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This study comparatively analyzed the free and total sulphite in thirty wine samples
divided into alcoholic wines, non-alcoholic wines, and fruit juice wines using three
analytical techniques, namely, the titrimetric method, the spectrophotometric
technique, and the chromatographic technique (HPLC). All the wine samples using
the three different analytical techniques were below the permissible limit of sulphite
in wine samples as stated by regulatory bodies. Analyzing the free sulphite
concentration in the wine samples gotten from the spectrophotometric analysis, it
can be seen that alcoholic wine had the least free sulphite concentration (11.11-
14.65 mg/10 ml). The total sulphite concentration was also found to be lowest in
the alcoholic wine samples (24.49-33.62 mg/10 ml for the Spectrophotometric

gﬁmzig;}aphy method; 31.21-39.26 mg/10 ml for the HPLC method; and 31-38.71 mg/10 ml for
Food analysis the titrimetric method). It was observed that fruit juice wines contain the highest
Spectrophotometry concentration of sulphite (both free and total sulphite), followed by non-alcoholic
?‘ijt'r?::::ric wines, and then alcoholic wines. Statistical data analysis of the experimental results

obtained for the study showed that the titrimetric technique had the highest
accuracy for the determination of total sulphite in the three groups of samples, the
spectrophotometric technique had the highest accuracy for the determination of free
sulphite in alcoholic and non-alcoholic wines, and HPLC had the highest accuracy
for the determination of free sulphite in fruit juice wines.

1. Introduction

Food is one of the most important basic needs for
human sustenance [1, 2]. Its adulteration in all its forms
has been an existent practice for as long as the
manufacturing and processing of food has been [3]. Food
adulteration is an act/process whereby food is
intentionally and/or unintentionally debased through the
removal of vital nutrients (wholly or partly) from the food
and the substitution or addition of extraneous substances
(adulterants) to the food, rendering it unsafe for
consumption [4-7]. Wine is an alcoholic drink made
from fermented grapes. Wines not made from grapes
include rice wine and other fruit wines such as plum,
cherry, pomegranate, currant and elderberry [8].
Sulphites or sulphating agents are terms used to describe
sulphur-based compounds that are commonly used in a
number of foods and beverages for several purposes [9].
Sulphites are the most regularly employed preservative in

winemaking and are widely utilized as food additives.
This is because they inhibit the growth of both enzymatic
and non-enzymatic browning in a variety of processed
and stored foods [10, 11]. Sulphites also improve the
aroma and flavour profile of wine by binding with by-
products of fermentation that are responsible for off-
flavours, such as acetaldehyde [12-14].

However, dietary sulphite has been linked to a number of
health problems, including difficulty in breathing and
wheezing, particularly in asthmatics and sulphite-
sensitive people [15]. Sulphites can also cause
gastrointestinal problems [9, 16]. Hence, sulphites are
potentially toxic to human health and need to be properly
controlled and regulated in foods and beverages [17].
According to the European Union (EU) regulation, the
maximum allowable total sulphite concentrations in wine
are as follows: 250-400 mgL* for wines containing more
than 5 gL* sugar, 200 mgL* for white and rose wines,
and 150 mgL* for red wine [12, 18]. The acceptable daily
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intake of sulphite (expressed as SO equivalent)
according to the World Health Organization (WHO) is
0.7 mgkg™ body weight [19, 20]. The health impacts of
sulphites have prompted beverage producers in the EU
and America to include the warning “contains sulphites”
on beverage labels whenever a concentration of 10 mgL-
Lis exceeded [21-23].

Sulphite is present in wine in two forms: free and bound
sulphites, existing in a reversible equilibrium between
each other [22]. Free sulphites are those that are not bound
to any wine component. They include sulphur dioxide
(SOy), bisulphite (HSOs"), and sulphite (SOs*), occurring
according to pH. Since the pH of wine is often in the
range of 3.2-4.0, the most frequently free sulphite found
in wine is the bisulphite [12]. Bisulphite is known to bind
exothermally and reversibly to several compounds in
wine [24, 25]. This is one of the reasons sulphites are
added to wine to bind with strong-flavored compounds,
like aldehydes, disabling their fragrance [25]. On the
other hand, the bound form of sulphite are
hydroxysulfonate adducts that bind with compounds of
wine such as ketones, aldehydes, sugars, and tannins,
among others [26, 27]. The summation of free and bound
sulphites is called total sulphite.

Sulphites are usually difficult to detect in a sample
because of the uneven distribution of food samples and
the instability of sulphite in aqueous media, being easily
oxidized to sulphate [28]. Nevertheless, the Optimized
Monier-Williams method, which involves hydrolysis of
the wvarious sulphite complexes and sometimes
distillation, has been widely used in the detection of
sulphites, and is recommended by the Association of
Official Analytical Chemists (AOAC) [13, 29]. This
method, however, is time-consuming and tedious,
requires several pre-treatment and reagent preparation
processes, and cannot be used for fast and high-
throughput analysis [23]. Several other analytical
techniques have since been used in the determination of
sulphating species in food and beverage samples,

including  spectrophotometric  methods [11, 30],
electrochemical methods [29, 31], molecular emission
spectrometry  [32], high  performance liquid
chromatography [3, 33, 34], ion-exchange

chromatography [35-38], chemiluminescene [39], and
flow injection analysis technique [9, 40]. However,
almost all the methods have shown some disadvantages,
including high cost, long processing time, poor
environmental stability, and unreliability at levels below
10 mgkg™* [41]. Therefore, it is important to have a more
convenient and reliable method for the determination of
sulphites in foodstuffs.

Spectrophotometric methods have been reported as the
most common and effective method nowadays [28]. High
performance liquid chromatography (HPLC) is also
another common method for sulphite detection. Using the
HPLC method, Ni, Tang, Liu, Shen and Mo [42]
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investigated the sulphite in food samples and found that
the results were very similar to those of the optimized
Monier-Williams method, a typical example of a
titrimetric method. The aim of the present study was to
determine the presence of sulphites in thirty different
wine samples (alcoholic wines, non-alcoholic wines, and
fruit juice wines) using three different analytical
techniques: high-performance liquid chromatography,
spectrophotometry, and titrimetric methods. Statistical
data analysis was also used to evaluate their performance
in order to ascertain the best method applicable for
analysing sulphites in wine samples.

2. Results and Discussion
2.1. Materials

Spectrophotometric measurements were performed
with a double-beam ultraviolet-visible spectrophotometer
(Uniscope, SM7504). Chromatographic analyses were
carried out with high performance liquid chromatography
(Shimadzu, SPD-20AV). Titrimetric analyses were
performed using the Optimized Monier-Williams
method. The following reagents were used in the study:
sodium sulphite BP (98.48% wi/w), isopropyl alcohol,
sodium acetate, acetic acid, hydrochloric acid, 2,2-
dithiobis(5-nitropyridine), sodium hydroxide, hydrogen
peroxide, phosphoric acid, methyl red, methylene blue,
D-mannitol, methanesulfonic acid, and sodium
phosphate. All the reagents were of analytical grade and
were used as received without any further purification.
Distilled water was used throughout the study.

2.2. Sample collection

Ten (10) alcoholic wines, 10 non-alcoholic wines, and 10
fruit wines of various brands (both red and white wines)
were used, purchased from a local store in Awka, the
capital city of Anambra state, in south-east Nigeria. The
wines were labelled A, B, and C for alcoholic, non-
alcoholic, and fruit wines, respectively.

2.3. Sample preparation and analysis
2.3.1. Spectrophotometric analysis

Preparation of sample was needed for the determination
of both total and free sulphite. For this purpose, 1.82 g of
D-mannitol and 1.92 g of methanesulfonic acid were
dissolved in a 1 L volumetric flask and made up to
volume with distilled water. 10 ml of the sample was then
measured into a 100-ml flask, 50 ml of wine sample was
added, and the flask was properly shaken. The
absorbance was taken at 525 nm using the UV
spectrophotometer.

2.3.2. HPLC analysis
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8ml of distilled water, 0.5 ml of 0.02 M of acetic acid-
sodium acetate buffer, 1.0 ml of the prepared sample
solution, and 0.5 ml of 5 M of DTNP solution
(dissolved in acetonitrile) were added into 20 ml test
tube and mixed thoroughly for 30 seconds. The
mixture was filtered through a 0.22 um membrane for
High Performance Liquid Chromatography (HPLC)
analysis.

2.3.3. Titrimetric analysis (modified Monier-Williams
method)

For free sulphite determination, 3 drops of methylene
blue indicator were added to 10 ml of 1% v/v hydrogen
peroxide and connected to the collection end of the
distillation apparatus. In a round-bottom flask, 10 ml of
25% v/v phosphoric acid was measured into 10 ml of
wine sample. The vacuum pressure pump was put on to
aspirate the sample for 15 min. The collection flask was
then removed and titrated against a 0.1 M NaOH solution
till the colour returned to green.

For bound sulphite determination, 10 ml of 1% v/v
hydrogen peroxide and 3 drops of methylene blue
indicator were added to the same sample in a round
bottom flask. The flask was placed on a heating mantle,
connected to the collection end of the distillation
apparatus, and heated for 15 min. The collection flask
was then removed and the solution titrated against a 0.1
M NaOH solution till the colour returned to green. In all
cases, summation of free sulphite and bound sulphite
gave the total sulphite.

2.4. Statistical analysis

The results obtained were analyzed using the GENSAT
analytical package (2012 version). Data collected was
subjected to analysis of variance (ANOVA) for both free
sulphites and total sulphites. In addition, the mean and
standard deviation of the three categories of wine samples
for each analytical technique was determined and
compared.

3. Results and Discussion

Thirty samples of different brands of wine were analyzed
for their sulphite content using the three different
analytical methods (titrimetric, spectrophotometric, and
chromatographic methods). The result obtained is
presented in Table 1 and Figs. 1-3. From table 1, it was
observed that all the wine samples were below the
maximum allowable total sulphite concentrations in wine
samples as stated by the European Union and by Codex
Alimentarius [8, 43].

Analyzing the free sulphite concentration in the wine
samples gotten from the spectrophotometric analysis, it
can be seen that alcoholic wine had the least free sulphite
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concentration (11.11-14.65 mg/10 ml). This was closely
followed by non-alcoholic wine with sulphite
concentration in the range of 16.16-19.7 mg/ml. Fruit
juice wine was found to have the highest level of free
sulphite concentration (16.92-23.74 mg/10 ml). A critical
look at results gotten from the HPLC method of analysis
showed a similar free sulphite concentration trend, with
alcoholic wine having the least sulphite concentration in
the range of 13.95 — 18 mg/10 ml, followed by non-
alcoholic wine (21 — 45.71 mg/10ml), and fruit juice
(20.92 — 29.11 mg/10ml). The titrimetric method of
analysis also gave a similar trend as the
spectrophotometric and HPLC methods. During
fermentation and storage, free sulphite is vulnerable to
oxidation by radical oxygenated species, and their
existence delays the oxidative degradation of other wine
constituents [43]. The result obtained in this study is
lower than the result obtained by Arce, Baez, Muena,
Aguirre and Romero [44] for free sulphite in red wine
(20.4 £+ 3.1 mg/l). In addition, Lowinsohn and Bertotti
[10] engaged a coulometric titration technique to obtain
free sulphite concentration in three different wine
samples ranging from 24.96 mg/L to 55.04 mg/L.
Comparing the concentration of free sulphite for the wine
samples, one-way ANOVA analysis was carried out on
the data, and the result is presented in Table 2. From Table
2, it can be observed that the ANOVA analysis gave a P-
value < 0.05, indicating that there is a significant
difference in free sulphite concentration for the three
methods of analysis engaged.

The total sulphite concentration was also found to be
lowest in the alcoholic wine samples (24.49-33.62
mg/10ml for the Spectrophotometric method, 31.21—
39.26 mg/10 ml for the HPLC method, and 31-38.71
mg/10ml for the titrimetric method). This was followed
by the non-alcoholic wine (35.96-39.39 mg/10ml for the
spectrometric method, 43.92-46 mg/10ml for the HPLC
method, and 43.6-45.72 mg/10ml for the titrimetric
method). Fruit juice had the highest sulphite
concentration (10.21-46.81 for the spectrophotometric
method; 47.2-50.42 mg/10ml for the HPLC method; and
47.2-49.7 mg/10ml for the titrimetric method). All three
methods of analysis produced similar trends in results.
Lowinsohn and Bertotti [10], using the Monier-Williams
titrmetric method analyzed three different wine samples
for their total sulphite concentration.The result obtained
were within the range of 80.64 mg/1 to 206.72 mg/1 [10].
A lower result for total sulphite of red wine (60.3 mg/1)
was obtained by Arce, Baez, Muena, Aguirre and Romero
[44]. However, these results were higher than that
obtained in this study. An ANOVA analysis was carried
out on the total sulphite concentration results of the three
methods of analysis and the results are presented in Table
3. From the analysis, a P < 0.05 was obtained, signifying
that there is an equally significant difference among the
three methods of analysis.
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To estimate the extent of accuracy for all three methods,
the standard deviations (STDv) for all methods and
sample results were determined.

The results of the standard deviation for the free and total
sulphite concentration in the alcoholic samples are
presented in Table 4.

Table 1. Result of sulphite determination in the thirty wine samples

Spectrophotometric HPLC Method Titrimetric Method
Method
S/N  Wine Samples  Free Total Free Total Free Total
sulphite sulphite sulphite sulphite sulphite sulphite
(mg/10ml) (mg/10ml) (mg/10ml) (mg/10ml) (mg/10ml) (mg/10ml)
1. Al 14.65 33.62 16.13 38.29 15.97 38.11
2. A2 12.63 24.47 14.19 32.20 13.87 33.00
3. A3 13.64 28.30 15.31 35.19 15.76 35.7
4. A4 12.88 29.79 14.28 33.14 13.91 34.00
5. A5 13.38 25.32 17.25 39.17 16.69 38.71
6. A6 12.37 24.26 14.57 34.72 15.01 35.71
7. A7 13.64 26.11 18.00 39.26 17.84 38.71
8 A8 12.63 25.53 15.00 35.10 14.97 34.57
9 A9 11.11 25.32 13.95 31.21 14.00 31.00
10  AlO 11.87 24.89 14.00 30.97 13.71 31.00
11 Bl 17.68 37.02 21.70 44.03 22.10 43.72
12 B2 18.69 38.72 22.90 45.10 23.09 4491
13 B3 17.17 36.17 20.97 43.92 21.00 44.09
14 B4 17.02 39.39 21.24 45.71 20.79 46.00
15 BS 16.16 35.96 20.00 43.77 20.07 43.56
16 B6 19.70 38.72 24.12 44.99 24.00 45.12
17  B7 16.16 37.02 25.17 45.22 24.90 45.00
18 B8 19.19 39.15 22.10 46.00 22.18 45.72
19 B9 17.68 39.36 21.00 44.01 20.71 43.60
20 BI10 17.17 37.45 20.92 43.98 21.00 44.29
21 Cl1 20.45 41.92 26.79 48.23 27.19 49.00
22 C2 23.74 46.81 29.11 50.42 29.00 49.70
23 C3 20.71 42.34 25.92 47.99 26.00 48.00
24 C4 19.19 40.21 25.78 47.77 25.92 48.20
25 G5 20.20 42.12 25.69 48.11 25.71 47.70
26  C6 17.93 41.70 25.29 47.20 24.69 47.00
27 C7 17.43 41.28 26.10 48.21 24.72 48.00
28 C8 20.46 42.34 26.11 49.97 25.64 50.23
29 C9 16.92 40.85 24.98 47.92 25.19 48.29
30 Cl10 17.68 41.92 26.20 48.19 26.00 47.62
From the result, the spectrophotometric method of For  non-alcoholic =~ wines  (Table 5), the

analysis for free sulphite concentration returned the least
deviation from the mean, while the titrimetric method
returned the least deviation for total sulphite
concentration. It can therefore be inferred that to measure
free sulphite concentration in alcoholic wines, the
spectrophotometric method of analysis is likely to give
the most accurate results, while to measure the total
sulphite concentration of alcoholic wines, the titrimetric
method gives the most accurate results.
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spectrophotometric method equally gave the least
dispersed result for free sulphite concentration, and hence
can be said to be the most accurate method of the three.
The HPLC method seems to be the most accurate of the
three for total sulphite concentration in non-alcoholic
wines. From the results, the titrimetric method also shows
great accuracy for measuring total sulphite concentration
in non-alcoholic wines.
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For fruit juice wine (Table 6), the HPLC method is the
most accurate method for measuring free sulphite
concentration, while the titrimetric method shows greater

accuracy in measuring total sulphite concentration. The
HPLC method also shows great accuracy in determining
the total sulphite concentration in fruit juice.
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Figure 1: A plot showing the concentration of sulphite using Titrimetric Method.
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Figure 2: A plot showing the concentration of sulphite using HPLC Method.
Table 2. ANOVA analysis on free sulphite concentration
Source of Variation SS df MS F P-value F crit.
Between Groups 393.6671 2 196.8336 10.65022  0.000072 3.101296
Within Groups 1607.903 87 18.48164
Total 2001.57 89
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Figure 3: A plot showing the concentration of sulphite using the Spectrophotometric Method.
Table 1. ANOVA analysis of the total sulphite concentration
Source of Variation SS df MS F P-value F crit
Between Groups 913.8271 2 456.9135 10.7972 0.000065 3.101296
Within Groups 3681.648 87 42.31779
Total 4595.475 89

Table 2. Mean and standard deviation for data on alcoholic wine samples

Spectrophotometric HPLC Method Titrimetric method
method
Free sulphite Total Free sulphite Total sulphite  Free sulphite Total sulphite
sulphite
MEAN 12.88 26.761 15.268 34.925 15.173 35.051
STDv 1.004224 2.975561 1.421234 3.132863 1.38528 2.893542

Table 3. Mean and standard deviation for data on non-alcoholic wine samples

Spectrophotometric method HPLC Method Titrimetric method
Free sulphite Total sulphite  Free sulphite Total Free Total
sulphite sulphite sulphite
MEAN 17.662 37.896 22.012 44.673 21.984 44.601
STDv 1.19972 1.323574 1.607509 0.825564 1.580824 0.878957

Table 6. Mean and standard deviation for data on fruit juice wine samples.

Spectrophotometric method HPLC Method Titrimetric method
Free sulphite  Total sulphite  Free sulphite Total Free sulphite Total
sulphite sulphite
MEAN 19.471 42.149 26.197 48.401 26.006 48.374
STDv 2.069946 1.773493 1.138499 0.998548 1.275689 0.990098
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4, Conclusion

The analysis of free and total sulphite in thirty wine
samples using three analytical techniques, namely,
titrimetric method, spectrophotometric technique, and
chromatographic technique (HPLC), were performed in
this study. Three different types of wines were used for
this study: alcoholic wines, non-alcoholic wines, and fruit
juice wines. All the wine samples using the three different
analytical techniques were below the permissible limit of
sulphite in wine samples as stated by regulatory bodies.
It was observed that fruit juice wines contain a higher
concentration of sulphite (both free and total sulphite),
followed by non-alcoholic wines, and then alcoholic
wines. Statistical data analysis of the experimental results
obtained for the study showed that the titrimetric
technique had the highest accuracy for the determination
of total sulphite in the three groups of samples, the
spectrophotometric technique had the highest accuracy
for the determination of free sulphite in alcoholic and
non-alcoholic wines, and HPLC had the highest accuracy
for the determination of free sulphite in fruit juice wines.
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