Bacillus subtilisE 01—9-'6]-°4 ‘Q’E_
7‘]7] g 7FEARE AlReME BE A8 B2 S
A& el 53] 25°CellA FE3F ABelM R F
< PSS ey 3 AlY Al E Vet
o] Bacillus subtilise 3713} 74 713 5AES HEsI

AT o i ==
- =
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= o 2 ARl 23 He] e 8RS E
FHAL AXEA] 2 715A ) Z7)V51 Bacillus subtilisS
Yook e AR e A EHE A & e
& @ 4 A

HXB0{s0 23t &itst #Y £H

dubH ez Ex Ao st ksl B34S SAs W
Hell= ofg] 7427} 9l 1 Fof| A DPPH radical &7
AL vlwA s o E o] 7pea iy
22 E3F] o] &5 glc} kel EAL free radicalell A
At FAE Foisle] B¥AE ks, DPPH: A} &
Az RE] AR}, AT ol BrMYH R g ERE 3
A38le], H21Fo5(EDAZNE] 3iksl B8 AT ¢
7F et AAEe] 282 A4 radicalol]l HARE FI3le]
v ARLE oA A7 e AEE AME S QLS ¥Rt ohe)
QA HellA] A radicalel] &3 =315 AR 282 F
EZ T o] & it} DPPHH-2 33 SAS vehi=
Aelgyd 232 o4 g oZA A& A o] B
Aol whe} gfAksl EIE AHAZAS5 R FA5R Wl
o}, Bacillus subtilisZ ©]-43lo] RE= o)A 74 7}FHALE
3} Bacillus subtilisE- Z37Vs1A] 931 ZHd FAFETRS & A
71 AHE 44528 80% methanote ARS8l 7 &%
HE FE5E 5] 5SS F 53595 1 mgml, 5 my
ml, 10 mg/ml, 20 mg/ml & 3]X3}e] DPPHel| J3t sH4ks}
PA-L 28I (Fig. 2, 3). 23 JEF2E H 4
3kA1 9] a-tocopherols} ¥4 dFAFEHAl ¢l BHA(butylated
hydroxytoluene), BHT(butylated hydroxytoluene)2] DPPH4|
2|5}k shakst B2 AT (Fig. 1).

AeFEH o2 FE35F ARl M= Bacillus subtilis 27}
gk A&l ArEA] 9L AR BT 40°CM & 39S
o 7} ¥ radical 27 8AE JERSIEE 1 FolM =
Bacillus subtilis |83l WEA|Z] AEE 40°CoM 3
398 7% 10 myml =4 ALl BHTS
Argr Abst #4(73%)e VR H, 20 mg/ml Fxo]
A& BHTES ¥ B4(78%) Vet = vbd 80%

90
85 T
é 80
8
] 75
70
65
a-tocopherol BHA BHT

Fig. 1. Radical scavenging activity. The antioxidative activity
was tested by DPPH method. The concentration of BHA, BHT
and a-tocopherol added in reaction mixtrue were 5 mg/ml. BHA:
butylated hydroxyanisole, BHT: butylated hydroxytoluene.
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Fig. 2. Radical scavenging activity of the hot water extracts
obtained Citrus by-product (CBP) ferment. A: CBP-25°C
extracts, B: CBP-40°C extracts, C: CBP-60°C extracts, D: Bacil-
lus subtilis ferment-25°C extracts, E: Bacillus subtilis ferment-
40°C extracts, F: Bacillus subtilis ferment-60°C extracts.
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Fig. 3. Radical scavenging activity of the 80% methanol
extracts obtained Citrus by-product (CBP) ferment. A: CBP-
25°C extracts, B: CBP-40°C extracts, C: CBP-60°C extracts, D:
Bacillus subtilis ferment-25°C extracts, E: Bacillus subtilis fer-
ment-40°C extracts, F: Bacillus subtilis ferment-60°C extracts.

methanotS- ©|-&3)ed &3} A8 M= Bacillus subtilis 3
718t Alget A7FsA] 9 A® B 25°ColM F+E 3
£ o 7F4 =& radical 271348 Jeb gl Bacillus
subtilis® A7V84A] 3 W& E A BeAE 10 mg/ml, 20
mg/ml E50|A AL Ql BHTS A3 radical 4~
AEgAE el edv}. 283 Bacillus subtilisS %713l
HEAIZ] ARE 25°CIA 2 & A9 5 mg/ml F=o0A
5 P4 Ak Q] BHTSF Akt E4(72%)S ekl
™, 10 mg/mls M= BHA R} 2 radical &7 A
(86%)& Y. 53] 20 mg/mlll A= Mol aHAak3A)
Q] a-tocopherol 2o} A &2 radical 27 F4(93%)S
el e}, =3F Bacillus subtiliss A7}t MREA|Z] A
BE 40°CAA FF & 7ol = 25°CellA] &8 7 By
= =7 AR H-AKE radical £2A A4S eI

Hydroxy! radical 27{&M(HSA) &H
Free radical Sl A WolA 71 w1wis] &8s} u}
A TR FFEE= Aol AtAradicalo|t}. F8 AbA

radical 25 superoxide(O;-), hydroxyl(OH-), perhydroxyl



(HOy), alkoxy(RO), peroxy(ROO-) radical 5°] 3+ =
9] radicak® ohA|RE HEgA o] sk Ak Fo = IAbE
22(H,0,)¢} singlet oxygen©] 917} Singlet oxygens &}
Atael= ool &jzke] At 2R spin}aFe] M= w2
Hel slo] EqPAE. oAkl M BATE g | Ak
£ 78] &3] reactive oxygen species(ZA4 AbAel F2
=8 I FoJM=E hydroxyl radical?} singlet oxygeno| &
o FollA 7 FF5 vhAS viehlel A AR A)A) )
I DNAY| 48 FAY o) & fisle B4z ¢
HA 3, AL HHAHA NN A AAL AAEE
olu} FASIFA(H,0,)F Fed Cu+ o]-2-2] &) 3lof|A
k=T 71A; FAde] 78t free radicalo] BE. o] Y 7S
213 AEE A A, 151

Bacillus subtiliss ©]-4-3l MR = A 77 71-F-AHE
3} Bacillus subtili=& 37V3HA] 931 233 713 F-ARHESHS
AN AL 245247 80% methanolE AHE-3te 7+
LR FEE 8l APEES F 5595 1 mgml, 5
mg/ml, 10 mg/ml, 20 mg/mlZ 3] A &} hydroxyl radical
2A8AE EskchFig. 5-6). HETE A A ¥
AbErA @l a-tocopherol2- 78%, A dAFEIA Q) BHA:
72%, BHT:= 65%¢ll hydroxyl radical 227 8H& el %]
oHFig. 4).

AeFEHO 2 53 A FBAAME Bacillus subtilis 3
7hste] WEAIZ AR}t AR g HEAZ AR 2
T 40°CollXM FE351E | BHE =M FET AIRE
o &2 hydroxyl radical 2A8AE Velsiet. 4432
o g F&3F A5 hydroxyl radical 2484 Aol A
A ks el ¢ AHIES 52 A8 E B
ol A&x e A ket Bacillus subtiliss ©]-8-3}
of WEA 7 IFTAEES 40°CollA F5&31e] 20 mg/
ml FEE A 33E o P4 FAEAQl BHTS fARRE
8418 VeMI L, Bacillus subtilis® WFEAF)A] 42 7}
= 7}FeFAME Brl= hydroxyl radical 24845 HER)
et v 80% methanols: o83t F&3F AlBAM
Bacillus subtilis %1713t A| 8.9} A7}slA] ¢k A8 BF
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Fig. 4. Radical scavenging activities by 2-deoxyribose oxida-
tion method. The concentration of BHA, BHT and a-tocopherol
added in reaction mixtrue were S mg/ml. BHA: butylated hydroxy-
anisole, BHT: butylated hydroxytoluene.
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Fig. 5. Hydroxyl radical scavenging activity of the hot water
extracts obtained Citrus by-product (CBP) ferment. A: CBP-
25°C extracts, B: CBP-40°C extracts, C: CBP-60°C extracts, D:
Bacillus subtilis ferment-25°C extracts, E: Bacillus subtilis fer-
ment-40°C extracts, F: Bacillus subtilis ferment-60°C extracts.
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Fig. 6. Hydroxyl radical scavenging activity of the 80% metha-
nol extracts obtained Citrus by-product (CBP) ferment. A:
CBP-25°C extracts, B: CBP-40°C extracts, C: CBP-60°C extracts,
D: Bacillus subtilis ferment-25°C extracts, E: Bacillus subtilis fer-
ment-40°C extracts, F: Bacillus subtilis ferment-60°C extracts.
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gt A Bele 2F oA 1A hydroxyl radical 4274
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