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Fruits, vegetables and derived pjroducts — Determination

of total sulphur dioxide content

1 Scope and field of application

This International Standard specifies a method for the deter-
mination of the total sulphur dioxide content of fruits,
vegetables and derived products, whatever the sulphur dioxide

content.

2 Principle

Acidification and heating of a test portion, then entrainment, in
a current of nitrogen, of the sulphur dioxide liberated. Absorp-
tion and oxidation of the sulphur dioxide by bubbling it through
a neutral, dilute hydrogen peroxide solution. Determination of
the sulphuric acid thus formed using standard volumetric
sodium hydroxide solution.

Verification of the determination by precipitation of barium
sulphate from the resulting solution, and, according to the
sulphur dioxide content

— weighing of the barium sulphate (annex A}; or

— nephelometric determination {(annex B).

3 Reagents
All reagents shall be of recognized analytical quality. The water

used shall be distilled water or water of at least equivalent
purity, recently boiled.

3.1 Nitrogen, oxygen free.

3.2 Hydrogen peroxide, 9,1 g/l solution, free fromsulphate
Ions.

3.3 Hydrochloric acid, 100 g/l solution.

Oilute 1 volume of concentrated hydrochloric acid,
220 = 1,13 g/ml, with 3 volumes of water.

1) This indicator has been chosen because it does not give rise to interference in nephelometric determinations.

2) Hitherto expressed as “°0,1 N standard volumetric solution”.
3} Hitherto expressed as *'0,01 N standard volurmetric solution®.

4) Hitherto expressed as 0,02 N standard volumetric solution’.

1

3.4 Indicator solution.,

Dissolve 100 mg of bromophenol bluel in 100 ml of
20 % (V/V) ethanol.

3.5 Sodium hydroxide, standard volumetric solution,
c{NaOH) = 0,1 mol/12}, free from sulphate ions: or

3.6] Sodium hydroxide, standard volumetric solution,
ciNaOH) = 0,01 mol/B), free from sulphate ions.

3.7, lodine, standard volumetric solution,
c(1/2 1) = 0,02 mol/14,

3.8 | Starch, 5 g/l solution containing 200 g of sodium
chloride {as preservative) per litre.

Maintain the solution at boiling point for 10 min during prepara-
.
tion.

3.9 . Potassium metabisulphite/EDTA solution.

Dissolve in a little water 1,20 g of potassium metabisulphite
(K25;05) and 0,20 g of the disodium salt of ethylenedinitrilo-
tetraacetic acid®, Transfer the solution quantitatively to a
1 000 ml one-mark volumetric flask, Make up to the mark with

water and mix.
I

I
3.10! Sucrose, 100 g/l solution.

|

4 Apparatus

Usual laboratory apparatus not otherwise specified, and in par-
ticular :

4.1 | Measuring cylinders.

4.2 | Pipettes.

i

5) This product is intended to protect the sulphite ion from oxidation by air by c::urnprexing the traces of copper ion.
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43 Semi-microburette, of capacity 10 ml.
4 4 Burette, of capacity 25 ml.

45 Blender.

4.6 Entrainment apparatus, such as that shown in the
figure!, or equivalent apparatus ensuring the displacement and
the entrainment of sulphur dioxide and its absorption in the
hydrogen peroxide solution.

4.6.1 Construction of the apparatus
A round-bottom flask, of capacity 250 ml or more.

B : reflux condenser, of high efficiency, capable of be-
ing fitted to the flask (Al

C: dropping funnel, capable of being adapted to the
' flask (A).- - - : - .
D: nitrogen inlet.

E and E’ :2 bubblers, in series, capable of being fitted to the

_ condenser (B).

F: disk, of sheet-iron or asbestos, diameter 150 mm,
having a central hole of diameter 40 mm. This disk IS
intended to prevent any pyrogenation, particularly of
the extractable matter in the product.

NOTE - Between tests, if the entrainment is sufficiently siow and gen-
tle, only the flask {A} need be cleaned. -

4.6.2 Check tests
The apparatus shall satisfy the following three check tests :

46.2.1 Introduce into the flask (A) 100 ml of water and 5 ml
of the hydrochloric acid solution (3.3}). Heat the flask under
reflux, while passing a current of nitrogen, for 1 h, with the
bubblers (E and E’ ) each containing 5 ml of water and 0,1 mi of
the indicator solution (3.4).

The contents of each bubbler shall remain neutral.

4622 Introduce into the flask (A} 20 m! of the sucrose solu-
fion: £3.10). Heat the fiask under reflux, while passing a current
of nitrogen, for 1 h.

The sucrose solution shall remain colourless, and there shall be
no deposition of caramel on the walls of the flask. (The test is
intended to check the intensity of heating.)

1} Apparatus of the Lieb and Zaccherl type.

4.6.2.3 Carry out the following two operations :

a) Bymeansofa pipette (4.2}, introduce into the flask {A)
20 mi of the potassium retabisulphite/EDTA solution (3.9)
and 5 ml of the hydrochloric acid solution (3.3). Carry out
the entrainment and determination of sulphur dioxide under
the same conditions as the determination proper, but
withﬂuf adding hydrochloric acid solution (i.e. as specified
in 5.3.1, 5.3.2, 5.3.5 and 5.4).
1

b} tntirc:duce into a 100 m! conical fiask, 20 ml of the
pmassibm metabisulphite/EDTA solution (3.9}, and add
5 mi of the hydrochloric acid solution (3.3) and 1 mi of the
starch émfutfan {3.8).

'I"ltrate,‘ using the burette {4.4) containing the iodine solu-
tion (S.i?) until the first appearance of a blue colour.
The sulphur dioxide content obtained in a) shall be within
+ 1 % of that obtained in b}.

. Prucedure]!'bl'shall not be carried out more than 15 min after

terminating procedure a), in order to avoid a possible change in
the sulphdr dioxide content of the metabisulphite solution.

4.7 Balance.
|

]
1

b Proéedure

5.1 Preparation of test sample

Remove $eeds and hard seed-cavity walls if necessary, and
blend the sample carefully.

Allow frozen or deep-frozen products to thaw in a closed

container, and add the liquid formed during this process to the
product before biending.

.2 Test portion

Weigh, to the nearest 0,01 g, 10 to 100 g of the test sample
(5.1), according to the expected sulphur dioxide content, so
that the test portion contains not more than 10 mg of sulphur
dioxide: transfer the test portion to the flask (A} of the entrain-
ment ap[:i&aratus (4.6},

:
f

|
5.3 Entrainment

5.3.1 Pllaf:e in each bubbler {E and E’) 3 mi2! of the hydrogen
pernxide; solution (3.2) and 0.1 ml of the indicator solution
(3.4), and neutralize the hydrogen peroxide solution with the
0.01 mol/l sodium hydroxide solution (3.6).

1
!

5

2} This quantity is theoretically sufficient to oxidize 51 mg of sulphur dioxide, but an excess is essential.
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5.3.2 Connect the dropping funnel (C}, the reflux condenser

(B) and the bubblers (E and E"} to the flask (A); pass a current
of nitrogen to drive out the air from the flask (A} and the whole

of the apparatus.

5.3.3 Place 100 m! of water and 5 mi of the hydrochloric acid
solution {3.3) in the dropping funnel {C).

5.3.4 Allow the dilute hydrochioric acid solution contained in
the dropping funne! {C} to run into the flask {A} (if necessary,
interrupting the nitrogen current momentarily).

5.3.5 Bring the contents of the flask slowly to the boil, and
maintain at the boiling point, allowing the nitrogen to circulate
regularly throughout to give one or two bubbles per second, for
about 30 min.

.4 Titration

Transfer the contents of the second bubbler (E’ ) to the first and
titrate the sulphuric acid formed with the 0,01 mot/! (3.6) or
0,1 mol/l {3.5) sodium hydroxide solution, according to the
expected sulphur dioxide content.

5.5 Verification

5.5.1 If the volume V of 0,01 mol/I sodiurm hydroxide solution
required exceeds 10 ml {or 1 mlin the case of 0,1 mol/l sodium
hydroxtde solution), carry out the gravimetric determination
specified in annex A.

5.5.2 If the volume V is less than 10 mi, carry out the
nephelometric determination specified in annex B.

If the volume V is less than 5 ml, only the nephelometric
method may be used. For a test portion of 100 g, this 5 ml limit
corresponds to a sulphur dioxide content of 16 mg/kg.

Above this limit, the acidimetric determination is sufficient.

5.6 Number of determinations

Carry out two determinations on the same test sample (5.1).

- ———r= = - - -—_—
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6 &pression of results

6.1 Method of calculation and formuia

The sulphur dioxide content, expressed in milligrams per

k:lngra{:m of product, is given by the formula!!

| V
0,32 x— x 103 = 320 x.'i
m m

where

m | is the mass, in grams, of the test portion (5.2}

V' 1is the volume, in millilitres, of the 0,01 mol/l sodium
hydrnxide solution {3.6) used for the titration {5.4}:

032 Is the mass, in milligrams, of suiphur dioxide cor-
responding to 1ml of 0,01 mol/l sodium hydroxide
solution. ‘
Take 535 the result the arithmetic mean of the two determinz-
tions (5 6}, provided that the requirement for repeatability {see
6.2) is satisfied.

|
6.2 Hepeatability
The dlf‘fEfEﬁCE between the results of two determinations, car-

ried nut simultaneously or in rapid succession by the same
analyst, shall not exceed + 5 % of the mean value.

7 Test report

The test report shall show the method used and the result ob-
tamed4 It shafl also mention any operating conditions not
spemf:ed in this International Standard, or regarded as op-
tional, as well as any circumstances that may have influenced
the result

The test report shall include all details required for complete

identification of the sample.
|

i
!
!
!

1} )f the 0,1 mol/l sodium hydroxide solution (3.5} is used, replace the coefficient 320 by 3 200,

|
|
J




Dimensions in millimetres
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NOTE — The internal diameters of the four concentric tubes which serve as the condenser are 45, 34, 27 and 10 mm, respectively. It is advantageous
to replace the two ground conical surfaces by spherical ones, |

|

Figure — Schematic diagram of an apparatus for entrainment

b — .




Annex A
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Grawmetric verification of the acidimetric determination
of the sulphate jon formed

A.1 Reagents

All reagents shall be of recognized analytical quality. The water
used shall be distilled water or water of at least equivalent
purity, recently boiled.

A.1.1 Barium chloride, 100 g/! solution.

A.1.2 Concentrated hydrochloric acid,
o = 1,18 g/ml.

A.1.3 Washing solution for the barium suiphate
precipitate.

Dissolve in water, in a 1000 ml one-mark volumetric flask,
26 mg of barium chloride dihydrate (BaCl,.2H,0}, add 1 ml of
the concentrated hydrochloric acid {A.1.2} and dilute to the
mark with water, -

A.2 Apparatus

Usual f[aboratory apparatus not otherwise specified, and in par-
ticular :

A.2.1 Conical flasks, of capacity 50 mi.
A.2.2 Volumetric pipettes, of appropriate capacities.
A.2.3 Ash-less filter paper.

A.2.4 OQven, capable of being controlled at 800 + 25 °C.
A.2.5 Incineration dishes.

A.2.6 Desiccator, contzaining an efficient desiccant {other
than sulphuric acid).

A.2.7 Analytical balance.

A.3 Procedure

A.3.1 After the titration {see 5.4}, transfer the contents of
the bubbler (E}, and the water used for washing, to a conical
flask (A.2.1); the total volume shall be approximately 25 ml.
Add 1 ml of the concentrated hydrochloric acid (A.1.2) and
bring to the boil. '

Add, drop by drop, 2 ml of the barium chloride solution
(A.1.1), stir, then allow to cool and stand for 12 h. Quan-
titatively collect the precipitate formed, on the filter paper
{A.2.3), previously moistened with boiling water. Wash the

precipitate once with 20 ml of tepid distilled water, then five
times with 20 ml portions of tepid washing solution {A.1.3).
Drain and dry.

Pleee the filter paper end precipitzt= in the incineration dish
{A.2.5), previously dried and tared to the nearest 1 mg, and in-
cinerate in the oven {A.2.4), controlled 3t 800 + 25 °C, for 2 h.
Remove from the oven. After coolirng In the desiccator {A.2.6),
we|gh the dish and its contents to the nearest 1 mg.

Determine by difference the mass of barium sulphate obtained.

A .32 Carry out gravimetric verifications of both the deter-
minations specified in 5.86. -

A.4 Expression of results
|

A.4.1 Method of calculation and formula

The }sulphur dioxide content, expressed in milligrams per
kilogram of product, is given by the formula

3,274 o) iy
L

x 103

where

m, is the mass, in milligrams, of barium sulphate ob-
tained (see A.2.6}; -

m  has the same meaning as in 6.1;

0,274 5 is the mass, in milligrams, of sulphur dioxide cor-
responding to 1 mg of barium suiphate.

Take as the result the arithmetic m=an of the two determina-
tions, provided that the requirement for repeatability {see
A.4.2) is satisfied.

|
i
i

A.4.2 Repeatability

The difference between the results of the two determinations,
carried out simultaneously or in raped succession by the same
analyst, shall not exceed + 5 % of their mean value.

I
L
'

A.5: Agreement of results
|

The result obtained shall not differ by more than 5 % from that
obtained using the acidimetric method.

g the case where the difference in results obtained by the
acidimetric method and the gravimetric method is greater than
5 %, only the result obtained by the gravimetric method shall

be reported.
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Annex B

|

Nephelometric verification of the a@:idimetric determination
of the sulphate ion formed

B.1 Reagents

B.1.1 Sulphuric acid, standard solution.
Place 31,2 ml of standard volumetric sulphuric acid solution,
¢(1/2 H,S0,4) = 0,1 mol/I11), ina 1 000 ml one-mark volumetric
flask, and make up to the mark with water.

1 ml of this solution corresponds to 0,1 mg of S0.

B.1.2 Polyvinyl pyrolidone, 50 g/! solution, free from

sulphate ions (mean relative molecular mass 85 000).

B.1.3 Barnum chloride and polyvinyl pyrolidone, mixed
solution.

Mix B0 ml of 100 g/! barium chloride solution with 20 ml of the
polyvinyl pyrolidone solution {(B.1.2).

B.1.4 Hydrochloric acid solution {see 3.3).

B.1.5 Indicator solution {see 3.4).

B.2 Apparatus

B.2.1 One-mark volumetric flasks, of capacity 50 ml,
complying with the requirements of ISO 1042.

B.2.2 Pipettes, or burettes, to deliver 2 - 4 — 8 — 12 —

16 and 256 ml.

B.2.3 Spectrophotameter, suitable for measurements at a
wavelength of 650 nm.

B.3 Procedure

B.3.1 Preparation of the calibration curve

Into a series of six 50 ml one-mark volumetric flasks {B.2.1),
place0 — 2 — 4 — 8 — 12 and 16 m! of the standard sulphuric
acid solution {B.1.1), 20 ml of water, 0,1 ml of the indicator
solution {B.1.5), 1 ml of the hydrochloric acid solution (B.1.4)
and 5 ml of the mixed solution {B.1.3). Make up to the mark
with water and mix.

1} Hitherto expressed as ’0,1 N standard volumetric solution”.

The solutions obtained correspond respectively to 0 — 0,2 —
0,4 — ID,B — 1,2 and 1,6 mg of sulphur dioxide.

|
After 15 to 20 min of having added the mixed solution (B.1.3),
measure the absorbance of each solution at 650 nm using the
spectrophotometer (B.2.3).

| .
Plot the calibration curve of absorbance as a function of the
sulphur dioxide content, in milligrams per litre.

" B.3.2° Determination

B.3.2.1 Case where the volume V of 0,01 mol/I sodium
hydroxide solution is less than 5 ml

After the titration {see 5.4), transfer the contents of the bubbler
{E), and the water used for washing, to a 50 m! one-mark’
volumetric flask {B.2.1). Add 1 ml of the hydrochloric acid sol-
ution (B.1.4) and 5 ml of the mixed solution (B.1.3). Make up
to the mark with water and mix.

After the titration (see 5.4), transfer the contents of the bubbler
(El, and the water used for washing, to a 50 ml one-mark .
volumetric flask (B.2.1). Make up to the mark with water and
mix, :

B.3.2.2 Case where the volume V of 0,01 mol/l sodium
hydroxide solution is between 5 and 10 m!

After the titration (see 5.4), transfer the contents of the bubbler
(E), and the water used for washing, to a 50 m! one-mark
volumetric flask {B.2.1}. Make up to the mark with water and
mix.

Transfer 25 ml of this solution to another 50 ml one-mark
volumetric flask (B.2.1). Add 1 m!l of the hydrochicric acid sol-
ution {B.1.4} and 5 ml of the mixed solution {B.1.3). Make up
to the mark with water and mix.

After 15 to 20 min of having added the mixed solution (B.1.3},
measure the absorbance of the solution at 650 nm using the
spectrophotometer (B.2.3).

B.3.3 | Number of determinations

Carry out nephelometric verifications of both the determina-
tions specified in 5.6.

;
]
i
I
1

Al A e -




B.4 Expression of results

R.4.1 If verification was carried out in accordance
with B.3.2.1. the sulphur dioxide content, expressed in
mitligrams per kilogram of product, is given by the formula

1 000
m

c X

where

¢ is the sulphur dioxide concentration, in milligrams per
litre, read from the calibration curve (B.3.1} and
corresponding to the absorbance measured in B.3.2.1;

m has the same meaning as in 6.1.

B.4.2 |§ verification was carried out in accordance
with B.3.2.2,- the sulphur dioxide content, expressed in

milligrams per kilogram of product, is given by the formula

1 000
m

c X X 2

1SO 5522-1981 (E)
)
|
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i ¢ has the same meaning as in B.4.1, and corresponds to
. the absorbance measured in B.3.2.2;

~m  has the same meaning as in 6.1.

874.3 Take as the result the arithmetic mean of the two
determinations, provided that the requirement for repeatability
{see B.2) is satisfied.

j

.

1, |
B.5 Agreement of results

The resuit obtained shall not differ by more than 5 % from that
obtained using the acidimetric method.

In1 the case where the difference in results obtained by the .
ar:éidimetﬁc method and the nephelometric method is greater
than 5 %, only the result of the nephelometric method shall be
reported.
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