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Sulfite Removal from Wine Containing High Concentration of Sulfite by Sulfur-oxidizing Bacterium

Kazuo NAKAMURA* and Rie KIMURA
Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi,
Takeda, Kofu, Yamanashi 400-8511, Japan

Acidithiobacillus caldus ATCC51756 was used for the removal of sulfite from wine containing a high concentration of
sulfite. The oxidation of sulfite by the cells occurred in the pH range of wine and grape juice. Percentage sulfite removal
exceeded 50% in the pH range of 2.5 to 3.5 and 77% removal was achieved at pH 3.5. The optical density at 660 nm of the
cells for the efficient removal of sulfite was 10.0 in the reaction mixture. The sulfite removal was not affected by the major
components in wine. The percentage removal of sulfite from white wine containing a high concentration of sulfite reached
91% after a 6 h processing time without any pH adjustment of the wine.
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Acidithiobacillus (IH44 Thiobacillus) thiooxidans JCM7814
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1 Bk

(bSPTIR (L AR B O Acidithiobacillus
caldus ATCC51756 (Hallberg -+ Lindstrdm 1994) % FHu»
77
2 RiEE

HAREH & L C ATCC 5241 (Product Information sheet
for ATCC51756° 2008) %2428 L= b D& V=, AR
& L T(NH,),S0,4 3.0 g; Na,SO4 1.4 g; KCI, 0.1 g;
K,HPO,, 0.05 g; MgSO,+ 7H,0, 0.5 g. A & L T K;S40,
0.76 g % 980 mL DR /KIZIA L, iR T pH 25 12
PR LT, 121°CT 15 A — b7 L—7 R & T
~7-, BiE LT Ca(NOs), 4H,0, 1.0 g; CuSO,*5H,0,
0.05 g; H3BO3, 0.2 g; MnSO,4:5H,0, 0.2 g; Na;MoO,*
2H,0, 0.08 g; CoCl,+6H,0, 0.06 g; ZnSO,- 7H,0, 0.09 g 5
L OVFeCly-6H,0, 1.0 g & 1 L OARBKICIAN L=, A
WIZB#Z10mL &, Glucose, 0.45 g % 10 mL D7&EI/K
R LTz Cilia 10 mL Nz 7=, B 7D 500
mL & =47 7 A 2 (ZH5IA 300 mL 40 L, FEE A%
5% (vlv) $EfEL7-, 85#1345C, 85 rpm T3~4 H
EMEE & O 558 LT,
3 ANEE

FE % KyS,06 725 NagS,03-5H,0 (1.24g/L) 128 x
7= ATCC Fittiz iV -, 5 LAY v —7 7 — AL H—
(ABLE, BM-05) (Z A¥k% 2,880 mL A4l, 121°CT
20 pfEA— b7 L—T7 LT, BEICIEERIC B, CIR
Z 30 mL o0&, AiEFEEHK 300 mL % HEEEAY | ZHHE
L7, B5#81345°C, 300 rpm, pH 45, i#@% & 0.5 wm
DEFCIERIRIET R 21T o 72, BT, pH B LU
EEE 2 572012 15 M NaS,0; & 153 M
KoCOs Z Bt iR AR & FEN I B L7z,
4 HERIK

BEERICB T AHMBOLE L LT
Glutaraldehyde- #f fii f {7+ 0 % ( Aldrich #¢ |
NaO;SCH(OH)(CH,);:CH(OH)SOsNa, LA F G-SO, LM%
30 AR L, UA L AEIT s HERE S LT, A
S AR U U LA LT,
5 U1

RIS - AR

THIRDE T A v 28 L=,
6 HRPERIREERIELS

BRET Xk (TVh U EEE (ERTIIS
1991) (2K WIE LT,

K A¥E; 0.3%H,0,, B i#%; 0.01 N NaOH, C #4; 25%
H3PQ,, D #%; Methylred 0.2 g & Methyleneblue 0.1 g Z il
TH =)L B0mMLIZED L, S DI KIZEEN LT
A 100mL & L7SIRAHREAERLL R L7 A,
B IRIT AR L7,

1) R ERRERRE

FIAT T2 AR 10mL & &V D% 3N

21 ZHUC BIRETRO ORI T2 TR T

(1, 27 L, ZEEICEY AT 70, HET T 22250
£H10mL 2 Af, Cig 20 mL 200z T4 IR T
0Tz, =7 —R 7T 05~0.6 Limin OifiE T 15
SRR LT, $&TH, IR T I 2azs L, $v
v'7 U —0 Sk D EORBKTITE, MERb T
W7 7 AP NIAF, WEMZ B IR CIfE L=, #%
SUTRO IR E DT e Lic, ZOMERLY |
W AR 2 A SR DT,
2) FEATIEAREERIEE

FEOTIERTEE L, W AR ORIEIZF | Z e T
1Tolz, WRPRAERERONER, T T 2 aND
ARBIO D EHF LS DICZHLL -, 05~06
L/min OfETER LN S, ET T AaDE) O
B % 7T A 3—F—"C 15 SRR LT, =
DIRf, ROFESHINEFE T T A 2Tl X9 72REET
INEN U7, IS 7%, AR AR OTIRE & [FIRRIC
Bk CIME L. A BihiiE S A Ra R,

3) MAHEmIELRIEE

W RREAR R & RGO R 2 5Ft Lz
DZ AR & LT,

7 UL O—RGATEE
1) pH HIE

BECKMAN @ pH #*—%— (BIZCF34) % W Cll
ELT,

2) BIWERERIE

Somogyi % (HAREEEWZ 1977) ICXVHEL
7o REEELPEEALLTITR LI,

K AR, v = LHE 45 g, NagPO, - 12H,0 112.5
g ZZREE/KEKD 300 mL (HIBNAAR L, Z4UZ CuSO,-
5H,0 15 g & 7&EE/K#) 50 mL [ZE Lz b oz &9
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ORI LR DI 72, S HICKIO 175 g %
40 mL DFREEKICIR LT= b D&%, 4% 500 mL
L L7, B KyCy04H0 45 g, KI 20 g % 78 BE/KITIR
72>LT500 mL & L7z, Cig; 2 N H,S0,, D i&; 0.05 N
NaS;03-5H,0, E&; 1%7 v 7 ik & ERL L,
L7

100 MLAE=MA7 7 AT AKIO ML 2 L0 | 7k}

GEITHEL LT 5~25 mg &725 K ) ICHREIKZ RN

CTHEEAR) BLOEREKEMZT30mL & Lz, &
WAL C 2 pDAINICibig S, RIS 3 o flbiE &
Ffgt L, WK THRAI LTz, RIC BiR 10 mL 2 &8E
IR THENIINZ, EHIZCHR1I0mL Z Nz CTHik&
9L, IKIBA L TEBICE#REZ R REE LTDIRT
E LT, #UITROENRHD WERILE Db T8
L7z, ZOmERLE D FEE% Glucose & L TRDT=,
3) MBEAEHE (HREZES 1977)

I AW, T ) =T H LA AR B, 01
N NaOH % L7=,

200 mL & =447 F A 2| ZHBEAHI L= 78547k 100
mL = A, A EGEZINZ, B cHmLz, i
(2, @10 mL 2012 C B CHEE Lz, #&AIEiEo
YIS L Uiz, ZOmEE L N
FPFRIE 2R DT,

4) Tha—NGRE R FREEFHE 1972)
BB 100 mL & A AT U —E W TERILL
NaOH CpH 7.0 IZF#& L7=t&, Biff& 77 2aici L
Tro AR U H—%H) 15 mL OFEKT 2 [BIE,

Ptz B0 LTz, ZhUC ) — By b inEE 2358 L,
Wz NVCTEE LTI L=, A ALY 2 —riz
BRI 80 ML/ 5 FTAY Lic, ZORIRICAE
KENMZ TEE% 100 mL & L, 15CHClERH %
WCZORE (Fhi) Zaik, LLEMNL T La—Lg;
DELBITHE LT,

8 HRRERDIREE

FEER O TR OFREFS L OSEHF O kiR DR
EEITHT
1) BERD OERESREE

FAWET b U U LAEFERZ 0.025 M il
& (pH 4.0) % FWCHEARRE 4 ODeg=12.0 & 725 X
INTIRE L. SRR L7-, 0.1 M BrleREERR (pH 3.5) ;9.0
mL, FEREEIR RN ODgg=1.0) ; 1.0 mL, 0.02 M
G-SO,; 2.0 mL Dt 12.0 mL OFJiEA T % 100 mL 25

U A P OTERRIRERE

AT T AN, VY afeE O TEEER & 9 )
Ji& (35°C, 130rpm) Z#4T-o7z, —ERHHEICENES
WRABRI L7z, =EIRT 3 srfiha 0o (10,000 rpm)
LERZRRE LT, 20 BEAallERE s LT, 7R
(AR AR T R AR K > TIEL, £
7oy BRZEIN L 720alil (BRI Y 12 0.025 M
MESEENR (pH4.0) 2Nz 7=bo) &2 >ERL, 1
OIIYPRIEMEERERER & L, tho 1 DI 3eHEE &
2 #1TH IR Blank & L7=,
2) BEAREEDSERAREARR ARG R TREOHIEE
FAWET NV U LAEFEERE 0,025 M Gl ik
(pH4.0) % W TEHIRNREL 4 ODggr=12.0, 120.0 & 72
%X O IE - SRR L 7=, 0.1 M FiFRREER (pH 35) |
27.0mL;  FEARREK (ODggo=12.0 & 51N 120.0), 3.0
mL; 0.02 M G-SO,, 6.0 mL Mz} 36.0 mL DHEATE
Z100mMLA=AT T AT AN GRNEIRERE
ODgs=1.0,10.0), > U =42 %A T CHEERRE & 5 KOG
(35°C. 48 I d» 5\ N 10 B, 130 rppm) Z21T-7-,
— BRI SOGIRATE A 3.0 mL o8 L7, =il
T3kt (10,000rpm) LEABREE T 72, 2
D B AIEREE U CRAE MR 2 HE L,
AR R TG 2 MO T TR AR EE DS DU Tl
L7z. 72, BERZEINLAWaEE 2 ofERLL, 1
OIIYPRIEMEERERER & L, ftho 1 DI 3eHEE &
2 &7 H IR Blank & L7=,
3) VA HROEREEREDE
pH HEGRFED T A LA A X EHRER S U 7 LR
ZEINL, YPREmEEERED 300 ppm fHED T A %
PR L7z, FAREET MU U AAEBEEE 0.025 M i
FEARER 2 O CHEAIRE % ODgg=1200 L7225 55
(IR R U7, U A s 11.0 mL, AR 1.0 mL
DFF12.0 mL SSREATE 100 ML F =47 7 A2l
A GRNERIERE, ODgge=10.0), > U =2 %AHF T
AR & 9 BOs (35°C, 6 Wi, 130 rpm) #1772,
2 BERME SO A 3.0 mL 3B L 7=, =iAT
3 sy oy (10,000 rpm) LERZBRE LT, 0
BB AERERELE LT, RS A R T
FARCE > THE LTz, F72, EERZEIMLZRNE
B (@AY 12 0.025 M HilisizEiR (pH 4.0) %
Mz T=HD) % 2 SERIL, 1 DIy
ERE L, oo 1 DI3EEE S 5 217 5 B Blank &
L7,
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RBREBER
1 BEEBCRIZET 2 ERERORRE
1) FAREREEMEIC RIS RS pH O &
OSSR OISO pH 13.0.1 M HifEEERR (oH 2.5,
3.0,35) ;9.0mL, 0.025 M FifiEkEE L (pH 4.0) ; 1.0 mL,
0.02 M G-SOy; 2.0 mL D 12.0 mL D SURA e % /R
L. ME L7, ZOfER, ROCTRETR & FOSBERA D
pH & D7 008 LIN TH 7=, ZDOZEnD, e
D pH Z AT 2FEE KD pH TRTZ LIl Lz,
Table 1 (27 L7= & 912 pH 2.5~3.5 Ok Tl

PRI - Ak AR

35°C. 10 IFfEIRUL OSSR, HfFEDEREFRIT 50% L
THY . pH % 352 Lz E E b A< BRERITI 1%
ZRLic, DT LMD TA LV OHRRERRREIZINT
pH % NAHNCEEZ D 2 & 72 TR OBREN ATHET
HbHIEIRBEINTZ,

L72>L. A caldus ATCC51756 O ififififie % HEL & 9-%
FRSEWITEME DG pH 73 3.0 T - 7= DIk L, A
R HT D HRREA DR ESRIL pH 35 TRbEN- T,
Z D pH OFEIZ DWW TIAEMRETT REThH EE
ZHivd,

Table 1 Effect of pH on sulfite removal by A. caldus cells.

Initial sulfite Final sulfite Sulfite removed Percentage sulfite removal
pH (ppm) (ppm) (ppm) (%) (n=5)
25 546 259 287 53+1.58
3.0 528 204 324 61+1.41
35 483 110 373 77+1.58

The reactions were carried out at 35°C for 10 hr with buffers of various pH. Glutaraldehyde sulfite

additive compound was used as the sulfite sample.

2) ERREEBRETEMEIC RIE T EARE DR

BRZ I LZ2WnGa (B Blank) OB 10 R
& D\ 48 IRF(EI14 O EEE IR | S S d e
JE L RERENR LN T2, —J7, Fig. 1ITRL
72 KO ITHEIRZ RN U755 E . RN E IR ODggo=1.0
CIERUL 48 IRffil % TR A Al 25 35.66  ppm TdH
ST=DIZx L, RNE R ODeg=10.0 TIXLBRAA
6 WFHH TR AH L LTz,

I EORER KD | WRREZRE <352 L Clfifi
BRI H S ARE CH D Z L AVRENTZ, LvL,
BB COREEE TIEE O BRI RIAD 72U,
S BIZEAIED @ SERIE ARG 2 MR 8D D,

3) EHRREERREIEMEICRITT VA VHICE TN A TE
Ry DR

TA I, AR, T —L, LAY
IR EORRDMEEL TS (FEFE 1967), = 2 Clxs
HEMNHEZ\ BE (Glucose) . kR GEARE, U
VAlE, 7T UR) . T ) — VST ERIE TR K
T BE P, BIEITIREEREEZ b LI
Sy ETIN LTz & & oMb EREZ R DT,

Sulfite concentration (ppm)

20 30 40 50
Time (hr)

Fig.l Effect of A. caldus cell concentration on sulfite removal.
Glutaraldehyde sulfite additive compound was used as the sulfite
sample. O: Total sulfite concentration remaining after sulfite
removal using the cell concentration that is equivalent to
ODgg=1.0 in the reaction mixture. @: Total sulfite concentration
remaining after sulfite removal using the cell concentration that is
equivalent to ODgg=10.0 in the reaction mixture. The residual
sulfite concentration in five replicate experiments was
35.66+2.90 ppm at 48 h at the cell concentration equivalent to
ODgsy=1.0, and 0 ppm at 6 h at the cell concentration equivalent
to ODgg=10.0.
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W %G AU T3 B OFE RIS Table 2 DX H 12725
720 T OFER X0 RE ORISR R T 7 Va3 — R
7 UMW, AR LY ) — W L DR T
WEZIF N EDRENT, FT. U v AR
FEbR I B TRRET 5 L B2 DD M, FExHEME
T 5% DIEMEDHERF SN TCND Z E D, FEEOT A
ANZBNWTHHRRIEENE LN B D EEZ B,
Z OFEFIE., A thiooxidans JCM7814 @ pH 55 IZ81) 5
FRREESR TS, R OFEE Sy THH I a—
AR (7 =W, AR, Vo a) I2koT
FEAETHE SRV (RED 1996) &) fER & [

T A ORGSR

FRCholz, LinL, =& ) —LOFBIZOWTORE
RITARREDR IO TTH D,

RERR A T ARECRIC I 5 dililie 2 5 &
2 WA TS M XA S o\l R M o
FONER IR 2B L35 Z E D BT/ > T
%o Flo, BRIZ L0 AREERIC IV Tl A i
BLOKEAHMIEDRETE QWD OEMER LT, &
2, UA HRICE EDH FER S DFE FIZBWN TS
T DR ENARETH D Z ERHLNE 25T, LU
FOZ LIV UL D pH FFHTH D ET VRIS
IZBWTHREESFRETE 5 Z VRSN,

Table 2 Effect of major components in wine and grape juice on sulfite removal by

A. caldus cells.
Component Sulfite removed Relative percentage sulfite removal
Added (ppm) (%) (n=5)
Control 383 100
Glucose (135 g/L) 348 91+3.16
Citric acid (5 g/L) 360 94+1.87
Tartaric acid (5 g/L) 388 101+2.12
Malic acid (5 g/L) 225 59+1.58
Ethanol (10 %) 322 84+1.22

The experimental conditions were pH 3.5 at 35°C for 24 hr. Glutaraldehyde sulfite additive
compound was used as the sulfite sample. Initial total sulfite concentration was 483 ppm.

2 UL HOEEgERE
1) UA v D—EIHTRER
FERZFHN=TIROA T A &9 LTz & Z A, pH
2N 312, KRHEAREAIEEL )Y 152.23 ppm, IR CHERE)N
24.36 g/L, FAEAREEEAY 051 ¢/100 mL & VFIE—fRAI72
SHHEZE R LTS, 7T a—aA55E 1616% (Wiv) T
— IR T A L DIHHE (15%ATH) L0 HoeEn
HThoiz,

2) UA UHOEREERE

FRLE YA KR E RS 300 ppm & 72D KD
(ZA Z AR U O LRI, KEEZRINUT-,
Z DFER Fig. 2 O X O 1P X5 2R S
AL, FEETHEREE b IZFRE SN AR L 70 | 2l
TR ERITZ 91% TH -7,

IR (300 ppm) OHRRE ETeT A LD AR
(2 X - TopH ZFR%E L7 T 6 B CHlliftis & fr T

300 |

200

100

N
\T
- @)
0 2 4 6
Time (hr)

Sulfite concentration (ppm)

o

Fig.2 Changes in sulfite concentration in white wine (pH 3.12) at
35°C by the addition of A. caldus cells. O: Free sulfite
concentration, @: bound sulfite concentration, and A\: total
sulfite concentration. The residual sulfite concentrations at 6 h in
five replicate experiments were 0 ppm for free sulfite, 26.69+2.21
ppm for bound sulfite, and 26.69+2.21 ppm for total sulfite.
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XD EDBLINE ST, AWFFEICK D | EiRE
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MR 2200 & < BRZs Lt e dfaie i | i3 %
ZEnTEIUL, BEERBEA~OXS L REE 22D, F
oo ZOHRERESES ., o TN T
TR R AR & A e B O MR 2R L L C T L
NB—IEOTHHPIFCE 5, 72720, EAbOR
BB DIIIAHIR D T A L h DT V) Fisy P M
ETREESBRGTT 5 Z L DNETH D,

G

H e RMERT SR LRI C & 5 Acidithiobacillus caldus
ATCC51756 Z AMFFEfl K & LT, AREE Ol
BRETEVE S MIETRUEG pH 272 E 24, pH 25 L
b CHAREESR BIETENGRD BT, Z OHiEEERESR
1£50%LA EC, I CH pH 3.5 Tl 77% DR ERE R~
L77o RICHERREARR TGRS KT AN D84
T2 & A FNEIRIREZ ODee=10.0 &35 Z &
WZE D AR EREN ERT D Z RNz, &
OIZHMFRSREIEEICRIFET VA U HRCE END EE
RO DB OWNTINIZ & 24, MRiEEIREIE X

PRFRSR « AKHAR

T A HRDOFERNC L o> TS o T, FE
\ZH YA R OMRSRREET 72 & 2 A pH K
L72< T 91%DHMiHAFRZEDRD H LT,
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