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Abstract: The determination of the geographical origin as well as the adulteration of natural products is a technical problem due to 
similar chemical composition between an adulterant and the original. It is assumed that tartaric acid comes from natural sources, 
however there is no specific regulation for this claim. This paper describes the use of isotope mass spectrometry associated with 
chemometrics to classify different samples of tartaric acid. The results showed that the variables δ13C, δ18O and δ2H allowed the 
discrimination of tartaric acid samples by geographical origin and production method. By using a combination of chemometric 
analysis it was possible to confirm a notoriousseparation of the samples. Thus, this is a promising method to be applied in the quality 
control and authenticity of tartaric acid. 
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1. Introduction 

L(+)-Tartaric acid is a natural compound present in 

several plant species; principally grapes, bananas, and 

tamarind. This organic acid is a crystalline white solid, 

odorless and has strong tart taste. Besides being an 

important controller of the acidity of the wine, tartaric 

acid and its salts have a vast application in food and 

pharmaceutical industries [1]. 

There are two methods commonly used to obtain 

tartaric acid on a large scale, natural and synthetic. 

In the natural way, raw materials are by-products of 

the wine production: crude tartars, lees, and argols. 

These materials have large amount of tartaric salts, 

mainly potassium bitartrate and calcium tartrate. After 

a pre-treatment step, calcium carbonate or calcium 

hydroxide solution is added to raw materials, in order 

to form calcium tartrate. Then, calcium tartrate is 

converted to tartaric acid via a sulfuric acid treatment, 

followed by filtration and crystallization [2, 3]. 
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The second way to produce tartaric acid is by 

biotechnological synthesis. This method is based on 

the conversion of cis-epoxysuccinic acid into 

L(+)-tartaric acid. Cis-epoxysuccinate is formed by 

the oxidation of maleic anhydride, a petroleum 

derivative. An enzyme capable of hydrolyzing the 

epoxy group of cis-epoxysuccinate is applied to this 

process [4]. The main advantages of this synthetic 

method consist of low cost, abundance of 

cis-epoxysuccinic acid, and highly selective 

biotransformation in L-tartaric acid. 

The determination of the production method and 

geographical origin of tartaric acid is not evident due 

to high purity of the final product. The similarity level 

between natural and synthetic compounds hampers the 

quality control. Currently, European regulation allows 

only the use of natural tartaric acid [5, 6]. To avoid 

adulteration, diverse analysis has been used to track 

the tartaric acid origin [7]. 

Isotopic analysis has been applied to verify food 

and beverage authenticity and has shown good results 

[8-10]. The method of analysis by IRMS 
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(isotope-ratio mass spectrometry) exploits differences 

of origin, which leave a recognizable trace in the final 

product. Thus in the case of tartaric acid, 13C, 18O  

and 2H isotopes could yield very interesting 

information about natural or synthetic origin and 

geographical provenance. Carbon isotopes are  

affected by botanical origins and photosynthetic 

pathway, predominantly. A single plant with 

photosynthetic pathway C3 produces L(+)-tartaric 

acid, besides this plant is cultivated under very strict 

climatic conditions [11]. Consequently, the 13C/12C 

ratio is restricted to a small range. Unlike the 

production of synthetic tartaric acid, the petrol source 

allows a wide range of values for carbon isotope ratio, 

which can generate superimposed values on the 

natural tartaric acid. In light of this, carbon isotope 

analysis is not sufficient to distinguish the tartaric acid 

source, although it allows the identification of 

synthetic products that are outside the natural range. 

The isotopic ratio 18O/16O in natural and synthetic 

tartaric acid are distinctive due to their different 

source. The production of synthetic tartaric acid uses 

ground water as the only source of oxygen and 

hydrogen. For natural tartaric acid, plants obtain 

oxygen by multiples ways, such as water precipitation 

absorbed via roots, and atmospheric CO2 and O2 [12]. 

Moreover, plants transpiration and/or exchange with 

atmospheric vapor causes enrichment of heavy oxygen. 

Due to these differences and studies, it is generally 

agreed that δ18O is higher in the natural tartaric acid 

than in the synthetic one [7, 13]. The hydrogen atoms 

present in natural tartaric acid come from precipitation 

water, which make the 2H/1H ratio extremely 

dependent on region and climate [14]. 

Multivariate analysis was applied to find 

correlations between isotopic data and external factors, 

i.e., production method and geographical origin. 

Chemometrics analysis enabled the classification of a 

large number of samples in similar groups [15, 16]. 

Different multivariate statistics techniques were used 

for comparison and verification of the results. 

2. Materials and Methods 

In this study, 35 samples of tartaric acid were 

collected and classified according to production 

method and geographic region. All samples were 

monitored with regards to purity and according to the 

melting point, they present purity above 95.5%. 

Tartaric acid samples were acquired from different 

countries and types of production. 

The high purity and homogeneity of the samples 

allowed IRMS analysis without requiring complex 

preparation. Samples all crushed cryogenically to 

ensure homogeneous size distribution. In addition, 

they were kept in a desiccator under inert atmosphere 

to avoid errors due to environmental conditions. 

2.1 Isotope Measurements 

Stable isotopes determinations were performed 

using an elemental analyzer coupled to isotope-ratio 

mass spectrometer. The measurements of δ13C were 

carried out in an Elemental Analyser Flash EA1112 

coupled to an IRMS Delta V Plus, both from Thermo 

Scientific. Samples were introduced into a combustion 

unit maintained at 1,000 °C under a stream of oxygen 

and helium. Carbon was converted to CO2 and the 

signals received on the masses 44, 45 and 46 were 

used to measure the isotopic 13C/12C. 

The measurements of δ2H and δ18O were carried out 

in a high TC/EA (temperature conversion elemental 

analyzer) from Thermo Finnigan together with IRMS 

Delta V Plus. The sample was deposited into a 

pyrolysis unit at 1,400 °C containing carbon black in a 

ceramic tube, filled itself of carbon black. The 

hydrogen and oxygen from the samples were 

converted to H2 and CO. The ratio 2H/1H was 

calculated based on the measured signals to the 

masses 2 and 3 of H2. Then the 18O/16O ratio was 

determined using the signals collected for the masses 

28 and 30 of CO. 

The results of isotopic values were obtained by the 

standard notation Delta (δ) as per mil (‰), as in Eq. (1). 

δ = [(Rsample – Rstandard) / Rstandard-1] × 1000   (1) 
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where Rsample and Rstandard are 13C/12C or 2H/1H or 
18O/16O ratios of the sample and standard, respectively. 

International standard used for 13C was VPDB 

(Vienna Pee Dee Belemnite) and for 2H/18O was 

VSMOW (Vienna Standard Mean Ocean Water). 

2.2 Statistical Analysis 

Multivariate statistical techniques were performed 

using Minitab® Statistical Software version 17.1.0 

(Minitab Inc., State College, USA). PCA (Principal 

components analysis), cluster analysis, and DA 

(discriminant analysis) were the techniques applied. 

Isotopic variables were treated according to their 

production method and geographical origin. 

PCA is a mathematical treatment used to simplify 

data matrix based on the correlation between the 

variables. High collinearity is a strong indication that 

it is possible to find new bases that best represent the 

information provided in the measures. It enables to 

demonstrate differences between the various samples 

or groups of samples through new variables formed, 

referred as principal components. 

Cluster analysis predicts groups of samples when 

the groups are not yet known. This exploratory data 

analysis tool classifies objects into clusters according 

to their similarity if they belong to the same cluster or 

distance if they are in different clusters. 

In discriminant analysis groups are known or 

predetermined. This statistical treatment consists in 

finding mathematical functions to distingue samples 

in groups. 

3. Results and Discussion 

The experimental data of carbon, oxygen and 

hydrogen stable isotope ratio are summarized in Table 

1. Tartaric acid samples were divided by their 

production method. While natural tartaric acid 

samples were classified by geographical origin. The 

isotope ratios for carbon and oxygen in natural 

samples were consistent with previous studies [7, 13]. 

3.1 Production Method 

All three dataset (δ13C + δ18O + δ2H) were 

subjected to PCA for production method for all 35 

samples, Fig. 1. The graph depicts a clear separation 

between natural and synthetic tartaric acid using the 

first two principal components. Only one outlier was 

identified, a sample of synthetic tartaric acid. The 

outlier was caused by very high level of δ13C. If this 

outlier is removed from the PCA, there is no 

significant change in the segregation of natural and 

synthetic groups. One can see that synthetic samples 

have dispersed values. This trend is perceived because 

there is no standardization of the synthetic production 

made in different parts of the world. Also, the 

difference in isotope composition of water used in the 

synthesis is an important factor that contributes to this 

separation. 

Discrimination analysis confirmed the PCA’s 

results. All samples were correct classified, 100% for 

overall performance and 100% for cross-validation. 

3.2 Geographic Origin 

Natural samples were classified according to their 

geographic origin. Once again, a proper separation 

was observed using PCA (δ13C + δ18O + δ2H), 

especially between samples from Argentina and from 

European countries as shown in Fig. 2. The combination 
 

Table 1  Stable isotope ratios of carbon, oxygen, and hydrogen for different production methods and geographical origins. 
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Fig. 1  PCA plot for production method using the first two principal components for δ13C, δ18O and δ2H data. 
 

 
Fig. 2  PCA plot for geographical origin using the first two principal components for δ13C, δ18O and δ2H. 
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of two isotope ratio (2H/1H and 18O/16O) that provide 

information about geographical origin was crucial for 

this differentiation. 

In the same manner as the production method, 

geographical separation was confirmed with DA. 

Stable isotope ratio analysis was able to correctly 

classify 100% of the samples for overall performance 

and 100% for cross-validation considering Argentina 

and European countries. For discrimination made by 

country, the overall classification decreased to 78.3% 

while the cross-validation reduced to 73.9%. The 

samples classified erroneously were from France and 

Italy. Isotopic ratio of hydrogen and oxygen depends 

on the geographic region and climate, since they have 

in common the origin from precipitation water [14]. 

As France and Italy are adjacent regions, it explains 

the similar data profile. 

4. Conclusions 

This study described a novel method combining 

stable isotope ratio analysis with multivariate statistics 

data handling to classify tartaric acid into different 

groups based on the production method and 

geographical origin. The combination of δ13C, δ18O 

and δ2H data is recommended, since it allows 

classification in two groups with the same data. PCA 

was an accurate tool for obtaining the correct 

classification, which has been confirmed with DA 

analysis. The large number of samples used in this 

study confirms the applicability of this technique to 

quality control of tartaric acid. 
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