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The analytical method based on a ligand-exchange reaction is proposed for the 
determination of salicylic acid (SA) in wines. The reaction was followed spec-
trophotometrically by monitoring the rate of appearance of the manganese(II)-
salicylate complex in alkaline medium at 370 nm. The initial-rate method is 
adopted for constructing the calibration curve, which was found to be linear 
over the concentration range of 0.69-4.14 µg mL-1. The optimized conditions 
yielded a theoretical detection limit of 0.11 µg mL-1 based on the 3-3S0 crite-
rion and quantification limit of 0.33 µg mL-1 based on the 10S0 criterion. The 
results obtained by the proposed method were compared with those obtained 
by HPLC using UV-DAD detection and showed a good agreement. 
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Introduction 

The analysis of wine additives is of considerable co-
mmercial importance. Among different additives, antise-
ptics and antioxidants are commonly used in the wine 
treatment, and their addition is regulated. Salicylic acid 
is a powerful antioxidant that helps in lowering choleste-
rol and prevents blood clots in clogged arteries. In large 
quantities it is a toxic, but in lower quantities it is used as 
a food preservative and antiseptic.

For some people with salicylate sensitivity, chronic urti-
caria patients may react adversely to some food additives 
[1] and even these small doses can be harmful [2,3]. Be-
cause of this, it is important to develop a better unde-
rstanding of the role of this substance and the adequate 
levels of intake for good health. Also, developing a sensi-
tive and rapid analytical method for the determination of 
SA is a key aspect of analytical chemistry. 

The large number of batch and automated published 
methods for the determination of SA is indicative of the 
great interest in the determination of this compound, but 
also of the problem encountered with its determination 
with respect to simplicity, selectivity, sensitivity, rapidity, 
etc. The development of a simple, rapid to be performed, 
reliable, selective method for the determination of SA, 
as an alternative to chromatographic techniques, would 
be highly advantageous. The analysis of free phenolic 
acids in wines has been extensively studied by liquid 
chromatographic methods [4-16]. Diode array detection 
has been extensively used for the development of liquid 
chromatography methods [5,8,9,10,12,14,15], whereas 

fluorimetric [6,11] and mass spectrometry [4,16] de-
tection system has been used to a lesser extent. Most 
fluorimetric methods proposed have lower detection li-
mits than photometric methods, but these methods have 
not been widely used in practice because the species 
that can be detected are limited [6,11]. Also, some HPLC 
methods for SA determination using postcolumn deri-
vatization reaction with teribium(III) [6]. LC-MS is a very 
expensive technique not widely used in routine laborato-
ries in the wine industry. Spectrophotometry is the tech-
nique of choice even today due to its inherent simplicity. 
It is frequently used in the laboratories of the developing 
countries to overcome a variety of analytical problems.

 Experimental

Apparatus
The reaction rate was monitored spectrophotometri-

cally. The absorbance of the solution was measured at 
the wavelength of 370 nm. The readings were performed 
on a Perkin-Elmer Lambda 15 UV/Vis spectrophotometer 
connected to a thermostatic bath (20.00-60.00±0.02 ºC). 
A model 1200 Agilent Technologies was used for HPLC 
analysis. A J. T. Baker model SPE-12 with the vacuum 
pump was used for the solid phase extraction. The so-
lutions were thermostated at 22.00±0.02 ºC before the 
beginning of the reaction.

Reagents
Acetonitrile (LC gradient grade) was used from J.T. 
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Baker and o-phosphoric acid 85 % (analytical reagent 
grade) was from Merck® (KGaA, Darmstadt, Germany) 
respectively. The 1.0×10-3 mol L-1 stock solution of sali-
cylic acid (Merck®) was prepared in ethanol (95 %, V/V). 
The salicylic acid solution was stored at 4 ºC. The 1.0 mol 
L-1 sodium hydroxide solution (Merck®) was prepared in 
deionised water. The 1.0×10-3 mol L-1 1-nitroso-2-naph-
thol solution (Merck®) was prepared by dissolving a 
known amount in ethanol (95 %, V/V). The manganese(II) 
solution (1.8×10-3 mol L-1) was prepared by dissolving 
MnCl2×6H2O (Merck®) in water. The ionic strength of the 
reaction mixture was kept constant at 0.1 by adding the 
appropriate amount of NaCl solution (1.0 mol L-1). Analytical 
grade chemicals and deionised water with 0.05 μS cm-1 
conductivity (MicroMed high purity water system, TKA 
Wasseraufbereitungssysteme GmbH) were used for the 
preparation of all solutions. 

Wines
Six white (vintage 2007) and six red (vintage 2007) 

commercial wines produced in Serbia (Table 1) in 200 
mL bottles were opened and analyzed within 24 h. In the 
case that samples required storage, they were kept at 4 

°C in a refrigerator.
All analyzed wines were from the West Morava 

vineyard area. The wines were obtained from the most 
widespread white grape cultivars (Smederevka, Riesling, 
Chardonnay and Sauvignon Blanc) and red cultivars (Ca-
bernet Sauvignon, Vranac, Kratošija, Merlot and Game).

Table 1. Wines and grape varieties of the analyzed wines

                  aW1-W6, white wines; W7-W12, red wines

Kinetic-spectrophotometric procedure
The reaction was carried out in the following way. In a 

special four-compartment vessel, the solution of 1-nitro-
so-2-naphthol was placed in the first, salicylic acid and 
sodium hydroxide in the second, manganese(II) in the 
third, and electrolyte for the ionic strength and ethanol 
(95 %, V/V) (total volume 10 mL) in the fourth compart-
ment. The vessel was thermostated at 22.00±0.02 ºC. The 
content was mixed well and then immediately transferred 
to the spectrophotometric cell. The change in absorbance 
was recorded at 370 nm as a function of time every 30 s 
for the first 5 min of the reaction. The rate of the reac-

tion at different concentrations of each of the reactants 
was obtained by measuring the slope of the linear part 
of the kinetic curves to the absorbance-time. The calibra-
tion graph was constructed by plotting the slope of the 
linear part of the kinetic curve, slope=dA/dt, the versus 
concentration of SA (cSA, μg mL-1).

Chromatographic conditions
Salicylic acid was detected and quantified on a 250 

x 4.6 mm Eclipse XDB-C18 (5μm) analytical column ope-
rating at room temperature. The mobile phase was a mix 
of phosphoric acid-acetonitrile-water, 2:400:600 (by vol). 
The eluate was monitored at 237 nm. The injection of 
the samples (10 μL) was performed by using an autosa-
mpler. The flow rate was 1 mL min-1. 

Analysis of white wine samples 
White wine samples were diluted (1+1) with deio-

nized water and directly injected into the chromatograph-
ic system. For kinetic application, white wine samples 
were also directly analyzed following the procedure for 
the kinetic measurements.

Analysis of red wine samples 
When the both methods were applied to the red wine 

samples, a solid-phase extraction was necessary to re-
move the coloured compounds and decrease the inter-
ference of the matrix. The sample preparation scheme is 
given in Table 2.

Table 2. Set up parameters for red wine samples preparation

Results and discussion

Mechanism of the reaction
SA shows the complexing ability with Mn(II) 

[17]. The complex agrees with the empiric formula 
Mn2(HSal)4(H2O)4. Manganese(II) salicylate complex 
is more stable than that formed with R(NO)OH. The 
reaction moves to the right (ligand-exchange reaction) 
and SA was determined by monitoring the rate of appe-
arance of the manganese(II)-1-nitroso-2-naphthol com-
plex at 370 nm.
2Mn[R(NO)O]2•2H2O + 4SA → [Mn2(HSal)4(H2O)4] + 
4R(NO)OH

Optimization of chemical variables
In order to achieve the best sensitivity, the working 

conditions needed to be optimized. 
The effect of the concentration of sodium hydroxide 

was studied in the range of 0.02-0.10 mol L-1. The rea-
ction rate was increased with increasing the concentra-
tion of NaOH up to 0.06 mol L-1; beyond this concentra-
tion, the rate of the reaction was decreased. For further 
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work the concentration of 0.06 mol L-1 was used. 
The dependence of the reaction rate on the conce-

ntration of 1-nitroso-2-naphthol was studied in the range 
of 0.1-1.0×10-5 mol L-1. The reaction rate increased with 
increasing the 1-nitroso-2-naphthol concentration from 
0.1-0.6×10-5 mol L-1 and became constant at 0.6×10-5 
mol L-1. Thus, the concentration of 0.8×10-5 mol L-1 was 
chosen as the optimum concentration.

The influence of the concentration of Mn(II) on the rate 
of the reaction was examined in the range of  0.5-3.6×10-5 
mol L-1. The reaction rate increased with increasing the 
concentration of Mn(II) from 0.5-1.8×10-5 mol L-1 and 
became constant at 1.8×10-5 mol L-1. Thus the concen-
tration of 2.3×10-5 mol L-1 in the final solution was used 
throughout the experiment.

The effect of the temperature on the reaction rate 
was studied in the range of 18-28 °C. The rate for dif-
ferent concentrations of SA at each temperature was 
calculated and utilized for plotting the calibration curve. 
At the temperature > 22 °C, the linear dynamic range of 
the determination decreased. It was found that the calibration 
graph obtained at 22 °C possessed good linearity (r = 0.9989) 
and it is recommended that the determination can be carried 
out at 22 °C.

Validation of the proposed method
The least squares' equation [18] ( y=bx+a, where b 

and a are its slope and intercept, respectively) for the 
calibration graph and the correlation coefficient (r) for the de-
termination of salicylic acid in the interval 0.69 to 4.14 µg mL-1 
under the optimal reaction conditions (cR(NO)OH = 0.8×10-5 mol L-1,   
cNaOH= 0.06 mol L-1,cMn2+   = 2.3×10-5 mol L-1, cNaCl= 0.1 mol L-1, 
t = 22.00±0.02 °C) were calculated:

slope×102 =0.29649×cSA+0.63702     r = 0.9997.........(1)

where slope is the slope of the linear part of the kinetic 
curve to the absorbance-time plot (slope=dA/dt=ε·l·dc/dt, 
Beer`s law) and cSA  is the salicylic acid concentration 
expressed in µg mL-1.

Quantitative parameters of the analysis are given in 
Table 3.

Table 3. Quantitative parameters of the analysis

 

The following kinetic equation for the reaction was de-
duced on the basis of the graphic correlations obtained.

rate=kcNaOHcSA.......................................................................................................(2)                                                           
k- constant proportional to the rate constant of the reac-
tion

The limit of the detection was determined as the 
signal-to-noise ratio (3.3σ/S) and it was 0.11 µg mL-1 

and the limit of quantification (10σ/S ) was 0.33 µg mL-1, 
where  σ is the standrad deviation of the blank measure 
(standard deviation of y-intercept of regression equation) 
and  is the slope of the calibration curve [19-21].

The precision and accuracy of the above system 
were studied by performing the experiment five times for 
different concentrations of salicylic acid. The results of 
accuracy and precision of the recommended procedure 
are given in Table 4.

Table 4. The accuracy and precision of the determination of 
salicylic acid

aMean and standard deviation of five determinations at 95 % confi-
dence interval, brelative standard deviation, caccuracy of the method

To assess the selectivity of the method, the interfer-
ence of some species was studied. The tolerance limits 
(expressed as w/w ratio) for the species studied on the 
determination of 2.07 µg mL-1 of SA are given in Table 5.

Table 5. The effect of foreign species on the determina-
tion of 2.07 µg mL-1 salicylic acid 

aInterference coefficient, I = (cºSA – cSA) / cºSA
cºSA and cSA are measured concentrations of salicylic acid without and 
with the interfering substance 

Applicability of the method
The proposed method was applied for the determi-

nation of salicylic acid in white and red wines using the 
direct calibration curve. They were treated as described 
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in the Experimental section. As it can be seen in Table 
6, the results obtained by this method are in accordance 
with the HPLC method. The results of the proposed 
method were statistically compared with those of the off-
icial method using a point hypothesis test [22,23]. The 

statistical analysis of the results (Table 6) showed that 
calculated F- and t- values at 95 % confidence levels are 
less than the theoretical ones, confirming no significant 
differences between the performance of the proposed 
and the HPLC method.

aData are based on the average obtained from five determinations
bRelative standard deviation
cTheoretical F-value ( ν1=4, ν2=4) and t-value (ν=8) at 95 % confidence level are 6.39 and 2.306, respectively

Conclusion

Despite the great number of methods for the analysis 
of SA described in literature, the proposed kinetic-spec-
trophotometric method for the determination of salicylic 
acid in wine samples reported in this paper is simple, ra-
pid, inexpensive, and thus very appropriate for the rou-
tine quality control analyses of SA in laboratories in the 
wine industry. Statistical comparison of the results with 
the HPLC method showed a good agreement and indi-
cates no significant difference in accuracy and precision. 
So, the detection limit of 0.11 µg mL-1 can be achieved, 
much better than those provided by fluorimetric [11] or 
even by HPLC [5]  methods. Also, the precision of the 
proposed method of analysis was found to be good 
(RSD < 5 %).
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ODREĐIVANJE SALICILNE KISELINE U VINU NA OSNOVU REAKCIJE IZMENE 
LIGANADA
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U radu je predložena metoda za određivanje salicilne kiseline (SA) u vinu koja 
se zasniva na reakciji izmene liganada. Reakcija je praćena spektrofotometrijski, 
merenjem brzine obrazovanja kompleksa između mangana i salicilne kiseline u 
baznoj sredini na 370 nm. Korišćenjem metode početnih brzina kostruisana je 
kalibraciona prava, koja je linearna u opsegu koncentracija 0,69-4,14 µg mL-1. 
Optimizovanjem uslova metode, dobijene su vrednosti za granicu detekcije ( 10S0 
kriterijum) i granicu određivanja ( 3,3S0 kriterijum) od 0,11 µg mL-1 i 0,33 µg mL-1, 
respektivno. Razvijena metoda je primenjena za određivanje salicilne kiseline 
u uzorcima vina. Dobijeni rezultati su poređeni sa rezultatima dobijenim HPLC 
hromatografijom, pri čemu je pokazano da postoji dobro slaganje između dva 
niza rezultata.

Ključne reči: salicilna kiselina, kinetička-
spektrofotometrija, ekstrakcija u čvrstoj fazi, 
vino, validacija
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