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Total sulﬁte in wine was determlned by use of a mlcroblal sensor consustmg, .
- of a sulfur— ox1dlzmg autotrophic bactemum(Thwbacr.llus thiooxidans JCM17814)
and an oxygen eleetrode‘ Although this microbial sensor selectively detected
free sulfite, it could not directly apply to the determination of total sulfite, When
the microbial sensor method was applied for the determination of total sulfite,
bound sulfite had been previously decomposed into free form by treating with
alkaline or acid, By treating wme samples with 4 N KOH for 5 mm at room
temperature, the ‘microbial sensor could determine total sulf1te in wines with
similar accuracy to the modified Rankine method, The recoveries of total sulfite
were 95, 5% and 100% in white wine and red wine, respectlvely Good recoverles
were attained in the samie marnner by treatment w1th heating at 85°C for 10 min

under acid condltlon of 0.5 N H 804

Introduction

Sulfite is traditionally used as a preserva-

tive in’' wine 1ndustry to protect wine from

undesirable ox1dat10n and microbial spoilage.

Wnen sulfite is added to wine, it readlly binds
with aldehydes, ketones,
tannins, etc.

sugars, pigments,
to form bound sulfite. Such
bound sulfite is no more effective ‘as the
preservative.  Since free sulfite
decreases due to the binding " reactlons with
the substances in wine, periodic additions of
sulfite are required to mamta_m the reasonable
concentration of free sulfite during fermentat-
ion and storage. However, sulfite has harmful
effects on health if excessive sulfite’is accumu-

in wine

lated in wine. To prevent adversary effects of

sulfite onrhealth,:total s,uifite content in wine 3
should be regulated from the view point of

food: hygiene. Therefore, 'a simple and

- accurate method for total sulfite determination

has been requiring as well as free sulflte’
determination.

Some methods mcludmg the Rankine (1)

~and the Monier-Williams (2) have ‘been

recommended for the determination of sulflte
in wme 'These methods are complicated even
for skilled Workers and requ1re a large
amount of samples and a long permd of time
for analy51s Alternatlvely, there are a few ,
methods using enzyme such as sulfite ox1dase
isolated from chicken liver(3) or }a‘mlcroblalm
sensor consisting of whole cells of Thiobacillus
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thwoxzdans and an oxygen electrode(4 7).
~ The enzymatic method did not provide reliable
results because the presence of pigments or

ascorbic acid in sample interfered with an -
‘accurate quantitation of sulfite. In addition, -

‘the enzyme itéelf is unstable in such sample.
'The microbial sensor(4,7) is preferable for

determination of sulfite due to its specificity

to sulfite, stability of the cells, and rapid

‘measurement. The microbial sensor, however, -

- could not apply to total sulfite detéﬂrmination

in sample, or it was useful only for measurmg

free sulfite. :

In this study, we have mvestlgated pretre-
atment methods of wine samples for decomip-
osing bound sulfite into free form in order to

apply the microbial ‘sensor to total - sulfite

- determination.

‘Materials and Methods .
Reagents. - The following reagents were
prepared freshly before use. Standard free
sulfite solution: 406.5mg of sodium bisulfite

(NaHSO,;) was dissolved in distilled water.
The solution was then put into a 250ml volum-
etric flask and filled up to the mark with

distilled water. This solution contains 1000
wg/ml of sulfite as SO,.
properly diluted to prepare.lower concentrations
of sulfite.
240.8mg of glutaraldehyde sodium bisulfite
addition compound (Aldrich Chemical Co.
Inc. USA) was dissolved in distilled water
~and then filled up to 1000ml. This solution
contains 100 ¢ g/ml of sulfite as SO,. Glutara-
ldehyde sodium bisulfite addition compound
- was abbrev1ated to GANa SO,.

Alkaline treatment for decomposing bound

sulfite.

hydrox1de and potassium hydroxide were

‘used as alkaline solutions to decompose
bound sulfite. An,al_kahne solution. described
by Hamano et al. -
follows. (A) 5% ferrous sulfate solution: 5g of
FeSO,

g of sodium hydroxide and 25g of potassium

" Nakano Vinegar Co. Ltd.,
The solytion was -

Standard bound sulfite solution:

Various concentrations of sodium

(5) was also prepared as -

« TH,0 was dissolved in 0.0IN H,SO, and
filled up to 100 ml. (B) Alkaline extractant: 40-

sodium tartrate (Rocholle salt) were: dissolve

‘in distilled water and filled up to 1000ml. (C
Alkaline solution for treatment: 25ml of tt

solution. (A) was addéd to 50ml- of tk
extractant (B). Hereafter, this mixed alkalir
solution .(C) is referred to as the Hamano'

" solution.

Five milliliter of sample solution ws
mixed with 7.5ml of alkaline solution or tk
Hamano’s solution described ‘above, and th
mixture was left for various period: at roor

~ temperature for decomposing bound sulfite.

Acid treatment for decomposing bound sulfit
Bound sulfite was decomposed into fre

“form by heating under acid condition in th

same manner as described by Kawamura ¢
al. (6); Samples were heated at 85°C for 10mi
(holding time) under the acid condition of 0.
N H,S0, -and then cooled down to roor
temperature. :

Determination of total 'sulfite. . After decc
rriposing bound sulfite into free sulfite, th
free sulfite formed 'was determined by
microbial sensor (SO; METER  NA-S01
Japan). Th
microbial sensor consists of a sulfur—oxidizin
bacterlum Thiobacillus thicoxidans JCMT81.
and an oxygen electrode. Before samples wer
applied to the microbial sensor, the pH of th
samples was édjustod to below 2.0 by th
addition of H;SO,. Further details of this m!
robial sensor method were reported in the pr
vious papers. (6,7).. As a comparison, tot:
sulfite concentration of untreated sample wa
determined by the modified Rankine metho
(8). The recovery percent of total sulfite by th
microbial sensor method represented a relatis
value regardmg the value mesaured by th
modified Rankme method as 100%.

Sample. Wh1te wine and red wine wer
purchased from ‘market.

Results

. A|kalme treatment with the Hamano s alkalin

solution. Effect of treatments on recoverie



; . Determination of Total Sulfite Using . a Microbial Sensor 3

et

of total sulfite from GANa—-SO, and wine
samples by the microbial sensor are shown in
Table 1. All of the three samples were treated
with the Hamano’s alkaline solution. When
‘GANa—SOz sample was prepared in order to
okizin 100 u g/ml of sulfite concentratlon the
recoveries of 80.7% and 94.1% were obtained by
5 and 15 min of treatment, respectively. Even
when the samples were treated for 30 min, the
recoveries from the wine samples were lower
than 80%. These results indicate that the
Hamano’s alkaline solution was unsuitable to
decompose bound sulfite in wine samples by
the treatment less than 30 min. ‘

Yéble 1. Recoveries of total sulfite from standard
bourd sulfite and #ine samples treated with the
Hamano’s alkaline solution.

Table 2. Efféct of composition of alkaline solution on
recoveries of total sulfite from white wines.

Alkaline solution Found S0z Recovery
Cug/n1] [x]
Hamano’s alkaline . 70.7 -81.5
IN NaOH | - . 98.0 83.5
1IN KOH & . 101.8 88.4
4N NaOH 968.0 83.5
4N KOH N 109.8. 95.5
4X NaOH + Rochelle salt 104.5 90.9
4N KOH + Rochelle salt 93.7 81.5

. ‘% Total sulfite content in white wine estimated by

the modified Rankine method was 115 ag/ul.

salt to 4 N KOH gave a negative effect to the
recovery.

. Red wine was also treated with 4 N KOH
for 5 min at room temperature, and then total
sulfite was measured by the microbial sensor.
The recoveries of total sulfite from wine
samples were summarized in Table 3. The

Sample Treataent . Found $02 Recovery
' tize [ain] L /xl] [s1 measured values of total sulfite concentration
, 5 80.7 ©80.7 in wine samples by the two methods almost
GANa-502#! 15 94.1 94.1. )
30 94.1 94.1 agreed
5 49.8 . 89.8
White wine¢?. 15 50.8 71.2 Table 3. De\:ernlnatzon of total sulfite in wine
T30 ) 54.7 ' 76.7 treated with alkaline of 4N KOK.
. 1?: :;jg g;'g ‘Sample “Found S0. lgg/-ll Recovery
- Red wine® . . ine% - X
30 8.7 saug Rankine Sensor [%]1 '
*l Glutaraldehyde sodium bisulfite addition compound. Vhite.uine 115.0 108.8 85.5
Appiled sulfite content was 100 ug/al. Red wine : 69.0 69.3 100.4

¢l Total sulfite content estimated by the modified Rankine
mothodiWhite wine;71.3 u/ul, red wine;l39 wxg/ml.

Determination of total sulfite in wine treated
.with alkaline solution. To adopt the microbial
sensor method as an alternative to the modified
Rankine method, desirable treatment time
should be less than 5 min. We investigated the
composition of alkaline solution to improve
the recoveries of total sulfite from wine. Table
2 shows the recoveries of total sulfite from
white wine by the microbial sensor. All of the
treatments were conducted for 5 min at room
temperature. As can be seen in Table 2,
ajkaline solution of KOH was more effective to
recover total sulfite than NaOH. When 4 N
KOH was used in the treatment, the most
favorable recovery of 95.5% was obtained.
Addition of Rochelle salt to 4 N NaOH slightly
improved the recovery, but the addition of the

with heating under acid condition.

* The sample was analyzed by the modified Rankine '
method without alkaline treatment by 4N KOK.

Determination of total sulfite in wine treated
Total -
sulfite in wine samples were decomposed into
free form by acid treatment with heating(6),
and then determined by the microbial sensor.

" As shown in Table 4, the recoveries were 104.2
% and 94.3 % in white wine and red wine,

respectively. The acid treatment with heating,
as well as the alkaline treatment with 4 N

Table 4. Determination of total sulfite from wine treated
with heating at 85C under acid condition of 0.5N H2S04.

Sample Found S0z [w/wl] Recovery
Raskines Sensor [x1

White wine . 120.0 . 125.0 104.2

Red wine 173.2 163.3 %3

* Thevsanle vag analyzed by the modified Rankine sethod
without acid treatwent by 0.5N H2S04.
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"KOH  at room temperaturé allowed - the

-m1cr0b1al sensor to determine - total sulfite

w1th good recovery

Discussion :
It was found that either alkaline or. acid

treétmgent ‘was effective to decompose bound -

- sulfite in wine samples. Although the time

~ requiring for alkaline treatment was shorter

than acid treatment, the pH of the alkaline -
treated sample had to be adjusted to below 2.0
before the measurement by the microbial sen- «

sor.. The acid treatment did not need the pH

adJustment before measurement while heating
and ooohng operations were necessary. Empl-

oying any treatment way, total sulfite in wine
was detectable by the miicrobial sensor in

‘similar accuracy to the modified Rankine

method.
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