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Preface 

Welcome to the “Basic Protocols in Enology and Winemaking.” This book provides 
valuable information regarding technical and analytical methods applied in wine analysis 
worldwide. The book presents 14 chapters and each one is dedicated to a punctual wine 
chemical property. Each chapter provides insights into traditional and advanced methods 
used for major and minor component wine analysis, the latter quantitated at trace levels. 
This book aims to facilitate wine analysis through a set of pre-established analyses that 
promote safe, accurate, and precise results. All methods are based on established literature 
and can be relied upon for any wine type. 

The principal subject of this book is centered on methods using classical apparatus and 
mechanisms such as titration, distillation, spectrophotometry, and advanced methods apply-
ing high-performance liquid chromatography coupled with tandem mass spectrometry 
(HPLC-MSn), gas chromatography coupled with mass spectrometry (GC-MS), and nuclear 
magnetic resonance (NMR). It is a set of easy-to-read and easy-to-understand analyses, 
making it an ideal tool for analysts who need to perform more accurate and precise analyses 
for their projects and experiments. The central subject of each chapter is described as 
follows: 

Chapter 1, “Total and Volatile Acidity: Traditional and Advanced Methods,” written by 
Brazilian researchers, begins with a presentation of wine acidity and all the acids responsible 
for total and volatile acidity. This chapter brings methods using potentiometric titration, 
distillation, chemical indicators, and simple reagents. 

Chapter 2, “Alcohol Content: Traditional and Advanced Methods,” written by 
researchers from Portugal begins with an introduction regarding the alcohols found in 
wine, highlighting ethanol, which is the most relevant alcohol in the wine matrix. The 
authors reported methods using ebulliometry, gas chromatography, liquid chromatography, 
enzymatic assays, and infrared spectroscopy, among others. 

Chapter 3, “Total and Reducing Sugars: Traditional and Advanced Methods,” written 
by Brazilian researchers, presents methodologies using refractometry and hydrometer, 
chemical and enzymatic methods, liquid chromatography (HPLC), and information regard-
ing other methods concerning the identification and quantitation of sugars in wines. 

Chapter 4, “Total Phenolic Content: Traditional Methods,” written by Brazilian 
researchers, presents information about the importance of phenolic compounds identifica-
tion and quantitation in wines since these chemical substances provide health benefits to 
consumers. The chapter shows the classical spectrophotometric methods and their varia-
tions for comprehensive analysis. 

Chapter 5, “Color Indexes: Traditional and Advanced Methods,” written by researchers 
from Italy and Chile, contains a brief description of the importance of wine color for quality 
and sensory appeal, showing the modus operandi to identify and quantitate the wine color 
indexes using spectrophotometry and the well-known CIELab space methodology. 

Chapter 6, “Anthocyanin Identification and Quantitation by High-Performance Liquid 
Chromatography Coupled with Mass Spectrometry (HPLC-MSn ),” written in partnership 
between researchers from Brazil and Spain, reports the importance of anthocyanins for red 
wines since these compounds to respond for wine appearance and antioxidant activity. The
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Chapter 7, “Flavonol Identification and Quantitation by High-Performance Liquid 
Chromatography Coupled with Mass Spectrometry (HPLC-MSn ),” written by Spanish 
researchers, provides information regarding the flavonols’ chemical structure and their 
importance for wine color due to their copigmentation effect, also related with sensory 
properties such as bitterness, astringency and color intensity of young red wines. The 
authors report methods based on the HPLC-MSn approach, bringing detailed information 
concerning the application of this method. 

Chapter 8, “Flavan-3-ol (Flavanol) Identification and Quantitation by High-
Performance Liquid Chromatography Coupled with Mass Spectrometry (HPLC-MSn ),” 
written by Brazilian researchers, contains information regarding the chemical structure of 
flavan-3-ols and their contribution to wine antioxidant capacity and sensory properties such 
as bitterness and astringency. The authors reported detailed information regarding the use 
of HPLC coupled with mass spectrometry for accurate wine analysis. 

Chapter 9, “Hydroxybenzoic and Hydroxycinnamic Acid Derivatives (HCAD) Identi-
fication and Quantitation by High-Performance Liquid Chromatography Coupled with 
Mass Spectrometry (HPLC-MSn ),” written by Spanish researchers, provides valuable infor-
mation regarding the phenolic acids and their contribution to wine chemistry. The authors 
described, rich in detail, the protocol to perform an HPLC-MSn analysis for phenolic acids 
identification and quantitation. 

Chapter 10, “Stilbene Identification and Quantitation by High-Performance Liquid 
Chromatography Coupled with Mass Spectrometry (HPLC-MS),” written by researchers 
from Uruguay, brings information regarding the stilbenes and their high antioxidant activity 
in wines. The authors informed details of HPLC-MS application for stilbenes identification 
and quantitation. 

Chapter 11, “Analysis of the Free and Bound Fraction of Volatile Compounds in Musts 
and Wines by GC/MS: Results Interpretation from the Sensory Point of View by OAV 
Technique,” written by Spanish researchers, reports the importance of volatile compounds 
for wine aroma. They explained that the concentration of volatile compounds needs to be 
compared with the odor activity values (OAV) to observe which volatile compounds are 
responsible for wine aroma quality. The method using gas chromatography coupled with 
mass spectrometry (GC-MS) is the most used for this analysis. 

Chapter 12, “Identification of Wine Compounds by Nuclear Magnetic Resonance,” 
written by Brazilian researchers, gives valuable information about the wine components that 
can be identified and quantitated using the advanced method of nuclear magnetic resonance 
(NMR). The use of NMR for wine components is recent, and this chapter is extremely useful 
for analysts who have an interest in using the NMR approach to identify and quantitate all 
the wine components even those with lower concentrations. 

Chapter 13, “Ethanol Suppression on Wine Analysis Using Nuclear Magnetic Reso-
nance (NMR),” written by Brazilian researchers, is a continuation of Chap. 12 since ethanol 
suppression is mandatory for wine analysis. The ethanol must be suppressed for NMR wine 
analysis due to its higher concentration which provides a huge peak in the NMR spectra, 
hindering the identification of the other wine chemical compounds.
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Chapter 14, “Methods to Determine Biogenic Amines in Wine by RP-HPLC,” written 
by researchers from Portugal, reports the importance of identifying and quantitating bio-
genic amines in wines since they can cause beverage safety problems due to their high 
toxicity for humans. The authors reported an advanced method using RP-HPLC for 
identifying and quantitating these compounds with precision and accuracy. 

The book “Basic Protocols in Enology and Winemaking” is considered an analytical 
guide for wine researchers and analysts to facilitate the laboratory routine and deliver simple 
and advanced methods that can provide results with high precision, accuracy, and 
repeatability. 

I hope you appreciate the content of this book. Enjoy the moment and read without 
moderation! 

Cheers! 

Frutal, Brazil Maurı́cio Bonatto Machado de Castilhos
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TANIA PANIAGUA-MARTÍNEZ • Regional Institute for Applied Scientific Research (IRICA), 
University of Castilla-La Mancha, Ciudad Real, Spain; Faculty of Chemical Sciences & 
Technologies, University of Castilla-La Mancha, Ciudad Real, Spain 

GIULIANO ELIAS PEREIRA • Brazilian Agricultural Research Corporation, Embrapa Grape 
and Wine, Bento Gonçalves, RS, Brazil 
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Chapter 1 

Total and Volatile Acidity: Traditional and Advanced 
Methods 

Lia Lucia Sabino and Maurı́cio Bonatto Machado de Castilhos 

Abstract 

One of the most relevant wine sensory attributes is acidity, which is also considered a parameter of the 
quality and microbiological stability of the beverage. The acidity is represented by different organic acids 
synthesized directly from the grape or resulted from the alcoholic fermentation process. The acidity 
assessment at various stages of winemaking is crucial to ensure a final product with high quality. Different 
procedures ranging from conventional titrations to alternative methods are applied for the acid profile 
determination. This chapter explains the principal methods to perform the total and volatile acidity in 
wines, describing the methodology and discussing their advantages. 

Key words Total acidity, Volatile acidity, Organic acids, Titration, pH, HPLC, Microbial stability 

1 Introduction 

Considering the incessant search for obtaining the maximum qual-
ity results in wine production throughout the history of winemak-
ing, innovative practices and technologies have been used [1], a 
premise used primarily regarding the determination of acidity since 
it is an attribute that plays a crucial role in the area of enology. Wine 
acidity is considered a parameter that affects the sensory properties 
and quality of wines, helping analyze the microbiological stability 
through the volatile acidity parameter [2]. 

Acidity is considered one of the most essential sensory attri-
butes in wine, the sensation caused by this component derives 
primarily from the mixture of organic acids transferred from the 
grape pulp to the wine during the winemaking process [3], the 
acids formed during and after the alcoholic fermentation [4], and 
the acids resulting from the malolactic fermentation process that 
can occur spontaneously with the participation of lactic acid bacte-
ria (LAB), naturally present in grapes, or be induced by commercial 
starter cultures [5]. The LAB degrades malic acid into lactic acid,

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
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metabolizing other substances, such as sugars, citric acid, and 
amino acids, into substances that may be undesirable, such as acetic 
acid [6].

2 Lia Lucia Sabino and Maurı́cio Bonatto Machado de Castilhos

All acids present in wines are classified into two categories: the 
fixed acidity, represented by tartaric, malic, lactic, succinic, and 
citric acids, with tartaric and malic acids representing about 90% 
of the wines’ fixed acidity; and the volatile acidity represented by 
compounds such as acetic, formic, butyric, propionic, and fatty 
acids with chains longer than 12 carbons [7]. The total acidity is 
determined by the sum of the fixed and volatile acidity [8]. 

Tartaric acid, representative of fixed acidity, plays a crucial role 
in the acidity stability and the beverage’s sensory quality, especially 
in the perception of astringency [3]. Acetic acid, the principal 
representative of the volatile acidity, works as an indicator of wine 
microbial stability and sanity, that is, high volatile acidity values are 
a wine microbial spoilage indicative, primarily from acetic acid 
bacteria, causing the off-flavor of acetic acid in wine. The produc-
tion of acetic acid is also linked to the contamination of the fruit or 
must by acetic bacteria, resulting from the oxidation of the wine 
[8], and consequently its production is carefully monitored and 
controlled throughout the winemaking process [9]. 

The total and volatile acidity in wine can be determined using 
different procedures ranging from conventional titrations to alter-
native and advanced methods (Table 1). 

Table 1 
Conventional and alternative methods for the total and volatile acidity determination 

Conventional Methods Alternative Methods 

Total 
acidity 

Titration using standard alkaline solution with 
bromothymol blue indicator (OIV-MA-AS313-01) 
[13] 

FTIR spectroscopy—Interferometer 
WineScan FT 120 [10] 

Titration using standard alkaline solution and pH 
meter (IAL 235/IV) [14] 

Sequential injection analysis (SIA) 
with spectrophotometric detection 
[4] 

High-performed liquid 
chromatography (HPLC) [11] 

Volatile 
acidity 

Titration of wine distillate obtained from distillation 
process with alkaline solution (OIV-MA-AS313-02) 
[13] 

Sequential injection analysis (SIA) 
with spectrophotometric detection 
[4] 

Titration of wine distillate obtained from steam 
distillation process with alkaline solution (IAL 
236/IV) [14] 

FTIR spectroscopy—Interferometer 
WineScan FT 120 [12]
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2 Methods 

2.1 Total Acidity by 

International 

Organization of Vine 

and Wine (OIV-MA-

AS313-01) [13] 

The wine total acidity is the sum of its titratable acidities when it is 
titrated to pH 7.0 using a standard alkaline solution. Carbon diox-
ide is disregarded in the total acidity analysis. The principle of this 
method is based on a potentiometric titration or titration with 
bromothymol blue as chemical indicator and comparison with an 
end-point color standard. 

2.1.1 Chemicals 1. Buffer solution pH 7,0 (see Note 1). 

2. Sodium hydroxide solution, NaOH, 0.1 mol/L. 

3. Bromothymol blue indicator solution, 4 g/L (see Note 2). 

2.1.2 Apparatus 1. Water vacuum pump. 

2. Vacuum flask 500 mL. 

3. Potentiometer with scale graduated in pH values and electro-
des. The glass electrode must be kept in distilled water. The 
calomel/saturated potassium chloride electrode must be kept 
in a saturated potassium chloride solution. 

4. Beakers. 

2.1.3 Procedure 1. Elimination of the carbon dioxide (if existent): Place approxi-
mately 50 mL of wine in a vacuum flask and apply vacuum to 
the flask using a water pump for 1–2 min, while shaking con-
tinuously. Other CO2 elimination systems may be used if the 
CO2 elimination is guaranteed. 

Sample Preparation 

Potentiometric Titration 1. Calibration of the pH meter: The pH meter is calibrated for use 
at 20 °C, according to the manufacturer’s instructions, with the 
pH 7.0 buffer solution at 20 °C. 

Measurement: Into a beaker, introduce a volume of the sample, 
prepared as described in Subheading 2.1.3.1, equal to 10 mL in the 
case of wine and 50 mL in the case of rectified concentrated grape 
must. Add about 10 mL of distilled water and then add sodium 
hydroxide solution, 0.1 mol/L, from a burette until the pH is equal 
to 7.0 at 20 °C. The sodium hydroxide must be added slowly and 
the solution stirred continuously. Let n mL be the volume of 
sodium hydroxide, 0.1 mol/L, added. 

Titration with Indicator 

(Bromothymol Blue) 

1. Preliminary test for end-point color determination: Into a 
beaker, place 25 mL of boiled distilled water, 1 mL of bro-
mothymol blue solution, and a volume prepared as in Subhead-
ing 2.1.3.1 equal to 10 mL in the case of wine, and 50 mL in 
the case of rectified grape concentrated must. Add sodium 
hydroxide solution, 0.1 mol/L, until the color changes to 
blue-green. Then add 5 mL of the pH 7.0 buffer solution.
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2. Measurement: Into a beaker place 30 mL of boiled distilled 
water, 1 mL of bromothymol blue solution, and a volume of 
the sample prepared as described in Subheading 2.1.3.1to 
10 mL in the case of wine and 50 mL in the case of rectified 
grape concentrated must. Add sodium hydroxide solution, 
0.1 mol/L, until the same color is obtained as in the prelimi-
nary test above. Let n mL be the volume of sodium hydroxide 
solution, 0.1 mol/L, added. 

2.1.4 Calculation The total acidity expressed in milliequivalents per liter is given by: 

1. A = 10 n. Data expressed with one decimal place. 

2. The total acidity expressed in grams of tartaric acid per liter is 
given by: A’ = 0.075 × A. Data expressed with two decimal 
places. 

3. The total acidity expressed in grams of sulfuric acid per liter is 
given by: A’ = 0.049 × A. Data expressed with two decimal 
places. 

2.2 Total Acidity by 

Adolfo Lutz Institute 

(IAL 235/IV) [14] 

This method is based on the neutralization of acids using titration 
with standardized alkali solution, using a phenolphthalein indicator 
for white and rosé wines or with the pH meter for red wines. 

2.2.1 Chemicals 1. Sodium hydroxide solution 0.1 N. 

2. Phenolphthalein solution. 

2.2.2 Apparatus 1. pH meter. 

2. Magnetic shaker. 

3. Magnetic stirring bar. 

4. Volumetric pipette 10 mL. 

5. Erlenmeyer flask 250 mL. 

6. Beaker 250 mL. 

7. Burette 25 mL. 

8. Graduated pipette 1 mL. 

2.2.3 Procedure With the graduated pipette, take 10 mL of the decarbonated wine 
into a 250 mL Erlenmeyer flask containing 100 mL of water. Add 
0.5 mL of phenolphthalein and titrate with standardized sodium 
hydroxide solution until persistent pink coloration (for white and 
rosé wines) or transfer the sample to a beaker and titrate it to the 
turning point (pH 8.2–8.4) using a pH meter (for red wines).
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2.2.4 Calculation The total acidity expressed in milliequivalents per liter is given by: 

Total acidity 
mEq 
L

� �
= 

n:f :N :1000 
V 

n: volume in mL of sodium hydroxide solution spent in the 
titration. 

f: correction factor (standardization) of the sodium hydroxide 
solution. 

N: concentration of the sodium hydroxide solution 

V: sample volume 

2.3 Volatile Acidity 

by International 

Organization of Vine 

and Wine (OIV-MA-

AS313-02) [13] 

The volatile acidity is determined by the volatile acids of the acetic 
series present in wine in the free state and combined as salts. Carbon 
dioxide is first removed from the wine. Volatile acids are separated 
from the wine by steam distillation and titrated using standard 
sodium hydroxide. The acidity of free and combined sulfur dioxide 
distilled under these conditions should be subtracted from the 
acidity of the distillate. The acidity of any sorbic acid, which may 
have been added to the wine, must also be subtracted (see Note 3). 

2.3.1 Chemicals 1. Tartaric acid, crystalline. 

2. Sodium hydroxide solution 0.1 M. 

3. Phenolphthalein solution 1% in neutral alcohol 96% (m/v). 

4. Hydrochloric acid (U20 = 1.18–1.19 g/mL) diluted 1/4 with 
distilled water. 

5. Iodine solution 0.005 M. 

6. Potassium iodide crystalline. 

7. Starch solution 5 g/L (see Note 4). 

8. Saturated solution of sodium tetraborate, Na2B4O7.10H2O 
about 55 g/L at 20 °C. 

9. Acetic acid 0.1 M. 

10. Lactic acid solution 0.1 M (see Note 5). 

2.3.2 Apparatus 1. Steam distillation apparatus consisting of: a steam generator 
(the steam must be free of carbon dioxide), a flask with steam 
pipe, a distillation column, a condenser (see Note 6). 

2. Water aspirator vacuum pump. 

3. Vacuum flask. 

2.3.3 Procedure 1. Eliminate the sample carbon dioxide placing about 50 mL of 
wine in a vacuum flask. 

2. Apply vacuum to the flask with the water pump for 1–2 min 
while shaking continuously. Other CO2 elimination systems 
may be used if the CO2 elimination is guaranteed.
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3. Place 20 mL of wine, free from carbon dioxide, into the flask. 
Add about 0.5 g of tartaric acid. Collect at least 250 mL of the 
distillate. 

4. Titrate with the sodium hydroxide solution using two drops of 
phenolphthalein as indicator. Let n mL be the volume of 
sodium hydroxide used. 

5. Add four drops of the dilute hydrochloric acid, 2 mL starch 
solution and a few crystals of potassium iodide. 

6. Titrate the free sulfur dioxide with the iodine solution 
0.005 M. 

7. Let n* mL be the volume used. 

8. Add the saturated sodium tetraborate solution until the pink 
coloration reappears. 

9. Titrate the combined sulfur dioxide with the iodine solution 
0.005 M. Let n** mL be the volume used. 

2.3.4 Calculation The volatile acidity, expressed in milliequivalents per liter, is given 
by (with one decimal place): 

5 n-0:1 n� -0:05 n��ð Þ  
The volatile acidity, expressed in grams of sulfuric acid per liter, 

is given by (with two decimal places): 

0:245 n-0:1 n� -0:05 n��ð  
The volatile acidity, expressed in grams of acetic acid per liter, is 

given by (with two decimal places): 

0:300 n-0:1 n� -0:05 n��ð  

2.4 Volatile Acidity 

by Adolfo Lutz Institute 

(IAL 236/IV) [14] 

This method determines the volatile titratable acidity of wines and 
other fermented beverages by volumetry after steam distillation. 

2.4.1 Chemicals The chemicals used in this method are the same as in 
Subheading 2.2. 

2.4.2 Apparatus 1. Electric hotplate. 

2. 10 mL volumetric pipette. 

3. Cazenave-Ferré distillation apparatus or similar assembly. 

4. Steam generator. 

5. Erlenmeyer flasks 250 and 500 mL. 

6. Liebig’s or serpentine condenser. 

7. Burette 10 mL. 

8. Pipette 1 mL.
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2.4.3 Procedure 1. Transfer, with a volumetric pipette, 10 mL of the sample into 
the bubbler and 250 mL of CO2-free water into the Cazenave-
Ferré steam generator apparatus or transfer the sample to a 
similar steam distillation set. 

2. Connect the condenser. 

3. Heat up the Cazenave-Ferré apparatus on an electric plate and 
bring to a boil with the steam tap open to eliminate air from the 
condenser and possibly carbon dioxide from the distilled water. 

4. Then close the stopcock, so that the water vapor bubbles up 
into the sample dragging the volatile acids. 

5. Collect at least 100 mL of the distillate in a 250 mL Erlenmeyer 
flask containing 20 mL of distilled water. 

6. Add 1 mL of phenolphthalein indicator solution. 

7. Quickly titrate with sodium hydroxide solution until the pink 
coloration persists for 30 s. 

2.4.4 Calculation The calculation of volatile acidity follows the same protocol as in 
Subheading 2.2. 

2.5 Malic and 

Tartaric Acids Using 

High-Performance 

Liquid 

Chromatography 

(HPLC) [11] 

Tartaric and malic acids are essential wine constituents. These two 
acids come from the grape, and their levels enhance during ripen-
ing, alcoholic fermentation, and malolactic fermentation, when it 
occurs. 

2.5.1 Chemicals 1. Tartaric acid solution L(+) 1 g/L prepared with ultrapure 
water. 

2. Malic acid solution L(-) at 1 g/L prepared with ultrapure 
water. 

3. Phosphoric acid solution (pH 2.5) prepared by diluting 1.2 mL 
of phosphoric acid in a 1 L flask with ultrapure water. 

2.5.2 Apparatus 1. Liquid chromatograph equipped with a Rheodyne 20 μL 
Rheodyne injector, operating under isocratic condition. 

2. Diode-array detector at 212 nM wavelength. 

3. Varian® MCH-NCAP-5 column, 15 cm long by 4.6 mM inter-
nal diameter. 

4. Microsyringe 100 μL. 
5. Volumetric flask 100 mL. 

6. Volumetric pipettes 5 mL and 10 mL. 

7. Membrane filtration equipment. 

8. Cellulose filter membrane 25 μM.
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2.5.3 Analytical 

Conditions 

1. Mobile phase: solution of ultrapure water and phosphoric acid 
(pH 2.5) in the ratio 98.8:1.2 v/v at a flow rate of 
0.9 mL min-1 . 

2. Temperature: ambient. 

3. Pressure: 100 atmospheres. 

4. Injection volume: 20 μL. 
5. UV detector: 212 nM. 

6. Sensibility: 0.5 O.D. 

2.5.4 Procedure 1. Dilute the wine sample to 10% with ultrapure water. 

2. Homogenize and filter using a cellulose membrane with a pore 
size of 25 μM. 

3. Inject the sample into the liquid chromatograph. 

4. The same procedure is carried out with the standard solutions 
of tartaric and malic acids. 

5. The separation of the tartaric and malic acid peaks is indicated 
in the chromatogram in Fig. 1. 

Fig. 1 Tartaric and malic acid peaks using liquid chromatography
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3 Conclusion 

The wine acid profile is determined by numerous factors depending 
on climatic conditions during vine management to the technolo-
gies applied during the production and maturation process. Due to 
the importance of total and volatile acidity on several wine features, 
they are directly related to wine microbiological and chemical 
stability with a consequent impact on the sensory attributes. 
Hence, acidity evaluation at various stages of the winemaking pro-
cess, whether by conventional or alternative methods, becomes 
indispensable to ensure a high-quality final product. 

4 Notes 

1. Potassium di-hydrogen phosphate, KH2PO4 (107.3 g), 
sodium hydroxide solution, NaOH, 1 mol/L (500 mL), and 
water to 1000 mL. Alternatively, commercial buffer solutions 
are available. 

2. Bromothymol blue (4 g), neutral ethanol 96% (v/v) (200 mL), 
dissolve and add water free of CO2 (200 mL), sodium hydrox-
ide solution (1 mol/L) enough to produce blue green color at 
pH 7.0 (7.5 mL) and water to 1000 mL. 

3. Part of the salicylic acid used in some countries to stabilize the 
wines before analysis is present in the distillate. This must be 
determined and subtracted from the acidity. 

4. Mix 5 g of starch with 500 mL of water, stirring continuously 
and boil for 10 min. Add 200 g sodium chloride and when 
cool, make up to one liter (1 L). 

5. 100 mL of lactic acid is diluted in 400 mL of water. This 
solution is heated in an evaporating dish over a boiling water 
bath for 4 h, topping up the volume occasionally with distilled 
water. After cooling, make up to a liter (1 L). Titrate the lactic 
acid in 10 mL of this solution with 1 M sodium hydroxide 
solution. Adjust the solution to 1 M lactic acid (90 g/L). 

6. This equipment must pass the following three tests: 

(a) Place 20 mL of boiled water in the flask. Collect 250 mL 
of the distillate and add to it 0.1 mL sodium hydroxide 
solution (0.1 M) and two drops of phenolphthalein solu-
tion. The pink coloration must be stable for at least 10 s 
(i.e., steam to be free of carbon dioxide).
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(b) Place 20 mL acetic acid solution (0.1 M) in the flask. 
Collect 250 mL of the distillate. Titrate with the sodium 
hydroxide solution (0.1 M): the volume of the titer must 
be at least 19.9 mL (i.e., at least 99.5% of the acetic acid 
entrained with the steam). 

(c) Place 20 mL lactic acid solution (1 M) in the flask. Collect 
250 mL of the distillate and titrate the acid with the 
sodium hydroxide solution (0.1 M). The volume of 
sodium hydroxide solution added must be less than or 
equal to 1.0 mL (i.e., not more than 0.5% of lactic acid is 
distilled). 
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Faia A, Côrte-Real M (2010) Effect of refer-
mentation conditions and micro-oxygenation 
on the reduction of volatile acidity by commer-
cial S. cerevisiae strains and their impact on the 
aromatic profile of wines. Int J Food Microbiol 
141:165–172 

10. Chen H, Liu Y, Chen J, Fu X, Suo R, 
Chitrakar B, Wang J (2022) Effects of sponta-
neous fermentation on microbial succession 
and its correlation with volatile compounds 
during fermentation of Petit Verdot wine. 
LWT 168:113890 

11. Rizzon LA (2010) Methods for wine analysis. 
Embrapa Informação Tecnológica, Brası́lia 

12. Ntuli RG, Saltman Y, Ponangi R, Jeffery DW, 
Bindon K, Wilkinson KL (2023) Impact of skin 
contact time, oak and tannin addition on the 
chemical composition, color stability and sen-
sory profile of Merlot wines made from flash 
d’etente treatment. Food Chem 405:134849 

13. International Organisation of Vine and Wine 
(OIV) (2022) Compendium of international 
methods of wine and must analysis. Paris, 
France 

14. Adolfo Lutz Institute (IAL) (2008) Physico-
chemical methods for food analysis. Adolfo 
Lutz Institute, São Paulo



Chapter 2 

Alcohol Content: Traditional and Advanced Methods 

Fernanda Cosme, Luı́s Filipe-Ribeiro, and Fernando M. Nunes 

Abstract 

Ethanol is the major compound produced during wine alcoholic fermentation from grape juice sugars 
(glucose and fructose). Due to its toxicity, legal limits, and taxes applied in many countries, the alcohol 
content is one of the most relevant parameters, that is controlled in wine production all around the world. 
This chapter clearly explains the principal methods used to perform ethanol analysis in the enology field, 
describing the methodologies, protocols, and discussing their advantages and disadvantages. 

Key words Ethyl alcohol, Ebulliometry, Distillation, Hydrometry, Enzymatic method, Chro-
matographic methods, FTIR 

1 Introduction 

Ethanol is the major alcohol in wine, being also present small 
quantities of other higher alcohols (fusel alcohols) such as propa-
nol, butanol, and glycerol [1]. Ethanol (ethyl alcohol) is the major 
product in wine produced by the alcoholic fermentation of sugars 
by yeast, and it can be indicated in terms of percent by volume (% 
vol), percent by weight (% wt), grams per 100 mL or density [1]. In 
alcoholic beverages, such as wine, the formal expression of alcohol 
concentration is alcoholic strength by volume, defined as the num-
ber of liters of ethanol contained in 100 L of wine, % vol., being 
measured at a temperature of 20 °C  [2]. In wine, the normal 
alcohol levels range from 7% to 24%, depending on its classification 
[1]. Usually, it is a parameter of mandatory labeling in the different 
types of wines produced all around the world. 

Analytical methods to determine the alcohol content need to 
be precise, accurate, and not expensive since it is a routinely 
measured parameter. There are several methods to determine the 
alcoholic content in wines: by chemical oxidation (dichromate 
oxidation), measuring the wine boiling point (ebulliometry), and 
by distillation followed by the measurement of the alcohol content

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
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by densitometry, pycnometry, hydrometry, refractometry, by enzy-
matic methods, or by chromatographic methods such as high-
performance liquid chromatography (HPLC) and gas chromatog-
raphy (GC), and by spectroscopic methods such as near-infrared 
(NIR) or mid-infrared (MIR) spectroscopy, and nuclear magnetic 
resonance (NMR) [3]. Each of the methods has its own advantages 
and disadvantages. For example, using GC, ethanol can be 
measured without interference; however, when using ebulliometry, 
the ethanol content also influences the measured value. On the 
other hand, NIR determines the light absorbed by a wine sample 
in the near-infrared range [1]. The NIR method is also fast, accu-
rate, and user-friendly for wine alcohol determination. The accu-
racy of NIR determinations is ±0.01% (v/v) [1]. Pycnometry is an 
Association of Official Analytical Chemists (AOAC)-approved 
method for analyzing the ethanol of wines by density [4], and 
the International Organization of Vine and Wine (OIV) official 
method for ethanol analysis consists of the distillation of the wine 
alkalinized by a suspension of calcium hydroxide, followed by 
determination of the alcoholic strength of the distillate by pycno-
metry, electronic densimetry, aerometry, or refractometry [2].

12 Fernanda Cosme et al.

The ethanol analysis by ebulliometry is not an approved AOAC 
or OIV method, however, this method is still used frequently. 
According to Son et al. [5], in small winery laboratories, the most 
inexpensive and suitable methods are the boiling point method 
(ebulliometry) or the distillation method followed by density mea-
surement. Nevertheless, the boiling point method often lacks accu-
racy, whereas the distillation method is problematic when multiple 
samples need to be analyzed. Therefore, as measurement technol-
ogy develops, ebulliometry will most likely become outdated, sub-
stituted with faster and more accurate methods that will also be 
cost-effective for small wineries. So, as diverse methods are available 
to determine the wine alcohol content, it is essential to know how 
the methods differ for understanding the differences among the 
results obtained [1, 6]. In the wine industry, these aspects are 
relevant as the winemakers need, for example, to monitor ethanol 
during the alcoholic fermentation process and fortified wine 
production. 

2 Wine Alcohol Determinations 

2.1 Alcohol 

Determination by 

Ebulliometry 

Ebulliometry is the most usual method for determining the alcohol 
content in wine due to its simplicity [1, 6]. The vapor pressure of 
ethanol in a solution differs according to its content. As the content 
of alcohol in the wine rises, the boiling point decreases and the 
boiling point is relative to the boiling point of pure water. There-
fore, the water and wine boiling points are determined [6].
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Fig. 1 Ebulliometer apparatus 

Ebulliometers generally measure the boiling point of wine 
using the boiling point of water as a reference. As the boiling 
point changes with atmospheric pressure and the atmospheric pres-
sure in the laboratory is not always at one-atmosphere pressure, 
regular calibrations are required (at least twice daily and more on 
days with unstable weather). As the ebulliometric method uses a 
sliding scale that lets one adjust for the real boiling point of pure 
water, the water boiling point sets the zero, and the wine boiling 
point determines the alcohol content [1, 6]. This determination is 
performed in an ebulliometer, an apparatus that heats the wine and 
measures the temperature at which the ethanol/water mixture 
begins to boil (a chilled condenser avoids the loss of the water/ 
ethanol vapor) (Fig. 1). 

Several interferences can occur in ebulliometry, essentially asso-
ciated with non-volatile compounds that affect wine extract and its 
volatility, such as sugars. The presence of reducing sugars in the 
wine sample impacts the boiling point, and wine samples with >2% 
reducing sugars must be diluted to less than 2% before the analysis 
[7]. Higher alcohols concentrations decrease the boiling point of 
the mixture. The method is accurate until 16% (v/v) alcohol con-
tent. Therefore, also wine with alcohol content >16% (v/v) needs 
to be diluted [1].
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It is a simple method regardless of its limited analytical quality, 
and it is considered the less accurate of all enumerated methods 
[1, 6]. The accuracy is generally ±0.5% (v/v), while some modern 
versions state a value of ±0.15% (v/v). Some modern versions use a 
digital or an electronic thermometer to enhance precision. 

In the ebulliometry method, it is also relevant to regularly verify 
the sensitivity and stability of the thermometer reading during the 
wine analysis and to verify if the water refrigeration is open and 
working well. It is also important to regularly verify the boiling 
point, specifically if the atmospheric pressure is changing during the 
day, affecting the water boiling point and increasing the wine 
analysis errors. This method presents a usual deviation in dry 
wines of about ±0.2% (v/v) [6]. 

2.1.1 Materials Ebulliometer. 

Distilled water. 

2.1.2 Method 1. Measure nearly 30 mL of distilled water into the boiling 
chamber. 

Determination of the Water 

Boiling Point 2. Insert the thermometer into the boiling chamber. 

3. Once the temperature in the thermometer reaches a stable 
point, take the water boiling point. The disk “Degré Alcooli-
que du Vin” establishes the 0.0% (v/v) alcohol on the outer 
scale (Fig. 2). 

4. Cool and drain the ebulliometer. 

Determination of the Wine 

Boiling Point 

1. Wash the boiling chamber with a few milliliters of the wine to 
be analyzed, and drain it. 

2. Measure nearly 50 mL of wine in the boiling chamber. 

3. Insert the thermometer into the boiling chamber.

Fig. 2 “Degré Alcoolique du Vin” disk
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4. Once the temperature in the thermometer reaches a stable 
point, take the wine boiling point. In the disk “Degré Alcoo-
lique du Vin” put the boiling point of the wine on the inner 
scale and record the corresponding alcohol degree (% v/v) on 
the outer scale (Fig. 2). 

5. Cool and rinse the ebulliometer.

2.2 Alcohol Content 

Determination by 

Distillation Followed 

by Density 

Determination by 

Hydrometry 

Distillation involves the conversion of a liquid into the gaseous 
phase, condensing the vapor back to the liquid phase, and collect-
ing the distillate in a receiving vessel. Once the wine is boiled, the 
ethanol starts evaporating before the water. If the wine is boiled for 
an optimal period, all the alcohol will be evaporated from the wine 
sample before the volatilization of other wine components. The 
condensed distillate collected at this point comprises practically all 
the ethanol from the wine sample but in a lower volume. So, the 
distillate is diluted with distillate water to the same volume as the 
wine sample used. This reconstituted distillate will have the same 
percentage of alcohol (by volume) as the initial wine sample. The 
alcohol percent in the reconstituted distillate can be accurately 
measured using an alcohol hydrometer [2]. 

Distillation is an accurate method that reduces the interference 
from reducing sugars as they are not distillable [1], but sulfur 
dioxide and acetic acid are usual interferences and may cause pro-
blems if wine is directly distilled. Hence, it is suggested to neutral-
ize the wine sample before distillation to avoid these interferences. 
Young and sweet wines can produce foam during the distillation 
process; hence it is recommended to add small quantities of the 
antifoaming agent before distillation or put a small glass or metal 
balls or small ceramic pieces to minimize this effect. The tempera-
ture control of the wine sample at the beginning of the distillation 
process and the final distillate for an accurate measurement are 
critical points in this analysis. 

In young and sparkling wines, the carbon dioxide should be 
removed by stirring 250–300 mL of the wine in a 1000 mL flask for 
a few minutes or removed by ultrasounds. The time spent involving 
the distillation of the wine sample and the analysis of the respective 
distillate are disadvantages of this method [1, 6]. However, fast 
distillation systems (Fig. 3) perform distillation between 5 and 
15 min, presenting energy consumption as a disadvantage. The 
quality of thermometers and hydrometers are also critical points 
in this method. Some laboratories stabilize the wine sample tem-
perature and wine-distilled solution using a water bath at 20 °C for 
temperature stabilization and control (using a digital and precise 
thermometer); on the other hand, others use the official tables to 
do the temperature correction for the ethanol parameter. It is 
recommended to proceed with the wine stabilization using a 
temperature-controlled water bath.
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Fig. 3 Distillation system 

2.2.1 Materials Distillation equipment. 

Graduated thermometer, 0–40 °C (±0.1 °C). 

200 mL volumetric flask. 

Measuring cylinder: 36 mm diameter and 320 mm height. 

Alcohol hydrometer (0–10 and 10–20% (v/v) Alcohol). 

Boiling stones (antifoaming agents). 

Distilled water. 

Suspension of calcium hydroxide at 2 M. 

2.2.2 Methods 1. Rinse the volumetric flask with the wine sample before use. 
Add, to a volumetric flask, a volume of 200 mL of wine at room 
temperature. Control the temperature at 20 °C. 

Wine Sample Distillation

2. Transfer the wine into the distillation flask containing about 
25 mL of distilled water.
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3. Rinse down the walls of the volumetric flask four times with 
approximately 5 mL of distilled water and add rinsing water to 
the distillation flask. 

4. Neutralize the contents of the distillation flask with 10 mL of 
calcium hydroxide at 2 M (120 g of Ca(OH)2/L). 

5. Add a small number of boiling stones to the boiling flask, 
especially in the case of young or sweet wines to prevent exces-
sive foam formation during the distillation. 

6. Turn on the cold water to the condenser and adjust the heat 
input to yield moderate boiling. 

7. Place the 200 mL volumetric flask with approximately 10 mL 
of distilled water under the condenser’s output to collect a 
volume of distillate approximately equal to 75–80% of the 
initial volume. 

8. Complete the distillation at about 35 min. 

9. Remove the volumetric flask from the apparatus. Adjust the 
distillate temperature to 20 °C. 

10. After cooling, carefully add distilled water to the distillate in 
the volumetric flask until the volume reaches 200 mL and mix 
thoroughly.

Note: The distillation equipment must ensure that the ethanol-
water mixture with an alcoholic strength of 10% (v/v), distilled five 
times successively, does not present an alcoholic strength lower 
than 9.9% (v/v) after the fifth distillation; that is, the loss of alcohol 
during each distillation should not be more than 
0.02% (v/v) [2]. In the case of wine samples with high alcohol 
content, it may be advisable to pre-dilute them before the distilla-
tion operation. 

Determination of 

the Alcohol Content of the 

Distillate by Hydrometry 

1. Rinse a measuring cylinder with a small quantity of distillate. 
Reject the rinse distillate. 

2. Rinse the alcohol hydrometer with a small quantity of distillate. 

3. Transfer the remaining distillate to a measuring cylinder. 

4. Gradually immerse the hydrometer into the distillate while 
slightly spinning the hydrometer stem. Guarantee that the 
hydrometer is floating freely into the distillate. Insert the ther-
mometer into the distillate. 

5. Read the temperature of the distillate on the thermometer 
1 min after stirring to equilibrate the temperature of the mea-
suring cylinder, the thermometer, the alcoholmeter, and the 
distillate-preferably hydrometer readings should be taken at 
20 °C; however, a temperature correction can be made if 
needed. At least three readings should be taken, if necessary,
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with the help of a magnifying glass. Results are rounded to the 
nearest decimal place. 

6. Remove the thermometer and read the apparent alcohol con-
tent after 1 min at the point corresponding to the base of the 
meniscus. Take at least three readings. 

Note: The distillation method is an official method for the 
alcohol content determination in the wine of the OIV [2] and of 
the AOAC [4]. 

2.3 Gas 

Chromatography (GC) 

Analysis of Ethanol 

Ethanol in a wine sample can be separated from other volatile 
compounds on a gas chromatograph column, such as a Carbowax 
type with a bonded polar phase. The ethanol content in wine is 
measured by mixing a known amount of internal standard 
(2-propanol) and injecting it into the gas chromatograph. Peak 
responses of ethanol and internal standard are compared and deter-
mined (AOAC 983.13-1988, [4]). Ethanol determination by gas 
chromatography has a precision of ±0.2% (v/v) for wines contain-
ing 20% (v/v) ethanol [7]. Stackler and Christensen [8] developed 
a method for ethanol determination in wine by gas chromatogra-
phy. According to the authors, this method, which uses an internal 
standard (n-butanol) and flame ionization detector (FID), is more 
accurate and precise than methods commonly used for ethanol 
determination. The standard error estimate for the method is 
0.07% (v/v) over the range of 7–24% (v/v). In this method, a gas 
chromatograph with a flame ionization detector equipped with a 
Carbowax column is used. The wine sample is injected into a heated 
chamber (120–125 °C). Carrier gas (helium) transports the com-
pounds volatilized in the injector through a heated (80 °C) col-
umn, allowing the compounds present to separate according to 
their affinity for the stationary phase. The molecules will then pass 
through a heated (125 °C) detector, which will yield a signal 
directly proportional to the amount of compounds being burned 
[1, 7]. This method has several advantages over other methods 
since it can be automated, is fast, and the precision is excellent [7]. 

2.3.1 Materials Gas chromatograph equipped with flame ionization detector (FlD), 
computer, heated injector. 

Hypodermic syringe (10 μL). 
Internal standard solution of 2-propanol (0.2% v/v) [4, 9] o  

n-butanol (0.1% v/v) in H2O [10]. 

Distilled water. 

Standard ethanol-water solution (in the concentration range of the 
wine samples being analyzed).



Þ

Alcohol Content: Traditional and Advanced Methods 19

Table 1 
Gas Chromatography parameters for wine alcohol determination 

Conditions Column—Carbowax 

Carrier gas N2 

Flow rate (mL/min) 15 

Oven temperature (°C) 105 

Injector temperature (°C) 175 

Detector temperature (°C) 175 

Adapted from AOAC 983.13-1988 [4] 

2.3.2 Method 1. Gas chromatograph operating conditions for ethanol analysis 
(adapted from AOAC 983.13-1988, [4]), Table 1. 

2. Regulate the air and H2 gas flows to the FID detector to those 
specified in the equipment working instructions (nearly 
300 and 30 mL/min, respectively). 

3. Dilute the alcohol standard solution 1 + 99 with the internal 
standard solution. Inject at minimum three separate 1.0-μL 
aliquots into the equipment, and record the resulting chroma-
tograms. Calculate the peak area for the alcohol peak compar-
ing it with the internal standard peak (determine the average of 
the three response ratios—RR′). 

4. Dilute the wine sample 1 + 99 with the internal standard 
solution. Inject a minimum of three 1.0-μL aliquots into the 
equipment, and record the resulting chromatograms. Calculate 
the suitable response ratios for the alcohol peak to the internal 
standard peak and determine the average of the several 
response ratios (RR). 

5. Determine the % alcohol in the wine sample. 

%Alcohol= RR ×%Alcohol in standardð =RR 0 

Notes 

A calibration curve may be constructed by preparing five or more 
alcohol standard solutions covering the range of expected sam-
ple alcohol concentrations. 

Gas chromatography is an AOAC [4, 10]-approved method for 
determining ethanol. 

2.4 Analysis of 

Ethanol by Liquid 

Chromatography (LC) 

The high-performance liquid chromatography (HPLC) method 
allows the analysis of ethanol simultaneously with acids, sugars, 
and glycerol using a cation-exchange column (packed with



hydrogen sulfonated divinyl benzene-styrene copolymer). Elution 
is performed with 0.045 N H2SO4 with 6% acetonitrile (v/v). Two 
procedures can be used for sample preparation. Sample clean-up 
with a SAX cartridge (strong anion exchange) and by direct injec-
tion of diluted wine (1:20) with the mobile phase, filtered through 
a 0.22 μm cellulose-acetate membrane before injection of the 
diluted wine. This latter technique gives the best results in terms 
of precision, accuracy, and time [11]. The substitution of the 
organic modifier in the mobile phase with 4% tetrahydrofuran 
(THF) and 5% n-propanol, and the application of 0.01 N 
NH3PO4 improve the separation of the organic acids [12]. This 
method shows good linearity and precision. 
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2.4.1 Materials (Adapted 

from [12]) 

HPLC system equipped with a pump, a UV detector, a refractive 
index detector, and a column oven. 

Data acquisition and peak processing software. 

Aminex HPX-87H column (300 × 7.8 mm) (or equivalent). 

Commercial standards. 

Stock solutions of organic acids, sugars, and alcohols. 

0.22 μm membrane filter (cellulose-acetate). 

SAX cartridge (strong anion exchange). 

Milli-Q water. 

50 μL syringe. 

2.4.2 Method (Adapted 

from [12]) 

This HPLC method makes a simultaneous quantitation of the 
carboxylic acids, namely, citric, tartaric, malic, shikimic, succinic, 
lactic, fumaric, and acetic acids, sugars such as glucose and fructose, 
and alcohols, namely, glycerol and ethanol in grape must and in 
wine. 

1. Prepare stock solutions of organic acids, sugars, and alcohols in 
redistilled water at concentrations commonly found in grape 
musts and wines. 

2. Dilute wine samples (up to five times for white grape must and 
wine, 10 times for red wine) and filter (0.22 μm) before direct 
injection in the HPLC. 

3. Use an HPLC system equipped with a pump, a variable wave-
length UV-detector set at 215 nm, and connected with a 
refractive index detector. 

4. Install an Aminex HPX 87H (300 × 7.8 mm) column or 
equivalent thermostated at 30 °C, and allow the system to 
stabilize.
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5. Use the following elution conditions—0.01 NH3PO4, with 4% 
tetrahydrofuran (THF) and 5% n-propyl alcohol (n-PA), with a 
flow rate of 0.45 mL/min at 30 °C. 

6. Identify the sample peaks based on the retention times and 
spiking technique. 

7. Perform the quantitation through an external standard calibra-
tion curve with adequate range. 

2.5 Enzymatic 

Analysis 

Theenzymealcohol dehydrogenase catalyzes theoxidationof ethanol 
using nicotinamide-adenine dinucleotide (NAD+ ) as a co-factor to 
produce reduced nicotinamide-adenine dinucleotide (NADH). It is a 
stoichiometric reaction, and the NADH formed can be quantified by 
spectrophotometry at 334 nm [9] or 340 nm [7]. The molar extinc-
tion coefficient at 340 nm for NADH (also NADPH) at 25–37 °C is  
6.3 × 103 L/mol/cm [6]. The solution is buffered in the alkaline 
region (pH 8–9), and semicarbazide is added to remove the acetalde-
hyde formed, thus forcing the reaction to completion. The test is very 
sensitive. It is useful for solutions of less than 1% (v/v) of ethanol 
[7]. The more NADH formed, the higher the alcohol concentration. 
This method is more time-consuming and labor-intensive than some 
of the other methods mentioned previously [1]. 

2.5.1 Preparation of the 

Following Solutions 

(Adapted from Ough and 

Amerine [7]) 

1. Buffer solution (pH 9.0)—Dissolve 10 g of Na4P2O7.10H2O, 
2.5 g of semicarbazide hydrochloride, and 0.5 g of glycine in 
250 mL of distilled water in a 300 mL volumetric flask. Bring 
to volume with distilled water at 20 °C (stable during 3 weeks 
at 5 °C). 

2. In 6 mL of distilled water, dissolve 72 mg of NAD+ (stable 
during 4 weeks at 4 °C). 

3. Alcohol dehydrogenase solution 30 mg/mL of distilled water 
(stable for 1 week at 4 °C). 

4. Diluted ethanol standards should be prepared daily. 

5. Samples should be diluted to be in the range of 0.01–0.15 g/L. 

6. A blank spectrophotometric sample should be prepared by the 
addition of 2.5 mL of buffer, 0.1 mL of NAD+ solution, and 
0.5 mL of water to a test tube, mix, and after 2 min, read the 
optical density (E1), then introduce 0.02 mL of NADH solu-
tion and mix again. Put the sealed tube in a water bath at 37 °C 
for 25 min. The same procedure is performed for the wine 
sample; however, add 0.10 mL of the wine sample and only 
0.40 mL of water. Read the optical density of the wine sample 
(E2) at 340 nm using a 1 mm cell. Both samples must be read 
with the same cell. 
The alcohol content from the samples is calculated as [7]:
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E = Es + Eb. 

Es = sample E2 – sample E1. 

Eb = blank E2 – blank E1. 

Ethanol (g/100 mL) = [(V) (MW) (ΔE) (F)]/[(ε) (d) (v)]. 

V = final volume (3.12 mL). 

MW = molecular weight 46.07 (g/mol) for ethanol. 

eε = molar extinction coefficient at 340 nm (6.3 L/mmol/cm), 

d = light path (cm) (0.1), 

v = sample volume (100 mL), 

F = dilution factor (1000 for dry wine). 

Notes 
There are already available commercial enzymatic kits to perform 
ethanol analysis in wine samples from various companies. 

Enzymatic methods are considered limited concerning their 
accuracy in sample dilution. Furthermore, other alcohols are oxi-
dized to some extent, producing positive errors. According to 
McCloskey and Replogle [13], the enzyme assay does not present 
enough precision; however, it offers speed and low sample quan-
tities or reagent preparation for estimating wine ethanol 
concentrations. 

2.6 Infrared 

Spectroscopy Methods 

Infrared spectroscopy on the near-infrared (NIR) or mid-infrared 
(MIR) range of the electromagnetic spectrum can be a simple, fast, 
environmentally friendly, and reliable technique for the determina-
tion of the alcohol content of wines, among other enological para-
meters, without the need for costly and time-consuming sample 
preparation [14–17]. The NIR spectrum is characterized by over-
tones and combinations of bands of N–H, O–H, C–H, and S–H 
bonds and molecular vibrations within the spectral range of 
14,000–4000 cm-1 [18]. In the MIR region (4000–400 cm-1 ), 
fundamental stretching and bending vibrations of C–H, C–O, 
O–H, and N–H bonds result in strong absorption bands [19]. 

The strong absorption in the MIR region is on one hand of 
analytical advantage, being observed various information-rich sharp 
peaks. Nevertheless, samples containing high amounts of water and 
organic compounds, such as wine or grape juice, are highly absorp-
tive in the MIR region. Dedicated FT-MIR instruments are now 
available and are used extensively in the routine analysis of wine by 
the industry [20] (Fig. 4). The use of FT-MIR spectroscopy has 
been proposed and implemented by several research groups for 
routine analysis of a large number of wine parameters such as 
alcohol content, volatile acidity, pH, tartaric acid, lactic acid, 
malic acid, total acidity, glucose and fructose, acetic acid, and poly-
phenols and others. In contrast, sulfur dioxide analysis is not per-
formed with accuracy in FTIR equipment [21].
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Fig. 4 FTIR equipment 

Most of the liquid sampling devices for infrared spectroscopic 
analysis are still based on measurements employing transmission 
cells using CaF2 cuvettes. A potential alternative to transmission 
measurements is the application of attenuated total reflection 
(ATR) FTIR spectroscopy, which is usually applied for highly 
absorptive liquid samples or surface analysis [22]. In ATR spectros-
copy, penetration depth into the medium is dependent on both the 
wavelength and the refractive sample index (up to 3 μm, dependent 
on the setup), which is lower in comparison with transmission-type 
spectrometers (10–50 μm). Therefore, even regions that show total 
absorption by water in transmission-type spectra are accessible for 
analysis in ATR sampling. 

Extraction of relevant information from the spectra can be 
achieved by linear multivariate calibration techniques such as partial 
least squares regression (PLS), multiple linear regression (MLR), or 
nonlinear methods such as artificial neural networks (ANN) or 
support vector machines (SVM) [23]. PLS is the most common 
calibration tool in spectroscopy [24]. While in some cases, the 
whole MIR spectrum is used for calibration (FullPLS), a selection 
of relevant spectral areas (filters, features, variable subsets) is often 
performed before building a model. The variable selection is per-
formed for the spectral regions’ identification, showing which are 
relevant for the prediction of the analyte while excluding noisy 
variables or carrying little information about the analyte or 
interferences [25]. 

2.6.1 Materials Each equipment and sampling device has its particularities; never-
theless, the OIV has established some guidelines (RESOLUTION 
OIV/OENO 390/2010, [2]) concerning the calibration and qual-
ity control of the obtained results. Nevertheless, some examples are



given below following the most used set-ups available on the 
market. 
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Near-Infrared Analyzers The apparatuses work by reflection. The bottom of the flow cell 
containing the wine or the grape must that will be analyzed is 
equipped with a reflector that reflects the incident infrared ray, 
thus crossing the sample a second time before being analyzed by 
the detector. 

The apparatus includes the following pieces: 

1. Pumping system for the sample: a peristaltic pump is used to fill 
the measuring cell. The pumping system is generally comple-
mented by a constant-temperature water bath, enabling adjust-
ment of the sample temperature to the value required for the 
measurement. 

2. Light source: a tungsten lamp producing polychromatic light 
with a spectrum ranging from 320 to 2500 nm. The power 
supply must be perfectly stabilized to ensure constant intensity. 

3. Wavelength selector: the instrument used in enology uses inter-
ferential filters with known wavelengths or array monochroma-
tors to select wavelengths characterizing the target 
compounds. 

4. Measuring cell: the part that the incident and reflected radia-
tions pass is composed of quartz maintained at a constant 
temperature, commonly through a Peltier effect system. The 
bottom of the cell can be made of a reflectable gold-plated 
ceramic. 

5. Detector: two lead-supplied photocells collect the reflected 
radiation. 

6. Data acquisition: the computer carries out the mathematical 
and statistical processing, ensuring the comparisons with the 
instrument calibration and the required concentration. 

Methods 1. Calibration. 

The calibration is performed using the highest possible number 
(at least 50) of wines or grape musts of known analyte concentra-
tions. The values of these concentrations must be distributed over 
the entire measuring range. The matrices must be as close as 
possible to those of the wines or grape musts that will be analyzed. 
For each calibration sample, a measurement is collected for a maxi-
mum number of wavelengths covering the near-infrared spectrum. 
A multilinear regression is carried out from the recorded results, 
making it possible to establish the following relation: 

C =K0 þ K1R1 þ K2R2 þ K3R3 þ . . .þ KiRi
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Where: C is the target concentration value, K0 is a typical 
constant of the instrument for a target compound, regardless of 
the wavelength, Ki is a constant for an instrument, a target com-
pound, and a given wavelength, Ri is the expression of the spectral 
measure for Li wavelength. 

For each target analyte, two to ten wavelengths are selected for 
measurement. The calibration quality is then tested by running a 
new series of samples of reference wine or grape musts of known 
concentrations. 

2. Periodic calibrations are necessary when routine checks show a 
drift in the results, mainly attributable to the equipment’s 
natural variation (aging of the electronic components, repair, 
and the substitution of parts, among others). This procedure 
does not consider the wavelength selection; however, it pro-
vides a new measurement of the K0 and Ki constants. 

3. Routine bias corrections before each use of the equipment, one 
(or more) control sample(s) of known concentration in the 
analyte is/are analyzed. If there is a bias concerning the 
expected value, corrections can be made to fit the values as 
required. 

Mid-Infrared Analyzers The circuit begins with a sample needle, which can be operated 
manually or controlled by an auto-sampler. A peristaltic pump 
transfers the sample into a heating chamber reaching 40 °C. After 
filtration, it crosses through the measuring cup. The latter is an 
essential part of the instrument. The sample is then drained into the 
sink. The complete cycle for a sample lasts around 30 seconds. The 
automated version allows an effective rate of analysis of about 
120 samples per hour. 

Methods 1. Sample preparation. 

The sample for analyses does not require any specific prepara-
tion. In the case of wine musts or wines with high sediments, 
centrifugation or filtration will be carried out to avoid clogging. 
The samples with higher carbon dioxide amounts, near 750 mg/L, 
demand a preliminary removal is necessary to avoid degasification 
problems in the analysis circuit. 

2. Calibration. 

Generally, the wine or grape must middle infrared spectrum 
contains information of analytical interest that is not extracted 
immediately. In most cases, it requires sophisticated mathemati-
cal/statistical processing methods. Numerous chemometric meth-
ods can be applied to obtain the results described above. They may 
be divided into two groups according to their adjustment of the 
linear or non-linear model. The methods can be characterized as



simple statistical tools such as principal component analysis (PCA) 
to highly sophisticated tools such as neural networks. While all 
manufacturers offer optical measuring instruments, which satisfac-
torily bring relevant results, the standardization modus operandi of 
these measurements, the tools used to process spectrum data, and 
the quality of chemometric tools available to users present crucial 
variations. The difficulties encountered by laboratories are often 
related to this point. The quality of the chemometric treatment 
used to read the spectral data of a wine or grape must is of central 
importance to reliable and accurate analytical results. 
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3 Notes 

The MIR methodology used for determining the alcohol content 
works very well; however, it is relevant noticing that the initial 
calibration with the type of wines that will be analyzed is crucial 
for the success of the analysis due to wine matrix interferences. The 
presence of carbonic gas in the sample is also a critical point since it 
could provoke a high deviation in the result; for example, a wine 
with 14% (v/v) of ethanol, with the presence of carbonic gas in the 
sample, could present a result of 10% (v/v) of ethanol. Generally, 
this situation can decrease the results in almost all conventional 
enological parameters, such as alcohol, total and volatile acidity, and 
organic acids; on the contrary, the density remains stable. This 
situation is not easily detected, which is a central problem of this 
analysis, and the equipment does not present any control to detect 
those deviations. In this context, the analyst must have the experi-
ence to detect these types of situations; nevertheless, a result with a 
considerable deviation could be obtained in the analysis. It is 
imperative to validate the decarbonization procedures in the labo-
ratory, especially for sparkling wines. 
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Chapter 3 

Total and Reducing Sugars: Traditional and Advanced 
Methods 

Aline Alberti, Acácio Antonio Ferreira Zielinski, and Alessandro Nogueira 

Abstract 

In the wine industry, the analysis of sugars in grapes, grape must, alcoholic fermentation, and final product 
are relevant information in the manufacture of wines. This chapter consists of the compilation and 
discussion of classical methods (refractometry, chemical, enzymatic, and liquid chromatography) and 
those of high analytical complexity such as infrared spectroscopy (FTIR), gas chromatography, and nuclear 
magnetic resonance (NMR). In addition, the development of a methodology for glucose and fructose 
analysis by HPLC is described. This chapter contains information aimed at both the wine industry and 
alcohol beverage researchers. 

Key words Grape must, Wine, Enzymatic method, HPLC, FTIR, RMN 

1 Introduction 

Wine has been consumed for several years. Its production precedes 
recorded history, and the earliest evidence of enology or winemak-
ing from cultivated grapevines can be dated back to between 5400 
and 5000 BCE in Iran [1]. In 2018, global wine production, which 
occurs on almost every continent, was 290 million hectoliters [2], 
an 8% increase compared with 2016. 

Wine is a very complex alcoholic beverage containing a wide 
range of components capable of influencing wine’s chemical prop-
erties and inducing sensory perceptions. These compounds are 
influenced by several oenological factors, including the grape type 
and grape structure, climatic factors, and fermentation techniques 
[3–5]. According to Cabanis et al. [6], wine is composed primarily 
of water (between 750 and 900 g/L), alcohols (69–121 g/L), 
polyols (5–20 g/L), organic acids (3–20 g/L), nitrogenous com-
pounds (3–6 g/L), and polyphenolic compounds (2–6 g/L). Also,
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there are complex carbohydrate molecules, including polysacchar-
ides and oligosaccharides from grapes, yeasts, and bacteria during 
winemaking [7, 8].
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Fig. 1 Importance of sugar analysis in wine processing 

The analysis of sugars in grapes, grape must, alcoholic fermen-
tation, and final product are relevant information in the manufac-
ture of wines (Fig. 1). This analysis is one of the most important for 
defining the ideal grape harvesting point during the Véraison 
period. A representative sampling in the vineyard is used to deter-
mine the soluble solids content, analyzed by refractometry. In 
grapes, the primary sugars are hexoses: fructose and glucose, typi-
cally occurring in concentrations of 0.2–4.0 and 0.5–1.0 g/L, 
respectively. Sucrose is hydrolyzed by enzymatic action resulting 
in fructose and glucose and it is typically found in concentrations of 
0–0.2 g/L, making it a minor and rare wine constituent [9]. 

After destemming and crushing the grapes, the grape sugar 
content is determined to calculate the possible alcoholic degree of 
the wine (Fig. 1). If the alcohol content is below the minimum 
established by legislation, the chaptalization operation can be car-
ried out. This operation consists of adding sucrose to the grape 
must during alcoholic fermentation to increase the final alcohol 
content by a maximum of 3 �GL (%v/v). This correction is made 
using the relation of 18 g of sucrose per liter of grape must is 
equivalent to 1.0 o GL after alcoholic fermentation. Correction of 
the ethanol content in the final product is not allowed [10]; how-
ever, chaptalization can be illegal, especially in Africa, where the 
warmer condition makes grapes develop adequate sugar 
content [11].
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Sugars are the primary substrate of the production of ethanol in 
wine during alcoholic fermentation. Residual sugars from incom-
plete fermentation or non-fermentable sugars are responsible for 
adding sweetness to wines. Grape sugars provide metabolic energy 
to the primary wine yeast, Saccharomyces cerevisiae, which converts 
the primary grape sugars to ethanol and CO2, in cases leaving some 
residual sugar content. Dry table wines have a residual sugar con-
tent of around 1–4 g/L, which is the threshold for classifying wines 
as “dry” [12]. Sugars can also be metabolized to higher alcohols, 
aldehydes, and fatty-acid esters, which add aromatic features to the 
wine. 

Several analytical methods have been used in carbohydrate 
determination in foods, including spectroscopy [13], capillary elec-
trophoresis [14], gas chromatography, and liquid chromatography 
[15–17]. Liquid chromatography (LC) stands out among the most 
used techniques in carbohydrate analysis, and due to its simplicity 
and precision, numerous methods have been developed to improve 
the sensitivity and resolution of the analysis. However, in some 
cases, depending on the matrix, the difficulty in the sugar chro-
matographic analysis lies in the sample preparation to eliminate 
possible interferences. 

According to OIV (International Organisation of Vine and 
Wine) [18], reducing sugars can be determined by chemical, enzy-
matic, and high-performance liquid chromatography (HPLC) 
methods. Then, this chapter will focus on the HPLC method, 
providing information on the proper preparation of samples and 
mobile phase, the operation of a chromatograph, and the steps 
involved in validating a methodology for analyzing sugars during 
wine processing. Also, a selection of methods for analyzing sugars 
will be presented (Table 1). 

2 Refractometer and Hydrometer in Grapes 

The concentration of sugars, expressed as either Brix or %SS, 
increases during the grape maturation and it can be measured 
with a refractometer or a hydrometer. The Brix refractometer mea-
sures the degree to which sugar molecules bend light as it passes 
through a prism considering the degree of bending directly asso-
ciated with the concentration of sugars. The hydrometer measures 
the specific gravity of the sugars (soluble solids) in the grape must. 
In both methods, the sample temperature must be at 20 �C to avoid 
errors. The refractometer is easy to use and can be taken into the 
field to analyze the sugar content in grape berries, while the 
hydrometer requires enough juice to be floated. Sugars are 
crucial for winemaking since 1% sugar converts to 0.55% alcohol 
(%SS� 0.55¼ % alcohol). Sugars are easy to measure and they are a 
common measurement in the wine industry; however, it is not a 
feasible measure of grape maturity when used by themselves.
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Table 1 
Different methods used in sugar analyzes in winemaking 

Fruit/ 
Beverage 

Grape 
and 
grape 
must 

Total soluble solids 
(TSS) 

TSS, �Brix Keep the sample temperature 
at 20 �C. 

Previtali 
et al. 
[19] 

Grape 
must 
and 
wine 

Glucose and fructose Enzymatic 
method 

Determined according to the 
organisation Internationale de la 
Vigne et du Vin (OIV). 

Garcı́a-
Martı́n 
et al. 
[20] 

Grape 
juice 
and 
wine 

Glucose, fructose, 
maltose, and 
rhamnose 

HPLC RI detector, column: Agilent 
Hi-Plex H (300 � 7.7); Mobile 
phase: 4 mM H2SO4 (0.5 mL/ 
min). 

Coelho 
et al. 
[21] 

Wine Glucose and fructose HPLC ELSD detector (nebulizer gas flow 
2.74 L/min); column: Spherisorb 
NH2 

(250 mM � 4.6 mM i.d., 5 μM); 
mobile phase: 

Acetonitrile-water (87/13, v/v) at 
1.1 mL/min. 

Villiers 
et al. 
[22] 

Wine Rhamnose, xylose, 
fructose, glucose, 
sacarose, lactose, 
maltose 

HPLC ELSD detector (40 �C, 250 kPa, 
2.0 mL/min); column: Prevail 
carbohydrate ES 
(250 mM � 4.6 mM i.d., 5 μm); 
mobile phase: 

Acetonitrile-water (80/20, v/v) at 
1.0 mL/min. 

La Torre 
et al. 
[23] 

Wine Rhamnose, xylose, 
fructose, arabinose, 
glucose, mannose, 
and galactose 

GC-MS Previous solvolysis with anhydrous 
methanol containing 0.5 M HCl 
(80 �C, 16 h). 

2 DB-1 capillary column 
(30 m � 0.32 mM i.d., 0.25 μM 
film), H2 as the carrier gas. 

Apolinar-
Valiente 
et al. 
[24] 

Wine Total reducing sugars FTIR 
spectroscopy 

Winescan™ FT-120 instrument 
(FOSS). 

Comuzzo 
et al. 
[25] 

Wine Glucose, rhamnose, 
arabinose, trehalose, 
galactose, xylose, and 
sucrose 

Nuclear 
magnetic 
resonance 
(RMN) 

Bruker DMX 500 spectrometer 
operating at 11.7 T with a 5 mM 
reverse probe with z-gradient. 

Consonni 
et al. 
[26]



Total and Reducing Sugars: Traditional and Advanced Methods 33

3 Chemical Method to Determine Reducing Substances 

All sugars that exhibit ketone and aldehyde functions show reduc-
ing substances that are determined by their reducing action on an 
alkaline solution containing a copper salt. The official method 
proposed by OIV (method OIV-MA-AS311-01A) [18] is based 
on the reduction of Cu(II) in a boiling alkaline medium determin-
ing the remaining copper. The limitation of this chemical method 
(the ability of sugars to reduce copper (II) ions in solution) that 
compromises its use is related to the fact that other compounds can 
also react with copper and give an erroneous result. 

4 Glucose and Fructose by the Enzymatic Method 

A method approved to determine glucose and fructose in wine and 
grape must by OIV [18] is the enzymatic method (method 
OIV-MA-AS311-02). 

The method consists of the phosphorylation of glucose and 
fructose by adenosine triphosphate (ATP) in a reaction catalyzed by 
hexokinase (HK), producing glucose-6-phosphate (G6P) and fruc-
tose-6-phosphate (F6P). Then, G6P reacts with nicotinamide ade-
nine dinucleotide phosphate (NADP) combined with glucose-6-
phosphate dehydrogenase (G6PDH) to form the gluconate-6-
phosphate and reduced nicotinamide adenine dinucleotide phos-
phate (NADPH). The amount of NADPH produced corresponds 
to the amount of glucose-6-phosphate and, therefore, glucose. At 
the end of this reaction, F6P is transformed into G6P by the action 
of phosphoglucose isomerase (PGI), then the G6P cycle is restarted 
as described. The resulting NADPH is determined by a spectro-
photometer at 340 nM. 

5 High-Performance Liquid Chromatography (HPLC) 

The chromatographic analysis consists of the differential migration 
of the components of a mixture between two immiscible phases: the 
mobile and the stationary. The functioning of a basic HPLC system 
is shown in Fig. 2. In this process, the mobile phase is pumped 
through the system and it is responsible for transporting the sample 
to the column [27]. The column consists of packed solid particles 
(stationary phase), which interact physically and chemically with the 
analyte. The difference in the magnitude of these forces determines 
the resolution and, therefore, the separation of the individual 
solutes. Usually, a guard column is placed before the analytical 
column to avoid damage and consequently increase the service 
life. The most used columns in chromatographic systems in sugar



analysis are based on ion exchange mechanisms and silica-gel col-
umns with alkyl groups or amines. Cation exchange columns usu-
ally use ultrapure water as the mobile phase, while anion exchange 
columns use alkaline solutions or those containing salts. Silica-gel 
columns with amine groups are usual, and their eluent consists of 
water and acetonitrile. 
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Fig. 2 Diagram of the operation of a high-performance liquid chromatography 
(HPLC) system: (1) mobile phase, (2) pump, (3) sample injection, (4) column, 
(5) detector, (6) disposal, and (7) data processor 

After the separation step that takes place in the column, the 
analytes are directed to the detectors, which emit a signal that is 
registered when detecting its presence. The signal obtained by the 
detector is converted into a graph over time called a chromato-
gram, enabling the identification and quantitation of the different 
compounds present in the wine sample. 

5.1 Detectors The determination of individual carbohydrates is not possible with-
out the use of appropriate detectors coupled to the chro-
matographic system. Among the most common are the refractive 
index (RI), evaporative light scattering (ELSD), and electrochemi-
cal (PAD). The choice is based on the desired selectivity and 
sensitivity. 

5.1.1 Refractive Index 

Detector (RI) 

The IR detector works as a differential refractometer that measures 
changes in the deflection of a light beam due to the difference in the 
refractive index of the eluent induced by the solute, considering 
that all solutes affect the eluent in the refractive index [28]. How-
ever, sensitivity varies, given the compounds lacking absorption or 
other properties that allow selective detection and thus may affect 
RI detection. The disadvantage of RI is that the signal is highly 
dependent on the wavelength and solute density. Furthermore, the 
RI signal is very sensitive to the composition of the eluent, and it 
opposes the elution gradient, causing a baseline shift when using 
gradients [29].
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5.1.2 Evaporative Light 

Scattering Detector (ELSD) 

The ELSD, compared to refractive index detectors, provides better 
sensitivity, and more significant baseline stability; also, it does not 
require the use of temperature for detection [30]. Its operation is 
based on the vaporization of the solvent producing an aerosol, the 
gas transports the particles until detection, and the amount of 
scattered light is measured [29]. Due to their size, therefore, car-
bohydrates (when in solution form) are good light scatterers. 
ELSD detector can be used to detect carbohydrates in grapes 
[32, 33] and wines [22, 23]; however, this detector has low 
selectivity [30]. 

5.1.3 Electrochemical 

Detector (PAD) 

Electrochemical detection, also called pulsed amperometric detec-
tion (PAD), is superior to RI and ELSD detection regarding the 
selectivity, sensitivity, and the possibility of elution gradient [30]. In 
this type of detection, the electrochemical sensor is kept at an 
adequate constant potential, which undergoes electrochemical oxi-
dation or reduction with the electroactive compounds of interest 
[33]. Cataldi and Nardiello [34] developed a method for monosac-
charide determination and proline in wine by high-performance 
anion-exchange chromatography coupled with PAD. 

5.2 Sample 

Preparation for Sugar 

Analysis in Wine 

According to the method of analysis and the matrix type, it is 
necessary to prepare the sample, which may involve different physi-
cal, chemical, and enzymatic processes. It is an essential part of the 
analysis, and the choice of sample preparation method should be 
made to obtain the highest possible accuracy response. In some 
grape juice and wine, the sample preparation step is often restricted 
to sample dilution and filtration. Different filter types, including 
paper, fiberglass, and membranes, can be used [35]. 

Given the complexity of wine and grape must, in addition to 
the fact that several sugar isomers exist in the same sample, frac-
tionation could be necessary. The use of membranes, ultra or 
nanofiltration, dialysis, and solid-phase extraction cartridges are 
examples of methods employed to purify the extracts. Castellari 
et al. [36] compared wine samples fractionated with a SAX car-
tridge and proceeded with the dilution (1:20) to separate neutral 
from the acidic compounds. The fractionation was satisfactory; 
however, only diluted wines provided better precision in the results. 
In the assessment carried out by Liu et al. [31] in grape juices of 
different varieties, the samples were pre-treated with a solid-phase 
extraction cartridge (SPE-C18) and then diluted at a ratio of 1:5. 
Solid phase extraction (SPE) cartridges are commonly used for 
sample clean-up before phenolic analysis since the hydrophobic 
substances are retained and the analytes are eluted with an aqueous 
solution. Therefore, this procedure can be feasible for sample prep-
aration for the analysis of sugar, organic acids, and phenolic 
compounds [22].
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Fig. 3 Scheme of a sample (a) and mobile phase (b) filtration system: (1) syringe, 
(2) syringe filter, (3) vial, (4) mobile phase before filtration, (5) membrane, 
(6) filtered mobile phase, and (7) vacuum pump 

5.3 Filtration: An 

Indispensable Unit 

Operation for Samples 

and Mobile Phases 

Regardless of how the samples are prepared, it is necessary to filter 
them to prevent insoluble materials from blocking the passage 
through the column (clogging). 

The most common way of filtering samples is the use of syringe 
filters, that is, the sample inside a syringe (1) passes through the 
filter (2) to the vial (3) (Fig. 3a). Different filter types with different 
membrane materials are commercially available (e.g. nylon, poly-
vinylidene difluoride—PVDF, polytetrafluorethylene polymer— 
PTFE), and your choice depends on the polarity of the solvent. 
As with samples, mobile phases must also be periodically filtered 
before analysis. Figure 3b shows the apparatus used for mobile 
phase filtration, in which the mobile phase (4) under suction 
(7) passes through the membrane (5) filtering it (6). 

6 Case Study: HPLC Method to Determine Glucose and Fructose in Grape Must 

The literature reported many HPLC analytical methods used to 
determine sugars in grape musts and wines. Once glucose and 
fructose are the principal sugars present in the grape must, in this 
section the liquid-chromatographic method for monosaccharides 
quantitation will be presented. 

6.1 Method 

Validation 

After choosing the quantitation method for sugar analysis in grape 
musts and wines, the analytical method must present reliable infor-
mation on the sample. It must, therefore, undergo an assessment 
called validation. According to IUPAC [37], validation aims to 
demonstrate that the method is suitable for the intended purpose, 
that is, for qualitative, semi-quantitative, and/or quantitative deter-
minations. Typical properties of the analytical methods are
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specificity and selectivity, range, linearity (calibration curve), the 
limit of detection (LOD), the limit of quantification (LOQ), accu-
racy, precision, and robustness. 
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Selectivity The sugar analysis can be performed by comparing the 
retention time of compounds in the sample with and without 
standard addition. The peaks must be well-defined and separated 
from the other compounds. 

Linearity Consists of an internal or external calibration curve with 
the compounds of interest (standards) to be quantitated in the 
sample within the target range (calibration curve intervals, mini-
mum 7 points). In the case of glucose and fructose analysis, the 
application of solutions at different concentrations is analyzed in 
the method. In methods that the chromatograms are obtained, at 
least three points in each concentration are required. Thus, the area 
is determined by each peak integration, and the curve is plotted 
(area � standard concentration). Linear models are used for evalu-
ating the sugar calibration curve. The regression coefficients (R2 

and R2 adjusted) are evaluated, and analysis of variance (ANOVA) 
assess the model’s lack of adjustment and significance. 

Limit of Detection (LOD) and Limit of Quantification (LOQ) 
They can be obtained through the signal-to-noise ratio where a 
comparison is made between the signals of samples in low concen-
trations of the compounds of interest and a blank sample. Thus, the 
3:1 (signal: noise) ratio is accepted for LOD and 10:1 for LOQ. 

Accuracy After performing the linearity procedures, the accuracy 
of an analytical method is necessary, as it represents the proximity of 
the individual results found concerning a so-called true value. 
Several methodologies are available for accuracy testing; however, 
the one presented is recovery testing. For example, two different 
concentrations of glucose and fructose are added within the linear 
range of the sample. Results are calculated by dividing the glucose/ 
fructose peak area in the standard-added sample by the sum of the 
peak area of the sample and standard from different runs, as the 
following equation: 

Recovery %ð Þ ¼ Area sampleþ standardð  
Area sampleð Þ þ  Area standardð Þ � 100 

Precision Precision is obtained by analyzing the dispersion of 
results over a series of continuous measurements from the same 
sample. 

Robustness The method ability to resist discrete variations in the 
analytical test. For example, in glucose and fructose analysis, 
robustness can be calculated with a discrete variation in column 
chromatography temperature ( 5 �C).
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6.2 Analysis 1. Sample preparation. 

Before analysis, the grape juice sample is diluted (1:20, v:v) in 
ultrapure water. 

Then, the mixture is filtered in a nylon (0.22 μM) syringe filter 
(Fig. 3a) directly into the vial. 

2. Mobile phase preparation. 

A solution containing 5 mM H2SO4 in ultrapure water is used 
as a mobile phase. 

Then the solution is filtered (item 3, Fig. 3b) on a nylon 
membrane (0.45 μM). The choice of the mobile phase 
will depend on the column chosen for analysis. It is relevant 
to emphasize that the analyst reads the instructions in the 
column manual for more information. After the filtration 
step, the mobile phase is degassed in a sonicated bath for 
15 min. 

3. Chromatographic system and analysis condition. 

A chromatographic system coupled with a refractive index 
detector is used. The separation took place in a cation 
exchange column [Aminex HPX-87H, Bio-Rad 
(300 � 7.8 mM i.d.)] under an isocratic flow of the mobile 
phase at 0.5 mL/min after injection of 10 μL of the sample. 

During the analysis, both the column and detector tempera-
tures are maintained at 30 �C. 

4. Data analysis. 

After 25 min, the chromatogram shown in Fig. 4 is obtained. 
In the comparison of the sample retention time with the standard, it 
is assumed that peaks number (I) and (II) correspond to glucose 
and fructose, respectively. After the identification step, the peaks’

Fig. 4 Chromatogram of the grape must. Peak (I) corresponds to glucose and 
peak (II) to fructose. (AROUND HERE)
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areas are obtained by integration. As the analysis is performed in 
triplicate, three areas of each peak are obtained. Considering an 
average area of glucose 4,141,497, and fructose 3,838,020, and 
replacing these values on the calibration curves:
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Glucose: y (area) 962,786 * (concentration, g/L) – 2742.3. 

Fructose: y (area) 925,797 * (concentration, g/L) – 66,006. 

Multiplying by the dilution factor (twenty times in this case), 
the mean concentrations are 86.09 g/L and 84.34 g/L for glucose 
and fructose, respectively. 

7 Other Methods 

Besides the classical methods (chemical, enzymatic, and liquid 
chromatography) used to determine sugars in the wine, other 
methods have been used, such as infrared spectroscopy, gas chro-
matography, and nuclear magnetic resonance (NMR). 

The Fourier transform infrared (FT-IR) and Fourier-transform 
near-infrared (FT-NIR) spectroscopy are instrumental methods 
based on the measurement of the vibration of a molecule excited 
by infrared radiation at a specific wavenumber range. FT-IR tech-
nology allows taking advantage of distinct infrared intervals, 
namely, NIR (near-infrared) and MIR (medium-infrared), coupled 
with different instrumentation [38]. The infrared spectroscopy 
associated with multivariate data analysis enables qualitative and 
quantitative analysis. A qualitative assessment of the spectra can 
be performed by principal components analysis (PCA), while partial 
least squares (PLS) regression allows the enhancement of calibra-
tion models based on spectral and analytical data [39]. However, to 
obtain reliable predictions, exhaustive calibrations should be per-
formed in the same conditions for sample processing to remain 
consistent throughout an individual study. There is equipment 
based on this technique that performs reducing sugars, alcoholic 
degree, dry extract, total acidity and pH, volatile acidity, malic, 
lactic, and tartaric acid, glycerol, and sulfates at the same time. 

Gas chromatography is also used for sugar analysis [24, 40, 
41]. The sample preparation involves the derivatization of the 
sample as methanolysis and trimethylsilylation. Methanolysis may 
be preferable to classical acid hydrolysis due to its higher recoveries 
of both neutral sugars and uronic acids, whereas trimethylsilylation 
has been recognized as a quantitative, rapid derivatization method 
for a wide range of carbohydrates [42]. 

Several studies aim to identify malpractice and fraud, and vari-
ous physical and chemical analytical techniques have been 
employed for this purpose [43–45]. The analytical methods used 
include chromatography, isotopic ratio mass spectrometry, optical 
spectroscopy, and NMR spectroscopy. NMR spectroscopy with



chemometric analysis has gathered more attention due to its sim-
plicity and fastness. The detection of beet sugar illegally added 
before fermentation can be detected by analyzing the wine alcohol 
using a 2 H NMR [46]. 
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8 Conclusion 

Monitoring the sugar content in beverage manufacturing is essen-
tial to ensure the quality of the final beverage. Among the various 
techniques, high-performance liquid chromatography is the most 
used technique in the quantitation of carbohydrates in foods. 
However, there is no ideal method, but techniques with different 
characteristics with better adjustment according to the type of 
sample. The use of advanced technologies, such as those based on 
infrared and NMR spectroscopy, which can be a limitation for 
producers, can be achieved through partnerships with research 
centers, laboratories, and universities that have the infrastructure 
and knowledge of these techniques. 
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canti De Azevêdo L, Dos M, Lima S (2018) 
Simultaneous analysis of sugars and organic 
acids in wine and grape juices by HPLC: 
method validation and characterization of pro-
ducts from Northeast Brazil. J Food Compos 
Anal 66:160–167 

22. Villiers A, Lynen F, Crouch A, Sandra P (2004) 
Development of a solid-phase extraction pro-
cedure for the simultaneous determination of 
polyphenols, organic acids and sugars in wine. 
Chromatographia 59:403–409 

23. La Torre GL, La Pera L, Rando R, Lo Turco V, 
Di Bella G, Saitta M, Dugo G (2008) Classifi-
cation of Marsala wines according to their poly-
phenol, carbohydrate and heavy metal levels 
using canonical discriminant analysis. Food 
Chem 110:729–734 

24. Apolinar-Valiente R, Williams P, Mazerolles G, 
Romero-Cascales I, Gómez-Plaza E, López-
Roca JM, Ros-Garcı́a JM, Doco T (2014) 
Effect of enzyme additions on the oligosaccha-
ride composition of Monastrell red wines from 
four different wine-growing origins in Spain. 
Food Chem 156:151–159 

25. Comuzzo P, Rauhut D, Werner M, Lagazio C, 
Zironi R (2013) A survey on wines from 
organic viticulture from different European 
countries. Food Control 34(2):274–282 

26. Consonni R, Cagliani LR, Guantieri V, Simo-
nato B (2011) Identification of metabolic con-
tent of selected Amarone wine. Food Chem 
129:693–699 

27. Nollet LML, Toldra F (2012) Food analysis by 
HPLC. Taylor & Francis 

28. Magwaza LS, Opara UL (2015) Analytical 
methods for determination of sugars and 
sweetness of horticultural products: a review. 
Sci Hortic 184:179–192 

29. Raessler M (2011) Sample preparation and cur-
rent applications of liquid chromatography for 
the determination of non-structural carbohy-
drates in plants. Trend Anal Chem 30:1833– 
1843 

30. Molnár-Perl I (2000) Role of chromatography 
in the analysis of sugars, carboxylic acids and 
amino acids in food. J Chromatogr A 891:1–32 

31. Liu HF, Wu BH, Fan PG, Li SH, Li LS (2006) 
Sugar and acid concentrations in 98 grape cul-
tivars analyzed by principal component analy-
sis. J Sci Food Agr 86:1526–1536 

32. Ma C, Sun Z, Chen C, Zhang L, Zhu S (2014) 
Simultaneous separation and determination of 
fructose, sorbitol, glucose and sucrose in fruits 
by HPLC-ELSD. Food Chem 145:784–788 

33. Santos WTP, Gimenes DT, Richter EM, 
Angnes L (2011) Análise por injeção em fluxo 
com detecção amperométrica de múltiplos pul-
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Abstract 

Phenolic compounds are considered one of the most important chemical substances in wines due to their 
antioxidant activity and efficiency in minimizing cardiovascular and neurodegenerative diseases, inflamma-
tion, and cancer incidence. Due to this health benefits, consumers are seeking foods and beverages with a 
natural composition and low processing, rich in phenolic compounds to improve the quality of their diet. 
The phenolic compounds are divided into flavonoid (anthocyanins, flavonols, flavan-3-ols) and 
non-flavonoid (phenolic acids and stilbenes) substances, and the antioxidant capacity of a food matrix 
depends on the concentration and the diversity of these compounds since all of them promote antioxidant 
properties. Traditional methods are used to determine total phenolic compounds in grapes and wines, and 
the most known apply spectrophotometric assays. This chapter aims to provide relevant information 
regarding the principal spectrophotometric methods used to determine the total phenolic compounds in 
wines. 

Key words Phenolic compounds, Anthocyanin, Flavonol, Flavan-3-ol, Phenolic acids, Stilbenes, 
Spectrophotometry, Wines, Grapes 

1 Introduction 

Consumers have become more exigent regarding food ingredients 
since they are concerned about natural products that bring health 
benefits. The food industry has developed new and alternative 
technologies to obtain products near their natural composition 
minimizing the macro and micronutrient loss due to food and 
beverage processing. In this context, the wine sector is growing 
its consumers worldwide since wine is a beverage that, in moderate 
intake, can provide health benefits due to its high phenolic compo-
sition [1, 2]. Phenolic compounds are extracted from grape skins 
and seeds and they present high antioxidant activity, a property that

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3088-4_4, 
© The Author(s), under exclusive license to Springer Science+Business Media, LLC, part of Springer Nature 2023

43

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-0716-3088-4_4&domain=pdf
https://doi.org/10.1007/978-1-0716-3088-4_4#DOI


reduces oxidative cell damage, cardiovascular and neurodegenera-
tive diseases, inflammation, and chronic diseases [3, 4]. These 
health benefits are closely linked to the increase of phenolic com-
pound consumption in the diet, and wine is a great option [5].
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Fig. 1 Flavonoid and non-flavonoid chemical structure. Adapted from Jackson 
(2020) [6] 

According to their chemical structure, phenolic compounds are 
divided into two groups: flavonoids and non-flavonoids. Flavo-
noids are chemical compounds characterized by a C6-C3-C6 
chemical structure since they present two phenolic rings and one 
heterocycle pirano ring at the center of the molecule, and non-
flavonoids are composed of C6-C1 and C6-C2 chemical structures 
with one phenolic ring and carbon radicals linked to the molecule 
(Fig. 1). Flavonoids are composed of anthocyanins, flavonols, and 
flavan-3-ols, and non-flavonoids are composed of hydroxycinnamic 
and hydroxybenzoic acids and stilbenes [6, 7]. 

The anthocyanins are the red pigments in grapes and wines, 
located primarily in grape skins and less usually in pulp (except for 
“tenturier” grape varieties that present colored pulp) [8]. Antho-
cyanins are more chemically stable in glucosidic form instead of 
their aglycone form (anthocyanidin), and they can also be identified 
in wines as mono- or diglucosidic anthocyanins, depending on the 
grape variety. Normally, Vitis vinifera grapes produce monogluco-
sidic anthocyanins since the gene responsible for the synthesis of 
the diglucosidic form is defective; however, Vitis labrusca, Vitis 
rotundifolia, and grape hydrides produce mono- and diglucosidic 
anthocyanins promoting higher chemical stability for wine color 
[6, 9, 10].
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Flavonols occur in the lowest concentration on grapes and 
wines, representing 1–10% of the total concentration of phenolic 
compounds, and this chemical class is represented by quercetin, 
myricetin, laricitrin, kaempferol, and isorhamnetin. The synthesis 
of flavonols in grapes is activated by UVexposure and blue radiation 
[6]. Flavonols are also responsible for the yellow color of red and 
white wines. In grapes, these molecules are present in glycoside 
form, and in wines, they can be identified as their aglycone form 
since the glycoside form was hydrolyzed during alcoholic fermen-
tation. Their concentration is near 100 mg/L, depending on the 
grape variety, winemaking, vine management, and climatic 
conditions [8]. 

Flavan-3-ols are grape seed components and they are extracted 
with ethanol. Flavan-3-ols (or flavanols) with lower molecular 
weight can provide bitterness for wine, and the flavan-3-ols with 
high molecular weight are responsible for determining wine astrin-
gency. The flavan-3-ols can interact with salivary proteins promot-
ing the astringent mouthfeel since the proteins’ precipitation cause 
a decrease of the mouth lubrification, resulting in palate constric-
tion [11, 12]. 

Phenolic acids are found in grape skin and seeds and gallic acid 
is one of the primary compounds of the hydroxybenzoic acids, and 
the hydroxycinnamic acids are composed of coumaric, caffeic, feru-
lic, and sinapic acids. They enhance and stabilize red wine color by 
inter- and intramolecular reactions, also contributing to wine flavor 
and present potential biological activities [13, 14]. Stilbenes are 
synthesized in the grape skin and seeds, and factors such as vine 
stress, microbial spoilage, mechanical damage, and UV radiation 
incidence are responsible for their concentration enhancement in 
grapes [11, 15]. Resveratrol is the principal stilbene followed by 
piceid and astringin. Some studies have revealed that resveratrol 
and other stilbenes are responsible for the higher antioxidant activ-
ity of wines and it is responsible for decreasing the incidence of 
degenerative diseases [16, 17]; however, it is well known that all the 
phenolic compounds present antioxidant activity and their concen-
tration, as well as their diversity in the matrix, can influence the high 
or low antioxidant property in wine [18]. 

In this context, several methods have been applied to identify 
and quantitate total phenolic compounds in grape extracts and 
wines; however, the spectrophotometric methods are the most 
used by analysts. Therefore, this chapter brings valuable informa-
tion about conventional methods to identify and quantitate the 
total phenolic compounds in wines using spectrophotometric 
procedures.
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2 Total Phenolic Using Folin–Ciocalteu Reagent 

This method is the most used in determining the total phenolic 
content in wines and it consists in determining the total phenolics 
using the Folin–Ciocalteu reagent at 765 nm wavelength. It can be 
used directly in cuvettes, using a few quantities of samples and 
reagents, or in test tubes of about 10 mL capacity. Good quality 
micropipettes should be used to obtain adequate reproducibility. 
The method described below is adapted to test tubes of 10 mL 
capacity, adapted from OIV-MA-AS2-10 [19]. 

2.1 Chemicals 1. Folin–Ciocalteu reagent (see Note 1). 

2. Gallic acid solution (see Note 2). 

3. Sodium carbonate solution (see Note 3). 

4. Distilled water. 

2.2 Apparatus 1. Semi-analytical balance. 

2. UV-vis spectrophotometer. 

3. 10 mM cuvettes. 

4. Vortex for reagents and samples homogenization. 

5. Beakers 50 mL. 

6. Test tubes. 

7. Automatic pipette in the range of 100–1000 μL. 

2.3 Method 1. The calibration curve is prepared by adding the following 
volumes of the gallic acid solution: 0 mL (0 mg/L); 0.1 mL 
(50 mg/L); 0.2 mL (100 mg/L); 0.3 mL (150 mg/L); 0.5 mL 
(250 mg/L); 1.0 mL (500 mg/L); 2 mL (1000 mg/L); and 
3 mL (1500 mg/L) into a 10 mL volumetric flask and com-
plete with distilled water. 

2. For each dissolution of the calibration curve, pipette 100 μL 
into separate tubes. 

3. Add 7.9 mL of distilled water. 

4. Add 500 μL of Folin–Ciocalteu reagent, stirring well. 
5. Wait for about 4 min for the reaction. 

6. Add 1500 μL of sodium carbonate solution, stirring to mix the 
reagents well. 

7. Leave the dissolutions at 40 °C for about 30 min and deter-
mine the absorbance of each dissolution at 765 nm (see Note 
4). 

8. Plot the absorbance on a graph along with the concentrations 
and determine the concentration of total phenolics in mg/L 
using linear regression, using the straight-line equation from 
the calibration curve graph (Fig. 2).
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Fig. 2 Calibration curve of the gallic acid solution in different concentrations. 
(AROUND HERE) 

9. Repeat the same protocol for each wine sample beginning from 
Step 2. 

10. After 30 min at 40 °C, read the absorbance of each sample and 
each point of the gallic acid calibration curve in a spectropho-
tometer at 765 nm. 

2.4 Calculation The absorbance obtained for the sample (measured in triplicate) 
will be entered into the analytical expression obtained after building 
the standard curve (in mg equivalents of gallic acid per liter of the 
sample). Using the standard curve of gallic acid (Fig. 2), we have 
the following equations, where total phenolic content (TPC) is the 
total phenolic content for each replicate and A is the absorbance of 
each wine sample at 765 nM: 

– Total phenolic content (expressed in mg/L of gallic acid 
equivalents): 

TPC = A × 981:3ð Þ þ  74:232 

3 Total Phenolic Content by Optical Density at 280 nm (OD 280 Value) 

This method presents advantages to the Folin–Ciocalteu method 
since it is rapid and has high reproducibility. This method is based 
on Ribéreau-Gayon et al. (2006) [8]. Specific molecules such as 
cinnamic acids and chalcones have no absorption maximum at this 
wavelength; however, they present small concentrations in wines, 
and any error in the value will be insignificant.
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3.1 Chemicals 1. Wine samples. 

2. Distilled water. 

3.2 Apparatus 1. UV-vis spectrophotometer. 

2. 10 mM cuvettes. 

3. Vortex for reagents and samples homogenization. 

3.3 Method 1. Dilute red wine and white wine samples 1/100 and 1/10 with 
distilled water, respectively. 

2. Read the absorbance of the sample at 280 nM wavelength. 

3. Multiply the absorbance with the dilution factor. 

4. It is possible to define the relative contributions of phenolic 
acids and other non-phenolic substances in wine using this 
determination. It is considered constant at around 7 for both 
red and white wines using the Folin Ciocalteu reagent. 

5. This is a crucial factor, especially for white and rosé wines, as it 
represents practically 50% of the value. In red wines, it may be 
considered that 

OD 280=7þ DA þ DT 

Furthermore, the average anthocyanin and tannin coefficients 
in wine is determined as follows: 

DA (anthocyanin absorption at 280 nM) = 20 × anthocyanin con-
centration expressed in g/L. 

DT (tannin absorption at 280 nM) = 12 × tannin concentration 
expressed in g/L. 

4 Tannin Determination by Spectrophotometry 

This method involves the reduction of the Folin–Dennis reagent, in 
a basic medium, by the tannin present in the sample, producing an 
intense blue coloration that is measured in the visible region. The 
result is expressed as tannic acid [16]. 

4.1 Chemicals 1. Folin–Dennis reagent (see Note 5). 

2. Sodium carbonate saturated solution (see Note 6). 

3. Tannic acid standard solution (see Note 7). 

4.2 Apparatus 1. UV/Vis spectrophotometer. 

2. Cuvette 10 mM. 

3. Analytical balance. 

4. Glass wool.
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5. Hot plate. 

6. Volumetric flasks 100 mL, 500 mL, and 1000 mL. 

7. Flask with ground-glass joint 1000 mL. 

8. Reflux condenser. 

9. Volumetric pipettes 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, and 
10 mL. 

10. Beaker 50 mL. 

4.3 Standard Curve 

Preparation 

Pipette aliquots of 1 to 10 mL of tannic acid standard solution into 
100 mL volumetric flasks containing 75 mL of distilled water. Add 
5 mL of the Folin–Dennis reagent and 10 mL of saturated sodium 
carbonate solution and complete with water. Shake well and read 
after 30 min at 760 nM against the blank. Plot the standard curve, 
relating the absorbance values with the concentration in 
mg/100 mL. 

4.4 Procedure Pipette 5 mL of the sample into a 100 mL volumetric flask contain-
ing 75 mL of distilled water. Add 5 mL Folin–Dennis reagent and 
10 mL saturated sodium carbonate solution and complete with 
water. The solution should be filtered in case of turbidity. Stir 
well and read at 760 nM after 30 min, using a blank prepared in 
the same way with distilled water in place of the sample. 

4.5 Calculation After the determination of the tannic acid concentration using the 
standard curve, use the following equation for the correction of the 
tannin concentration in mg/100 mL: 

C × 100 
A 

C: tannic acid concentration in the sample corresponding to the 
standard curve. 

A: sample volume in mL. 

5 Notes 

1. This reagent is bought ready-made from specialized chemical 
companies. 

2. Dissolve 0.50 g of gallic acid in 10 mL of ethanol in a 100 mL 
volumetric flask and complete it with distilled water. This dis-
solution can be opened daily but should be kept under refrig-
eration for up to 2 weeks after preparation. 

3. Dissolve 200 g of anhydrous sodium carbonate in 800 mL of 
distilled water and bring it to boiling point. After it has cooled 
down, insert some sodium carbonate crystals, and after 24 h 
filter and complete to 1 L with distilled water.
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4. Use the blank as a sample to zero the spectrophotometer (the 
blank is the dissolution with 0 mL of the wine sample). 

5. Add 100 g sodium tungstate hydrate, 20 g phosphomolybdic 
acid, and 50 mL phosphoric acid in 750 mL distilled water. 
Reflux for 2 h, cool, and dilute to 1000 mL in a volumetric 
flask. 

6. Take 35 g of anhydrous sodium carbonate and dissolve in 
100 mL of distilled water at 70–80 °C, cool overnight, and 
sieve the supersaturated solution with sodium carbonate dec-
ahydrate crystal (Na2CO3.10H2O). After crystallization, filter 
through glass wool. 

7. Dissolve 100 mg tannic acid in a 1000 mL volumetric flask with 
distilled water. This solution has a concentration of 0.1 mg of 
tannic acid per mL. 
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Chapter 5 

Color Indexes: Traditional and Advanced Methods 

Carolina Pavez Moreno, Natalia Brossard, and Edmundo Bordeu 

Abstract 

Color is a relevant wine sensory feature easily perceived by wine consumers and directly associated with its 
quality. Both red and white wines present the polyphenols as the primary chemical compound responsible 
for wine color. In red wines, the principal component responsible for their color is the anthocyanin located 
in the vacuole of the cells in the grape berry skin. On the other hand, the characteristic pale-yellow color in 
white wines is due to enzymatic reactions affecting polyphenolic compounds such as hydroxycinnamic 
acids, flavanols, and flavonols, followed by non-enzymatic browning produced by oxidation reactions. Due 
to the importance of color for wine quality, its management and control are crucial for the wine industry. 
Usually, wine color is determined using two different spectrophotometric approaches, measurement of 
color density, and description of color in the CIELAB space, which is detailed in the present chapter. Color 
density measurement is the most widely used method and is recommended by the International Organiza-
tion of Vine and Wine (OIV). 

Key words Wine, Color, CIELAB, Spectrophotometry, Polyphenols 

1 Introduction 

Color is a relevant wine feature of red wines primarily associated 
with quality by wine consumers [1]. In red wines, the principal 
component responsible for their color is a class of polyphenols 
compounds known as anthocyanins [2–4]. Anthocyanins are sec-
ondary metabolites responsible for the color of several fruits, vege-
tables, and derived products such as wine [5]. Normally, these 
compounds are located in the vacuoles of the epidermal cells of 
the grape berry skin. However, “teinturier” grapes are an exception 
because in these grapes it is possible to find anthocyanins in both 
skin and pulp [2, 6]. 

In the same way as white wines, their characteristic pale-yellow 
color is due to the presence of polyphenolic compounds. The 
phenolic composition of white wines depends on several factors, 
such as the grape variety, growth, climatic conditions, and wine-
making practices [7]. For instance, pre-fermentation techniques
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such as skin maceration and pressing are among the most employed 
to enhance polyphenolic extraction [7, 8]. However, the polyphe-
nolic content is lower compared with those reported in red wines 
and is composed primarily of hydroxycinnamic acids, flavanols, and 
flavonols [8]. The color of white wine begins to change in the early 
stages of winemaking via enzymatic reactions caused by the active 
polyphenol oxidase, in which hydroxycinnamic esters are crucial in 
these reactions.
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Fig. 1 Chemical structures of anthocyanidins (monomers) and anthocyanins 
(glycosylated form) in wines 

After fermentation, non-enzymatic reactions occur that pro-
gressively change the initial pale-yellow color to brown, mediated 
by the oxidation reaction of hydroxycinnamates and flavanols (cat-
echin and epicatechin). These originated compounds are yellow 
xanthylium salt pigments with maximum visible absorption at 
440 and 460 nm [9]. However, the color of white wines is deter-
mined using 420 nm wavelength to avoid interference with the 
possible pinking of leucoanthocyanins [10]. 

Anthocyanins found in red wines produced by Vitis vinifera 
grapes are part of the family of flavonoid polyphenols. The flavo-
noids are divided into several classes according to the oxidation 
degree and substitution pattern of ring C [5] (Fig. 1). The principal 
monomeric anthocyanins present in wines are in their glucoside 
forms as 3-O-monoglucosides linked at the hydroxyl group of the 
C ring in the flavonoid chemical structure [1], and the most impor-
tant are cyanidin, delphinidin, peonidin, petunidin, and malvidin 
[2, 11], and recently it was also found in Vitis vinifera a pelargoni-
din-3-O-glucoside in Cabernet Sauvignon and Pinot Noir skin 
berries (Table 1) [12]. 

These anthocyanins differ from each other in the substitution 
pattern of their chemical structure in the B ring of the flavonoid 
structure, which can directly affect the hue and color stability due 
to the effect on the delocalized electrons in the molecule 
[1]. Among the monomeric anthocyanins, malvidin-3-O-glucoside 
is the most abundant and the most responsible for the red color in 
young red wines, varying from more than 90% in Grenache and less



than 50% in Sangiovese wines. In this context, anthocyanin mono-
meric distribution is strongly dependent on the grape variety, 
growing conditions, and viticulture practices [13]. 
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Table 1 
Most important anthocyanidins and anthocyanins found in red wines 

Compound name R1 R2 R3 

Anthocyanidins Pelargonidin H H H 
Cyanidin OH H H 
Delphinidin OH OH H 
Peonidin OCH3 OH H 
Petunidin OCH3 OH H 
Malvidin OCH3 OCH3 H 

Anthocyanins Pelargonidin-3-O-glucoside H H Glu 
Cyanidin-3-O-glucoside OH H Glu 
Delphinidin-3-O-glucoside OH OH Glu 
Peonidin-3-O-glucoside OCH3 OH Glu 
Petunidin-3-O-glucoside OCH3 OH Glu 
Malvidin-3-O-glucoside OCH3 OCH3 Glu 

Glu Glucose molecule 

Anthocyanins exhibit a wide range of colors, that is, depending 
on their structure they can change with the pH from orange to 
blue. At very acidic conditions (pH � 1), anthocyanins are present 
in their flavylium cation presenting a red color. When the pH of the 
solution rises between 3 and 4, the flavylium cation is involved in 
two parallel equilibrium reactions. One side is characterized by the 
deprotonation of the flavylium cation producing a violet quinoidal 
structure, and on the other side the hydration of the cation at the 
C-2 position occurs, yielding a non-colored hemiketal structure 
[1, 11, 14]. Furthermore, the addition of bisulfite can promote a 
reaction to form a colorless compound. This reaction of anthocya-
nins with bisulfite is known as bleaching [14] (Fig. 2). 

According to the equilibrium reactions of anthocyanins, it 
would be expected that at wine pH these compounds were present 
mostly in their colorless form. However, the self-association of 
anthocyanins and other compounds present in wine can intensify 
and give stability to the color [15]. 

This association of anthocyanins with other compounds (inter-
molecular) and with themselves (intramolecular) is called copig-
mentation [16]. The copigmentation is a phenomenon that 
colored anthocyanins in their planar structures, such as the red 
flavylium or blue quinoidal base, interact with other planar species 
(i.e., B ring of the flavan-3-ol compound) through hydrophobic 
interactions [17, 18]. The color stability promoted by copigmenta-
tion is explained by the water and hydration protection of the 
flavylium cation, displacing the equilibrium at wine pH from the 
colorless hydrated form toward the red flavylium or blue quinoidal 
base [1, 16–19].
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Fig. 2 Reaction of anthocyanins in wine with pH variations. Adapted from [1, 14, 17, 19] (AROUND HERE) 

Among the reactions causing anthocyanin transformation, 
those that originate a new pyran ring in the resulting structure are 
very relevant for color stability, especially in aged red wines. These 
compounds known as pyranthocyanins are the resulting addition of 
acetaldehyde, pyruvic acid, vinyl phenol, vinyl catechol, vinyl guaia-
col, acetone, and monomeric and dimeric procyanidins in the 
anthocyanin structure to the carbon in position 4 and the hydroxyl 
group in position 5, that cause a hypochromic shift in the visible 
absorption of anthocyanins, which produce a change in the wine 
color toward oranges hues [20]. The presence of a pyran ring 
confers high color stability since it prevents water and bisulfite 
addition at carbon C-4 that avoids the formation of the colorless 
structure of anthocyanins [21]. 

According to the International Organization of Vine and Wine 
(OIV), the chromatic features of wine are its luminosity and chro-
maticity. Luminosity depends on the transmittance and varies 
inversely with the intensity of the wine color. On the other hand, 
chromaticity depends on the dominant wavelength and purity that 
characterize the wine hue [22, 23]. Young red wines exhibit a 
maximum spectral absorption at a wavelength of 520 nm (red) 
and a minimum absorption at 420 nm (yellow). However, aged 
red wines exhibit the opposite behavior with maximums of absorp-
tion more shifted to 420 nm. For white wines the situation is



different, and they do not exhibit a defined spectral maximum of 
absorption. They just exhibit light absorption at 420 nm according 
to their color. In most wineries, the absorbance at different wave-
lengths, 420 nm (yellow), 520 nm (red), and 620 nm (blue), are 
used to characterize the wine color [23]. 
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2 Materials 

Spectrophotometer enables to perform measurements between 
300 and 700 nm. 

Glass cuvettes with an optical path adequate to give reasonable 
absorbances. For red wines, 0.1 cm is the most frequently used. 

Polyvinylidene fluoride (PVDF) membranes of 0.45 μm. 

Distilled water as the reference liquid. 

3 Methods 

3.1 Color Intensity The color intensity or color density is a spectrophotometric method 
that describes the chromatic features conventionally expressed by 
the sum of absorbances of wavelengths at 420, 520, and 620 nm 
expressed at a 1 cm cuvette optical path. Additionally, the hue is 
expressed as the ratio of absorbance at 420 and 520 nm and 
represents the proportion of yellow and red in red wines [22, 23]. 

The method herein described is applicable to red and rosé 
wines, for white wines the color density is given by the absorbance 
determined at 420 nm, and the same is usually used to describe the 
oxidation degree in white wines [23]. 

3.1.1 Analytical 

Procedure 

1. Filter all the samples using a cellulose acetate membrane of 
0.45 μm to eliminate any particles in suspension. 

2. Use distilled water as a reference liquid to set the blank on the 
absorbance scale of the spectrophotometer using a cuvette with 
the same optical path as the sample. 

3. Read the absorbance of each sample at 420, 520, and 620 nm 
using an optical path adequate to give reasonable absorbance 
readings, ideally between 0.3 and 0.7 (1, 2, 5, 10, and 20 mm), 
and convert absorbance readings to what it would be if 
measured in a 10 mm cuvette. 

The color intensity (I) is conventionally expressed by the sum 
of all absorbances:
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I ¼ A420 þ A520 þ A620 

On the other side, the hue N is given by: 

N ¼ A 420 
A 520 

According the OIV, both color intensity and hue results should 
be expressed using three decimal digits. 

3.2 CIELAB The Commission Internationale de L’Eclairage (CIE) proposed a 
method to determine the chromatic characteristics of wines and 
other food. The method that attempts to simulate the perception of 
color by real observers is based on the determination of tristimulus 
values, which established a nonlinear three-dimensional space with 
coordinates X, Y, and Z [24, 25]. The calculation of these coordi-
nates is possible using the following expressions [26]: 

X ¼ k 
X 
λ 

τλ Sλ x λΔλ 

Y ¼ k 
X 
λ 

τλ Sλ y λΔλ 

Z ¼ k 
X 
λ 

τλ Sλ z λΔλ 

where k is a normalization constant; τλ the spectral transmittance; 
Sλ the spectral emission of the illuminant chosen; x λ, y λ, z λ the 
color matching functions of the standard observed used; andΔλ the 
measurement interval. 

The colorimetric characteristics are defined by clarity 
(L) (L* ¼ 0 black; L* ¼ 100 colorless), the color component 
red/green (a*) (a* > 0 red; a* < 0 green), and the yellow/blue 
color component (b*) (b* > 0 yellow; b* < 0 blue). Additionally, 
there are the derived magnitudes chroma (C*) and hue 
(H*) [25, 27, 28]. The magnitude C* is the chromatics of a color 
object judged relative to the white, and on the other hand, H* is 
the attribute of appearance by which color is identified according to 
its similarities to red, yellow, green, blue, or a combination of two 
of these color parameters [29] (Fig. 3). 

The official method proposed by the CIE [30] for determining 
the color of wine involves the measurement of the transmittance 
spectrum every 5 nm over the whole of the visible spectrum 
(380–780 nm) in specific conditions using a spectrophotometer 
[24, 26]. 

For the use of the CIELAB color space optimized in 1986, the 
CIE recommended performing the spectrophotometric measure-
ments using a spectrophotometer with illuminant D65, instead of 
the original illuminant C. The reason for this optimization is that 
the illuminant D65 is a more appropriate representation of



�

�

�

daylight. Additionally, the visual field of the observer should be 10�

instead of 2� of the original method [24, 31]. 
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Fig. 3 CIELAB space. Adapted from [33, 34] (AROUND HERE) 

Further optimization of this model was proposed by Pérez-
Caballero et al. (2003) [26] to reduce the data of the spectrum 
by the application of statistical characteristic vector analysis (CVA). 
This method allows the calculation of the CIELAB coordinates by 
the measurements of only four wavelengths (A450 nm, A520 nm, A570 

nm, and A630 nm). The equation used to determine the X, Y, and Z 
coordinates are the following expressions using transmittance 
values (τ) at each wavelength [26]: 

X ¼ 19:717τ450 þ 1:884τ520 þ 42:539τ570 þ 32:474τ630 � 1:841 

Y ¼ 7:950τ450 þ 34:764τ520 þ 42:736τ570 þ 15:759τ630 � 1:180 

Z ¼ 103:518τ450 þ 4:190τ520 þ 0:251τ570 þ 1:831τ630 � 0:818 

To obtain the color coordinates L*, a* and b*, the tristimulus 
(X, Y, and Z) obtained are substituted in the following expressions 
[29]: 

L� ¼ 116 Y=Y10ð Þ1=3 � 0:1379
�

a� ¼ 500 X=X10ð Þ1=3 � Y=Y10ð Þ1=3
�

b� ¼ 200 Y=Y10ð Þ1=3 � Z=Z10ð Þ1=3
�

where X10, Y10, and Z10 are the tristimulus determined for the 
blank with D65 illuminant. 

Finally, one of the principal advantages of the CIELAB method 
relies on the possibility to calculate the colorimetric difference 
(ΔE*) between two colors, which makes this method a useful tool



for a direct and detailed comparison of wines with similar colors 
submitted to different winemaking processes. 
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3.2.1 Analytical 

Procedure 

1. Filter all the samples using a cellulose acetate membrane of 
0.45 μm to eliminate any particle in suspension. 

2. Use distilled water as a reference liquid to set the zero on the 
absorbance scale of the spectrophotometer. 

3. Read the absorbance of each sample at the wavelength required 
by the CIELAB approximation used between 380 and 780 nm 
using an optical path (b) of 0.2 cm for red and rosé wines and 
1 cm for white wines [32]. 

4. Use the equations described above to calculate each CIELAB 
parameters or a suitable computer software to apply the CIE-
LAB method. 
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(2003) Application of absorbance values used 
in wineries for estimating CIELAB parameters 
in red wines. Food Chem 81(2):301–306 

25. Aleixandre-Tudo JL, Buica A, Nieuwoudt H, 
Aleixandre JL, Du Toit W (2017) Spectropho-
tometric analysis of phenolic compounds in 
grapes and wines. J Agric Food Chem 65(20): 
4009–4026 
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30. de Léclarage CI (2004) CIE 15 technical 
report Colorimetry, Viena 

31. Martı́nez JA, Melgosa M, Pérez MM, Hita E, 
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Chapter 6 

Anthocyanin Identification and Quantitation by High 
Performance Liquid Chromatography Coupled with Mass 
Spectrometry (HPLC-MSn ) 

Maurı́cio Bonatto Machado de Castilhos, Sergio Gómez-Alonso, 
and Esteban Garcı́a-Romero 

Abstract 

Anthocyanins are considered the principal agent for wine’s intense color response for the first sensory sight 
assessed by the consumers, the appearance. Most grapes produce five different anthocyanin classes, each 
presenting different chromatic attributes and oxygen predispositions since they present two phenolic rings 
and one heterocyclic pirano ring, determining high chemical instability. Red wines maintain their intense 
red color with high stability due to reactions that occur between anthocyanins (self-association), copig-
ments, polymerization with other flavonoids, and synthesis of pyranoanthocyanins. Wines produced from 
Vitis vinifera grapes produce anthocyanin monoglucosides, and wines produced with non-Vitis vinifera or 
hybrid grapes produce mono- and diglucosidic anthocyanins. Monoglucosidic anthocyanins guarantee 
higher color intensity; however, diglucosidic anthocyanins provide higher chemical stability. This chapter 
covers analytical methods of anthocyanin identification and quantitation using spectrophotometric and 
high-performance liquid chromatography coupled to a diode array detector in tandem with electrospray 
ionization mass spectrometry (HPLC-DAD-ESI-MS/MS). 

Key words Phenolic compounds, Anthocyanin, Liquid chromatography, Mass spectrometry, Spec-
trophotometry, Wines, Grapes 

1 Introduction 

Anthocyanins are considered the principal source of a red wine’s 
color and most grapes produce five different classes of anthocyanins 
each presenting different chromatic attributes and oxygen predis-
positions. The principal anthocyanidins found in wines are cyani-
din, peonidin, delphinidin, petunidin, and malvidin, and the 
differences among them are determined by the different radicals 
linked to the aglycon (Table 1), which is composed of two phenolic 
rings A and B and a heterocyclic pyran ring C (Fig. 1). The color of
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wine primarily depends on the grape anthocyanin composition 
regarding their different types and concentration [1].
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Table 1 
Principal anthocyanidin found in grapes and wines 

Anthocyanidin Chemical Substituents 

Cyanidin R1 = R2 = H 

Peonidin R1 = OH; R2 = H 

Delphinidin R1 = R2 = OH 

Petunidin R1 = OH; R2 = OCH3 

Malvidin R1 = OCH3; R2 = OCH3 

Fig. 1 Chemical structure of anthocyanin aglycone. (AROUND HERE) [2] 

Free anthocyanins have no chemical stability; however, their 
self-association, combination with copigments, polymerization 
with other flavonoids or their reaction with other wine compo-
nents, and the formation of pyranoanthocyanins give them chemi-
cal stability and relative color stability for wine [1]. Other sources of 
wine pigmentation can be formed by oxidation and polymerization 
between grape and oak-derived flavonoids and the relative role of 
each one of these pigments is still controversial since there are 
analytical difficulties in quantitating these multiple forms synthe-
sized by the reaction of several color compounds [3]. 

The differences noticed regarding the anthocyanin profile in 
grapes and wines are primarily explained by the yeast strain used in 
the alcoholic fermentation process [4], viticultural practices and 
vine management [5], clarification and stabilization procedures 
[6], different species of Vitis [7], and the winemaking process 
[8, 9]. Anthocyanins are also classified regarding the number of 
sugar molecules attached to the aglycone, that is, both mono- and 
diglucosidic anthocyanin can occur (Fig. 2). In summary, Vitis 
vinifera species produce only monoglucosidic anthocyanins since 
the gene responsible for synthesizing the diglucosidic form is



defective [1, 10]. Vitis rotundifolia produces only diglucosidic 
anthocyanins [11] and Vitis labrusca can produce mono- and 
diglucosidic anthocyanins, the latter also present in the anthocyanin 
profile of hybrid grapes. These hybrid grapes are usually denoted by 
a genetic cross between Vitis vinifera and Vitis labrusca grapes and 
they produce several combinations of mono- and diglucosidic 
anthocyanins [1]. Monoglucoside anthocyanins present higher 
color indexes when compared with diglucosidic anthocyanins; 
however, the latter present higher chemical stability and are more 
susceptible to browning [12]. 
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Fig. 2 Mono- and diglucosidic anthocyanidin chemical structures. (AROUND HERE) 

Several methods have been developed to identify and quanti-
tate anthocyanins in grape extracts and wines. Conventional meth-
ods, using specific chemical substances that react with anthocyanins 
using spectrophotometric approach, and advanced methods using 
high-performance liquid chromatography coupled with tandem 
mass spectrometry (HPLC-MSn ) were useful for anthocyanin iden-
tification and quantitation; however, the conventional methods are 
less accurate and precise than the advanced ones. This chapter aims 
at describing a conventional spectrophotometric method for 
anthocyanin quantitation and an advanced method using HPLC-
MSn for anthocyanin identification and quantitation. 

2 Total and Non-bleaching Anthocyanins Using Spectrophotometry 

This method determines the total and non-bleaching anthocyanins 
using the decolorization method by sodium bisulfite. This method 
is an adaptation of the method described by Ribéreau-Gayon et al. 
(2006) [13, 14]. The anthocyanins quantitation is performed by 
the spectrophotometric method based on simple absorbance mea-
surements at the appropriate wavelength (520 nm). The analysis 
takes place in an acidic medium to ensure that all anthocyanins are 
in the flavylium cation structural form.
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2.1 Chemicals 1. HCl solution 0.1% in ethanol (see Note 1). 

2. HCl solution 2% in water (see Note 2). 

3. Sodium bisulfite solution 15% in water (see Note 3). 

2.2 Apparatus 1. Semi-analytical balance. 

2. UV-vis spectrophotometer. 

3. 10 mM cuvettes. 

4. Vortex for reagents and samples homogenization. 

5. Volumetric flask 1000 mL and 250 mL. 

6. Test tubes. 

7. Automatic pipette in the range of 100–1000 μL. 

2.3 Method 1. First, an initial mixture containing 0.5 mL of wine (juice or 
grape or fruit extract), 0.5 mL of 0.1% HCl in ethanol, and 
10 mL of 2% HCl must be made. This mixture should be 
homogenized using a vortex and then used for both total 
anthocyanins (TA) and non-bleaching anthocyanins (NBA) 
analyses. 

2. Pipette 2.5 mL of the previous mixture into separate test tubes 
identified for the TA and NBA analyses, performed in triplicate. 

3. Add 4.5 mL of water to the test tubes identified for TA analysis. 

4. Add 1 mL of bisulfite solution and 3.5 mL of distilled water to 
the test tubes identified for NBA analysis. 

5. For blank preparation, use a mixture of 2.5 mL of 2% HCl and 
4.5 mL of distilled water. 

6. The absorbances of the samples in the tubes will be measured 
against the blank at a wavelength of 520 nM in glass cuvettes of 
a 10 mM optical path. 

7. For the standard curve construction, a chemical standard 
corresponding to the predominant anthocyanin in the sample 
under study is used. In grape extracts and wines produced from 
Vitis vinifera grapes, it is common to use malvidin-3-glucoside; 
when non-Vitis vinifera or hybrid grapes are used, it is com-
mon to use malvidin-3,5-diglucoside. A stock solution of 
1000 mg/L must be prepared, and then four dilutions must 
be made to obtain the curve points. These dilutions will be 
used as the sample, and the same procedure described above 
may be performed. The absorbance data from the standard 
dilutions should be used to construct the curve. An example 
of a standard curve is given in Fig. 3 (see Note 4).
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Fig. 3 Standard curve for malvidin-3-glucoside for spectrophotometric analysis 

2.4 Calculation The absorbance obtained for the sample (measured in triplicate) 
will be entered into the analytical expression obtained after building 
the standard curve (in mg equivalents of malvidin-3-glucoside per 
liter of the sample). Using the standard curve of malvidin-3-gluco-
side, we have the following equations, where A1 and A2 are the 
respective absorbances obtained for TA and NBA for each replicate: 

– Total anthocyanins (mg/L of malvidin-3-glcucoside 
equivalents): 

TA= A1:1322:6ð Þ þ  5:2275 

– Non-bleaching anthocyanins (mg/L malvidin-3-glcucoside 
equivalent): 

NBA= A1-A2ð Þ:1322:6ð Þ þ  5:2275 

3 Anthocyanin Identification and Quantitation Using HPLC-DAD-ESI-MS/MS 

This method identifies and quantitates the anthocyanins present in 
wine and grape extracts using liquid chromatography coupled with 
mass spectrometry. The method is based on Castillo-Muñoz et al. 
(2009) [15]. Perform all procedures at room temperature unless 
otherwise specified. Solutions must be disposed of in accordance 
with all applicable waste disposal regulations. 

3.1 Chemicals 1. Acetonitrile (CH3CN), HPLC-MS grade used only for HPLC 
mobile phases. 

2. Formic acid (HCOOH), HPLC-MS grade used only for 
HPLC mobile phases.
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3. Milli-Q water. 

4. Commercial standards of anthocyanins: cyanidin 3-galactoside, 
cyanidin 3-glucoside, cyanidin 3-glucuronide, peonidin 
3-galactoside, peonidin 3-glucoside, peonidin 3-glucuronide, 
delphinidin 3-galactoside, delphinidin 3-glucoside, delphini-
din 3-glucuronide, petunidin 3-galactoside, petunidin 3-glu-
coside, petunidin glucuronide, malvidin 3-galactoside, 
malvidin 3-glucoside, malvidin 3-glucuronide, cyanidin-3,5-
diglucoside, peonidin-3,5-diglucoside, delphinidin-3,5-diglu-
coside, petunidin-3,5-diglucoside, malvidin-3,5-diglucoside. 

3.2 Solutions and 

Solvents 

1. Solvent A: 88.5% Milli-Q water, 3% Acetonitrile, 8.5% Formic 
acid. 

2. Solvent B: 41.5% Milli-Q water, 50% Acetonitrile, 8.5% Formic 
acid. 

3. HCl 0.1 N for dilution. 

3.3 Apparatus 1. High performance liquid chromatography system couple to 
photodiode array detector and electrospray-ion trap mass spec-
trometer (HPLC-DAD-ESI-MS). 

2. HPLC vials, 2 mL. 

3. Reversed-phase column C18, 2.1 × 150 mM, 3.5 μM particle. 

4. Syringes, 5 mL. 

5. Syringe filters, polyester membrane with 0.20 μM pore size. 

6. Ultrasonic bath. 

7. Ultrasonic homogenizer. 

3.4 Sample 

Preparation 

1. Dilute the wine sample with HCl 0.1 N to proceed with 
analysis (see Note 5). 

2. Filter the sample using a syringe filter with a 0.20 μM pore size 
and polyester membrane. 

3. Put filtered samples in an HPLC vial. 

4. Store samples at -20 °C until HPLC analysis. 

3.5 Analysis of 

Anthocyanins by High 

Performed Liquid 

Chromatography 

Coupled with Mass 

Spectrometry 

(HPLC-MSn ) 

1. Remove gas from solvents A and B with an ultrasonic bath for 
1 min before using them as mobile phases of the HPLC system. 

2. Inject a volume of 10 μL of wine sample on a reversed-phase 
column C18 2.1 × 150 mM, 3.5 μm particle at 40 °C with a 
flow rate of 0.19 mL/min, connected to the guard column, 
when the HPLC system is equilibrated, and the stable baseline 
is achieved. Perform a blank run to ensure proper equilibration 
of the column.
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Fig. 4 HPLC–DAD chromatogram (detection at 520 nM) corresponding to antho-
cyanins identified in red wines. For peak assignment see Table 2. (a) Bordô wine; 
(b) BRS Carmem wine [9]

3. Use a linear solvent gradient for anthocyanin analysis under the 
following conditions: zero min (97% solvent A, 3% solvent B), 
20 min (72% solvent A, 28% solvent B), 34 min (57% solvent A 
and 43% solvent B), 36 min (0% solvent A and 100% solvent B), 
42 min (0% solvent A and 100% solvent B), 44 min (97% 
solvent A and 3% solvent B). 

4. Set the detection wavelength at 520 nM and record UV-vis 
spectra at 250–650 nM. 

5. Set the following parameters for the electrospray-ion trap mass 
spectrometer working in MS/MS mode: positive ionization 
mode, dry gas (N2, 8 L/min), drying temperature (325 °C), 
nebulizer, (N2, 50 psi), capillary (3500 V), skimmer 1 (-20 V), 
skimmer 2 (-60 V), scan range (100–1000 m/z). These para-
meters have been optimized for an ion trap with electrospray 
ionization model G2445C VL (Agilent) and should be opti-
mized for other mass spectrometry detectors.



(continued)

70 Maurı́cio Bonatto Machado de Castilhos et al.

Table 2 
Chromatographic and spectroscopic data of anthocyanins identified in grapes and wine [9] 

Anthocyanins and Pyranoanthocyanins Peaka Rt (min) Molecular Ion; Product Ions (m/z) 

Anthocyanins 

Dp-3,5diglc 1 4.5 627;465,303 

Cy-3,5diglc 2 6.5 611;449,287 

Pt-3,5diglc 3 9.5 641;479,317 

Pn-3,5diglc 4 12.1 625;463,301 

Mv-3,5diglc 5 14.0 655;493,331 

Pn-3glc 6 16.1 463;301 

Pt-3acglc-5glc 7 18.2 683;521,479,317 

Mv-3glc 8 19.2 493;331 

Pn-3acglc-5glc 10 20.4 667;505,463,301 

Mv-3acglc-5glc 13 21.7 697;535,493,331 

cis-Pt-3cmglc-5glc 14 22.9 787;625,479,317 

Dp-3cmglc-5glc 16 23.6 773;611,465,303 

cis-Pn-3cmglc-5glc 17 25.3 771;609,463,301 

Cy-3cmglc-5glc 18 25.8 757;595,449,287 

cis-Mv-3cmglc-5glc 19 26.3 801;639,493,331 

Mv-3cfglc-5glc 21 27.2 817;655,493,331 

trans-Pt-3cmglc-5glc 22 27.4 787;625,479,317 

trans-Pn-3cmglc-5glc 26 29.6 771;609,463,301 

trans-Mv-3cmglc-5glc 27 30.5 801;639,493,331 

Mv-3cmglc 34 35.9 639;331 

Pyranoanthocyanins 

10H-pyrpt-3glc 9 19.8 503;341 

10HP-pyrcy-3cfglc 11 20.9 727;565,403 

10-carboxy-pyrmv-3glc (vitisin A) 12 21.3 561;399 

10-carboxy-pyrmv-3acglc (ac-vitisin A) 15 23.0 603;399 

10-methyl pyrdp-3glc 20 26.8 503;341 

10-carboxy-pymv-3cmglc (cm-vitisin A) 23 27.7 707;399 

10-methyl-pyrmv-3glc 24 28.3 531;369 

10HP-pyrdp-3glc 25 28.9 581;419 

10DHP-pyrdp-3cmglc 28 31.2 743;435
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(continued)

Anthocyanins and Pyranoanthocyanins Peaka Rt (min) Molecular Ion; Product Ions (m/z) 

10DHP-pyrpt-3glc 29 31.7 611;449 

10HP-pyrcy-3glc 30 32.8 565;403 

10DHP-pyrpt-3acglc 31 34.1 653;449 

10HP-pyrpt-3glc 32 34.6 595;433 

10HP-pyrdp-3cmglc 33 34.8 727;419 

10DHP-pyrmv-3glc 35 36.7 625;463 

10DHP-pyrpt-3cmglc 36 37.5 757;449 

10DPH-pyrpn-3glc 37 37.7 595;433 

10HP-pyrpt-3acglc 38 38.0 637;433 

10HP-pyrpn-3glc 39 38.2 579;417 

10HP-pyrcy-3cmglc 40 38.6 711;403 

10DHP-pyrmv-3acglc 41 39.5 667;463 

10HP-pyrmv-3glc 42 39.6 609;447 

10HP-pyrpt-3cmglc 43 40.3 741;433 

10HP-pyrpn-3acglc 44 41.1 621;417 

10DHP-pyrmv-3cmglc 45 41.5 771;463 

10HP-pyrpn-3cmglc and 10HP-pyrmv-3acglc 46 41.9 725/651;417/447 

10HP-pyrmv-3cmglc 47 42.2 755;447 

Abbreviations: Dp delphinidin, Cy cyanidin, Pt petunidin, Pn peonidin, Mv malvidin, 3,5-diglc 3,5-diglucosides, 3-acglc-
5-glc 3-(6′′-acetyl)-glucoside-5-glucoside, 3-cmglc-5-glc 3-(6′′-p-coumaroyl)-glucoside-5-glucoside, 3-glc 3-glucoside, 
3-acglc 3-(6′′-acetyl)-glucoside, 3-cmglc 3-(6′′-p-coumaroyl)-glucoside, 10-HP 10-(3′′-hydroxyphenyl), 10-DHP 10-(3′
′,4′′-dihydroxyphenyl), pyrdp pyranodelphinidin, pyrcy pyranocyanidin, pyrpt pyranopetunidin, pyrpn pyranopeonidin, 
pyrmv pyranomalvidin, ac acetyl, cm coumaroyl 
a Peak numbers used in Fig. 4. Rt retention time

6. Identify anthocyanins based on spectroscopic data obtained 
from commercial standards and reported in the literature 
(Fig. 4) (Table 2) [9, 16]. 

7. Quantitate these compounds using DAD-chromatograms 
extracted at 520 nM. Prepare the calibration curve for each 
compound from the commercial standards in concentrations 
ranging from 1 to 300 mg/L using HCl solution 0.1 N (see 
Note 6).
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4 Notes 

1. It should be remembered that hydrochloric acid (HCl) is com-
monly available in 37%. For example, for the preparation of 
250 mL of solution, 0.68 mL of HCl is required to be made up 
in a 250 mL volumetric flask with ethanol. 

2. Using 37% HCl, to prepare 1000 mL of solution, 54.1 mL of 
HCl is required to complete in a 1000 mL volumetric flask with 
distilled water. 

3. Dissolve 15 g of sodium bisulfite in distilled water and com-
plete in a 100 mL volumetric flask. 

4. The ideal situation is running a new standard curve with mal-
vidin-3-glucoside for every new analysis. Figure 3 is an example 
for better understanding. 

5. The dilution factor depends on the wine anthocyanin concen-
tration and usually it can vary from 1:2 (1 part of wine and 
1 part of HCl 0.1 N) to 1:5 (1 part of wine and 4 parts of HCl 
0.1 N). 

6. Prepare solutions for the different points of the calibration 
curves by successive dilutions from a single stock solution 
using HCl 0.1 N. In some cases, it is necessary to add a variable 
percentage of methanol/ethanol to increase the anthocyanin 
solubilization. 
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16. Pérez-Navarro J, Izquierdo-Cañas PM, Mena-
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Chapter 7 

Flavonol Identification and Quantitation by High 
Performance Liquid Chromatography Coupled with Mass 
Spectrometry (HPLC-MSn ) 

Sergio Gómez-Alonso, Tania Paniagua-Martı́nez, and José Pérez-Navarro 

Abstract 

Flavonols are a class of phenolic compounds derived from plant secondary metabolism. In wine, these 
flavonoid compounds do not receive enough attention as other polyphenols such as anthocyanins and 
tannins; however, as its properties and structures are better understood, its importance for wine quality 
becomes more apparent. These compounds are involved in the copigmentation phenomena, enhancing the 
color intensity of younger red wines, and may also contribute to wine astringency. In addition, flavonols 
possess antioxidant activity and positive health benefits. High performance liquid chromatography, partic-
ularly tandem mass spectrometry, is a significant tool in the structural elucidation and quantitation of 
flavonoid derivatives. Thus, here we describe the methodology to be used for carrying out the flavanol 
analysis from grapes and wine by high performance liquid chromatography coupled to a diode array 
detector in tandem with electrospray ionization mass spectrometry (HPLC-DAD-ESI-MS/MS). 

Key words Phenolic compounds, Flavonol, Solid-phase extraction, Liquid chromatography, Mass 
spectrometry, Wine, Grapes 

1 Introduction 

Flavonols are a type of phenolic compound from the flavonoid 
group found in a wide range of plant foods, including grapes, 
where they are predominantly synthesized in berry skin. This class 
of compounds is present in glycoside form in grapes [1]. Therefore, 
the glycosylated structures can be found in wines with the 
corresponding free aglycones produced by acid and/or enzymatic 
hydrolysis during winemaking and aging. 

In grapes and wines, the types of flavonoids are defined by 
differences in the oxidation state and the substitution of the 
C-ring. Similar to other flavonoids, the chemical backbone of 
flavonols is a three-ring system, that is, two benzene cycles (A and

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
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B-rings) on the right and left side of the central oxygen-containing 
cycle (C-ring) (Fig. 1) [2].
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Fig. 1 Core ring system of flavonoidsFlavonoids. (AROUND HERE) 

Fig. 2 Chemical structure of flavonolFlavonols aglycones 

Flavonols have a keto group at position 4 and a hydroxyl group 
at position 3 of the C-ring, with the presence of a double bond 
between positions 2 and 3. The structure of these compounds 
changes depending on the number and type of substitutions on 
the B-ring. Only six flavonol aglycones are known in grapes and 
wine: myricetin, quercetin, kaempferol, laricitrin, isorhamnetin, 
and syringetin (Fig. 2); however, there is an immense diversity of 
their glycoside forms. Different sugars can be linked to the agly-
cone structure of the flavonol, for producing galactosides, glucur-
onides, glucosides, etc., and those derivatives containing acylated 
sugars [3, 4]. The flavonoids myricetin, laricitrin, and syringetin are 
missing in white grape varieties and, consequently, in white wines 
due to unexpressed enzyme flavonoid 3′,5′-hydroxylase in this type 
of grapes [5]. 

Flavonols are characterized by remarkable health-promoting 
properties. These bioactive compounds possess antioxidant activity, 
protect from oxidative stress, and ameliorate several chronic dis-
eases. In addition, this ability allows for an increase in the stability 
and shelf life of foods such as wine and makes it possible to use 
flavonols as preservatives [6, 7]. The amount of flavonols is consid-
ered a quality marker for grapes and wine since these compounds 
are correlated with sun exposure, which affects the quality para-
meters [8]. This class of flavonoids is often forgotten; however, it



has a critical role in the protection of grapes during ripening, being 
involved in UV screening [9], and for the color stabilization of 
young red wines, providing a copigmentation effect with the flavy-
lium form of anthocyanins [10]. Moreover, the role of flavonols in 
the sensory perception of wine has been also reported, increasing 
the astringency and bitterness [11]. 
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Because of the great diversity of phenolic compounds from 
grape berries, musts, and wines, their analysis is considered a com-
plicated task. Several techniques are used to determine the total 
concentration of phenolic compounds, for example, spectrophoto-
metric analysis using the Folin–Denis and Folin–Ciocalteu methods 
[12, 13]. However, the employment of advanced analytical proce-
dures is necessary, such as chromatographic techniques, to identify 
and quantitate individual phenolic compounds [14]. High perfor-
mance liquid chromatography (HPLC) is the most applied method 
to determine phenolic compounds in food, specifically, in grapes 
and wine [15–17]. 

The first step to analyze phenolics is an extraction procedure 
that is influenced by the nature of the sample and chemical com-
pound, particle size, solvents, and type of extraction technique 
employed. Liquid–liquid extraction or solid phase extraction 
(SPE) is generally required to separate and purify from their matrix 
different phenolic compounds before HPLC analysis, using sol-
vents with different pH or polarity [18, 19]. Photodiode array 
and mass spectrometric detectors attached to high performance 
liquid chromatography are important tools in the identification of 
phenolic compounds, also giving valuable information regarding 
the structural elucidation and confirmation of different phenolic 
classes, for example, flavonols [20–22]. This chapter provides a 
robust protocol for the extraction, purification, and analysis of 
flavonols in grapes and wine, based on SPE and high performance 
liquid chromatography coupled with mass spectrometry (HPLC-
MS/MS). 

2 Materials 

2.1 Chemicals 1. Acetonitrile (CH3CN), HPLC-MS grade used only for HPLC 
mobile phases. 

2. Ammonium hydroxide (NH4OH), 20%, analytical reagent 
grade. 

3. Commercial standards of flavonols: myricetin, myricetin 
3-galactoside, myricetin 3-glucoside, myricetin 3-glucuronide, 
quercetin, quercetin 3-galactoside, quercetin 3-glucoside, 
quercetin 3-glucuronide, quercetin 3-rutinoside, kaempferol 
3-galactoside, laricitrin, laricitrin 3-glucoside, kaempferol 
3-glucoside, kaempferol 3-glucuronide, kaempferol
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3-rutinoside, isorhamnetin, isorhamnetin 3-galactoside, iso-
rhamnetin 3-glucoside, isorhamnetin glucuronide, syringetin, 
syringetin 3-galactoside, syringetin 3-glucoside. 

4. Ethanol (CH3CH2OH), 96% (v/v), analytical reagent grade. 

5. Formic acid (HCOOH), 99%, analytical reagent grade. 

6. Formic acid (HCOOH), HPLC-MS grade used only for 
HPLC mobile phases. 

7. Hydrochloric acid (HCl), 37%, analytical reagent grade. 

8. Methanol (CH3OH), analytical reagent grade. 

9. Methanol (CH3OH), HPLC-MS grade used only for HPLC 
mobile phases. 

10. Milli-Q water. 

2.2 Solutions and 

Solvents 

1. Solution A: 50% CH3OH, 48.5% Milli-Q water, 1.5% 
HCOOH (v/v/v). 

2. Solution B: 80% Milli-Q water, 20% CH3OH (v/v). 

3. Solution C: 80% CH3OH, 20% Milli-Q water, containing 2% 
HCl (v/v). 

4. Solution D: 80% CH3OH, 20% Milli-Q water, containing 2% 
NH4OH (v/v). 

5. Solvent A: 3% CH3CN, 88.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

6. Solvent B: 50% CH3CN, 41.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

7. Solvent C: 90% methanol, 1.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

2.3 Equipment 1. Analytical balance. 

2. C18 cartridges, silica-based bonded phase (500 mg). 

3. C18 column guard. 

4. Conical centrifuge tubes, 50 mL. 

5. Freeze dryer. 

6. Grinding mill. 

7. Centrifuge. 

8. High performance liquid chromatography system couple to 
photodiode array detector and electrospray-ion trap mass spec-
trometer (HPLC-DAD-ESI-MS). 

9. HPLC vials, 2 mL. 

10. Water bath.
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11. Polymeric cation-exchange resin SPE cartridges (500 mg), 
which combines cation exchange with reverse phase properties 
and retains all phenolic compounds from grapes and wine. 

12. Reversed-phase column C18, 2.1 × 150 mm, 3.5 μm particle. 

13. Rotary evaporator. 

14. Syringes, 5 mL. 

15. Syringe filters, polyester membrane with 0.20 μm pore size. 

16. Ultrasonic bath. 

17. Ultrasonic homogenizer. 

18. Vacuum manifold. 

3 Methods 

Perform all procedures at room temperature unless otherwise spe-
cified. Solutions must be disposed of in accordance with all applica-
ble waste disposal regulations. 

3.1 Phenolic 

Compound Extraction 

from Grapes 

1. Select 100 healthy grapes and manually separate the different 
parts of berries (pulp, seeds, and skin), selecting the grape skins 
because flavonols are primarily found in this grape part. 

2. Wash the selected skins in water and softly dry them by patting 
them between sheets of filter paper. 

3. Store grape skins immediately at -20 °C for freeze-drying. 

4. Freeze-dry the frozen grape skins for 24 h. 

5. Crush the freeze-dried skins into a fine powder using a mill at 
25,000 rpm for 10 s. 

6. Weigh 1 g of grape skin powder into a conical centrifuge tube 
using an analytical balance. 

7. Add 25 mL of solution A to the conical centrifuge tube with 
the fine powder. 

8. Sonicate the prepared solution using an ultrasonic homoge-
nizer at 4 °C for 3 min, with a duty cycle of 15 s turn on and 5 s 
off, 80% of output amplitude (see Note 1). 

9. Centrifugate the obtained extract at 5000 rpm for 5 min. 

10. Separate and filter the supernatant using glass wood placed in a 
funnel (see Note 2). 

11. Re-extract the pellet one more time, following the procedure 
described above (see Note 3). 

12. Join the clarified supernatants that constitute the phenolic 
compound extract and store it at -20 °C until analysis.
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3.2 Flavonol 

Isolation 

To isolate flavonols and obtain the anthocyanin-free fraction from 
grape skin extract of red grapes and red wine (see Note 4), use the 
following solid phase extraction procedure: 

1. Reduce 3 mL of phenolic compound extract from grape skin to 
1.5 mL in a rotary evaporator at 35 °C. 

2. Dilute the concentrated extract with 1.5 mL of HCl 0.1 M. 

3. Condition the polymeric cation-exchange resin with 5 mL of 
CH3OH and 5 mL of Milli-Q water in the vacuum manifold 
(see Note 5). 

4. Pass 3 mL of diluted extract slowly through SPE cartridges (see 
Note 5). 

5. Wash the resin with 5 mL of HCl 0.1 M and 5 mL of Milli-Q 
water consecutively. Dry the resin at the end of this step (see 
Note 6). 

6. Elute and collect the flavonol fraction with 6 mL of 
CH3CH2OH 96% by slowly passing, drop by drop (see Note 
7). 

7. In the case of red wines, dilute 3 mL of wine with 3 mL of HCl 
0.1 M and follow the same procedure from Step 3 to Step 6. 

8. Regenerate the resin with 2 × 5 mL of solution D and 3 × 5 mL  
of solution C. Subsequent conditioning of the cartridge with 
Milli-Q water allows its reuse at least five more times. 

In the case of skin extracts from white grapes, it is not necessary 
to remove anthocyanins from the extract, but some sugars or other 
unwanted substances may interfere with flavonol analysis. To fix 
this, the white grape skin extract is subjected to C18 SPE as follows: 

1. Reduce 3 mL of phenolic compound extract from grape to a 
volume of 1.5 mL using a rotary evaporator at 35 °C. 

2. Condition the C18 cartridge with 5 mL of CH3OH and 5 mL 
of Milli-Q water consecutively (see Note 5). 

3. Pass the concentrated extract slowly through the SPE cartridge 
(see Note 5). 

4. Wash the C18 cartridge with 5 mL of Milli-Q water, drying the 
resin at the end of this step (see Note 6). 

5. Elute and collect the sugar-free fraction of flavonols with 6 mL 
of CH3CH2OH 96% (see Note 7). 

3.3 Sample 

Preparation 

1. Dry the flavonol eluate in a rotary evaporator at 35 °C and 
redissolve in 1.5 mL of solution B. 

2. For white wines, dry 2 mL in a rotary evaporator at 35 °C and 
reconstitute in 1 mL of solution B.
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3. Filter the reconstituted sample using a syringe filter with a 
0.20 μm pore size and polyester membrane. 

4. Put filtered samples in HPLC vial. 

5. Store samples at -20 °C until HPLC analysis. 

3.4 Analysis of 

Flavonols by High 

Performed Liquid 

Chromatography 

Coupled with Mass 

Spectrometry 

(HPLC-MSn ) 

1. Remove gas from solvents A, B, and C with an ultrasonic bath 
for 1 min before using them as mobile phases of the HPLC 
system. 

2. Inject a volume of 20 μL for grape skin (red and white) and red 
wine samples, and 40 μL for white wine samples on a reversed-
phase column C18 at 40 °C with a flow rate of 0.19 mL/min, 
connected to the guard column, when the HPLC system is 
equilibrated and the stable baseline is achieved. Perform a 
blank run to ensure proper equilibration of the column. 

3. Use a linear solvent gradient for flavonol analysis, under the 
following conditions: zero min (96% solvent A, 4% solvent B), 
8 min (96% solvent A, 4% solvent B), 37 min (70% solvent A, 
17% solvent B, and 13% solvent C), 51 min (50% solvent A, 
30% solvent B, and 20% solvent C), 51.5 min (30% solvent A, 
40% solvent B, and 30% solvent C), 56 min (50% solvent B and 
50% solvent C), 57 min (50% solvent B and 50% solvent C), 
and 64 min (96% solvent A and 4% solvent B). 

4. Set the detection wavelength at 360 nm and record UV-vis 
spectra at 200–600 nm. 

5. Set the following parameters for the electrospray-ion trap mass 
spectrometer working in MS/MS mode: negative ionization 
mode, dry gas (N2, 8 L/min), drying temperature (350 °C), 
nebulizer, (N2, 40 psi), capillary (3500 V), skimmer 1 (-20 V), 
skimmer 2 (-60 V), scan range (100–1000 m/z). These para-
meters have been optimized for an ion trap with electrospray 
ionization model G2445C VL (Agilent) and should be opti-
mized for other mass spectrometry detectors. 

6. Identify flavonols based on spectroscopic data obtained from 
commercial standards and reported in the literature (Figs. 3 
and 4) (Table 1) [16, 23–25]. 

7. Quantitate these compounds using DAD-chromatograms 
extracted at 360 nm. Prepare the calibration curve for each 
compound from the commercial standards in concentrations 
ranging from 0.1 to 100 mg/L (see Note 8).
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Fig. 3 HPLC-DAD chromatogram (detection at 360 nm) corresponding to flavonols identified in red (a) and 
white (b) grape skins. For peak assignment, see Table 1 

4 Notes 

1. Sample temperature increases significantly during ultrasound 
extraction of phenolic compounds. Thus, skins with the extrac-
tion solution must be kept in a water bath at 4 °C during this 
step to reduce the phenolic compound degradation by 
temperature. 

2. To obtain a clear extract, the phenolic compound extract is 
filtered through a glass wood ball loosely stuffed in the narrow 
part of a funnel.
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Fig. 4 HPLC-DAD chromatogram (detection at 360 nm) corresponding to flavonols identified in red (a) and 
white (b) wines. For peak assignment, see Table 1

3. A second extraction of skin pellets yields nearly 99% of grape 
phenolic compounds, as confirmed by spectrophotometry. 

4. This isolation step is not necessary for white wines because 
these samples lack anthocyanins, which in red grapes and 
wines affect the identification and quantitation of the com-
pounds of interest. 

5. Do not let the resin dry at any time, only before the flavonol 
elution. 

6. If there is any water left in the resin, it can hinder the drying 
process at the rotary evaporator. 

7. Use CH3CH2OH instead of CH3OH to elute the flavonol 
fraction and avoid the interference of susceptibility artifacts 
from the interaction of flavonols with CH3OH. The same 
result is obtained using CH3CH2OH 96% or absolute. 

8. Prepare solutions for the different points of the calibration 
curves by successive dilutions from a single stock solution. 
Use a mix of Milli-Q water and CH3OH to prepare the stock 
solution by dissolving a properly standard reagent and making 
dilutions with Milli-Q water. 
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Table 1 
Chromatographic and spectroscopic data of flavonols identified in grapes and wine 

Molecular and Product Ions (m/z), 
Negative Ionization 

1 16.32 Myricetin 3-glucuronide 493, 317 

2 16.79 Myricetin 3-galactoside 479, 317 

3 18.24 Myricetin 3-glucoside 479, 317 

4 25.32 Quercetin 3-galactoside 463, 301 

5 25.87 Quercetin 3-glucuronide 477, 301 

6 27.32 Quercetin 3-glucoside 463, 301 

7 27.82 Quercetin 3-rutinoside 609, 301 

8 29.55 Laricitrin 3-galactoside 493, 331 

9 30.51 Laricitrin 3-glucoside 493, 331 

10 31.06 Kaempferol 3-galactoside 447, 285 

11 31.30 Myricetin 317 

12 33.10 Kaempferol 3-glucuronide 461, 285 

13 34.09 Kaempferol 3-glucoside 447, 285 

14 34.55 Kaempferol 3-rutinoside 593, 285 

15 35.63 Isorhamnetin 3-galactoside 477, 315 

16 37.28 Isorhamnetin 3-glucoside 477, 315 

17 37.83 Syringetin 3-galactoside 507, 345 

18 39.05 Syringetin 3-glucoside 507, 345 

19 42.82 Quercetin 301 

20 47.11 Laricitrin 331 

21 51.71 Kaempferol 285 

22 55.17 Isorhamnetin 315 

23 56.28 Syringetin 345 

Rt retention time 
a Peak numbers used in Figs. 3 and 4 
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Morales A et al (2019) Phenolic compounds
profile of different berry parts from novel Vitis
vinifera L. red grape genotypes and Tempra-
nillo using HPLC-DAD-ESI-MS/MS: a

varietal differentiation tool. Food Chem 295: 
350–360 

17. Perestrelo R, Bordiga M, Locatelli M et al 
(2020) Polyphenols, biogenic amines and 
amino acids patterns in Verdelho wines accord-
ing to vintage. Microchem J 153:104383 
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Morales A et al (2020) Comprehensive chemi-
cal and sensory assessment of wines made from 
white grapes of Vitis vinifera cultivars Albillo 
Dorado and Montonera del Casar: a compara-
tive study with Airén. Foods 9:1282 
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Chapter 8 

Flavan-3-ol (Flavanol) Identification and Quantitation by 
High Performance Liquid Chromatography Coupled 
with Mass Spectrometry (HPLC-MSn ) 
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Abstract 

Flavan-3-ols are widely distributed in higher plants, such as grapes, located in the skins and seeds, being 
transferred to the wine during winemaking. They are responsible for specific sensory properties such as 
astringency, and bitterness, acting on the stability of the wine color, and taking part in the antioxidant 
compounds. The interest in identifying flavan-3-ols has grown in the last decades since the development of 
new instruments allowing a better separation and characterization, both qualitative and quantitative. New 
isolation, separation, and identification techniques allowed an increase in the phenolic compounds database 
with new structures, providing a better understanding of the mechanisms involving phenolic metabolism in 
grapes, wines, and other fruits and vegetables. High-performance liquid chromatography (HPLC) coupled 
with mass spectrometry (MS) is one of the most relevant and used analytical techniques for the non-volatile 
and/or thermally unstable compounds determination. This method has shown to be valuable and robust 
for investigating the polyphenols (flavan-3-ols or proanthocyanidins) in grapes, wines, and derivates, in 
several domains, such as evaluating the effect of climate, soil, vine management, cultivars, rootstocks, 
protocols of elaboration, and the quality control. This chapter aims to present variations of LC-MS 
techniques used to identify these compounds in recent years. 

Key words Vitis vinifera L., Grape, Wine, Phenolic compounds, Secondary metabolites 

1 Introduction 

Grape and phenolic wine compounds represent a large family of 
molecules with a high diversity of chemical structures and degrees 
of complexity. The term “polyphenols” or “phenolics” is used to 
define a group of secondary metabolites in plants that present one 
or more hydroxyl (–OH) groups attached to one or more benzene 
rings [1]. The polyphenolic composition of grapes is highly affected 
by different factors, such as environmental conditions (soil, 
climate), viticulture practices, and pathogen attacks, as well as the
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human factor, both in the field and the winery, with different 
protocols of winemaking [2]. Although one of the most crucial 
factors is undoubtedly the varietal or genetic variations in each 
specific environment [3].
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Fig. 1 Subunits structures of flavan-3-ols from grape seed. (Source: Ma et al. 
(2016) [12]) 

Flavan-3-ol is present in grapes and consequently in wines in 
monomeric, oligomeric, and polymeric forms, with more or less 
repetitive units forming procyanidins, main monomeric flavanols of 
(+)catechin and its isomer (-)epicatechin. Catechin derivatives, 
namely, gallocatechin, epigallocatechin, epicatechin gallate, and 
epigallocatechin gallate (Fig. 1), have also been identified in grapes 
and wines [4, 5]. Proanthocyanidins or tannins are oligomers and 
polymers of flavan-3-ol units [6]. The procyanidins from skins and 
seeds vary in their relative amount, length, subunit composition, 
and sensory properties. The tannins of the skins are reported to be 
lower than seeds [7–9]. Seed tannins present a lower mean degree 
of polymerization (mDP), while skin tannins are generally larger 
with a higher mDP [9–11]. 

Over the years, analytical methods used for determining the 
phenolic compounds in grapes and wines have been studied. 
Regarding the quantitation of tannins, several studies have been 
and are being evaluated. Among the methods are some considered 
for global quantitation, such as analyzes based on the selective 
precipitation of tannins with protein and other reagents, followed 
by UV/Vis reading [13, 14], infrared (IR) spectroscopy. It is 
considered a fast, accurate technique and an alternative to conven-
tional chemical analyses [15–17], in addition to analysis by liquid 
chromatography (LC) [18], used for individual identification and 
quantitation.
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Fig. 2 A simplified diagram of a liquid chromatograph hyphenated to a mass spectrometer (LC-MS) showing: 
(1) binary pump for mobile phase, (2) autosampler 6-port valve and injector loop, (3) column heater with 
column, (4) mass spectrometer detector, (5) PC. Credit: Anthias Consulting 

Liquid chromatography with mass spectrometry (LC-MS) is a 
powerful analytical technique that combines the separating power 
of liquid chromatography with the highly sensitive and selective 
mass analysis capability of mass spectrometry. In liquid chromatog-
raphy, the components of a complex mixture are separated into two 
phases: the first one is a fixed phase with a large surface area called 
the stationary phase, and the second one is a fluid that interacts with 
the fixed phase, called the mobile phase. 

Mass spectrometry is a technique for analysis at the trace level; 
however, the analytes must be previously ionized. This analyzer has 
an ionization source, analyzer, detector, and data system (Fig. 2). 
When they have two analyzers, with a collision cell between them, 
they are called Tandem, where the first analyzer identifies the 
precursor ion, and the second analyzer the product ions (LC-MS-
MS). The strength of this technique (LC-MS) lies in the LC sepa-
ration power for a wide range of compounds, combined with the 
MS ability to quantitate compounds with a high degree of sensitiv-
ity and selectivity based on unique mass/charge transitions (m/z) 
of each compound of interest. 

The primary advantages of this technique are sensitivity, speci-
ficity, and accuracy since the analysis is carried out at the molecular 
level. Ion analyses contain structural information on the analyte, 
which can be used to determine the mass of the analytes, their 
elemental and isotopic composition for elucidating the chemical 
structure of the sample, and/or to confirm identification.
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The LC-MS is an effective analytical tool for studying phenolic 
compounds because it offers a higher sensitivity, selectivity, and 
specificity compared to LC-DAD and it provides structural infor-
mation [19, 20]. The MS detection has the advantage of resolving 
peaks that co-elute in the chromatographic dimension, presuming 
that the molecular masses differ sufficiently. This is a crucial consid-
eration in the highly complex families of phenolic compounds 
analysis present in wines [21]. 

Some factors can affect the ongoing performance of LC-MS 
systems, and it is relevant to have protocols in place to detect 
deviations from regular performance. Monitoring the absolute 
response, peak shape, and retention time of internal standards is a 
simple way of checking the sensitivity of the mass spectrometer and 
the integrity of the LC system. Checking the internal standard 
response of each sample within a batch is also a valuable way of 
picking up problems with individual samples. The purity of 
reagents and solvents can also have a significant impact on the 
quality of results and should be evaluated during method optimiza-
tion and when different sources are used [22]. 

Mass spectrometry has a very essential role in research and 
quality control in the viticulture and enology fields. Several meth-
ods have been published analyzing different compounds in grapes, 
juices, and wines, such as sugars [23–26], organic acids [26, 27], 
amino acids, volatiles amines [28], and phenolics [29], contaminat-
ing substances [30, 31] in addition to polyphenols [32, 34, 35], 
which form the group of the most analyzed substances. 

The analytical method consists of several stages such as sam-
pling, sample preparation, separation, detection, and data analysis. 
Sampling and sample preparation (extraction, preconcentration, 
fractionation, and isolation) are the steps that normally require 
the most time for the analytical procedure [36, 37]. 

Sample preparation is, undoubtedly, a very important step in a 
metabolite profiling study. The quantitation of flavan-3-ols in 
grapes involves some difficulties, among them is adjusting the 
most effective method of extracting these compounds from husks 
and seeds, due to their location and extractability. Some authors 
have evaluated the use of different solvents and techniques to 
obtain more representative extracts (Table 1). The efficiency of 
different solvents or solvent combinations in solubilizing metabo-
lites, thus extracting them from the initial solid specimen, plays a 
dominant role in the comprehensiveness and the representativeness 
of the metabolite profile obtained. The choice of the extraction 
medium is not simple, as the metabolites have different natures, 
physicochemical properties, and concentration ranges. A suitable 
extraction solvent for one chemical class may be unsuitable for 
another [38]. The highest accuracy, fastness, and sensitivity are 
sought and also minimize the costs and the solvents used [37].
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Table 1 
Extraction methods of flavan-3-ols from grapes 

Solvents Applic tion Procedure References 

MeOH/HCL 0.5 
(95:5 v/v) 

Skins 30 min sonication and 12 h of [39] 

(75:25 v/v) used to eliminate lipophilic material in 
the extract. 

Ethanol 96% Skins and seeds Extraction at 5 °C, under stirring for 1 h, 
followed by centrifuging for 10 min. 

[41] 

C3H6O/H2O 
(7:3 v/v) 

Skins Leave overnight under N2, with a 
mechanical mixer, dry and dissolve in 

[33] 

MeOH/HCL 0.1

MeOH/H2O 
(70:30 v/v) 

Seeds Extract using ultrasound for 60 min. [42] 

2 Flavan-3-ol in Grapes and Wines by Liquid Chromatography Coupled with Mass 
Spectrometry 

Since the first studies using LC-MS equipment, many methods 
have been developed and improved over the years for the phenolic 
compounds’ detection and quantitation in grapes and wines. Most 
of these studies use C8 or C18 columns (reverse phase mode), with 
a gradient run program. Binary solvents (which generally consist of 
aqueous and organic phases) are most suitable. Furthermore, to 
control the pH, and consequently control the charge of the mole-
cule, acids such as formic [35, 43], acetic [47, 48], or phosphoric 
[44] are usually incorporated in low percentages, in the aqueous 
phase, or even in both phases. The selection of flow rates and 
injection volume usually vary depending on the chosen column. 
For polyphenols identification by LC-MS or MS/MS, the flow rate 
normally ranges between 0.2 and 0.8 mL min-1 and the injection 
volume is from 2 to 40 μL [35, 46]. 

When the detection mode is used in combination with HPLC 
to quantitate flavan-3ols, the electrospray ionization (ESI) is usu-
ally used in negative ion mode, but it is also effective in the positive 
mode when analyzing wine samples [45]. In Table 2, some meth-
ods used for the flavan-3ols identification and quantitation in 
grapes, wines, and juices are described.
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Table 2 
Methods LC/ESI-MS for analysis of flavan-3-ols or proanthocyanidins, most used in recent years 

Method 1 [45] 

Sample: Grapes 
Silica column (250 × 2.0 mM, 5 μM) 
Mobile phase: (A) dichloromethane/methanol/H2O/HAc 82:14:2:2 (v/v/v/v), (B) MeOH/H2O/ 
HAc 96:2:2 (v/v/v). Elution linear gradient of B into A: From 0 to 18% B in 30 min, 18 → 31% B in 
15 min, 31 → 88% B in 5 min (flow rate 0.2 mL min-1 ). 

LC/ESI-MS conditions: Negative mode, ionization reagent ammonium acetate 10 mM in the eluent 
stream at flow rate of 30 μL min-1 , capillary voltage 3.2 kV, cone voltage 30 V, source temperature 
150 °C, desolvation gas temperature 300 °C. 

Method 2 [47] 

Sample: Seed grapes 
Nova-Pak column C18 (300 mM × 3.9 mM, 4 μM) 
Mobile phase: (A) distilled water and (B) water/acetic acid, 90/10, v/v. the gradient was applied at a 

flow (0.7 mL min-1 ). 
LC/ESI-MS conditions:Was operated in negative mode, scanning from m/z 100 to 3000 using the 
following fragmentation program: From m/z 0 to 200 (100 V) and from m/z 200 to 3000 (200 V). 
The drying gas was N2, with flow of 10 L min-1 and temperature 340 °C; nebulizer pressure was 
40 psi; and capillary voltage (4000 V). 

Method 3 [48] 

Sample: Grapes 
C18 column (50 mM × 4.6 mM, 3 μM) 
Mobile phase: Solvents A (1% acetic acid in water) and B (1% acetic acid in MeOH). The flow rate was set 
at 0.2 mL min-1 and injection volume was 10 μL. 

LC/ESI-MS conditions: Negative ion mode (ESI-), high-purity nitrogen (99.99%) was used as dry gas at 
a flow rate of 5 mL min-1 , and the capillary temperature was 325 °C. nitrogen also was used as 
nebulizer at 15 psi. The samples were scanned from m/z 50 to 800. ESI was conducted by using 
needle voltages of 4.5 kV (negative). 

Method 4 [49] 

Sample: Grapes 
Finnigan Hypersil gold column (150 × 4.6 mM, 5 μM). 
Mobile phase: Solvent A (0.1% v/v of formic acid in H2O) and solvent B (100% v/v methanol). The flow 
rate was 0.20 mL min-1 , and the gradient method started with a linear gradient ranging from 90% A to 
60% A in 90 min, then reaching 100% B in 5 min, and a final isocratic gradient of 100% B during 5 min. 

LC/ESI-MS conditions: Was operated in the negative-ion mode with source, with a capillary 
temperature of 275 °C and capillary voltages of 4.5 kV. The mass spectra were recorded between 
250 and 2000 m/z. 

Method 5 [35] 

Sample: grape juice 
C18 column, (50 × 2.1 mM, 5 μM) and protected with a guard column of the same material 
(50 × 2.1 mM, 5 μM) 

Mobile phase: Solvents A (formic acid and water, 2:98 v/v) and B (MeOH, formic acid and water, 90: 
2:8 v/v). A linear gradient was used, with flow rate de 0.45 mL min-1 , and injection volume was 5 μl. 

LC/ESI-MS conditions: The mass spectrometer was operated in the negative-ion mode (ESI-), with a 
capillary temperature of 600 °C and capillary voltages of -0.8 kV.
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(continued)

Method 6 [43] 

Sample: Grapes 
Synergi 4u MAX-RP 80A (250 × 2.0 mM, 4 μM) 
Mobile phase: (A) acetonitrile: Formic acid 96.99:3:0.01 (v/v/v/v), (B) acetonitrile: Water formic acid 
50:49.99:0.01 (v/v/v). A linear elution gradient was applied at a flow rate of 0.3 mL min-1 . 

LC/ESI-MS conditions: Negative mode, the capillary temperature was 275 °C, source voltage was 
3.50 kV, and nitrogen gas flow was 35 arb and sweep gas flow of 10 arbs. The collision energy for MS2 
scans was 60%. Chromatograms were recorded at 200–800 nM. 

Method 7 [49] 

Sample: Wines 
An Acquity HSS-T3 RP18 column (150 × 2.1 mM; 1.8 μM particle size) 
Mobile phase: (A) water/formic acid (97/3; v/v) and (B) acetonitrile/formic acid (97/3; v/v). The 
gradient was applied at a flow (0.5 mL min-1 ). 

LC/ESI-MS conditions: Was operated in negative mode, scanning from m/z 120 to 1500. The capillary 
was set at 325 °C with a voltage of -44 V. the source voltage was maintained at 4 kV, at a current of 
100 μA. The tube lens was adjusted to -105 V. for quantitation, specific m/z values of polyphenolic 
compounds were recorded in single ion monitoring measurements using one scan event. 

3 Electrospray Source Ionization (ESI) 

Electrospray ionization (ESI) is a technique used to produce ions, 
in which a high voltage is applied. It uses electrical energy to help 
transfer ions from the solution to the gaseous phase before being 
subjected to mass spectrometric analysis. The principal advantage of 
using ESI for quantitative LC-MS is the formation of protonated or 
deprotonated molecules with little fragmentation, ideal for the ion 
precursors selection and to maximizing sensitivity. Electrospray 
ionization mass spectrometry (ESI-MS) has proven to be a very 
powerful tool for the characterization of flavan-3-ols and proantho-
cyanidins [50–52]. The advantage of ESI is that it allows the 
detection of the molecular ion, but it does not cause the fragmen-
tation of the molecule as it occurs in other types of ionization, such 
as chemical ionization at atmospheric pressure, for example [53]. 

4 Types of LC-MS Instrument That Can Be Used for Quantitation (Mass Analyzer) 

Novices in the field of MS are often confused by the wide variety of 
different ionization, mass analysis, and detection methods that 
exist. Although ionization methods determine the classes of sub-
stances available for measurement, it is a combination of the mass 
analyzer and detector that determines the quality and reliability of 
the analysis. Depending on the physics of mass analysis, analyzers 
can belong to generic types, such as quadrupole, magnetic sector, 
ion trap, time of flight (TOF), or Fourier transform (FT). They



could be combined to allow the analysis of both analytes and their 
fragments (MS/MS), the most popular combinations being triple 
quadrupole and quadrupole/time of flight hybrids. Alternatively, 
the same analyzer can perform MS and MS/MS (MS2 ) analysis, 
sometimes for a high MSn stage, such as a radio frequency ion trap 
(Paul trap) or a static electromagnetic trap (penning trap) [54]. 
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(a) Quadrupole mass analyzer consists of a set of four conduct-
ing rods arranged in parallel, with a space in the middle; the 
opposing pairs of rods are electrically connected. This type of 
mass analyzer separates ions based on the stability of their 
flight trajectories through an oscillating electric field in the 
quadrupole. The quadrupole is the most popular mass ana-
lyzer at the moment mainly due to its simplicity, relatively low 
price, good linearity in quantitative analyses, ease of under-
standing, and operation. Although it is usually operated at low 
resolution (typically R = 1000), it can be increased under 
favorable conditions to values greater than 4000. Its mass 
accuracy is generally between 0.1 and 0.2 atomic mass units 
(a.m.u. or Dalton), and the mass range is usually between 
10 and 4000 a.m.u. [55]. 

(b) Ion traps trap and store ions in an orbital motion within the 
ion trap and eject ions for detection. Storage is performed by 
collecting ions in potential energy comparing to quadrupole 
mass analyzers, which provide continuous transmission of 
ions. Together with the linear quadrupole, the “ion trap” is 
one of the most popular ion analyzers at the moment due to its 
relatively low cost (comparable to the quadrupole), small size, 
and can be used to obtain analyzers that take up little space. Its 
resolution is similar to the linear (unitary) quadrupole, and it 
can be increased using slower scans in a smaller mass range. 
Under these conditions, resolutions close to 5000 can be 
obtained. Typical applications of this analyzer are similar to 
those of the quadrupole [55]. 

(c) ATOF mass analyzer separates ions based on their velocity as 
they travel through a flight region, often called the flight tube. 
The measurement is similar to a race: a group of ions is 
accelerated by an extractor (start of the race), which causes 
them to drift through the flight tube (the race course) toward 
a detector (the finish line) [55]. 

These devices have high resolution (in linear mode the resolu-
tion is limited), good sensitivity, very fast scan speed (important for 
narrow chromatographic peaks), and accuracy. However, they 
require very sophisticated electronics, good control of time and 
initial energy, and spatial distribution of the ions. Its application is 
quite wide, especially when high resolution is required. The range 
of masses it analyzes is wide (theoretically unlimited, but in practice



very high masses—well over 500,000 Da—are difficult to deter-
mine with good precision and accuracy). Although there are other 
mass analyzers for MS, the three described so far (quadrupole, 
“ion-trap,” and TOF) are by far the most used in LC-MS coupling. 
While the first two are compact and have great simplicity, low cost, 
and operational ease, their main limitation is low resolution. TOF, 
on the other hand, loses to both analyzers in these aspects, but it 
has a much higher resolution, especially in the OF mode, which 
may be necessary for analyzes that require high resolution [56]. 

Flavan-3-ol (Flavanol) Identification and Quantitation by High Performance. . . 95

The development of commercial LC-MS systems has led to a 
wide range of instruments being made available to the end user. 
Over recent years, new types of mass analyzers have been intro-
duced regularly and have been a great help in the development of 
science (Table 3) [56]. 

5 Flavan-3-Ols Concentrations in Grapes and Wines by Liquid Chromatography 
Associated with Mass Spectrometry 

The combination of liquid chromatography techniques coupled 
with mass spectrometry helped researches on the identification 
and quantitation of flavan-3-ols and procyanidins in grapes and 
wines (Table 4). 

6 Conclusion 

With recent advances and new developments in chromatography 
and MS, it is evident that there is a great improvement in the 
sensitivity, selectivity, and accuracy offered by the combination of 
these two analytical techniques, which have provided significant 
contributions to the determination of several metabolites. 

LC-MS has taken the current leading position in the knowl-
edge of the metabolites present in grapes and wines, as it routinely 
allows the determination of many specific compounds through 
molecular formulas and molecular fragmentation, using collision-
induced dissociation in single-stage or multi-stage mass systems, 
with quick precision and safety. 

Mass spectrometry has a very relevant role in research in the 
field of viticulture and enology, specially for evaluating the enolog-
ical potential of grapes and wines, their quality, and typicality from 
different trials in the vineyards and the winery during processing. It 
also allows to track many compounds from different chemical 
groups, with ample precision and capacity for quality control and 
detecting any fraud in the wine and food industries.
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Table 3 
Types of LC-MS instrument that can be used for quantitation together with their features/benefits and 
disadvantages 

Mass 
Spectrometer 
Type

Single 
quadrupole 

Good scan function sensitivity 
Good selectivity/sensitivity via SIM scanning 
High duty cycle with SIM 
Good dynamic range (3–4 orders) 
Fast positive and/or negative ionization 

Limited mass range (generally, up to 
3000 m/z) 

SIM functionality can be prone to 
matrix interferences thus limit 
detection limits 

Low resolution 
(1500 Full Width at Half Maximum 
(FWHM), or 0.7 Da) 

Triple 
quadrupole 

Good scan function sensitivity and SIM 
function 

Excellent selectivity with MRM, even with 
matrix 

Ability to run multiple analytes simultaneously 
with MRM 

High dynamic range (4–5 orders) 
Fast positive and/or negative ionization 

Low resolution generally 
(1500 FWHM or 0.7 Da) 
Limited mass range 
(up to 3000 m/z generally) 

Ion trap (high 
resolution) 

High full scan sensitivity in MS, MS/MS and 
MSn mode 

Good dynamic range (3 orders) 
High resolution (>100,000 FWHM) 
Good selectivity using exact mass measurement 

Resolution can be affected by scan 
speed (lower the resolution) 

Orbital trapping devices can have a 
limited dynamic range and be 
affected by matrix 

Limited mass range (up to 4000 m/z 
typically) 

TOF (high 
resolution) 

Good scan functionality and sensitivity 
High resolution (up to 40,000 FWHM) 

provides high selectivity through exact mass 
measurement 

Good dynamic range (with newer ADC based 
detection systems, typically 3–4 orders) 

Ability to get quantitation on multiple analytes 
in a single acquisition 

Mass range in excess of 20,000 m/z 

No MS/MS functionality or other scan 
functions 

Generally, lower sensitivity when 
compared to a triple quadrupole 
running MRM 

Sensitivity can be affected by scan 
speed 

Q-TOF (high 
resolution) 

Good full scan sensitivity 
Good MS/MS scan functions 
High resolution (>40,000 FWHM) 
Good dynamic range with newer ADC based 

detection systems (3–4 orders) 
Ability to get quantitation on multiple analytes 

during a single run 
Mass range in excess of 20,000 m/z 
Resolution not affected by increased scan 

speed 

Generally, lower sensitivity when 
compared to a triple quadrupole 
running MRM 

Sensitivity can be affected by scan 
speed
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Table 4 
Flavan-3-ols and procyanidins concentrations detected by different authors using LC-MS in grapes 
and wines 

Compound MS (m/z) Formula Concentration Sample References 

(+)-catechin 289 C15H13O6
- 11–123 mgkg-1 

52–150 mgL-1 

60–72 mgkg-1 

106 mg100g-1 

Grapes 
Wines 
Skins 
Seeds 

[57] 
[58] 
[59] 
[60] 

(-)-epicatechin 289 C15H13O6
- 0.7–27 mgkg-1 

26–79 mgL-1 

9–17 mgkg-1 

Grapes 
Wines 
Skins 

[57] 
[58] 
[59] 

(-)-epicatechin gallate 441 C22H17O10
- 0.4–2.6 mgkg-1 

34–54 μgg-1 

2–12 mgkg-1 

12–40 mgL-1 

76 mg100g-1 

Grapes 
Grapes 
Seeds 
Wines 
Seeds 

[57] 
[43] 
[59] 
[61] 
[60] 

(-)-epigallocatechin 457 C15H14O7
- 1.1–1.4 mgkg-1 

1.9–2.7 mgL-1 
Grapes 
Wines 

[57] 
[49] 

Procyanidin B1 577 C30H26O12 30–83 mgL-1 

20–26 mgkg-1 

76–79 mgkg-1 

Wines 
Seeds 
Skins 

[58] 
[59] 

Procyanidin B2 577 C30H26O12 3.3 ppm 
35 mgL-1 

100–450 ugg-1 

14–51 mgkg-1 

Grapes 
Grapes 
Seeds 
Grapes 

[42] 
[62] 
[61] 

Procyanidin B4 579 C30H26O12 8–58 mg100g-1 Skins and seeds [60] 

Trimer C1 866 C45H38O18 6–44 mgkg-1 

13 mg100g-1 
Grapes 
Seeds 

[63] 
[60] 
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Chapter 9 

Hydroxybenzoic and Hydroxycinnamic Acid Derivatives 
(HCAD) Identification and Quantitation by High Performance 
Liquid Chromatography Coupled with Mass Spectrometry 
(HPLC-MSn ) 

Sergio Gómez-Alonso, Tania Paniagua-Martı́nez, and José Pérez-Navarro 

Abstract 

Phenolic acids emerge with an interesting potential as bioactive compounds from natural sources. These 
include hydroxycinnamic acids and their derivatives, which are naturally present in grapes and wine as 
tartrate esters, and hydroxybenzoic acids, which are often presented in a glycosylated form and joined to 
small organic acids. These compounds display antioxidant, anti-collagenase, anti-inflammatory, antimicro-
bial and anti-tyrosinase activities, as well as ultraviolet protective effects. Moreover, its influence on the 
color, taste, and flavor profile of wine has been tested besides the enhancement of its preservative impact on 
sulfur dioxide, protecting wine from the oxygen action. However, hydroxycinnamic acids can be converted 
into volatile flavor-affecting phenols by Brettanomyces/Dekkera, providing undesirable smoke flavor in 
affected wines. Several analytical methods have been reported in literature describing the determination 
of phenolic acids in food and derived products. This chapter describes a high performance liquid chroma-
tography combined with mass spectrometry (HPLC-MSn ) method for the determination of hydroxyben-
zoic and hydroxycinnamic acids from grapes and wine. 

Key words Phenolic compounds, Phenolic acids, Solid-phase extraction, Liquid chromatography, 
Mass spectrometry, Wine, Grapes 

1 Introduction 

Phenolic compounds are bioactive secondary metabolites in plants 
generally involved in plant response to abiotic stress and tolerance 
[1]. These compounds possess different chemical structures char-
acterized by at least one phenol unit and can be classified in differ-
ent ways, such as flavonoids and non-flavonoids. Phenolic acids are 
a type of non-flavonoids generally having a simpler structure than 
flavonoids, with a carboxyl group linked to a benzene ring. The 
number and position of the hydroxyl substitutions on the aromatic 
ring are responsible for the chemical diversity of these compounds,
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in addition to the union of other molecules such as small organic 
molecules, structural components of plant cells, or large phenolic 
compounds [2]. In nature, these compounds occur with two sepa-
rated constitutive carbon frameworks that are used to classify them 
into two classes: hydroxybenzoic (derivatives of benzoic acid) and 
hydroxycinnamic acids (derivatives of cinnamic acid).
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Fig. 1 Chemical structure of hydroxybenzoic acids in grapes and wine 

Fig. 2 Hydroxycinnamic acids and derivatives in grapes and wine 

Hydroxybenzoic acids are characterized by a C6-C1 structure 
directly obtained from benzoic acid. Structural changes of these 
compounds lie in the methylation and hydroxylation of the aro-
matic ring (Fig. 1). Gallic acid is the most common derivative found 
in wine [3]. The concentration of hydroxybenzoic acids in this 
fermented alcoholic beverage depends on the grape variety, grow-
ing conditions, and the winemaking process [4, 5]. 

Hydroxycinnamic acids have a simple chemical structure that 
contains a C6-C3 skeleton. Caffeic, p-coumaric, and ferulic acids 
are commonly found in grapes as tartaric acid esters (cinnamate 
esters) and glycosylated forms in grape pulp and skin and conse-
quently in wines (Fig. 2)  [6]. They can also be liberated from 
tartaric acid by hydrolysis during maturation and storage [7]. In 
nature, hydroxycinnamic acids are often present as a trans form, but 
isomerization to the cis one is induced by light exposure [8]. The 
concentration of these compounds varies widely with the condi-
tions of grape growing [9].
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Phenolic acids have been reported to exert antioxidant activity, 
inhibit oxidative damage diseases, and have an antibacterial effect 
[10, 11]. In addition, these compounds are involved in numerous 
reactions that occur during winemaking and aging. Hydroxycin-
namic acids influence sensory wine properties such as color, taste, 
and flavor [8]. They play a crucial role in the copigmentation 
phenomenon, and anthocyanin-derived pigments synthesis, stabi-
lizing the color of wine [12, 13]. The contribution of hydroxycin-
namic acids to the browning of white wines has also been reported 
[14]. The grape reaction product (2-S-glutathionylcaftaric acid) is a 
reaction product of glutathione with oxidized caftaric acid that 
provides information on wine oxidation during winemaking and 
aging, avoiding the browning of wine [15]. Considering punctual 
conditions, Brettanomyces/Dekkera can produce the ethyl phenols 
from the hydroxycinnamic acids present in wine, generating 
unpleasant “Brett” aromas [16]. These non-flavonoids can also 
protect wine from oxygen action since they enhance the preserva-
tive effect of sulfur dioxide [17]. 

The most common solvents used to extract and determine 
phenolic acids from plant matrices and derived products are meth-
anol, aqueous methanol, ethyl acetate, or diethyl ether [18], using 
solid phase extraction for isolating these compounds from other 
phenolic compounds in the case of grapes and wines [19, 20]. This 
technique is economical and rapid, and different sorbent cartridges 
can be used [21, 22]. High performance liquid chromatography 
(HPLC), particularly in reverse-phase mode, occupies a leading 
position in the analysis of phenolic acids, separating the molecules 
based on their hydrophobicity [23]. Organic and aqueous solvents 
with acids are employed as mobile phases. HPLC is most frequently 
coupled with a photodiode array detector (DAD) and mass spec-
trometry (MS) to identify and quantitate phenolic compounds 
[24, 25]. This chapter describes a methodology that can be used 
for the extraction, isolation, and high-performance liquid 
chromatography-tandem mass spectrometry (HPLC-MSn ) analysis 
of hydroxybenzoic and hydroxycinnamic acids in grapes and wine. 

2 Materials 

2.1 Chemicals 1. Acetonitrile (CH3CN), HPLC-MS grade used only for HPLC 
mobile phases. 

2. Ammonium hydroxide (NH4OH), 20%, analytical reagent 
grade. 

3. Commercial standards for hydroxybenzoic and hydroxycin-
namic acids: gallic acid, protocatechuic acid, caffeic acid, cafta-
ric acid, p-coumaric acid, coutaric acid, ferulic acid, 
fertaric acid.



104 Sergio Gómez-Alonso et al.

4. Ethanol (CH3CH2OH), 96% (v/v), analytical reagent grade. 

5. Formic acid (HCOOH), 99%, analytical reagent grade. 

6. Formic acid (HCOOH), HPLC-MS grade used only for 
HPLC mobile phases. 

7. Hydrochloric acid (HCl), 37%, analytical reagent grade. 

8. Methanol (CH3OH), analytical reagent grade. 

9. Methanol (CH3OH), HPLC-MS grade used only for HPLC 
mobile phases. 

10. Milli-Q water. 

2.2 Solutions and 

Solvents 

1. Solution A: 97% CH3OH, 3% HCOOH (v/v). 

2. Solution B: 50% CH3OH, 48.5% Milli-Q water, 1.5% 
HCOOH (v/v/v). 

3. Solution C: 80% Milli-Q water, 20% CH3OH (v/v). 

4. Solution D: 80% CH3OH, 20% Milli-Q water, containing 2% 
HCl (v/v). 

5. Solution E: 80% CH3OH, 20% Milli-Q water, containing 2% 
NH4OH (v/v). 

6. Solvent A: 3% CH3CN, 88.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

7. Solvent B: 50% CH3CN, 41.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

8. Solvent C: 90% methanol, 1.5% Milli-Q water, 8.5% HCOOH 
(v/v/v). 

2.3 Equipment 1. C18 SPE cartridges, silica-based bonded phase (500 mg). 

2. C18 column guard. 

3. Centrifuge. 

4. High performance liquid chromatography system coupled to 
photodiode array detector and electrospray-ion trap mass spec-
trometer (HPLC-DAD-ESI-MS). 

5. HPLC vials, 2 mL. 

6. Ice bath. 

7. Polymeric cation-exchange resin SPE cartridges (500 mg), 
which combines cation exchange with reverse phase properties 
and retains all wine phenolic compounds. 

8. Reversed-phase column C18, 2.1 × 150 mm, 3.5 μm particle. 

9. Rotary evaporator. 

10. Syringes, 5 mL.
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11. Syringe filters, polyester membrane with 0.20 μm pore size. 

12. Ultrasonic bath. 

13. Homogenizer. 

14. Vacuum manifold. 

3 Methods 

Perform all procedures at room temperature unless otherwise 
specified. 

3.1 Phenolic 

Compound Extraction 

from Grapes 

1. Select 50 healthy grapes just after sampling in the vineyard and 
process them immediately in the laboratory (see Note 1). 

2. Immerse selected grapes in 50 mL of solution A and subject 
them to a homogenizer for 5 min at 15,000 rpm. Keep the 
sample into an ice bath during this step (see Note 2). 

3. Centrifuge the phenolic extract obtained at 5,000 rpm for 
5 min. 

4. Filter and separate the supernatant with glass wood, placed in a 
funnel (see Note 3). 

5. Repeat a second extraction of the resulting pellets using the 
same procedure but with 50 mL of solution B rather than 
solution A (see Note 4). 

6. Join the two aliquots of extract and store it at -20 °C until 
analysis. 

3.2 Phenolic Acid 

Isolation 

Follow the solid phase extraction (SPE) procedure described below 
to isolate phenolic acids from anthocyanins in red grapes and wines 
(see Note 5): 

1. Reduce 3 mL of phenolic compound extract from the grape to 
half regarding its original value using a rotary evaporator at 
35 °C. 

2. Dilute the concentrated extract with 1.5 mL of HCl 0.1 M. In 
the case of wine samples, dilute 3 mL of wine in 3 mL of HCl 
0.1 M. 

3. In the vacuum manifold, condition the polymeric cation-
exchange resin with 5 mL of CH3OH and 5 mL of Milli-Q 
water consecutively (see Note 6). 

4. Pass the sample prepared in Step 2 (3 mL of diluted extract or 
6 mL of diluted wine) slowly through the SPE cartridge (see 
Note 6). 

5. Wash the polymeric cation-exchange resin with 5 mL of HCl 
0.1 M and 5 mL of Milli-Q water, consecutively. Dry the resin 
at the end of this step (see Note 7).
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6. Elute and collect the phenolic acid fraction with 6 mL of 
CH3CH2OH 96%, passing drop by drop. Anthocyanins will 
remain retained in the resin due to their cationic characteristics 
at acidic pH, but all other phenolics will elute. 

7. Regenerate the polymeric cation-exchange resin with 2 × 5 mL  
of solution D and 3 × 5 mL of solution E. Then, wash the 
cartridge with 5 mL of Milli-Q water to reuse it five more times 
at least (see Note 6). 

In the case of white grapes, use the following SPE procedure to 
remove sugars that may interfere with the analysis of phenolic acids: 

1. Reduce 3 mL of phenolic compound extract from grape to 
1.5 mL in a rotary evaporator at 35 °C. 

2. Condition the C18 cartridge with 5 mL of CH3OH and 5 mL 
of Milli-Q water consecutively (see Note 6). 

3. Pass the concentrated extract slowly through the SPE cartridge 
(see Note 6). 

4. Wash the C18 cartridge with 5 mL of Milli-Q water and dry the 
resin at the end of this step (see Note 7). 

5. Elute and collect the sugar-free fraction of phenolic acids with 
6 mL  of CH3CH2OH 96%. 

3.3 Sample 

Preparation 

1. Dry the obtained eluate (anthocyanin-free and sugar-free frac-
tions isolated) under a vacuum in a rotary evaporator at 35 °C 
and redissolve in 1.5 mL of solution C. 

2. Filter the reconstituted sample slowly and gently using syringe 
filters (polyester membrane with 0.20 μm pore size) and put it 
in an HPLC vial of 2 mL. 

3. For white wines, evaporate 2 mL of wine to dryness in a rotary 
evaporator at 35 °C and reconstitute in 1 mL of solution C. 

4. Keep samples at -20 °C until analysis. 

3.4 Analysis of 

Hydroxybenzoic and 

Hydroxycinnamic Acid 

Derivatives by High 

Performed Liquid 

Chromatography 

Coupled with Mass 

Spectrometry 

(HPLC-MSn ) 

1. Degas the solvents used as HPLC mobile phases (solvents A, B, 
and C) in an ultrasonic bath for 1 min. 

2. Inject 20 μL of sample on a reversed-phase column C18 at 
40 °C, connected to the guard, when the HPLC system is 
equilibrated and the stable baseline is obtained, with a flow 
rate of 0.19 mL/min. It is important to perform a blank run to 
ensure proper equilibration of the column. 

3. Use a linear solvent gradient for hydroxybenzoic and hydro-
xycinnamic acid analysis, under the following conditions: zero 
min (96% solvent A, 4% solvent B), 8 min (96% solvent A, 4% 
solvent B), 37 min (70% solvent A, 17% solvent B, and 13% 
solvent C), 51 min (50% solvent A, 30% solvent B, and 20% 
solvent C), 51.5 min (30% solvent A, 40% solvent B, and 30%
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Fig. 3 HPLC–DAD chromatogram (detection at 320 nm) corresponding to hydroxycinnamic acid derivatives 
identified in grapes. For peak assignment, see Table 1

solvent C), 56 min (50% solvent B and 50% solvent C), 57 min 
(50% solvent B and 50% solvent C), and 64 min (96% solvent A 
and 4% solvent B). 

4. Set the detection wavelengths at 280 and 320 nm and record 
UV-vis spectra at 200–600 nm. 

5. Set the following parameters for the electrospray-ion trap mass 
spectrometer working in MS/MS mode: negative ionization 
mode, dry gas (N2, 8 L/min), drying temperature (350 °C), 
nebulizer, (N2, 40 psi), capillary (3500 V), skimmer 1 (-20 V), 
skimmer 2 (-60 V), scan range (100–1000 m/z). These para-
meters have been optimized for an ion trap with electrospray 
ionization model G2445C VL (Agilent) and should be opti-
mized for other mass spectrometry detectors. 

6. Identify hydroxybenzoic and hydroxycinnamic acids based on 
spectroscopic data obtained from commercial standards and 
reported in the literature (Figs. 3 and 4) (Table 1) [19, 20, 
26, 27]. 

7. Quantitate hydroxycinnamic acids using DAD-chromatograms 
acquired at 320 nm and 280 nm for hydroxybenzoic acids. For 
each compound, prepare a calibration curve from the commer-
cial standards in concentrations ranging from 0.1 to 100 mg/L 
(see Note 8). 
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Fig. 4 HPLC–DAD chromatogram (detection at 320 nm) corresponding to hydroxycinnamic acid derivatives 
identified in red (a) and white (b) wines. For peak assignment, see Table 1 

Table 1 
Chromatographic and spectroscopic data of phenolic acids identified in grapes and wine 

Peaka Rt (min) Compound Molecular and Product Ions (m/z), Negative Ionization 

2.63 Gallic acid 169, 125 

3.23 Protocatechuic acid 153, 109 

1 3.46 2-S-Glutathionylcaftaric 
acid 

616, 484, 440, 272 

2 3.80 trans-Caftaric acid 311, 179, 149 

3 4.45 Caffeoyl-glucose 341, 179, 161 

4 5.51 trans-Coutaric acid 295, 163, 149 

5 5.92 cis-Coutaric acid 295, 163, 149 

6 6.75 p-Coumaroyl-glucose 1 325, 163, 145 

7 7.08 p-Coumaroyl-glucose 2 325, 163, 145 

8 7.88 trans-Fertaric acid 325, 193, 149 

9 8.41 cis-Fertaric acid 325, 193, 149 

10 8.88 p-Coumaroyl-glucose 3 325, 163, 145 

Rt retention time 
a Peak numbers used in Figs. 3 and 4
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4 Notes 

1. Hydroxycinnamic acids are quickly degraded by oxygen action. 
Therefore, avoid damage to grapes during harvesting and 
transport. 

2. Sample temperature increases significantly during homogeni-
zation. Due to this, grapes with the extraction solution must be 
kept in an ice bath during this process to reduce the phenolic 
compound degradation by temperature. 

3. Filter the phenolic compound extract through a glass wood ball 
loosely stuffed in the narrow part of a funnel, to obtain a clear 
extract. 

4. A second extraction of berry pellets yield nearly 99% of the 
phenolic content in grapes, as confirmed by 
spectrophotometry. 

5. White grape extract and wine can be analyzed directly by the 
HPLC system, without using a previous isolation step, because 
these samples lack anthocyanins, that in red grapes and wines 
affect the identification and quantitation of the compounds of 
interest. 

6. Do not let the resin dry at any time, only before the elution of 
phenolic acids. 

7. If there is any water left in the resin, it can hinder the drying 
process at the rotary evaporator. 

8. For the different points of the calibration curves, prepare solu-
tions by successive dilutions from a single stock solution. Use a 
mix of CH3OH and Milli-Q water to prepare the stock solu-
tion by dissolving a properly standard reagent and making 
dilutions with Milli-Q water. 
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Chapter 10 

Stilbene Identification and Quantitation by 
High-Performance Liquid Chromatography Coupled 
with Mass Spectrometry (HPLC-MS) 
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Abstract 

Stilbenes belong to the group of non-flavonoid phenolic compounds. Resveratrol is the main stilbene 
present in grapes and wines. Many analytical methods have been reported for the determination of 
resveratrol in wine, which are primarily based on chromatographic techniques like high-performance liquid 
chromatography (HPLC), capillary electrophoresis (CE), and gas chromatography (GC). This chapter 
presents a liquid-liquid extraction method for stilbenes in grapes. The analytical methodology here 
presented, carried out by HPLC-MS, can be used both for grapes and wine. 

Key words Stilbenes, Resveratrol, HPLC-MS, Grape, Wine 

1 Introduction 

Stilbenes belong to the group of non-flavonoid phenolic com-
pounds. Their presence in plant tissues is associated with resistance 
to fungal diseases such as Botrytis cinerea, although they can also 
appear in response to abiotic stresses such as UV irradiation. In 
general, stilbenes are considered phytoalexins, and their formation 
in grape leaves has been linked to disease resistance [1]. 

Resveratrol is the main stilbene present in grapes and wines 
[2]. Resveratrol occurs in both trans- and cis-isomeric forms, being 
the trans-form more abundant in grapes. In addition, the glyco-
conjugate forms of resveratrol isomers are known as piceid (Fig. 1). 
Stilbenes can also be found in their oligomeric and polymeric 
forms, so-called viniferins [3]. Resveratrol and its derivatives can 
be found in different parts of the plant such as grape canes [4, 5] 
and grape skin [6] but also in wine [7]. 

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3088-4_10, 
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Fig. 1 Structure of the isomeric forms of resveratrol and its glycosides 

Several protective and preventive effects are currently attribu-
ted to resveratrol and its derivatives, including antiaging, antioxi-
dant, as an enhancer of NO production in endothelial cells, 
cardioprotection, and as a reducer of breast cancer cell invasion 
[8], among others. Resveratrol is rapidly adsorbed after oral admin-
istration, with maximum levels in the human body being reached in 
approximately 30–60 min [9]. 

In recent years, new stilbenoids have been identified, hence the 
growing interest in developing new methods and strategies for the 
quantitation of these compounds. Also, the new challenges posed 
by the need to analyze, in some cases, considerable small sample 
volumes gave rise to different analytical approaches and more com-
plex instrumental techniques [8]. Moreover, the content of stil-
benes is highly influenced by a set of factors such as the winemaking 
process, variety, and climate, among others. For this purpose, rapid 
screening of complex samples for the desired stilbenes is necessary, 
and the analytical information must be available. 

Many analytical methods are reported for the determination of 
resveratrol in wine, mainly based on the application of chro-
matographic techniques like high-performance liquid chromatog-
raphy (HPLC), capillary electrophoresis (CE), and gas 
chromatography (GC). Other techniques such as infrared spectros-
copy, fluorimetry, and Raman spectroscopy were also used [10].
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2 Materials 

Solvents: methanol and ethyl acetate for HPLC (Sigma Aldrich). 
Acetonitrile and acetic acid for LC-MS (LiChropur, Sigma 
Aldrich). 

Filter: syringe filter, 0.2 μm hydrophobic PTFE (Minisart® 
SRP15). 

Column: Nucleodur 100-5 C18 (150 mm × 4.6 mm, 5 μm) 
(Macherey-Nagel). 

Equipment: Shimadzu LCMS-8040 Triple Quadrupole Mass 
Spectrometer (Shimadzu Corporation, Japan). 

3 Method 

3.1 Preparation of 

Grape Samples: 

Extraction Method 

For extracting stilbenes, 1 g of berry skins or leaf tissue extracted in 
10 mL methanol and ethyl acetate [50:50 (v/v)] for 24 h at 25 °C 
in darkness and then centrifuged at 10,000 g for 10 min [12]. The 
supernatants were evaporated to dryness by rotary vacuum evapo-
ration at 40 °C. Dried residues were then dissolved in 2 mL metha-
nol and stored at -20 °C before HPLC analysis. 

3.2 Determination of 

Stilbenes in Grapes 

and Wine: HPLC-DAD 

Method 

For HPLC analysis, wine and extracted grape samples were filtered 
(hydrophilic membrane filter 0.2 nm PTFE) and analyzed using a 
Shimadzu LCMS-8040 Triple Quadrupole Mass Spectrometer 
(Shimadzu Corporation, Japan) consisting of a quaternary pump, 
degassing device, autosampler, PAD detector, and LC and LC/MS 
systems software. The injection volume was 20 μL. The separation 
of the compounds was performed on a Nucleodur 100-5 C18 
column (150 mm × 4.6 mm, 5 μm) (Macherey-Nagel) thermo-
stated at 30 °C. The chromatographic conditions of the method 
used were [11] mobile phase consisting of water/acetic acid (99: 
1 v/v) as solvent A, water/acetonitrile/acetic acid (67:32:1 v/v/v) 
as solvent B, and acetonitrile as solvent C, at a flow of 0.5 mL/min. 
The gradient program was as follows: 0 min, 80% A, 20% B; 18 min, 
100% B; 28 min, 100% C; 33 min, 100% B; and 37 min, 80% A, 20% 
B. The compounds were detected at 200–400 nm. Figure 2 shows a 
chromatogram obtained from grapes observing that the maximum 
absorbances were 305 nm for trans-resveratrol and its glycosylated 
form (trans-piceid). 

3.3 Stilbene 

Identification: 

HPLC-MS 

The identification of stilbenes by HPLC techniques coupled with 
MS-MS has been described by several papers in recent years. Usu-
ally, methods perform negative-mode ionization. Table 1 shows the 
[M-H]- and MS/MS product ions for the main stilbenes detected 
in grapes and wines.
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Fig. 2 Chromatogram obtained from Tannat grapes showing the retention times for trans-resveratrol and 
trans-piceid and their fragmentations (positive-mode ionizations m/z 391 and 229 and negative-mode 
ionizations m/z 389 and 227, respectively) 

Table 1 
Fragmentation patterns of main stilbenes present in grape and wine. Adapted from Moss et al. [7] 

Compound [M-H]- MS/MS product ions 

Cis- and trans-resveratrol 227 185, 143 

Cis- and trans-piceatannol 243 201, 159 

Cis- and trans-piceid 389 227 

Astringin 405 243, 201, 159 

Cis- and trans-viniferin 453 435, 411, 369, 359, 347, 333, 225 

Cis- and trans-viniferin 453 435, 411, 369, 359, 333 

4 Notes 

In the case of wine, only sample filtration (0.45 μm and/or by 
0.22 μm) is needed previous injection. 
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Chapter 11 

Analysis of the Free and Bound Fraction of Volatile 
Compounds in Musts and Wines by GC/MS: Results 
Interpretation from the Sensory Point of View by OAV 
Technique 

Pedro Miguel Izquierdo-Cañas, Sergio Gómez-Alonso, 
and Esteban Garcı́a-Romero 

Abstract 

The aroma of wine is a complex equilibrium of volatile compounds originating from grapes, secondary 
products formed during the wine fermentation and aging. Solid-phase extraction (SPE) and gas 
chromatography-mass spectrometry (GC-MS) are successfully used to analyze the free and bound fraction 
of volatile compounds in musts and wines. The odor activity values (OAVs) from different compounds 
classified into seven odorant series can be calculated helping to describe the wine aroma profile (fruity, floral, 
green/fresh, sweet, spicy, fatty, and other odors). The total intensities for every aromatic series can be 
calculated as the sum of the OAV of each compound assigned to this series. 

Key words Volatile compounds, Must, Wine, GC-MS, OAV, Free and bound fraction 

1 Introduction 

Organic volatile compounds play a relevant role in wine quality 
predominantly due to their influence on aroma sensory profile. It 
is estimated that aroma constituents of grapes and wines account 
for around 1,000 different compounds and comprise compounds 
of different chemical classes and characters, presenting concentra-
tions ranging from ng/L to mg/L. Their contribution to the 
overall wine flavor is different, depending on their odor thresholds 
and concentrations and only a small percentage of them can impact 
odorants [1, 2]. 

The wine aroma is a complex equilibrium of volatile com-
pounds originating from grapes (varietal and pre-fermentative aro-
mas), secondary products formed during the wine fermentation 
(fermentative aromas), and aging (post-fermentative aromas).

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3088-4_11, 
© The Author(s), under exclusive license to Springer Science+Business Media, LLC, part of Springer Nature 2023
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Volatile substances responsible for the aromatic typicity of the grape 
variety are reduced to a few groups of chemical compounds present 
in the grape as free form of monoterpenes [3], C-13-norisopre-
noids [4], benzenoid compounds, C6 compounds, and other ali-
phatic compounds [5], which can also be found bonded to sugars 
forming glycosides (bound fraction) [6, 7] that can be released, at 
least partially, during fermentation.
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From a quantitative point of view, the volatiles derived from 
alcoholic fermentation constitute the most significant part of the 
wine’s aroma. As a consequence of the secondary metabolism of 
yeast, many compounds are produced and participate in the aro-
matic quality of wines: esters [1], lactones [8], fatty acids [9], 
alcohols, etc. The most relevant effect of the wine’s contact with 
oak wood is the enrichment of the wine in volatile substances 
released, especially, volatile phenols, furan compounds, and 
lactones [10]. 

Initially, gas chromatography (GC) separations used relatively 
short-packed columns that separated only a few compounds in 
complex mixtures. For example, an early wine application separated 
ten fusel alcohols in wine distillates [11]. The introduction of 
fused-silica capillary columns increases chemical inertness and the 
ability to reproduce the procedure with very long and very narrow 
diameter columns. This fact significantly improved the efficiency 
and ability to separate hundreds of compounds, many of them 
present at trace levels [12]. 

After the compound separation, the detection process has also 
improved dramatically in the last decades, changing from Flame 
Ionization Detectors (FID) to Mass Spectrometry (MS). The intro-
duction of the MS detector had significant advantages, such as the 
lower limits of detection and quantitation and easier and more 
reliable compound identification due to the availability of extensive 
mass spectral index databases. Contemporary MS detectors include 
various instrument configurations and types of mass analyzers, 
including transmission quadrupole, ion trap, and time-of-
flight (TOF). 

1.1 Wine Mayor 

Volatile Compounds 

Major volatile compounds in wines present concentrations above 
1 mg/L: acetaldehyde, ethyl acetate, methanol, n-propanol, iso-
butanol, 2-methyl-1-butanol, 3-methyl-1-butanol, ethyl lactate, 
and 3-hydroxy-2-butanone. OIV proposes the analysis of methanol 
(OIV-MA-AS312-03A) and major volatile compounds (OIV-MA-
AS315-27) in wines using direct injection of the distillate, adding 
an internal standard, using gas chromatography with a Flame-
Ionization Detector (FID). Detection limits can be decreased 
when using GC-MS systems in Single Ion Monitoring (SIM) 
mode, and compounds in a lower concentration, such as 
2,3-butanedione or 1-butanol, can also be quantitated [13].
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When concentrated aqueous samples are used for GC direct 
injection techniques, several problems may appear. When water is 
converted to steam, the volume increases dramatically: 1 μL o  
water becomes more than 1000 μL of steam. This is larger than 
the injector volume of some current gas chromatographs and it 
forces it to work in split mode. Moreover, polar gas chromatogra-
phy liquid phases could degrade in the long run by the presence of 
steam, unless they are bonded to the column. The treatment with 
nitroterephthalic acid of polyethylene glycol (PEG) columns 
(named FFPA (Free Fatty Acids Phase) stationary phase) minimizes 
this effect [14]. 

1.2 Minor Volatile 

Compounds 

The volatile wine compounds comprise a wide range of organic 
chemicals that possess different polarities and reactivities and usu-
ally occur in trace concentrations. Significant fragrances are present 
in grapes and wines at low concentrations, and many of them are 
characterized by a low sensory threshold. Direct injection into 
GC-MS in SIM mode can reach detection limits of around 
0.1 mg/L, but the concentration of the most wine relevant com-
pounds is usually below this limit, so it is essential to carry out 
extraction and concentration of the sample. Techniques that effec-
tively isolate and concentrate volatile aroma compounds or their 
precursors from non-volatile matrix components are the 
critical step. 

Direct solvent extraction uses solvents such as dichloro-
methane/pentane 2:1 (v/v) or Freon 11 using separatory funnels 
or commercial continuous liquid–liquid extractors followed by a 
concentration stage. These methods often require several hours of 
extraction and analysis for each wine sample, which is a disadvan-
tage. For example, OIV validated a few methods using this tech-
nique: determination of 3-methoxypropane-1,2-diol and cyclic 
diglycerol previous extraction with diethyl ether (OIV-MA-
AS315-15), analysis of polychlorophenols and polychloroanisols 
in wines, cork stoppers, wood, and bentonites by injecting a hexane 
extract of the wine and an ether/hexane extract of the solid samples 
(OIV-MA-AS315-17) or, finally, determination of phthalates in 
wines by extraction of the samples with isohexane (OIV-MA-
AS323-10). 

Micro steam distillation-extraction is another technique that 
allows operation with a small volume of solvent without requiring 
further concentration of the extract before GC analysis [15], but 
also requires long extraction time. The static or dynamic headspace, 
purge-and-trap techniques have been used in less extension. The 
advantage of these techniques is that they directly collect the vola-
tile compounds from the headspace, which can then be directly 
related to the sample aroma. These methods are simple but have 
poor reproducibility, they are biased toward the extraction of highly



volatile and semi-volatile compounds, they have limitations in 
detecting trace analytes, and they also are often unrepresentative 
of the sample composition [16]. 
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Stir Bar Sorptive Extraction (SBSE), Solid-Phase Microextrac-
tion (SPME), and Solid-Phase Extraction (SPE) are based on simi-
lar concepts of absorbing the desired compounds onto a solid phase 
and then desorbing the compounds either by thermal means or by 
displacement with a solvent. 

Stir bar sorptive extraction (SBSE or Twister) has been used to 
analyze volatile phenols [17] or chloroanisoles [18]. This technique 
uses a magnetic stir bar (typically 10 mM in length) incorporated in 
a glass tube and coated with polydimethylsiloxane (PMDS). Upon 
stirring in a liquid sample matrix, the analytes are partitioned 
between the matrix and the PMDS phase on the stir bar. Finally, 
the stir bar is transferred to the thermal desorption unit coupled 
with a cold injection system as an injector to the GC column. The 
principal advantage of SBSE over SPME is that the stir bar is coated 
with 25–125 μL of sorptive phase compared to only approximately 
0.5 μL of sorptive phase on a SPME fiber; the increased phase 
volume of the SBSE sorptive phase allows for a substantial increase 
in sensitivity. Otherwise, the SBSE coatings are currently limited 
regarding the sorptive phase types. Also, specialized thermal 
desorption and cryofocusing inlets and sampling stations are 
required on the GC-MS instruments. 

Solid-phase microextraction of wine was developed by both 
headspace and liquid-phase sampling. The primary advantage of 
this technique is that it combines analyte extraction and preconcen-
tration in a single step without significant sample preparation. 
Robinson et al. [19] exhaustively revised materials used for the 
extraction-concentration of aroma compounds considering the 
type of fiber (polydimethylsiloxane, carbowax, divinylbenzene, car-
boxen, polyacrylate, and different combinations of these fibers) and 
their affinity for the compounds of interest, and also considered the 
possibility of sampling automation. OIV describes various methods 
using SPME, that is, releasable 2,4,6-trichloroanisole in wine by 
cork stoppers and determination of wine alkylphenols. 

In general, SPE provides high recoveries of most fermentative 
volatiles in wine (85–100%), but requires longer times and is quite 
solvent consuming. On the other hand, the principal advantage of 
this approach is the allowance to separate the bound fraction of the 
aroma, glycoside compounds that can be analyzed as aglycones 
after enzymatic hydrolysis [19]. This is especially relevant when 
you want to characterize a punctual variety, winemaking technique, 
or winemaking additive. The must or wine is loaded in a cartridge 
that contains a determined absorbent. Hydrophilic compounds are 
removed by water washing, free volatile compounds are removed 
with a non-polar organic solvent, and the fraction of glycosides is 
recovered with a polar organic solvent. The most widely used



absorbents have been C-18, polystyrene polymer Amberlite 
XAD-2, or ethylvinylbenzene-divinylbenzene copolymers as Pora-
pak Q and Lichrolut [20]. After the solid-phase extraction step, the 
extract must be concentrated at least 1000-fold to perform MS 
analysis operating in SCAN mode to use the mass spectra libraries 
for compound identification. 
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1.3 Odor Activity 

Values (OAVs) 

Predicting the wine aroma from the results of individual quantita-
tion of its hundreds of volatile compounds by GC-MS is impossible 
in practice. The method based on the OAV has been used in the 
latter years, such as in the discrimination of wines obtained from 
different grape varieties or characterization of the varietal aroma of 
wines [21, 22], also on accelerated aging studies [23] and in works 
about the influence of different enological techniques [24]. 

2 Materials 

1. Solvents: Milli-Q water, pentane, dichloromethane, ethyl ace-
tate, and methanol of GC grade. 

2. Filters of 0.45 μM pore size made form non-absorbent 
materials. 

3. GC vials with 150 μL inserts, 100 mL beakers. 

4. Micropipettes of 10–200 μL, 50–1000 μL, pipettes of 25 mL. 

5. Glass funnel with glass wool. 

6. General laboratory equipment: Analytical balance, SPE vacuum 
manifold with a vacuum pump, vacuum rotatory evaporator, 
concentration-distillation system with a 100 mL flask and a 
40 cm Vigreux column, pH-meter, oven. 

7. Capillary column: FFPA stationary phase, polyethylene glycol 
treated with nitroterephthalic acid (e.g., BP21, SGE, Ring-
wood, Australia) 50 m length × 0.32 mM internal diameter; 
0.25 μM film thickness. 

8. Gas chromatographic instrument coupled to a mass spectrom-
eter with electron impact ionization source and quadrupole 
analyzer, and equipped with an autosampler. 

9. SPE sorbent: LiChrolut EN (40–120 μM). It is a highly cross-
linked ethylvinylbenzene-divinylbenzene copolymer. 

10. Glycosidic enzyme with strong glycosidase activity, e.g., Lall-
zyme BETA (Lallemand). 

11. Commercial standards of volatile compounds of analytical 
grade from different suppliers.
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12. Citrate buffer 0.2 molar, pH = 5.00 (for 1 L dissolve 38.426 g 
of citric acid in about 950 mL of water, bring to pH = 5 with 
12 N NaOH, make up to 1 L in a volumetric flask). 

3 Methods 

3.1 Analysis of Major 

Volatile Compounds 

1. If the sample contains any particulates, it should be filtered by, 
at least, 0.45 μM pore size. 

2. In a GC vial, 100 μL of wine is added to 100 μL of 4-methyl-2-
pentanol (50 mg/L) as the internal standard and diluted with 
1 mL of Milli-Q water. 

3. The sample is injected (0.8 μL) in split mode (split ratio: 10) at 
195 °C in the FFPA capillary column. Helium is used as the 
carrier gas with a constant flow of 1.2 mL/min. 

4. The initial oven temperature is 40 °C maintained during 2 min, 
followed by increases of 5 °C/min up to 120 °C and 75 °C/ 
min up to 190 °C and finally an isothermal phase of 18 min at 
190 °C. 

5. The Flame Ionization Detector (FID) can be used to quanti-
tate the concentration of major volatile compounds, but some 
laboratories work with a mass spectrometer detector with elec-
tron impact ionization source and quadrupole analyzer in 
SCAN mode for major compounds and SIM mode for 1- and 
2-butanol, and 2,3-butanodione. 

6. The compounds analyzed are listed in Table 1 with their reten-
tion times, principal ions of mass spectra, and the m/z of the 
ion used for quantitation. Identification is carried out by com-
paring the analyte retention time and mass spectra with those of 
commercial standards. The quantitation was based on calibra-
tion curves made using pure standards. 

3.2 Analysis of Minor 

Volatile Compounds 

Minor volatile compounds are extracted using the method devel-
oped by Ibarz et al. (2006) [25] with some modifications. 

3.2.1 Extraction 1. If the sample contains any particulates, it should be filtered by, 
at least, 0.45 μM pore size. In a 100 mL beaker are mixed: 
25 mL of the sample of must or wine and 25 mL of Milli-Q 
water, adding 500 μL of 4-nonanol 0.1 g/L as internal 
standard. 

2. SPE cartridge (musts, wines, and glycosidic extracts): a 10 mL 
solid phase extraction cartridge is used loaded with 0.3 g of 
LiChrolut EN adsorbent. 

3. The cartridge is previously activated by the successive passage 
of 2 mL of pentane: dichloromethane (2:1, v/v), 2 mL of 
methanol and, in the case of musts and glycosidic extracts
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Table1 
Mayor volatile compounds 

RT (min) Compound Mass spectraa Quantificationb m/z 

3.12 Acetaldehyde 44/43/42/41 43 

4.10 Ethyl acetate 43/70/61/88 70 

4.37 Methanol 31/32 31 

5.39 2,3-Butanodione (diacetyl) 43/86 86 

6.25 Ethyl butyrate 71/43/88 71 

6.45 Propanol 31/59/42 59 

7.65 Isobutanol (2-Methyl-1-propanol) 43/41/42/74 74 

7.97 Isoamyl acetate 43/55/70/61 70 

9.20 1-Butanol 56/43/41 56 

9.57 4-Methyl-2-pentanol (Internal Standard) 45/69 45 

10.59 3-Methyl-1-butanol +2-Methyl-butan-1-ol 55/70/41/43/57 55 

12.81 3-Hydroxy-2-butanone (acetoin) 45/43/88 45 

14.01 Ethyl lactate 45/75 45 

a m/z of the principal ions in the mass spectra of each compound 
b m/z of the ion used for quantification 

5 mL of water, and for extracting wines 5 mL of ethanol 6% 
(v/v). 

4. The sample is passed through the cartridge at a rate of around 
1 drop/seg. 

5. The sorbent is washed with 25 mL of Milli-Q water to remove 
the salts, sugars, and more polar compounds. 

6. The free volatile fraction elution is carried out with 15 mL of 
pentane-dichloromethane (2:1, v/v). This fraction is placed in 
a freezer so that the residual water is frozen and can be sepa-
rated from the extract by filtration on glass wool. 

7. Extracts are then concentrated to around 2 mL by distillation 
in a 40 cm length Vigreux column and finally to 100 μL under 
nitrogen stream and then transferred to a 150 μL chro-
matographic vial insert and kept at -20 °C until analysis. 

8. The glycosidic fraction is eluted from the sorbent with 25 mL 
de ethyl acetate: methanol (9:1, v/v). The ethyl acetate extract 
was evaporated to dryness under vacuum at 40 °C, and then 
re-dissolved with 5 mL of citrate-phosphate buffer (0.2 M, 
pH 5). 

9. Enzymatic hydrolysis of the bound fraction is carried out by 
adding 200 mg of Lallzyme BETA (Lallemand) and incubation 
at 40 °C for 18 h.



124 Pedro Miguel Izquierdo-Cañas et al.

10. The solution is centrifuged, added with 500 μL of 4-nonanol 
0,1 g/L and the resulting solution is passed through 0,3 g 
LiChrolut EN cartridge previously activated (Step 3) and 
extracted following the 4–7 steps. 

3.2.2 GC-MS Analysis The FFPA capillary column is the same used for major volatile 
analysis. 

1. 1 μL of the SPE extract concentrated is injected in the splitless 
mode (splitless time: 0.3 min). The chromatographic condi-
tions are as follows: Initial oven temperature 40 °C for 15 min, 
followed by increases of 2 °C/min to 100 °C, 1 °C/min to 
150 °C, 4 °C/min to 210 °C, and holding this temperature for 
55 min. Injector temperature, 220 °C and carrier helium gas at 
1 mL/min. 

2. The following detector parameters are set: mass scanning 
range, 40–250 amu; ion source temperature 250 °C; impact 
energy, 70 eV; and electron multiplier voltage, 1603 V; detec-
tor voltage, 250 V; and emission current, 150 μV. 

3. The mass-spectral library and retention times of pure commer-
cial volatile compounds allowed the volatile compound identi-
fication. When the authentic standard is unavailable, the 
identification is based on the comparison with the spectral 
data of Wiley and NIST mass-spectral libraries. The analyzed 
compounds are listed in Table 2 with their relative retention 
times vs 4-nonanol principal ions of mass spectra, and the m/z 
of the ion used for quantification in our laboratory. 

4. The quantitation by GC-MS is done using selected m/z frag-
ments extracted from the total ion chromatogram for each 
compound using the internal standard method. Results for 
non-available compounds are expressed in concentration units 
as internal standard equivalents obtained by normalizing the 
compound peak area to that of the internal standard and multi-
plying by the concentration of the internal standard. 

5. The relative response areas for each volatile compound in ref-
erence to the internal standard are calculated and interpolated 
in the corresponding calibration graphs. Individual stock solu-
tions are prepared for each volatile compound at 500 mg/L 
concentration in absolute ethanol. From these stock solutions, 
a initial work solution is obtained that contains each of the 
volatile compounds in a concentration of approximately 
10 times that found for each of them in the wines. Working 
calibration solutions are prepared from the stock solution of 
the mixture at eight different concentration levels in 12% v/v
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(continued)

Analysis of the Free and Bound Fraction of Volatile Compounds in Musts. . . 125

Table 2 
Minor volatile compounds grouped by families 

Qb . 
m/ 
z 

Alcohols 

0,337 3-Pentanolc 59/41 59 

0,347 1-Butanolc 56/41/73 56 

0,574 3-Methyl-3-buten-1-olc 41/68/56/86 68 

0,582 1-Pentanolc 42/55/70 70 

0,726 c-2-Penten-1-olc 57/41/68/71/86 57 

0,802 3-Methyl-2-buten-1-olc 71/41/53/68/67/86 71 

0,805 2-Heptanolc 45/55/83/70 55 

0,809 3-Methyl-1-pentanolc 56/69/41/84 84 

0,817 3-Ethoxy-1-propanolc 59/45/71/75/86 59 

0,838 3-Octanolc 59/83/55/41/101 59 

0,953 1-Octen-3-olc 57/43/72/85 57 

0,977 6-Methyl-5-hepten-2-olc Sulcatol 95/41/69/55/110 110 

1,040 2-Ethyl-1-hexanolc 57/41/55/70/83/69 57 

1,048 4-Nonanol (Internal 
Standard) c 

55/73/83/101 73 

1,193 L-2,3-Butanodiolc 45/57/75 75 

1,234 1-Octanolc 56/55/41/43/69/ 
70/84/83 

84 

1,243 Meso-2,3-butanodiolc 45/57/75 57 

Acetates 

0,238 Isobutyl acetatec 43/56/73/61 56 

0,299 Isoamyl acetatec 43/70/55/87/61 61 

0,619 Hexyl acetatec 43/56/61/69/84 56 

0,692 t-3-Hexenyl acetate 43/67/82 67 

0,708 c-3-Hexenyl acetatec 43/67/82 67 

0,851 Octyl acetatec 43/57/70/41/55/ 
56/83/112 

70 

1,403 Benzil acetatec 108/91/90/89/79/ 
150 

108 

1,565 2-Phenylethyl acetatec 104/43/91/65 104 

2,632 2-Methoxy-2-phenylethyl 
acetate 

104/105/91/45/51 105
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RRT Compound Synonym Mass spectraa
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126 Pedro Miguel Izquierdo-Cañas et al.

(continued)

Qb . 
m/ 
z 

Ketones and aldehydes 

0,675 1-Octen-3-onec 70/55/97/43/71/83 97 

0,746 6-Methyl-5-hepten-2-onec Sulcatone 43/69/55/108/58/ 
126/93 

108 

0,969 2-Octenalc 55/41/70/83/57/97 

Ethyl esters 

0,262 Ethyl isobutyratec 

0,264 Ethyl 2-methyl-butyratec 57/102/85/41/74/ 
115 

102 

0,273 Ethyl 3-methyl-butyratec 88/85/60/70/115/ 
57 

115 

0,300 Ethyl butyratec 71/43/88/60/101/ 
116 

88 

0,536 Ethyl hexanoatec Ethyl caproate 88/43/99/60/70 88 

0,694 Ethyl pyruvatec Ethyl 2-oxopropanoate 43/61/116 116 

0,764 Ethyl lactatec Ethyl 2-hydroxypropionate 45/75 75 

0,915 Ethyl octanoatec Ethyl caprilate 88/57/70/101/127 88 

0,969 Ethyl-2-hydroxy-butyrate 59/41/75 59 

1,057 Ethyl 3-hydroxy-butyratec 43/71/60/87/117 71 

1,182 Ethyl 2-hydroxy-hexanoate 69/87/43/104 87 

1,196 Ethyl 4-oxo-butyrate 85/102/56/74 102 

1,296 Ethyl 4-oxo-pentanoate Ethyl levulinate 43/99/74/129/55 99 

1,320 Ethyl 2-furan-carboxylatec Ethyl furoate 95/112/140/39 95 

1,369 Ethyl decanoatec Ethyl caprate 88/60/43/73/101/ 
115 

88 

1,417 Ethyl 3-hydroxy-hexanoate 117/71/89/88 117 

1,445 Ethyl 9-decenoate 88/41/55/69/101/ 
110/152 

152 

1,675 Ethyl salicylatec Ethyl 2-hydroxybenzoate 120/92/166 120 

1,695 Ethyl 4-OH-butyrate 87/88/43/60/102/ 
74/69 

87 

1,729 Ethyl dodecanoatec Ethyl laurate 88/101/43/70 88 

2,165 Ethyl 3-hydroxydecanoate 117/43/71/88/55/ 
127 

117
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RRT Compound Synonym Mass spectraa
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(continued)

Qb . 
m/ 
z 

2,361 Ethyl cinnamatec Ethyl 3-phenyl-2-propenoate 131/103/77/51/ 
176/148 

131 

2,453 Ethyl hexadecanoatec Ethyl palmitate 88/101/43/55/70 88 

2,655 Ethyl succinate Ethyl butanedioate 101/73/55/45/128 128 

2,914 Ethyl 3-hydroxycinnamate Ethyl 3-(3-hydroxyphenyl)prop-
2-enoate 

147/192/119/164 192 

C6 compounds 

0,248 Hexanalc 44/56/57/72/82 82 

0,426 c-3-Hexenal 41/69/55/83/80 69 

0,438 t-3-Hexenal 41/69/55/83/80 69 

0,563 c-2-Hexenal 41/55/69/83/98 69 

0,593 t-2-Hexenal 41/55/69/83/98 69 

0,783 1-Hexanolc 56/43/69/84 69 

0,800 t-3-Hexenolc 41/67/82/55/69 67 

0,835 c-3-Hexenolc 41/67/82/55 67 

0,879 t-2-Hexenolc 57/41/82/67 57 

0,896 c-2-Hexenolc 57/41/67/82 57 

Terpenoids 

0,435 Limonene c 1-Methyl-4-(1-methylethenyl)-
cyclohexene 

68/93/79/121/53/ 
107/136 

93 

0,532 Eucalyptolc 1,8-Cineole; 1,8-Epoxy-p-
menthane 

43/81/108/139/154 108 

0,716 β-Ocimenec 3,7-Dimethyl-1,3,6-octatriene 119/134/91/65/77 119 

0,845 t-rose oxidec Tetrahydro-4-methyl-2-
(2-methylpropenyl)-2H-pyran 

139/69/83/55/154 139 

0,875 c-rose oxidec Tetrahydro-4-methyl-2-
(2-methylpropenyl)-2H-pyran 

139/69/83/55/154 139 

0,921 t-Furanic linalool oxidec t-2-Methyl-2-vinyl-5-(1-hydroxy-
1-methylethyl)tetrahydrofuran 

59/43/94/93/68/ 
111/137/155 

94 

0,970 c-Furanic linalool oxidec c-2-Methyl-2-vinyl-5-(1-hydroxy-
1-methylethyl)tetrahydrofuran 

59/43/94/93/68/ 
111/137/155 

94 

1,109 Linaloolc 3,7-Dimethyl-1,6-octadien-3-ol 71/93/41/55/80/ 
121 

93 

1,294 Hotrienol 3,7-Dimethyl-1,5,7-octatrien-3-
ol, 

71/82/43/67/55 71

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22trans-2-Methyl-2-vinyl-5-(1-hydroxy-1-methylethyl)tetrahydrofuran%22%5bCompleteSynonym%5d%20AND%206432254%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22trans-2-Methyl-2-vinyl-5-(1-hydroxy-1-methylethyl)tetrahydrofuran%22%5bCompleteSynonym%5d%20AND%206432254%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22trans-2-Methyl-2-vinyl-5-(1-hydroxy-1-methylethyl)tetrahydrofuran%22%5bCompleteSynonym%5d%20AND%206432254%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22trans-2-Methyl-2-vinyl-5-(1-hydroxy-1-methylethyl)tetrahydrofuran%22%5bCompleteSynonym%5d%20AND%206432254%5bStandardizedCID%5d
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1,342 Mentholc 2-Isopropyl-5-
methylcyclohexanol 

71/81/95/123/138 138 

1,346 c-Citralc 3,7-Dimethyl-2,6-octadienal; 
geranial 

41/69/84/94/109/ 
59/53/119 

109 

1,370 α-Terpineolc 2-(4-Methylcyclohex-3-en-1-yl) 
propan-2-ol; p-Menth-1-en-8-
ol 

59/93/43/68/121/ 
136 

59 

1,406 t-Citralc 69/41/84/94/53/ 
109/123/137 

123 

1,529 t-Piranic linalool oxide t-2,2,6-Trimethyl-6-
vinyltetrahydro-2H-pyran-3-ol 

68/43/59/94 68 

1,550 2,7-Dimethyl-4,5-
octanodiol 

69/43/45/87/86/ 
57/75 

69 

1,561 c-Piranic linalool oxide c-2,2,6-Trimethyl-6-
vinyltetrahydro-2H-pyran-3-ol 

68/43/59/94/79/ 
121 

68 

1,579 Citronellolc 3,7-Dimethyl-6-octen-1-ol 69/41/55/95/81/ 
109/138 

95 

1,597 Nerolc c-3,7-Dimethyl-2,6-octadien-1-ol 69/41/93 93 

1,647 Geraniolc t-3,7-Dimethyl-2,6-octadien-1-ol 69/41/93/67 93 

1,690 Geosminc Dimethyloctahydronaphthalen-4a 
(2H)-ol 

112/111/125/125/ 
149/182 

112 

2,041 Terpendiol I 3,7-Dimethyl-1,5-octadien-3,7-
diol 

82/71/43/67 82 

2,084 3,7-Dimethyl-1-octen-3,7-
diol 

71/43/68/81/59/ 
56/121/93 

71 

1,950 p-Menta-1,8-dien-7-olc 4-Isopropenyl-cyclohex-1-ene-1-
methanol, perillyl alcohol 

68/67/93/91/79/ 
121/134/152 

152 

2,361 p-Menthane-1,8-diol c-4-Hydroxy-α,α,4-
trimethylcyclohexanemethanol 

81/96/59/43/71/ 
139 

139 

2,436 Terpendiol II 3,7-Dimethyl-1,7-octadien-3,6-
diol 

67/71/43/82/55 67 

2,514 Hydroxycitronellol 3,7-Dimethyl-1,7-octanodiol 59/43/55/70/41/ 
83/98/123 

59 

2,535 3-Methyl-hepta-1,6-dien-3-
ol 

71/43/55 71 

2,544 Limonene aldehyde 3-(4-Methyl-1-cyclohex-3-enyl) 
butanal 

93/43/67/101/95/ 
108/123/81/55/ 
148 

93
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2,637 8-Hydroxylinalool 2,6-Dimethyl-2,7-octadien-1,6-
diol 

43/71/67/55/73/ 
60/84/119/137 

71 

2,784 7-Hydroxyterpineol p-Menth-1-en-7,8-diol 79/59/93/109/121/ 
152 

79 

Other esters 

0,597 Isoamyl butyratec 71/70/43/55/89 71 

0,838 Methyl octanoatec 74/87/59/115/127 74 

1,125 Isoamyl lactate 3-Methylbutyl 
2-hydroxypropanoate 

45/55/70/71 70 

1,162 Dimethyl malonatec Dimethyl propanedioate 115/133/43/88/60/ 
69 

115 

1,186 Dimethyl succinatec Dimethyl butanedioate 115/55/59/87/114/ 
84/97 

115 

1,252 Ethyl-methyl succinate Ethyl-methyl butanedioate 115/55/101/87/129 115 

1,266 Isoamyl octanoate 70/127/145/71 127 

1,322 Diethyl succinatec Diethyl butanedioate 101/129/73/55 129 

1,478 Methyl salicylatec Methyl 2-hydroxybenzoate 120/92/152/65/121 152 

1,511 Diethyl glutaratec Diethyl pentanedioate 143/91/115/97/43/ 
45/55 

143 

1,627 2-Phenylethyl formate 2-Phenethyl methanoate 104/91/65/103/105 104 

1,655 Ethyl-propyl succinate Ethyl-propyl butanedioate 101/129/43/73/55/ 
143 

101 

2,057 Diethyl malatec Diethyl 2-hydroxybutanedioate 71/117/89/43 117 

2,426 Methyl anthranilatec Methyl 2-aminobenzoate 119/151/92/120/44 119 

2,591 2-Phenylethyl isovalerate 2-Phenylethyl 3-methylbutanoate 104/85/57/45 104 

2,611 2-Phenylethyl lactate 2-Phenylethyl 
2-hydroxypropionate 

104/45/105/91/77/ 
65 

104 

2,605 Methyl succinate Methyl butanedioate 101/55/45/59/73/ 
114 

101 

2,881 2-Phenylethyl-ethyl 
succinate 

2-Phenylethyl-ethyl butanedioate 104/105/101/91/77 104 

Furanic compounds 

0,703 5-Methyldihydro-3(2H)-
furanone 

4,5-Dihydro-5-methylfuran-3 
(2H)-one 

42/100/58/70 100 

0,743 Furfuryl formate 2-Furylmethyl formate 81/126/53/97 126
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0,918 2-Acetylfuranc 1-(2-Furanyl)-ethanone 95/110/39/43/67/ 
75 

95 

0,985 Furfuralc 2-Furaldehyde 96/95/39/67/97 96 

1,239 5-Methyl-2-furfuralc 5-Methyl-2-furaldehyde 110/109/53/81/95/ 
111 

110 

1,257 4-Methoxy-2,5-dimethyl-3 
(2H)-furanone 

Berry furanone 142/68/99 142 

1,349 Furfuryl alcoholc Furanmethanol 98/41/81/53/69 98 

1,383 2(5H)-3-Methyl-furanone 41/69/98/53/70 98 

2,032 2,5-Dimethyl-4-hydroxy-3 
(2H)-furanonec 

Furaneol, Strawberry furanone, 
Pineapple ketone 

43/57/128/85/55/ 
72 

128 

2,699 5-(Hydroxymethyl)furfuralc 5-Hydroxymethyl-2-furaldehyde 97/126/41/69 97 

Norisoprenoids 

1,118 Vitispirane 2,10,10-Trimethyl-6-
methylidene-1-oxaspiro[4.5] 
dec-7-ene 

93/192/121/177/ 
136/43/77/107/ 
149 

192 

1,193 β-Damasconec 1-(2,6,6-Trimethyl-1-
ciclohexen)-2-buten-1-one 

177/69/192/41/ 
123/81/107/135/ 
149 

177 

1,554 Damascenonec 1-(2,6,6-Trimethylcyclohexa-1,3-
dien-1-yl)but-2-en-1-one 

69/121/41/105/ 
190/175 

190 

1,740 α-Iononec 4-(2,6,6-Trimethylcyclohex-2-en-
1-yl)but-3-en-2-one 

93/121/43/136/77/ 
109/192/55 

121 

1,790 β-Iononec 4-(2,6,6-Trimethylcyclohex-1-en-
1-yl)but-3-en-2-one 

177/43/91/135/77/ 
121 

177 

2,781 3-Hydroxi-β-damascone 1-(3-Hydroxy-2,6,6-trimethyl-1-
cyclohexen-1-yl)-2-buten-1-
one 

69/41/175/121/ 
193/208 

208 

2,834 Dihydro-α-iononec 4-(2,2,6-Trimethyl-5-cyclohexen-
1-yl)-2-butanone 

95/69/57/112/136/ 
149 

112 

2,875 3-Oxo-α-ionol 4-(3-Hydroxybut-1-enyl)-3,5,5-
trimethylcyclohex-2-en-1-one 

108/43/91/135/152 108 

2,884 β-Ionolc 4-(2,6,6-Trimethyl-1-cyclohexen-
1-yl)-3-buten-2-ol 

121/119/136/161/ 
194 

121 

2,945 3-Oxo-7,8-dihydro-α-ionol 4-(3-Hydroxybutyl)-3,5,5-
trimethylcyclohex-2-en-1-one 

135/93/95/43/45/ 
69/108/150/177 

135 

2,990 3-Hydroxy-7,8-dihydro-β-
ionol 

4-(3-Hydroxy-1-butynyl)-3,5,5-
trimethyl-2-cyclohexen-1-ol 

193/208/175/131/ 
105/91 

193

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%222%2C10%2C10-trimethyl-6-methylidene-1-oxaspiro%5B4.5%5Ddec-7-ene%22%5bCompleteSynonym%5d%20AND%206450832%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%222%2C10%2C10-trimethyl-6-methylidene-1-oxaspiro%5B4.5%5Ddec-7-ene%22%5bCompleteSynonym%5d%20AND%206450832%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%222%2C10%2C10-trimethyl-6-methylidene-1-oxaspiro%5B4.5%5Ddec-7-ene%22%5bCompleteSynonym%5d%20AND%206450832%5bStandardizedCID%5d
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Pirazines 

0,895 2-Methoxy-3-methyl-
pyrazinec 

124/106/109/123/ 
95 

124 

0,994 2-Methoxy-3-ethyl-pyrazinec 138/123/137/107/ 
119 

138 

1,069 Tetramethylpyrazinec 136/54/92/95/108 136 

1,168 2-Methoxy-3-isobutyl-
pyrazinec 

124/151/94 124 

Tiols 

1,019 2-Furanmethanethiolc Furfuryl mercaptan 81/114/53 114 

1,047 (3-Methylthio)propanalc 48/104/76/61/57 104 

1,069 (2-Methylthio)ethanolc 61/92/45 61 

1,386 (3-Methylthio)propanolc Methionol 106/61/57/47/73 106 

1,502 (3-Ethylthio)propanolc 120/42/61/63/75 120 

1,740 3-Mercapto-1-hexanolc 55/41/57/61/100/ 
67/82/47/83/134 

61 

1,827 Benzothiazolc 1,3-Benzothiazole 135/108/69/82 135 

2,709 4-Methyl-5(2-hydroxyethyl) 
thiazol 

112/85/143/45 143 

2,809 2-[(1-Methylethyl)thio]-
pentane 

61/103/43/146/55/ 
71 

103 

Acid 

1,069 Acetic acidc 43/45/60 

1,094 Propionic acidc 74/73/45/57 73 

1,133 Isobutyric acidc 2-Methyl propanoic acid 43/73/88/55 73 

1,230 Butyric acidc 60/73/41/88 73 

1,299 Isovaleryc acidc 3-Methyl butyric acid 60/41/43/87 87 

1,426 Valeric acidc Pentanoic acid 60/73/41/87 73 

1,634 Hexanoic acidc 60/73/87 60 

2,038 t-3-Hexenoic acidc 41/55/60/68/114/ 
69/73/96 

114 

2,062 t-2-Hexenoic acidc 73/42/68/55/99/ 
114 

73
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2,083 Octanoic acidc 60/73/43/55/110/ 
85/115 

60 

2,488 Decanoic acidc 73/60/41/129 73 

2,540 9-Decenoic acidc Caproleic acid 55/69/73/60/84/ 
110 

73 

2,555 Geranic acidc 3,7-Dimethylocta-2,6-dienoic 
acid 

69/41/100/55/123 100 

2,815 2-Phenylacetic acid Benzenacetic acid 91/136/65 136 

Benzenic compounds 

1,061 Benzaldehydec 105/106/77/51/74 105 

1,256 Phenylacetaldehydec 91/65/120 91 

1,360 4-Methyl-benzaldehyde 119/120/91/65 119 

1,470 2-Phenyl-2-propanolc 1-Hydroxycumene 43/121/77/51 77 

1,665 2,4-Dimethylbenzaldehyde 133/134/105/77/91 133 

1,698 Benzyl alcoholc 79/108/69 79 

1,763 2-Phenylethanolc 91/122/65 122 

1,897 4-Methyl-2,6-ditercbutyl 
phenolc 

205/220/57/145/ 
177 

205 

2,038 2-Phenyl-1-butanol 91/119/120/150/ 
77/65/41 

119 

2,099 Phenolc 94/66/65/39/40/55 94 

2,565 3-Hydroxy-4-phenyl-2-
butanona 

91/103/121/146/ 
43/65/77/79 

146 

Lactones 

1,194 γ-Valerolactonec 5-Methyl-dihydrofuran-2(3H)-
one 

56/85/41/43/57/ 
100 

85 

1,224 γ-Butyrolactonec Dihydrofuran-2(3H)-one 42/86/56 86 

1,268 4-Hydroxy-2-hexenoic acid 
lactone 

5-Ethyl-2(5H)-furanone 83/55/112 83 

1,345 γ-Hexalactonec 5-Ethyldihydrofuran-2(3H)-one 85/42/57/70 85 

1,499 4-Ethoxy-γ-butyrolactone 5-Ethoxydihydro-2(3H)-
furanone 

85/58/57/56/86 85 

1,690 δ-Valerolactonec Tetrahydro-2H-pyran-2-one 42/41/56/57/100/ 
70 

100

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%224-Hydroxy-2-hexenoic%20acid%20lactone%22%5bCompleteSynonym%5d%20AND%2016997%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%224-Hydroxy-2-hexenoic%20acid%20lactone%22%5bCompleteSynonym%5d%20AND%2016997%5bStandardizedCID%5d
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1,826 t-β-Methyl-γ-octalactonec t-4-Methyl-5-butyldihydro-2 
(3H)-furanone, t-Whiskey 
lactone 

99/71/42/69/87/ 
79/100 

100 

1,829 γ-Octalactonec 5-Butyldihydro-2(3H)-furanone 85/57/100/69 85 

1,834 c-β-Methyl-γ-octalactonec c-4-Methyl-5-butyldihydro-2 
(3H)-furanone, c-Whiskey 
lactone 

99/71/42/87/100 87 

1,854 δ-Octalactonec 6-Propyltetrahydro-2H-pyran-2-
one 

99/42/71/55/114 114 

1,984 γ-Nonalactonec Dihydro-5-pentylfuran-2(3H)-
one 

85/41/42/84/56 85 

2,018 Pantolactonec 3-Hydroxy-4,4-
dimethyldihydrofuran-2(3H)-
one 

71/43/57 71 

2,109 Dehydromevalonolactone 5,6-Dihydro-4-methyl-2H-pyran-
2-ona 

82/54/112 82 

2,223 γ-Decalactonec 5-Hexyldihydro-2(3H)-furanone 85/41/55/128 85 

2,320 δ-Decalactonac Tetrahydro-6-pentyl-2H-pyran-2-
one 

99/71/42/55/114/ 
84 

99 

2,393 Sotolonec 3-Hydroxy-4,5-dimethylfuran-2 
(5H)-one 

83/128/55/43/57/ 
72/113 

128 

2,428 4-Ethoxycarbonyl-γ-
butyrolactonec 

85/86//57 85 

2,443 γ-Undecalactonec 5-Heptyldihydrofuran-2(3H)-one 85/57/128/69/100/ 
110 

128 

2,620 4-(1-Hydroxy-ethyl)-γ-
butyrolactone 

85/86/45/57 85 

2,656 γ-Dodecalactonec Dihydro-5-octyl-2(3H)-furanone 85/41/55/69/128 85 

2,670 δ-Dodecalactonec 6-Heptyl-tetrahydropyran-2-one 99/71/55/42/114/ 
84 

114 

Methoxyphenols and volatile phenols 

1,668 Guaiacolc 2-Methoxyphenol 109/124/81/43/155 124 

1,865 4-Metilguaiacolc 2-Methoxy-4-methylphenol 138/123/95/67/77/ 
55 

138 

2,015 4-ethyl guaiacolc 4-Ethyl-2-Methoxyphenol 137/152/122/91/77 137 

2,285 4-Propyl-guaiacolc 4-Propyl-2-methoxyphenol 137/166/122/70/94 137
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2,300 Eugenolc 4-(2-Propenyl)-2-methoxyphenol 164/77/103/131/ 
149/91/55137 

164 

2,328 4-Ethyl phenolc 107/122/77/91 122 

2,373 4-Vinylguaiacolc Ethenyl-2-methoxyphenol 150/135/77/107 150 

2,463 c-Isoeugenolc c-2-Methoxy-4-propenylphenol 164/77/103 164 

2,488 Syringolc 2,6-Dimethoxyphenol 154/139/93/96/65/ 
111 

154 

2,568 t-Isoeugenolc t-2-Methoxy-4-propenylphenol 164/149/77/103/ 
131/55 

164 

2,613 4-Vinylphenolc 4-Ethenyl-phenol 120/91/65/39 91 

2,784 4-Ethoxymethylphenol p-Hydroxybenzyl ethyl ether 107/152/77/95/120 107 

2,784 Vanillin acetatec 4-Formyl-2-methoxyphenol 
acetate, Acetovanillin 

152/151/43/123/ 
51/79/109/194 

152 

2,798 Ethyl vanillinc 4-Hydroxy-3-
ethoxybenzaldehyde 

137/166/109/81/ 
53/63 

137 

2,721 Methoxyeugenolc 2,6-Dimethoxy-4-(prop-2-en-1-
yl)phenol 

194/91/77/119/70/ 
179 

194 

2,734 Vanillinc 4-Hydroxy-3-
methoxybenzaldehyde 

151/152/81/109/ 
123 

151 

2,754 Methyl 3-(3,5-ditertbutyl-4-
hydroxyphenyl) 
propionate 

277/292/147/219/ 
203/161 

292 

2,760 Methyl vanillatec Methyl 4-hydroxy-3-
methoxybenzoate 

151/182/123/108 182 

2,787 Ethyl vanillatec Ethyl 4-hydroxy-3-
methoxybenzoate 

151/196/168/123 196 

2,808 Acetovanillonec 1-(4-Hydroxy-3-methoxyphenyl) 
ethanone 

151/166/123 166 

2,821 Propiovanillonec 1-(4-Hydroxy-3-methoxyphenyl) 
propan-1-one 

137/180/122/43/ 
94/138 

137 

2,928 Vanilliyl ketone 1,3-bis(4-Hydroxy-3-
methoxyphenyl)propan-2-one 

151/180/123/108 180 

2,973 Methyl syringolc 2,6-Dimethoxy-4-methylphenol 153/168/93/125 153 

2,984 Methyl-3-
(2-hydroxyphenyl)-
propionatec 

120/148/94/78/ 
119/77 

148
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3,013 3,4-Dimethoxy-phenolc 154/139/111/93 154 

3,033 Zingeronec 4-(4-Hydroxy-3-methoxyphenyl) 
butan-2-one, Vanillylacetone 

137/194/43/91/119 194 

3,067 Ethyl 3-(4-hydroxy-3-
methoxyphenyl) 
propionatec 

137/150/224 137 

3,082 Vanillyl alcoholc 4-(Hydroxymethyl)-2-
methoxyphenol 

154/65/93/137/ 
125/39/77 

154 

3,103 Homovanillyl alcoholc 4-(2-Hydroxyethyl)-2-
methoxyphenol 

137/168/122/94 137 

3,110 Syringaldehydec 4-Hydroxy-3,5-
dimethoxybenzaldehyde 

182/181/96/65/ 
111/139/167 

182 

3,332 Methyl-(2-hydroxy-3-
ethoxybenzyl) ether 

137/182/138/65/ 
123 

137 

3,353 Homovanillic acidc 2-(4-hydroxy-3-methoxyphenyl) 
acetic acid 

137/138/182 138 

Miscellaneous 

1,061 2-Methyltetra 
hydrothiophen-3-onec 

60/116/59/45/88 116 

1,583 Tetrahydro 2-thiophene 
methanol 

61/118/74/45/90/ 
85 

118 

2,038 Maltolc 3-Hydroxy-2-methyl-4H-pyran-
4-ona 

126/71/43/55/97 126 

2,394 2-Aminoacetophenonec 1-(2-Aminophenyl)ethanone 120/135/92/65/43 120 

2,560 3-Ethyl-4-methyl-1H-
pyrrol-2,5-diona 

2-Methyl-3-ethylmaleimide 139/67/53/124 139 

2,591 Dihydromethyl jasmonate Methyl 3-oxo-2-pentyl-
cyclopentyl-acetate 

83/153/156/82/96 153 

2,524 4-Methyl-5-thiazolethanol Sulfurol 112/143/85/59 112 

2,749 N(2-Phenylethyl)acetamide 104/43/91/163 104 

3,163 Acetosyringonec 1-(4-Hydroxy-3,5-
dimethoxyphenyl)ethanone 

181/196/43/153/65 196 

a m/z of the principal ions in the mass spectra of each compound 
b m/z of the ion used for quantitation 
c Commercial available compounds; RRT relative retention time (RT compound/RT P.I. (42.15 min))
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ethanol with 5 g/L tartaric acid. These working calibration 
solutions are processed as wine samples and must be extracted 
by SPE (Steps 1–7 of the extraction protocol detailed above). 

3.3 The Odor Activity 

Value (OAV) Method 

The GC-MS method described above provides quantitative infor-
mation on hundreds of volatile compounds. A large amount of data 
can be challenging to interpret, especially when the objective is to 
establish the aromatic characteristics of a particular grape variety or 
type of wine. The Odor Activity Value (OAV) method helps us 
achieve this objective [26]. 

The contribution of each volatile compound to wine aroma is 
evaluated qualitatively via its associated descriptor and quantita-
tively via its OAVs aiming at categorizing the potential aroma 
impact. The OAVs are calculated using the equation OAV = c/t, 
where c is the total concentration of each compound in the wine 
samples, and t is their perception threshold described in the bibli-
ography. Compounds that exhibit OAVs >1 are considered to 
contribute individually to the wine aroma and are designated as 
would-be impact odorants. The potential influence on wine aroma 
from volatile compounds present at sub-threshold concentrations 
(i.e., OAVs <1) should not be excluded due to their additive effects 
[24]. Nevertheless, as odor thresholds are affected by additive, 
synergic, and antagonistic effects of the volatile compounds in a 
matrix, an alternative consists to identify the most powerful odor-
ants based only on their OAV values. 

The odor descriptors are grouped in different aromatic series to 
estimate overall wine aroma, and every compound is assigned to 
one or several aromatic series based on a similar odor descriptor 
used. The aromatic series’ total intensities are calculated as the sum 
of the OAV of each one of the compounds assigned to this series. 
The series normally use grouped compounds with similar odor 
descriptors representing the principal constituents of the wine 
aroma profile, such as fruity, floral, green/fresh, sweet, fatty, spicy, 
and other odors. Because of the high complexity of olfactive per-
ceptions, some aroma compounds were included in two or more 
odorant series according to the findings of some authors [27, 28], 
as shown in Table 3. This procedure makes it possible to relate 
quantitative information, obtained by chemical analysis, to sensory 
perception providing a single aroma profile. 

4 Notes 

1. When using an electron impact ionization source in mass spec-
trometry, great care must be taken to protect the filament from 
overexposure caused by the solvent chromatographic band. In 
the case of the analysis of major volatile compounds, ethanol 
should be avoided, and in the case of minor volatile
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Table 3 
Compound, odor descriptors, odorant series, and odor threshold 

Odor descriptors Odorant series Odor threshold (μg/L) 

Ethyl acetate Fruit, solvent 1,7 7500 [21] 

Isoamyl acetate Banana 1 30 [28] 

Hexyl acetate Green, floral 2,3 1500 [28] 

2-Phenylethyl acetate Floral 2 250 [21] 

Ethyl lactate Acid, medicine 6 154,636 [28] 

Ethyl hexanoate Green apple 1 14 [9] 

Ethyl octanoate Sweet, fruity 1,4 5 [9] 

Ethyl decanoate Sweet, fruity 1,4 200 [28] 

Isoamyl alcohols Fusel 7 30,000 [21] 

Methanol Chemical, medicinal 7 668,000 [9] 

1-Propanol Ripe fruit, alcohol 1,7 830,000 [9] 

Isobutanol Oily, bitter, green 3,5 40,000 [9] 

1-Hexanol Flower, green, cut grass 2,3 8000 [21] 

t-3-hexenol Green, fruity 1,3 400 [9] 

c-3-Hexen-1-ol Green, cut grass 3 400 [21] 

3-Methyl-thio-propanol Cooked, vegetable 7 500 [21] 

2-Phenylethyl alcohol Floral, roses 2 10,000 [21] 

Butiric acid Rancid, cheese, sweat 6 173 [9] 

Isovaleric acid Sweet, acid, rancid 4,6 33 [28] 

Hexanoic acid Sweat 6 420 [9] 

Octanoic acid Sweat, cheese 6 500 [28] 

Decanoid acid Rancid fat 6 1000 [9] 

Acetaldehyde Pungent, ripe apple 1,7 500 [21] 

Benzaldehyde Sweet, cherry, almond 1,4 350 [28] 

Citronellol Rose citrus 2 40 [9] 

α-Terpineol Floral 2 250 [28] 

Linalool Floral 2 15 [21] 

Nerol Floral 2 300 [21] 

Geraniol Roses, geranium 2 30 [21] 

Furaneol Burnt sugar, caramel, maple 4 5 [29] 

γ-Butyrolactone Sweet, toast, caramel 4 35 [28]
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(continued)

Odor descriptors Odorant series Odor threshold (μg/L) 

γ-Nonalactona Coconut 4 30 [28] 

(E)-Whiskylactone Vanilla, spices 5 790 [30] 

(Z)-Whiskylactone Vanilla, spices 5 67 [30] 

Damascenone Sweet, fruit 1,4 0,05 [21] 

4-Ethylphenol Phenolic, bitumen 7 450 [29] 

4-Vinylphenol Almond shell 7 180 [31] 

4-Vinylguaiacol Spices/curry 6 40 [21] 

Eugenol Spices, clove, honey 4,5 6 [28] 

Vanillin Vanillin 5 60 [9] 

Ethyl vanillate Caramel, honey, vanillin 4,5 990 [9] 

Odorant series: 1 = Fruity, 2 = Floral, 3 = Green, fresh, 4 = Sweet, 5 = Spicy, 6 = Fatty, 7 = Others 

compounds, pentane and dichloromethane. The filament must 
be programmed to turn off during the time that the solvent 
peak is reaching the detector. 

2. The detection limits of each compound depend on the inten-
sity of the ion m/z selected for its quantitation. In some cases, 
it is convenient to select an ion that is not the most intense to 
avoid interference from compounds that elute very closely or 
even co-elute with the one of interests. 

3. The adsorption capacity of the resins used in SPE is generally 
diminished by the presence in the sample of high ethanol 
concentrations. Due to this, the wine is diluted with water (1: 
1) to achieve concentrations below 7% ethanol v/v. The musts 
would not need to be diluted, but the decrease in their density 
improves their passage through the resin. 

4. Tests carried out in our laboratory show that the 0,3 g sorbent 
cartridges can be reused up to 7 times without loss of effective-
ness, if properly regenerated right after use. Regeneration is 
achieved by consecutively passing the following solvents, dry-
ing with air between each pass:

– 2 times × 2 mL of 80% methanol—20% aqueous 
NH4OH 2%. 

– 2 times × 2 mL of 80% methanol—20% aqueous HCl 2%. 

– 2 times × 2 mL of methanol. 

– 2 times × 2 mL of ethyl acetate. 

– 2 times × 2 mL of acetone.
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Chapter 12 

Identification of Wine Compounds by Nuclear Magnetic 
Resonance 

Werner F. Brandão, Gilson C. Santos Júnior, Fabio C. L. Almeida, 
Icaro P. Caruso, Gisele C. de Amorim, and Marcel M. L. da Cunha 

Abstract 

The main constituents of wine, such as ethanol, sugars, and organic acids, can be identified by nuclear 
magnetic resonance (NMR) without extensive sample preparation. Here, we describe a simple and straight-
forward protocol for the identification of wine compounds by NMR. Wine samples can be characterized 
and over 60 molecules can be identified by 2D 1 H-13 C NMR following processing and analysis with 
minimal sample preparation and the use of free versions or open software and web-based platforms 
(Topspin, Chenomx, and Colmar). Additionally, a simple protocol for 1D 1 H NMR was included as a 
starting point and beginner guide to NMR analysis of wine. 

Key words Nuclear magnetic resonance, Compound identification, Topspin, Chenomx, Colmar 

1 Introduction 

Identification of wine compounds has several purposes. From the 
quality of fermentation and process characterization to adulteration 
detection and origin authentication [1–3]. 

In this chapter, we describe a protocol for the wine compounds 
identification by NMR without lyophilization or signal suppres-
sion. It is well known that ethanol signals might mask other com-
pounds in the vicinity of its chemical shifts because of its high 
concentration in wine samples. Since the purpose of the method 
is to identify as many compounds as possible, including ethanol, 
with minimal sample manipulation or loss of volatiles, no lyophili-
zation or signal suppression will be used. 

One of the goals of this method is its simplicity. The work and 
time needed for sample preparation are very short, and several 
samples could be prepared in less than 1 hour with a few procedures

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
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and the addition of simple solutions. Also, the use of an online 
platform, Colmar NMR, is proposed. Colmar web-based platform 
is, by the time this chapter is being written, free and available. This 
platform allows precise identification of compounds by 2D assign-
ment, meaning that more information from a molecule can be used 
for identification, 1 H and 13 C allows disambiguation of overlapped 
signals, indistinguishable by 1D analysis [4–6].
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We expect that you, the reader, might find usefulness in this 
simple and straightforward method. Also, it may be of interest to 
those developing methods for the fast detection of important 
molecular markers of quality, aging, fraud, or contaminants in wine. 

2 Materials 

2.1 Sample 

Preparation 

1. 2 mL of a wine sample. 

2. Deuterium oxide (D2O) 99%. 

3. 3-(Trimethylsilyl)-1-propanesulfonic acid-d6 sodium salt 
(DSS-d6) 98%: 10 mM in Milli-Q water. As a substitute, 
TSP-d4 in 99% D2O can equally be used. 

4. 5 mM NMR tube. 

5. Automatic pipettes and tips. 

2.2 NMR 

Experiments 

1. Bruker NMR spectrometer—400 MHz field or higher. 

2. 1D 1 H NOESY pulse sequence. NOESY sequence was used in 
this chapter, but others, such as ZGPR, can equally be used [3]. 

3. 1 H-13 C HSQC pulse sequence. 

4. 1 H-1 H TOCSY pulse sequence [4]. 

2.3 Software 1. TopSpin 4.3.1 (Bruker, Germany) for spectra acquisition and 
processing. 

2. Chenomx NMR Suite (Chenomx Inc., Canada). Chenomx is 
used in this chapter, but others, such as MestReNova (Mestre-
Lab Research, Spain) are also an option. In this chapter, we will 
describe the use of Chenomx only [5]. 

3. COLMARm web-based platform for the assignment of 2D 
1 H-13 C HSQC and 1 H-1 H TOCSY spectra [6]. 

3 Methods 

3.1 Sample 

Preparation 

1. Centrifuge the wine sample to avoid any solid aggregates. 

2. Sonicate the sample for, at least, 5 cycles of 10 min, for the 
complete release of dissolved CO2 (see Note 1).
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3. Measure the pH of the sample (see Note 2). 

4. In the 5 mM NMR tube, add (see Note 3): 480 μL of the 
centrifuged and degasified wine sample (in our experiments we 
have used a Brazilian red wine, bottled in 2022), 60 μL of DSS 
10 mM, 60 μL of D2O. 

3.2 NMR Spectra 

Acquisition

• SW = 20 ppm.

• TD = 64 k. 

3.2.1 1D 1 H NOESY 

Parameters (See Note 4) 

NS = 128–512 scans (depending on sample concentration).•

• D1 = 5 × T1 (use the sequence t1ir (Bruker) to calculate 
the T1).

• Offset = 4.7 ppm.

• Use command RGA to adjust the best RG (receiver gain) to 
avoid overflow..

• Temperature = 298 K. 

It is crucial to acquire spectra with different reference com-
pound concentrations to calculate the standard error of the mag-
net/sequence quantification. 

3.2.2 2D 1 H-13 C HSQC 

Parameters

• SW = 12 ppm (F2) / 160 ppm (F1).

• TD = 1024 (F2) / 256 (F1).

• NS = 24.

• D1 = 2 s.

• Offset = 4.7 ppm (F2) / 75 ppm (F1).

• Temperature = 298 K. 

All the experiments described below were acquired on a Bruker 
500 MHz spectrometer. 

3.3 1D Spectrum 

Processing and 

Analysis 

1. Open the 1D 1 H NOESY spectrum in TopSpin 4.3.1. 

2. Type efp and press <ENTER> in the command line to start 
processing with a pre-set script. 

3.3.1 1D Spectrum 

Processing 

3. Next, type apk and press <ENTER> in the command line to 
execute the auto phasing. 

4. Then, type absn and press <ENTER> in the command line to 
execute the auto baseline adjustment. 

5. Check the spectra phase by comparing major signals and their 
symmetry and baseline. Ethanol signals (1.14 and 3.6 ppm) are 
especially useful for this comparison.



144 Werner F. Brandão et al.

(a) If phase correction is needed, a manual adjustment should 
be performed. Type .ph and press <ENTER> in the 
command line to start manual phasing. 

(b) After phase correction, repeat Step 4 for baseline 
adjustment. 

6. For calibration of the 1 H spectra: Type .cal and press 
<ENTER>. Next, select the DSS singlet signal by using the 
cursor, and adjust its shift to 0.0 ppm (see Note 5). 

3.3.2 Identification of 

Molecules in the Wine 

Sample by 1D 1 H Peak 

Assignment by Chenomx 

Chenomx might be used as the software of choice for manual 
identification. It is performed by comparing the acquired spectra 
to data from open databases such as HMDB (The Human Meta-
bolome Database, http://hmdb.ca/). 

1. In Chenomx, import spectra after Topspin processing (Sub-
heading 3.3.1) as “.1r” file for assignment. 

2. In the import window (Fig. 1), under calibration, enter the 
reference (DSS) concentration (chemical shape indicator) and 
the sample pH range. 

3. Skip processing and press <OK>. Spectrum processing was 
done in Topspin according to Subheading 3.3.1. 

Fig. 1 Import window on Chenomx software. (AROUND HERE)

http://hmdb.ca/
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Fig. 2 Right-click menu is displayed. Search (highlighted) retrieves a list of 
compounds whose chemical shifts are close to the selected peak. (AROUND 
HERE) 

4. Spectrum is loaded on the screen and a list of compounds is 
shown. Selecting a molecule overlaps its spectrum on 
your data. 

5. To perform the identification based on a signal, right-click on 
the desired signal and choose “Search for compounds.” Che-
nomx will search for compounds with chemical shifts near the 
chosen peak. All compounds are shown with an exclamation 
point (Fig. 2). After entering a pH value far from neutral 
(Fig. 1), Chenomx alerts that pH may interfere with com-
pound identification. For more precise identification, the 
steps below should be considered. 

6. Check if the compound’s signal is within the tolerance of 
chemical shift for the sample’s pH (Fig. 3). By clicking on a 
compound from the list, blue arrows over the chemical shift 
axis define the tolerance range. If the compound is within the 
tolerance range, the identification is correct. 

7. Check if the relative intensity of compound peaks is compatible 
with the sample’s signal (Fig. 4). 

8. The identified compounds should be registered in a text file or 
spreadsheet.
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Fig. 3 In this example, pyruvate signal is within the chemical shift range 
tolerated at sample’s pH. As supplementary information, concentration of the 
compound on the sample is calculated in comparison to sample’s internal 
reference (DSS) 

3.3.3 1D 1 H NOESY 

Spectra Assignment Using 

HMDB 

1. Access Human Metabolome Database (http://hmdb.ca). Click 
on “Search” and then “NMR Search” to search for specific 
metabolites. 

2. On the page Spectra Search NMR Spectrum, fill in the fields 
accordingly (Fig. 5):

• Chemical peaks: enter peaks found on TopSpin.

• Intensities: optional (for this protocol, it was left blank).

• Search type: mixture.

• Spectra library: 1H NMR.

• Tolerance ± (ppm): optional (for this protocol, it was left 
blank).

• Frequency (MHz): optional (for this protocol, it was left 
blank).

http://hmdb.ca
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Fig. 4 (a, b) show sample data (white spectra) overlapped by selected compound 
(tinted spectra) (a) Incorrect assignment: γ-glutamylphenylalanine presents 
similar peaks to those in the sample, but with differences in intensity distribution 
within 7.30–7.35 ppm. (b) Correct assignment: 3-Phenyllactate presents similar 
peaks and peak intensities
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Fig. 5 NMR Search page on HMDB website. Fields should be filled accordingly to allow a working search 

3. As result, a list of compounds with the same chemical shift, 
chemical structure, and formula will be shown. Also, a score 
value is given and a value of 1.0 means an exact match. 

For more precise identification, the more chemical peaks of a 
given compound feed in the platform, the better. The example of 
Fig. 6 shows the precise identification of ethanol. For its identifica-
tion, data from the triplet of its methyl region (1.560, 1.1707 
e 1.1849 ppm) and the quartet of methylene (3.6243, 3.6384, 
3.6528 e 3.6669) were entered into the platform. 

4. A comparison between the spectrum from experimental data 
and the result is encouraged to confirm the match. For this, on 
the “Search results” list, click on the button HMDB*number* 
to display compound information (Fig. 7). 

5. Click “Spectra” on the top of the page (Fig. 8). 

6. On the list “NMR Spectra” (Fig. 9), click on “View Spectrum” 
next to the option corresponding to the experimental condi-
tions used (Fig. 10).
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Fig. 6 Search results on HMDB website. Several information of the compound is displayed, along with search 
score and match ratio 

Fig. 7 Compound information “Metabocard” on HMDB website. All information available on HMDB regarding a 
specific compound is displayed in this webpage 

Fig. 8 Menu on webpage “Metabocard,” HMDB website 

7. Compare the reference spectrum and the experimental data for 
signal multiplicity, chemical shift, and intensity proportion to 
confirm the identification. 

Supplemental information is also available on the same HMDB 
spectrum page. Such information might find usefulness in further 
identification and analysis of data in external identification software 
such as Bruker’s topspin.
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Fig. 9 NMR Spectra download section on HMDB website. By clicking on the link “View Spectrum,” 
corresponding data of spectrum is shown (Fig. 10) 

Fig. 10 Data on the spectrum and experimental conditions of its acquisition retrieved from HMDB 

3.4 2D Spectrum 

Processing and 

Analysis 

1. Open the 2D 1 H-13 C HSQC spectrum in TopSpin 4.3.1. 

2. Execute a manual phase correction. Type .ph and press 
<ENTER> in the command line to start manual phasing. It 
is relevant to select more than two peaks for phase correction. 
Peaks are selected by opening a right click menu over the peak 
and clicking “ADD.” Peaks out of phase appear off-centered. 
Phase is corrected by clicking on “R” or “C” on the menu for 
F1 or F2 adjustments, respectively, and by using the zero- and 
first-order phase buttons. 

3.4.1 2D Spectrum 

Processing
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3. Type abs1;abs2 and press <ENTER> to execute the auto base-
line adjustment. 

4. In TopSpin, click on the PROCPARS (processing parameters) 
tab. Increase the number of SI points to, at least, 4096 on the 
F2 dimension. Next, type .xfb and press <ENTER>. 

5. Type .cal and press <ENTER>. Next, select the DSS singlet 
signal, by using the cursor, and adjust its shift to 0.0 ppm. 

6. Remove the spectra zoom. 

7. To save the spectra as a text file, type totxt. 

3.4.2 Identification of 

Molecules in the Wine 

Sample by 2D 1 H-13 C Peak 

Assignment by COLMARm 

After processing the adjustments as described in step 2, spectra data 
as a text file should be used for upload and identification on 
Colmar. Colmar is a public web-based identification platform for 
NMR data hosted at The Ohio State University (USA, https:// 
spin.ccic.osu.edu/index.php/colmar ). This platform uses chemi-
cal shifts retrieved from open access databases, such as HMDB, 
BMRB, NMRShiftDB, and KEGG. Several 2D spectra are suitable 
for the Colmar NMR platform, such as 1 H-1 H TOCSY, 1 H-13 C 
HSQC, and TOCSY-HSQC. In this protocol, HSQC spectra only 
will be considered. To perform a 2D 1 H-13 C HSQC spectra identi-
fication on the Colmar NMR platform: 

1. In a web browser, go to https://spin.ccic.osu.edu/index.php/ 
colmarm/index2 and click on COLMARm. 

2. Follow the steps according to the website workflow. On STEP 
1 (Fig. 11), create a username and enter your institution and 
upload an HSQC text file as described in item. 

3. An HSQC spectrum is mandatory. TOCSY and TOCSY-
HSQC could be uploaded as supplemental data to increase 
the accuracy of identification and also increase up to a few 
days the time needed for analysis. 

4. For peak picking on STEP 2 (Fig. 12), default values should be 
used. In our experience, such values worked nicely for wine and 
other beverages. 

5. Leave STEP 3 (Fig. 13) with default values and skip to STEP 4. 

6. On STEP 4 (Fig. 14), enter values for tolerance for both 1 H 
and 13 C chemical shifts. Those will be used for matching signals 
from samples to those compounds on the database. For this 
protocol, default values were used (1 H chemical shift cutoff 
(ppm) of 0.04, 13 C chemical shift cutoff (ppm) of 0.3, and 
matching ratio cutoff of 0.6). Also, select “Hydrophilic metab-
olite database in water solvent” and “Simple, match peak posi-
tion only” as the Query algorithm. 

7. Click on <Submit>.

https://spin.ccic.osu.edu/index.php/colmar
https://spin.ccic.osu.edu/index.php/colmar
https://spin.ccic.osu.edu/index.php/colmarm/index2
https://spin.ccic.osu.edu/index.php/colmarm/index2
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Fig. 11 Colmar is divided into defined windows, one for each step. Enter values 
accordingly in STEP 1, check for agreement of terms and conditions and, if so, 
click on the button to upload your data 

Fig. 12 STEP 2 window on Colmar page 

For each spectrum query, an ID session is generated. It is 
important to save the session ID to retrieve the results (Fig. 15). 
As a result, the spectrum is shown and assigned with compounds 
after matches (Fig. 16). Also, a list named “Compound Reports” 
(Fig. 17) presents molecules identified within the sample, how 
precise its identification (matching ratio), root mean square devia-
tion for 1 H and 13 C chemical shifts and compound IDs on public 
databases.
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Fig. 13 STEP 3 window on Colmar page 

Fig. 14 STEP 4 window on Colmar page. Most default values were used in this 
chapter. Change “Query algorithm” to Simple 

8. To generate a final list of identified compounds. Evaluate 
matching by selecting a compound on a dropdown box 
(Fig. 18) and rank it as “Good,” “Fair,” “Poor,” or “Not 
sure.” Such ranking is helped by the interpretation of the 
spectra at the bottom of the page (Fig. 19) and the comparison 
of experimental data (green circles) and database peaks (red



Fig. 15 Last window on Colmar page. This allows to start over the analysis or 
load a previously saved session 

Fig. 16 Colmar windows showing assigned compounds
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Fig. 17 List of compounds as displayed by Colmar. Over 80 wine compounds 
were identified
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Fig. 18 Interface for match evaluation 

Fig. 19 Spectra on the region of interest for the compound being evaluated. This is automatically shown after 
selecting the compound on the interface displayed on Fig. 17. Red circles from database data should match 
the green circles defined by experimental data for a valid identification. (AROUND HERE) 

circles). Note that some compounds will have values in the 
column “Sharing” (Fig. 18). This means that such a signal 
was identified in other compounds. User criteria, experience, 
and prior knowledge about the sample are needed to define if a 
match is valid or not. 

In this box (see Fig. 20), you can save the file name, the table 
column delimiter, the individual images in vectorized format, and 
the tag revision for the session ID. The Compound report will save 
as a .txt file, the list of molecules identified with the same structure 
as the identification table generated on the platform with additional



information on the signaling efficiency for each compound. The 
Peak report will save the list of peaks and intensity of each one of 
them in .txt and will relate to each molecule that was identified by 
the Colmar platform. 
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Fig. 20 Last box after identification for file and plot export 

4 Notes 

1. Sparkling wines have CO2, which can impair NMR analysis. If 
there are noticeable air bubbles, meaning CO2 is present in the 
wine, this step is mandatory. Otherwise, skip to step 3. 

2. Chenomx and other software will require the pH value for 
chemical shift referencing. 

3. Any variation of the sample volume should respect the ratio 8: 
1:1 (sample:DSS:D2O). DSS final concentration in solution 
should be 1.0 mM. 

4. The acquisition and operation of an NMR spectrometer should 
be performed by a trained professional. Since the operation of 
an NMR spectrometer by a non-technician would be a rare 
event, details of its operation are omitted in this chapter. 

5. This procedure automatically updates the “.1r” file. Such a file 
will be used in Chenomx software for identification, as 
described in Subheading 3.4.1. 
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Chapter 13 

Ethanol Suppression on Wine Analysis Using Nuclear 
Magnetic Resonance (NMR) 

Icaro P. Caruso, Fabio C. L. Almeida, Isabella O. Lourenço,  
Marcel M. L. da Cunha, Werner F. Brandão, and Gisele C. Amorim 

Abstract 

Nuclear magnetic resonance (NMR) spectroscopy has gained an outstanding role in the process of detect-
ing, identifying, and quantitating the components of wine. However, ethanol signal suppression, a major 
component of wine, is an issue that needs to be addressed for better applicability of the NMR technique. 
Here we describe a strategy to overcome this problem by designing shaped pulses for selective suppression 
of ethanol signals, together with water signals, in 1D 1 H and 1 H–1 H, and 1 H–13 C 2D NMR experiments. 

Key words NMR, Ethanol suppression, Shaped pulse, 1D 1 H spectrum, 1 H–1 H/13 C 2D spectra 

1 Introduction 

Wine is a relevant food commodity worldwide, with an estimated 
consumption of about 236 million hectoliters and a global export 
value of 34.3 billion euros in 2021 [1]. This alcoholic beverage is a 
complex mixture of several hundred compounds present at differ-
ent concentrations, many of which contribute to the color, mouth-
feel, or wine aromatic properties [2, 3]. The chemical composition 
of wine is mostly water, with 9–15% (v/v) of ethanol, glycerol, 
sugars, amino acids, organic acids and bases, and inorganic ions 
[3]. The authenticity assessment of wine depends on the vine 
variety, geographical origin, and vintage [4], and in this context, 
the knowledge of its components provides an adequate check of the 
quality and origin of each kind of wine [5]. 

Nuclear magnetic resonance (NMR) spectroscopy has gained a 
remarkable role in the process of detecting, identifying, and quan-
titating the components of wine; however, this includes limitations, 
since this beverage is a complex mixture [6, 7]. A crucial limitation 
rests on the fact that wine comprises mainly two protonated com-

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3088-4_13, 
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pounds, water, and ethanol, whose signals dominate the standard 
1 H NMR spectra and need to be suppressed to allow observation of 
all lower abundance compounds in the sample [6]. The 1 H NMR 
spectrum of ethanol consists of a triplet and a quartet (representing 
the -CH3 and -CH2 groups, respectively), alongside a residual 
hydroxyl signal that could appear separately from the water signal 
[6]. In this chapter, a strategy to overcome this limitation is pre-
sented. Designing shaped pulses for selective suppression of etha-
nol signals, together with water signals, in 1D 1 H and 1 H–1 H, and 
1 H–13 C 2D NMR experiments, it is possible to expose signals on a 
wine sample.
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2 Materials 

Prepare all solutions using Milli-Q water (18.2 MΩ-cm at 25 °C) 
and analytical grade reagents. Prepare and store all reagents at room 
temperature. 

2.1 Sample 

Preparation 

1. 5 mM NMR tube. 

2. Deuterium oxide (D2O) 99%. 

3. 3-(Trimethylsilyl)-1-propanesulfonic acid-d6 sodium salt 
(DSS-d6) 98%: 200 mM in water. 

4. Sample of wine: 500 μL. 
5. Centrifuge and rotor for 1.5 mL microtubes. 

2.2 Acquisition and 

Processing of 

Spectrum 

1. NMR Bruker spectrometer (see Note 1). 

2. Bruker TopSpin Software version 3.6 or higher. 

3 Methods 

Carry out all procedures at room temperature unless otherwise 
specified. 

3.1 Sample 

Preparation 

1. Centrifuge 500 μL of wine for 10 min at 25 °C. Collect the 
supernatant and mix with 60 μL of D2O and 3 μL of DSS-d6. 
Adjust the final volume to 600 μL with water. Load the sample 
into the 5 mM NMR tube. 

3.2 1D Spectrum 

Acquisition and 

Shaped Pulse Design 

1. This preliminary experiment is used to identify the water reso-
nance frequency and to calibrate the 90° 1 H “hard” pulse using 
presaturation for water suppression (ZGPR pulse sequence). 
The 90° 1 H pulse is calibrated using a 360° pulse in a single 
scan experiment, searching for a null in the wine signal 
(see Note 2).
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2. The second experiment is used to determine the chemical shift 
of the CH2 and CH3 signals of 

12 C isotopomers of ethanol. 
Use ZGESGP pulse sequence for water suppression with exci-
tation sculpting [8]. A square-shaped pulse (Squa100.1000) of 
2 ms 180° 1 H pulse centered in water is employed. The shaped 
pulse Squa100.1000 power can be calibrated by searching for a 
null in the water signal (see Note 3). 

3. In the acquired 1D spectrum, identify the chemical shift values 
in hertz and ppm for the water and ethanol resonances (–CH2 

and –CH3) (see Note 4). Keep notes of the exact values in hertz 
and ppm for the three resonances (see Note 5). Make sure that 
the solvent reference (SR) is set to zero for these calibrations. 

4. Open the ShapeTool package of Bruker Topspin program. In 
the Acquisition tab of the ZGESGP experiment, click on “Edit 
shaped pulse file” (symbol E, on the right side of the SPNAM1 
parameter) to edit the shaped pulse Squa100.1000. There are 
alternate ways to get to the ShapeTool. 

5. In ShapeTool, click on “new excitation region” to select the 
regions containing the water and ethanol (–CH2 and –CH3) 
signals, and a spectral region selector shows up. By clicking and 
dragging, place the center of the selector on the chemical shift 
of the desired signal. Adjust the width of the selector to contain 
only the signal of interest. This process must be done for the 
water and ethanol signals (–CH2 and –CH3). 

6. After selecting the excitation regions, click on “edit all excita-
tion regions” to numerically edit the limits of the regions by 
setting the same excitation width. In the window “Edit 
regions,” pick the options “use advanced mode” and “use the 
same shape for all regions,” select the shape as “Rectangle” and 
type of rotation Inversion (IZ → –IZ), and edit the left and right 
limits (in hertz or ppm) by setting the same values of the 
excitation widths, for example, 30 Hz (see Note 6). Then 
apply the adjusted parameters. Below the spectrum will appear 
the new shape with its amplitude and phase (Fig. 1). 

7. Details about the three rectangle contributions of the com-
bined shape will appear on the left side of the spectrum. In 
“General parameters,” set the number of points (size [pt]) with 
the same value and the offset (offset [pt]) equal to zero for each 
contribution. Finally, save the new shape. The path reserved for 
saving new shapes is ~/topspinXX/exp./stan/nmr/lists/ 
wave/user. 

8. Insert the new shape into a ZGESGP pulse sequence by repla-
cing Squa100.1000 (“Select shaped pulse file” three dots on 
the right of the SPNAM1 parameter). Set the 90° 1 H “hard” 
pulse previously calibrated and the pulse length (μs) of the new 
shape that appears in “General parameters” for the combined 
shape in ShapeTool.
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Fig. 1 Example of a shaped pulse (amplitude and phase) built to suppress water 
and ethanol signals using an excitation width of 30 Hz for each selected spectral 
region 

Fig. 2 Selected region of a 1D 1 H spectrum of a wine sample acquired using the 
ZGESGP pulse sequence with (black) and without (green) ethanol signal sup-
pression. These spectra were acquired at NMR Bruker spectrometer Avance III 
HD 600 MHz at 25 °C. The ethanol –CH3 and –CH2 signals are indicated with 
asterisks 

9. The power level of the new shape can be calculated using the 
“Analyze Waveform” tool (symbol of a magnifying glass), 
which is on the left side of the “General parameters.” Choose 
the option “Integrate Shape” and click on “Set parameters” in 
“Integration.” A window will appear showing the pulse power 
(dB) in “Set Power (Global Shape).” The spectrum acquisition 
with ethanol suppression is ready to be done. Figure 2 shows an 
example of a 1D 1 H spectrum with and without ethanol 
suppression.
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3.3 2D 1 H–1 H 
Spectrum Acquisition 

with Ethanol 

Suppression 

1. In the 2D 1 H–1 H NMR experiments with water suppression 
using excitation sculpting, set the 90° 1 H pulse and replace 
Squa100.1000 with the new shape for ethanol suppression, 
along with its pulse length and power, which were determined 
in Subheading 3.2. Figure 3 shows an example of a 2D 1 H–1 H 
TOCSY spectrum with and without ethanol suppression. The 
Bruker standard pulse sequences with excitation sculpting are: 
NOESY (NOESYESGPPH), TOCSY (MLEVESGPPH, for 
MLEV spin lock, or DISPSI2ESGPPH, for DIPSI2 spin 
lock), and double quantum filtered COSY (COSYD-
FESGPPH). There are variations, such as the inclusion of 
water flip-back pulses, among others. 

Fig. 3 Selected region of a 2D 1 H–1 H TOCSY spectrum of a wine sample acquired 
using the MLEVESGPPH pulse sequence with (a) and without (b) ethanol signal 
suppression. These spectra were acquired at NMR Bruker spectrometer Avance 
III HD 600 MHz at 25 °C. Both spectra have the same base level for the level 
curves
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3.4 1 H–13 C HSQC 
Pulse Sequence 

Modification for 

Ethanol Suppression 

1. Use a modified version of the HSQCETGPSI pulse sequence, a 
1 H–13 C HSQC with gradient selection and sensitivity improve-
ment (see Note 7). The modified version includes a presatura-
tion in the 1 H and 13 C resonances during the relaxation delay. 
For presaturation, two equally sized (P18 = P32, parameters in 
pulse sequence) 180° shaped pulses (1 H and 13 C) were built 
using the ShapeTool package. The 180° 1 H shaped pulse was 
designed to perform a triple inversion (water, –CH2, and –CH3 

resonances), as described in Subheading 3.2, and the 180° 13 C 
shaped pulse, a double inversion (–13 CH2 and –13 CH3 

resonances). 

2. Calibrate 90° 1 H and 13 C “hard” pulse using standard 
methods. 

3. For the 1 H shaped pulse, use the new shape built in 
Subheading 3.2. 

4. For the 13 C shaped pulse, first set up the 13 C direct detection 
ZG30 pulse sequence and collect the spectrum (see Note 8). 

5. After acquiring the 1D 13 C spectrum of the wine sample, 
identify the exact chemical shift values in hertz and ppm for 
the ethanol resonances (–13 CH2 and –

13 CH3) (see Note 9). 

6. At the window of the 13 C spectrum, open the ShapeTool 
package by clicking in the Topspin menu as follows: Acquire, 
More, and ShapeTool. Follow Steps 5, 6, and 7 in Subheading 
3.2 for building the new shape for 13 C. It will look like the one 
of 1 H in Fig. 1. Save the new shape. 

7. Load the new shapes for 1 H and 13 C into SPW6 and SPW7 
parameters by clicking on “Select shaped pulse file” (three dots 
on the right of each parameter) in the HSQCETGPSI modified 
pulse sequence (2D 1 H–13 C HSQC spectrum). Set the 90° 1 H 
and 13 C “hard” pulse previously calibrated and the length (μs) 
of the newly shaped pulses for 1 H and 13 C (P18 and P32, 
respectively) that appears in “General parameters” for the com-
bined shape in ShapeTool. 

8. The calibration of the power level of the newly shaped pulses 
for 1 H and 13 C can be performed as in Step 9 in Subheading 
3.2. Then, 1 H–13 C HSQC acquisition with ethanol signal 
suppression will be ready to run. Figure 4 shows an example 
of the 2D 1 H–13 C HSQC spectrum with and without ethanol 
suppression.
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Fig. 4 2D 1 H–13 C HSQC spectrum of a wine sample acquired using the modified 
HSQCETGPSI pulse sequence (see Note 7) with (a) and without (b) ethanol signal 
suppression. These spectra were acquired at NMR Bruker spectrometer Avance 
III HD 600 MHz at 25 °C. Both spectra have the same base level for the level 
curves 

4 Notes 

1. The acquisition of NMR spectra at fields higher than 11.7 T, 
operating at 500 MHz (1 H) or above, is recommendable 
because of the resolution. 

2. The calibration of the 90° 1 H pulse can also be done in an 
automated way using the “pulsecal” command in the Bruker 
TopSpin program. After running this command, a window 
with the calculated 90° 1 H pulse and its associated power 
level will pop up. Clicking “OK” will enter the displayed values 
into the current parameter set.
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3. The power level of the shaped pulse Squa100.1000 (pl2, 2 ms  
180° 1 H pulse) can also be calculated by using the following 
equation: 

pl2 = pl1 þ 20 log τ
90 
1 

τ90 2

� �
ð1Þ 

where pl1 and τ
90 
1 are the power level (dB) and length (μs) of 90° 

1 H 
“hard” pulse, respectively, and τ90 2 is the pulse length for 
Squa100.1000 corresponding to a 90° 1 H pulse of 1 ms. 

4. For an NMR spectrometer operating at 600 MHz, the chemi-
cal shift values are approximately 2820 Hz (~4.69 ppm) for 
water and 2190 (~3.64 ppm) and 702 Hz (~1.16 ppm) for – 
CH3 and –CH2 ethanol signals at 25 °C, respectively. 

5. It is useful to note down the chemical shift values in hertz and 
ppm for water and CH2 and CH3 ethanol groups, as older 
versions of the Bruker TopSpin program use these values in 
hertz in the ShapeTool package, while newer versions use them 
in ppm. 

6. The excitation width must completely cover each of the water 
and ethanol signals. However, it is relevant to note that the 
greater the excitation width, the greater the pulse length sug-
gested by ShapeTool for the newly shaped pulse. On the other 
hand, if the excitation width is too short, the water signal 
suppression is impaired. Therefore, the choice of the excitation 
width value must take these issues into account. 

7. Modified HSQCETGPSI Bruker pulse sequence for ethanol 
suppression in the 1 H–13 C HSQC spectrum (our modifications 
are in bold): 

;hsqcetgpsi 

;avance-version (12/01/11) 

;HSQC 

;2D H-1/X correlation via double inept transfer 

; using sensitivity improvement 

;phase sensitive using Echo/Antiecho-TPPI gradient selection 

;with decoupling during acquisition 

;using trim pulses in inept transfer 

;modified by Fabio C. L. Almeida and Icaro P. Caruso 

;A.G. Palmer III, J. Cavanagh, P.E. Wright & M. Rance, 
J. Magn. 

; Reson. 93, 151-170 (1991) 

;L.E. Kay, P. Keifer & T. Saarinen, J. Am. Chem. Soc. 114, 

; 10663-5 (1992)
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;J. Schleucher, M. Schwendinger, M. Sattler, P. Schmidt, 
O. Schedletzky, 

; S.J. Glaser, O.W. Sorensen & C. Griesinger, J. Biomol. NMR 4, 

; 301-306 (1994) 

;$CLASS=HighRes 

;$DIM=2D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

"p2=p1*2" 

"p4=p3*2" 

"d4=1s/(cnst2*4)" 

"d11=30m" 

"l6=d1/p18" 

# ifdef LABEL_CN 

"p22=p21*2" 

# else 

# endif /*LABEL_CN*/ 

"d0=3u" 

"in0=inf1/2" 

"DELTA1=p16+d16-p1*0.78+de+8u" 

# ifdef LABEL_CN 

"DELTA=p16+d16+50u+larger(p2,p22)+d0*2" 

# else 

"DELTA=p16+d16+50u+p2+d0*2" 

# endif /*LABEL_CN*/ 

"acqt0=0" 

baseopt_echo 

1 ze  

d11 pl12:f2 

2 d11 do:f2 

d12 pl21:f2 pl9:f1 

; jump to 13C chemical shift of solvent (methyl) 

;  4u  fq=cnst21(bf ppm):f2
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; apply offreonance presat on 1H resonance of solvent 

; 4u cw:f2 

3 (center (p18:sp6 ph29):f1 (p32:sp7 ph29):f2 ) 

4u 

lo to 3 times l6 

; loop for presat time 

; 4u do:f2 

; jump back to center of carbon spectrum 

; 4u fq=0:f2 

4u pl1:f1 

4 (p1 ph1) 

d4 pl2:f2 

(center (p2 ph1) (p4 ph6):f2 ) 

d4 

p28 ph1 

4u 

(p1 ph2) (p3 ph3):f2 

d0 

# ifdef LABEL_CN 

(center (p2 ph7) (p22 ph1):f3 ) 

# else 

(p2 ph7) 

# endif /*LABEL_CN*/ 

d0 

50u UNBLKGRAD 

p16:gp1*EA 

d16 

(p4 ph4):f2 

DELTA 

(center (p1 ph1) (p3 ph4):f2 ) 

d24 

(center (p2 ph1) (p4 ph1):f2 ) 

d24 

(center (p1 ph2) (p3 ph5):f2 ) 

d4 

(center (p2 ph1) (p4 ph1):f2 ) 

d4
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(p1 ph1) 

DELTA1 

(p2 ph1) 

4u 

p16:gp2 

d16 pl12:f2 

4u BLKGRAD 

go=2 ph31 cpd2:f2 

d11 do:f2 mc #0 to 2 

F1EA(calgrad(EA) & calph(ph5, +180), caldel(d0, +in0) & 
calph(ph3, +180) & calph(ph6, +180) & calph(ph31, +180)) 

exit 

ph1=0 

ph2=1 

ph3=0 2  

ph4=0 0  2 2  

ph5=1 1  3 3  

ph6=0 

ph7=0 0  2 2  

ph29=0 

ph31=0 2  2 0  

;pl1 : f1 channel - power level for pulse (default) 

;pl2 : f2 channel - power level for pulse (default) 

;pl3 : f3 channel - power level for pulse (default) 

;pl12: f2 channel - power level for CPD/BB decoupling 

;p1 : f1 channel - 90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel - 90 degree high power pulse 

;p4 : f2 channel - 180 degree high power pulse 

;p16: homospoil/gradient pulse 

;p22: f3 channel - 180 degree high power pulse 

;p28: f1 channel - trim pulse 

;d0 : incremented delay (2D) [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d4 : 1/(4J)XH 

;d11: delay for disk I/O [30 msec] 

;d16: delay for homospoil/gradient recovery
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;d24: 1/(8J)XH for all multiplicities 

; 1/(4J)XH for XH 

;cnst2: = J(XH) 

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;ns: 1 * n 

;ds: >= 16 

;td1: number of experiments 

;FnMODE: echo-antiecho 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

;use gradient ratio: gp 1 : gp 2 

; 80 : 20.1 for C-13 

; 80 : 8.1 for N-15 

;for z-only gradients: 

;gpz1: 80% 

;gpz2: 20.1% for C-13, 8.1% for N-15 

;use gradient files: 

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

; preprocessor-flags-start 

;LABEL_CN: for C-13 and N-15 labeled samples start experi-
ment with 

option -DLABEL_CN (eda: ZGOPTNS) 

; preprocessor-flags-end 

;$Id: hsqcetgpsi,v 1.6.4.1.4.1 2012/01/31 17:56:32 ber Exp $ 

8. This is straightforward, even in NMR equipment with an indi-
rect probe, 128 scans should be enough to acquire a good 1D 
13 C spectrum of the wine sample in which it is possible to see 
the ethanol signals (–13 CH2 and –

13 CH3). 

9. For an NMR spectrometer operating at 600 MHz, the chemi-
cal shift values are approximately 8663 (~57.41 ppm) and 
2530 Hz (~16.76 ppm) for ethanol –13 CH2 and –

13 CH3 sig-
nals at 25 °C, respectively.
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Chapter 14 

Methods to Determine Biogenic Amines in Wine by RP-HPLC 

Fernanda Cosme, Juliana Milheiro, Leonor C. Ferreira, Luı́s Filipe-Ribeiro, 
and Fernando M. Nunes 

Abstract 

Biogenic amines can naturally be present in grapes or appear during the winemaking and/or aging 
processes, mainly due to the activity of microorganisms, such as lactic acid bacteria. Determining biogenic 
amines in wines is primarily performed by liquid chromatography with reversed-phase (RP) separation by 
C18 columns, using derivatisation reagents to promote its separation and detection. Nowadays, developing 
faster and inexpensive techniques or methodologies to apply in the wine industry is still challenging. Thus, 
the most used HPLC derivatisation methods to determine biogenic amines are presented, but also a simple 
dispersive solid-phase extraction clean-up/concentration method for selective and sensitive quantitation of 
biogenic amines in wines using benzoyl chloride derivatisation. 

Key words Biogenic amines, Food safety, Wine, Chromatographic methods, Sample preparation, 
Derivatisation 

1 Introduction 

Biogenic amines (BAs) are low molecular weight organic bases that 
have unwanted physiological effects on humans when absorbed at 
too high a level [1, 2]. In wine, more than two dozen BAs with 
aliphatic (putrescine, cadaverine, spermine, and spermidine), aro-
matic (tyramine and phenylethylamine), and heterocyclic structures 
(histamine and tryptamine) were identified [3–5]. Of all BAs found 
in wines, histamine and tyramine have been the most studied by 
food safety concerns related to their highest toxicity. 

The total content of BAs in red wines has been described as a 
few nanograms per litre to about 50 mg/L [6]. According to the 
literature, total BAs ranged from non-detected to 12.8 mg/L in 
white wines. Red wines are often described as containing a higher 
quantity of BAs than white wines due to their lower acidity, higher 
pH, and malolactic fermentation, which is much less common in 
white wines [7]. Lafon-Lafourcade [8] refers to total BAs levels in

Maurı́cio Bonatto Machado de Castilhos (ed.), Basic Protocols in Enology and Winemaking, 
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3088-4_14, 
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Bordeaux wines, from non-detected to 0.8 mg/L in white wines 
and from non-detected to 8.9 mg/L in rosé and red wines. Mayer 
[9], in a total of 395 Swiss wines, indicates only 2 cases with 
contents above 12 mg/L, with average values of 1.1 mg/L for 
white wines and 3.5 mg/L for red wines. In a set of 79 Portuguese 
red wines produced at an industrial scale, their total BAs ranged 
from 19.6 to 331 mg/L [10]. Usually, they are two different 
sources of BAs in wine: grapes and the fermentation processes. It 
has been shown that some amines occur in grapes, such as hista-
mine and tyramine, as well as several polyamines and volatile 
amines.
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According to Plumas [11] and Schneyder [12], among other 
authors, histamine formation by histidine decarboxylation occurs 
simultaneously with malic acid decarboxylation into lactic acid. 
Therefore, it is supposed that the primary source of these BAs in 
wine seems to be the decarboxylation of the precursor amino acids, 
histidine or tyrosine, to histamine and tyramine, respectively. The 
usual biological source of decarboxylation is Lactobacillus sp., as 
some lactic acid bacteria possess enzymes that decarboxylate amino 
acids to form the corresponding amines and carbon dioxide. The 
histamine content of wines can reach values of 30 mg/L, but white 
wines rarely present values higher than 1 mg/L. Concentrations for 
histamine were detected in Portugal at up to 23.1 mg/L [13], in 
Italy at up to 10.8 mg/L [14], in France at up to 14.1 mg/L [15], 
and in different EU countries (Italy, France, Germany, Switzerland, 
Austria, and Spain) of 16.2 mg/L [16]. 

As the knowledge of the presence of BAs in wines is essential for 
the wine trade sector, developing methods for their precise and 
accurate determination is necessary. Indeed, BAs identification and 
determination remains a challenge from the analytical point of view, 
as BAs separation and detection is not straightforward due to their 
strong polar characteristics, the complexity of the matrix, low con-
tent, the existence of possible interfering compounds, and the 
existence of several BAs at the same time. The developed analytical 
methods are based on BAs extraction and derivatisation to over-
come some of these issues, followed by chromatographic separation 
and quantitation using suitable detectors [17]. 

Their separation and determination (after extraction and deri-
vatisation) are often carried out by the use of chromatographic 
methods such as RP-HPLC using C18 columns, with detection 
of the derivatised analytes by UV spectrophotometry, or more often 
by the more sensitive fluorometry [4]; however, gas chromatogra-
phy (GC) and capillary electrophoresis (CE) can also be used. 
Sample preparation is usually performed by solvent extraction to 
remove compounds that may interfere with the analysis. Other 
strategies have also been used for example, Loukou and Zotou 
[18] used poly(vinylpyrrolidone) (PVP) to remove phenolic inter-
ferences before derivatisation from the sample and then clean up 
with solid phase extraction (SPE) after derivatisation.
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As most BAs do not have enough absorption in the UV-Vis 
wavelength ranges or have natural fluorescence, the derivatisation 
process preferentially uses pre-column derivatisation. How-
ever, post-column derivatisation has also been used. The derivatisa-
tion process also enhances the retention and separation in the 
reversed-phase (RP) columns by reducing the polarity of the com-
pounds [17]. The most used derivatisation agents are dabsyl chlo-
ride (Dabs-Cl) [19, 20], dansyl chloride (Dns-Cl) [18, 21–25], 
benzoyl chloride (Bnz-Cl) [26], and ortho-phthalaldehyde [3, 27– 
29], but others, such as naphthaquinone-4-sulfonate (NQS) [28] 
and 6-aminoquinolyl-N-hydroxy-succinimidyl carbamate (AQC) 
[30, 31], are also used. 

Even, though OPA (ortho-phthalaldehyde) reacts fast with BAs, 
it only reacts with primary amines, and the formed derivatives are 
unstable [32]. On the other hand, Dns-Cl is light-sensitive and has 
limited stability [33]. Benzoyl chloride presents advantages as BAs 
derivatisation reagent comprising short elution time, yielding BAs 
derivatives not sensitive to light, and reacting with both primary 
and secondary amines forming stable derivatives [33, 34].Neverthe-
less, the two most common derivatisation procedures used in wine 
BAs analysis employ the Dns-Cl and OPA. Dansyl chloride 
(DNS-Cl) derivatives can be detected using diode-array detector 
(DAD), fluorescence detector (FLD), and mass spectrometry 
(MS), however, the reaction is time-consuming (10–60 min) 
requires the application of external temperature (40–70 °C). 

On the other hand, ortho-phthalaldehyde (OPA) is less stable, 
and the process can be performed at room temperature in a short 
time and can be used without using any preliminary separation or 
clean-up and, it can also be used for post-column derivatisation 
[17]. Normally, pre-column derivatisation with dansyl chloride is 
used, using RP-HPLC chromatographic separation of the deriva-
tised analytes being carried out by gradient elution with 
acetonitrile-water and diode array UV detection [35]. In this 
method, the detection limits were 0.05 mg/L for cadaverine, his-
tamine, and spermidine, 0.1 mg/L for tyramine, and 0.25 mg/L 
for spermine. Huang et al. [36] used fluorescence 2,6-dimethyl-4-
quinoline carboxylic acid N-hydroxysuccinimide ester for the 
pre-column derivatisation of BAs. The derivatives were extracted 
from the medium using ultrasound-assisted liquid–liquid microex-
traction and were analyzed by standard RP-HPLC using methanol: 
water (60:40, v: v) as mobile phase and fluorescence detection at 
326/412 nm. The limits of detection were in the range of 
0.02–5 ng/mL.
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1.1 Method of 

Biogenic Amines 

Determination in Wine 

by High-Performance 

Liquid 

Chromatography with 

Photodiode Array 

Detection (Adapted 

from Resolution of the 

OIV-OENO 457/2014 

[37]) 

This method is applied to the analysis of BAs in wines according to 
the Resolution of the OIV-OENO 457/2014 [37]. The amines 
analysed by this method are histamine (0.500–20 mg/L), methyl-
amine (0.250–20 mg/L), ethylamine (0.450–20 mg/L), tyramine 
(0.235–20 mg/L), putrescine (0.098–20 mg/L), cadaverine 
(0.480–20 mg/L), phenethylamine (0.096–20 mg/L), and isoa-
mylamine (0.020–20 mg/L). 

In this method, the diethyl 2-(ethoxymethylene)malonate 
(DEEMM) is used as a derivatisation agent and the BAs are 
detected by diode array detection [38]. Quantitation is performed 
by the internal standard method using 2,4,6-
Trimethylphenethylamine hydrochloride (2,4,6 TPA) as an internal 
standard. 

1.1.1 Reagents, 

Materials, and Equipment 

1. Biogenic amines (histamine, methylamine, ethylamine, tyra-
mine, putrescine, cadaverine, phenethylamine, isoamylamine). 

2. Boric acid. 

3. Sodium hydroxide. 

4. Sodium azide. 

5. 2,4,6-Trimethylphenethylaminehydrochloride. 

6. DEEMM (Diethyl 2-(ethoxymethylene)malonate). 

7. Glacial acetic acid. 

8. Methanol HPLC grade. 

9. Acetonitrile HPLC grade. 

10. Hydrochloric acid. 

11. Ultrapure water. 

12. Beakers 25 mL, 250 mL, and 2000 mL. 

13. Volumetric flasks 10 mL, 25 mL, 50 mL, 100 mL, 250 mL, 
1000 mL, and 2000 mL. 

14. Graduated cylinders 100 mL, 500 mL, 1000 mL, and 2000 mL. 

15. Automatic pipettes 200 μL, 1 mL, 5 mL, and 10 mL. 

16. Tips for 200 μL, 1 mL, 5 mL, and 10 mL automatic pipette. 

17. Pasteur pipette. 

18. 2-litre cap bottles. 

19. Pyrex 10 mL hydrolysis tubes with a screw cap. 

20. 2 mL screw cap vials adapted to the auto-sampler. 

21. Scales for weighing from 0 to 205 g. 

22. Magnetic stirrer. 

23. Octadecyl-type chromatographic column (e.g., HP® C18 – 
HL, 250 mm × 4.6 mm, 5 μm). 

24. Ultrasonic bath.
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25. High-performance liquid chromatography (HPLC). 

26. DAD (diode array detector). 

HCL Solution 0.1 M 

1. Add around 500 mL of ultrapure water into a 1 L volumetric 
flask. 

2. Add 100 mL of 1 M HCl into the volumetric flask. 

3. Adjust the volume to the mark with ultrapure water and mix 
thoroughly. 

4. Storage at room temperature. 

Internal Standard Solution (2 g/L Solution) 

1. 20 mg of 2,4,6-Trimethylphenethylamine hydrochloride. 

2. Dissolve in 10 mL of 0.1 M HCl. 

3. Storage at room temperature. 

Borate Buffer 1 M (100 mL) 

1. Weight 6.183 g of boric acid in a beaker. 

2. Dissolve by the addition of 80 mL of ultrapure water. 

3. Adjust the pH to 9 with a 4 N NaOH solution. 

4. Transfer to a 100 mL volumetric flask and adjust the volume to 
the mark. 

5. For a good dissolution of the boric acid crystals they should be 
dissolved at a low pH ; NaOH should be added in small 
quantities (by 10 drops from a Pasteur pipette) over a period 
of 3 h. 

6. Storage at room temperature. 

HPLC Mobile Phases 

Mobile phase A: 25 mM acetate buffer +0.02% of sodium azide 
pH 5.8: 

1. Add 2.86 mL of glacial acetic acid in a beaker containing 1 L of 
ultrapure water. 

2. Add 0.4 g of sodium azide and stir with a magnetic stirrer. 

3. Adjust the pH to 5.80 with 4 M NaOH solution using a 
Pasteur pipette. 

4. Transfer to a 2 L volumetric flask and adjust the volume to the 
mark with ultrapure water.
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Mobile phase B: Acetonitrile/methanol (80/20): 

1. Add 400 mL methanol into a 2 L bottle and add in the same 
bottle 1600 mL of acetonitrile. 

2. Storage at room temperature. 

Biogenic Amines Standard 

Solutions A: 

Stock solution A at 500 mg/L 

1. Weight 50 mg of histamine, methylamine, ethylamine, tyra-
mine, and putrescine. 

2. Dissolve them with 0.1 M HCl and transfer to the same 
100 mL volumetric flask. 

Surrogate solution A at 50 mg/L 

1. Measure 25 mL of solution A at 500 mg/L and transfer it into 
a 250 mL volumetric flask. 

2. Adjust the volume to the mark with 0.1 M HCl. 

Surrogate solution A at 40 mg/L 

1. Measure 50 mL of 0.1 M HCl to a 250 mL volumetric flask. 

2. Adjust the volume to the mark with the surrogate solution A at 
50 mg/L. 

Solutions B. 

Stock solution B at 500 mg/L 

1. Weight 50 mg of cadaverine, phenethylamine, and 
isoamylamine. 

2. Dissolve them with 0.1 M HCl and transfer to the same 
100 mL volumetric flask. 

Surrogate solution B at 50 mg/L 

1. Measure 25 mL of solution B to 500 mg/L and transfer it into 
a 250 mL volumetric flask. 

2. Adjust the volume to the mark with 0.1 M HCl. 

Surrogate solution B at 10 mg/L 

1. Measure 50 mL of surrogate solution B at 50 mg/L and 
transfer it into a 250 mL volumetric flask. 

2. Adjust the volume to the mark with 0.1 M HCl. 

Combination of Solutions A and B—Standard Curve 

1. Measure 50 mL of solution A at 40 mg/L into a 100 mL 
volumetric flask.
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Table 1 
Preparation of the different standards with varying concentrations for obtaining the BAs calibration 
curves 

Initial solution 
concentrations 

Initial sample solution 
(mL) 

Adjust to 100 mL with 
0.1 M 

Final solution 
concentrations 

20(A)/5 (B) mg/L 50 50 10(A)/2.5 (B) mg/L 

10(A)/2.5 (B) mg/L 50 50 5(A)/1.25 (B) mg/L 

5(A)/1.25 (B) mg/L 20 80 1(A)/0.25 (B) mg/L 

2. Adjust the volume to the mark with solution B at 10 mg/L (the 
final solution will have the following concentrations 20(A)/5 
(B) mg/L). Table 1 shows the procedure for obtaining the 
other calibration points. 

3. Four concentrations of BAs present in solution A (20, 10, 
5, and 1 mg/L). 

4. Four concentrations of BAs present in solution B (5, 2.5, 1.25, 
and 0.25 mg/L). 

5. Storage at -20 °C. 

1.1.2 Sample 

Preparation 

1. In a 10 mL hydrolysis tube with a screw cap add: 

– 1.75 mL of borate buffer. 

– 750 μL of methanol. 

– 1 mL of the sample to be derivatised. 

– 40 μL of the internal standard (2,4,6 TPA to 2 g/L). 
– 30 μL of DEEMM. 

2. Close the tube and shake it manually. 

3. Turn on the dry bath to 70 °C. 

4. Place the tube in the ultrasonic bath for 30 min (2 times 
15 min, stirring every 5 min). 

5. Use always a plastic rack as the derivatisation is unsatisfactory if 
the metal rack is used. 

6. Heat the reaction mixture (70 °C for 1 h) in the dry bath to 
degrade the surplus DEEMM. 

7. Turn off the dry bath. 

8. After the reaction mixture has returned to room temperature, 
fill the 2 mL vial. 

9. Shake the tubes manually before sampling. 

Note:
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Table 2 
Elution gradient 

Time (min) %A %B 

10 83 17 

35 60 40 

43 28 72 

48 18 82 

52 0 100 

57 0 100 

1. The derivatisation reaction with DEEMM is recommended on 
receipt of the sample because the histamine concentration in 
wine may reduce over time. 

2. Because of the toxicity of certain reagents, the manipulation 
during the preparation must be done in a fume hood. 

3. Heat it to 50 °C while stirring if the buffer contains borate 
crystals. 

1.1.3 Operating 

Conditions (as an Example) 

Mobile phase: 

– A: 25 mM acetate buffer +0.02% of sodium azide pH 5.80. 

– B: Acetonitrile/methanol (80/20). The elution gradient is pre-
sented in Table 2. 

1. Column temperature 15 °C. 

2. Detection wavelength 280 nm. 

3. Flow rate 0.9 mL/min. 

4. Injection volume 50 μL. 
5. Analysis time 57 min. 

1.1.4 Biogenic Amines 

Identification 

Each BAs should be analyzed individually to determine its retention 
time (Tr) in the system used and the identification of the BAs in the 
wine sample is performed by comparison of their retention time to 
those of the standards injected in the same conditions (Table 3). 

1.1.5 Calculation 1. The concentration of BAs is calculated based on the slope value 
of the standard curve of the corresponding BAs.
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Table 3 
Typical retention time of the BAs 

Biogenic Amines Average retention time (min) 

Histamine 25.46 

Methylamine 33.11 

Ethylamine 39.00 

Tyramine 41.50 

Putrescine 46.00 

Cadaverine 48.00 

Phenethylamine 48.75 

Isoamylamine 50.25 

Internal standard (2,4,6-TPA) 54.75 

2. For each series of analyses, a standard curve should be calculated 
by derivatisation and injection of each standard solution. 

3. The final results are expressed in mg/L to one figure after the 
decimal point. 

1.2 Dispersive Solid 

Phase 

Extraction (dSPE) 

Clean-up/ 

Concentration Method 

for Biogenic Amine 

Determination in 

Wines Using Benzoyl 

Chloride 

Derivatisation— 
Adapted from Milheiro 

et al. [39] 

This method developed by Milheiro et al. [39] can determine 
12 BAs, namely, ethylamine, propylamine, butylamine, putrescine, 
cadaverine, tryptamine, β-phenylethylamine, amylamine, 
spermidine, hexylamine, spermine, and histamine. The dispersive 
solid phase extraction (dSPE) method for BAs analysis in wines can 
be used with the various derivatisation reagents as it efficiently 
recovers BAs and reduces/eliminates interfering compounds pres-
ent in the sample for derivatisation. 

1.2.1 Reagents, 

Materials, and Equipment 

1. Methanol. 

2. Dowex® 50 W X8. 

3. Diethyl ether. 

4. Hydrochloric acid. 

5. BAs: ethylamine, propylamine, butylamine, putrescine, cadav-
erine, tryptamine, β-phenylethylamine, amylamine, spermi-
dine, hexylamine, spermine, histamine, and diethylamine. 
Ethylamine, putrescine, cadaverine, and histamine were 
obtained as their hydrochloride salts. 

6. Acetonitrile.

https://www.sciencedirect.com/topics/chemistry/propylamine
https://www.sciencedirect.com/topics/chemistry/spermidine
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7. Sodium hydroxide. 

8. Di-sodium tetraborate decahydrate. 

9. Benzoyl chloride. 

10. Ultrapure water. 

11. Erlenmeyer flasks. 

12. Beakers. 

13. Volumetric flasks. 

14. Bottles of 1 L and 2 L. 

15. Screw cap vials of 2 mL. 

16. Magnetic stirrer. 

17. Centrifuge. 

18. Shaker. 

19. Vacuum Centrifuge Evaporator. 

20. HPLC equipment: Ultimate 3000 Dionex HPLC equipped 
with a PDA-100 photodiode array detector and an Ultimate 
3000 Dionex pump. 

1.2.2 Sample 

Preparation 

Dispersive Solid Phase Extraction (dSPE) Procedure to Clean 
Up and Concentrate Biogenic Amines from Wine Samples 

1. Cation exchange polymeric Dowex® 50 W X8 adsorbent, pre-
viously cleaned (25 g of Dowex® 50 W X8 washed with 50 mL 
of NaOH 3 M, filtrated, and washed again with 50 mL of HCl 
3 M twice). 

2. For dSPE 0.25 g of cleaned Dowex® 50 W X8 was added to a 
10 mL tube and 5 mL of wine sample was added and the tube 
was shaken for 1 min to adsorb the BAs from the wine. 

3. The suspension was centrifuged at 4000 rpm for 2 min, and the 
supernatant was removed. 

4. Add 5 mL of 0.1 M HCl to clean the residual wine from the 
adsorbent. The mixture is shaken for 1 min, centrifuged for 
2 min, and the supernatant discarded. 

5. Add 3 mL of 1 M NaOH, followed by 100 μL of diethylamine 
solution at 500 mg/L (internal standard), shake for 1 min, 
centrifuge for 2 min, and the supernatant was collected. This 
procedure is used to elute the bound BAs. 

1.2.3 Derivatisation Step 

(According to Özdestan and 
€Uren [26] with Some 

Modifications) 

1. In each test tube containing the resulting solution from the 
dSPE, add 2 mL of NaOH 2 M, 1.5 mL of acetonitrile, and 
100 μL of benzoyl chloride, and shake on a vortex for 1 min. 

2. Incubated the mixture at 30 °C for 30 min. 

3. Add 0.5 g of NaCl.
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4. Add 2 mL of diethyl ether and shake horizontally for 5 min, 
centrifuge at 4000 rpm for 3 min (this extraction is 
repeated three times). 

5. Recover the organic phases and remove the solvent in vacuum 
using a vacuum centrifuge evaporator at 35 °C, and re-suspend 
in 1 mL of methanol/water (50:50) and analyze by 
RP-HPLC-DAD. 

1.2.4 HPLC Analysis and 

Quantitation 

1. Separation is carried out with a reversed phase column (C18, 
250 mm × 4.6 mm, 5 μm particle size). 

2. Flow rate of 1 mL/min at 20 °C. 

3. Injection volume was 100 μL. 
4. Detection from 200 to 600 nm. 

Eluents 1. Disodium tetraborate 5 mM at pH 8 (A). 

2. Methanol (B). 

Elution Gradient Start with 40% B from zero to 4 min followed by a linear gradient 
up to 70% B until 57 min and raised to 100% B from 67 to 72 min 
and down to 40% B maintained until 77.5 min. 

Quantitation By the internal standard method (diethylamine as internal stan-
dard) using calibration curves of standards of BAs: ethylamine, 
propylamine, cadaverine, putrescine, histamine, phenylethylamine, 
hexylamine, amylamine, spermidine, spermine, tryptamine, and 
butylamine. 

1.3 Analysis of 

Biogenic Amines in 

Musts and Wines 

Using HPLC: Orto-

Phthalaldehyde (OPA) 

Derivatisation 

(Adapted from 

Resolution OIV-Oeno 

346/2009 [37]) 

This method (Resolution OIV-Oeno 346/2009) [37] can ana-
lyse BAs in musts and wines such as ethanolamine (up to 20 mg/ 
L), histamine (up to 15 mg/L), methylamine (up to 10 mg/L), 
serotonin (up to 20 mg/L), ethylamine (up to 20 mg/L), tyramine 
(up to 20 mg/L), isopropylamine (up to 20 mg/L), propylamine 
(normally absent), isobutylamine (up to 15 mg/L), butylamine 
(up to 10 mg/L), tryptamine (up to 20 mg/L), phenylethylamine 
(up to 20 mg/L), putrescine (up to 40 mg/L), 
2-methylbutylamine (up to 20 mg/L), 3-methylbutylamine 
(up to 20 mg/L), cadaverine (up to 20 mg/L), and hexylamine 
(up to 10 mg/L). 

In this method, the BAs are directly determined by HPLC 
using a C18 column after orto-phthalaldehyde (OPA) derivatisation 
and fluorimetric detection. The derivatisation procedure can be 
adapted to be automatically performed in autosamplers with that 
function, and this increases the precision of the analysis due to the 
perfect timing between derivatisation and injection, as the OPA 
derivatives are unstable.
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1.3.1 Reagents, 

Materials, and Equipment 

1. Ultrapure water. 

2. Disodium hydrogenophosphate dihydrate. 

3. Acetonitrile. 

4. orto-phthalaldehyde (OPA). 

5. 2-Mercaptoethanol. 

6. Disodium tetraborate decahydrate. 

7. Methanol. 

8. Hydrochloric acid. 

9. Sodium hydroxide pellets. 

10. BAs—ethanolamine, histamine dichlorhydrate, ethylamine 
chlorhydrate, serotonin, methylamine chlorhydrate, tyramine 
chlorhydrate, isopropylamine, butylamine, tryptamine chlor-
hydrate, phenylethylamine, putrescine dichlorhydrate, methyl-
butylamine, methylbutylamine, cadaverine dichlorhydrate, 
1–6-diaminohexane, and hexylamine. 

11. Nitrogen. 

12. Helium. 

13. Erlenmeyer flasks of 25 mL, 250 mL. 

14. Beakers of 25 mL, 50 mL, 100 mL, 150 mL. 

15. Volumetric flasks of 100 mL, 250 mL, 2 L. 

16. Bottles of 1 L and 2 L. 

17. Screw cap containers 2 mL. 

18. Syringe 50 μL. 
19. Needle. 

20. Filter holder and 0.45 μm, 0.8 μm, 1.2 μm, and 5 μm cellulose 
membrane. 

21. Cellulose pre-filter. 

22. pH meter. 

23. Magnetic stirrer. 

24. HPLC equipment. 

25. 5 μm C18 column, 250 mm × 4 mm. 

26. Fluorimetric detector. 

Phosphate Solution A 

1. Weight 11.12 g of di-basic sodium phosphate in a 50 mL 
beaker and dissolve. 

2. Transfer to a 2 L volumetric flask and adjust the volume to the 
mark with ultrapure water. 

3. Homogenise using a magnetic stirrer and filter through a 
0.45 μm membrane.
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Solution B 

Acetonitrile is used directly. 

OPA Solution 

1. Weight 20 mg of OPA in a 50 mL flask. 

2. Make up to 50 mL with methanol. 

3. Homogenise. 

Note: this solution should be prepared daily. 

Borate Buffer 

1. Weight 3.81 g of disodium tetraborate decahydrate into a 
25 mL beaker and dissolve. 

2. Transfer to a 100 mL volumetric flask and adjust the volume to 
the mark with ultrapure water. 

3. Homogenise with a magnetic stirrer. 

4. Transfer to a 150 mL beaker and adjust to pH 10.5 with 10 M 
sodium hydroxide. 

Note: this solution should be prepared weekly. 

Hydrochloric Acid Solution 0.1 M 

1. Add a small volume of ultrapure water into a 2 L volumetric 
flask. 

2. Add 20 mL of hydrochloric acid and adjust the volume to the 
mark with ultrapure water. 

Calibration Solution in 0.1 M Hydrochloric Acid 

Indicative final concentration in the calibration mix (mg/L): Etha-
nolamine [5], Histamine [5], Methylamine [1], Serotonin 
[20], Ethylamine [2], Tyramine [13], Isopropylamine [4], 
Propylamine (2.5), Isobutylamine [5], Butylamine [5], Trypt-
amine [16], Phenylethylamine [2], Putrescine [7], 2- Methyl-
butylamine [5], 3- Methylbutylamine [10], Cadaverine [8], 1.6 
Diaminohexane [14], and Hexylamine [5]. 

Internal Standard Solution 

1. Weight 119 mg of 1,6 diaminohexane in a 25 mL Erlenmeyer 
flask and dissolve with 0.1 M HCl solution. 

2. Transfer to a 100 mL volumetric flask and adjust the volume to 
the mark with 0.1 M HCl solution. 

1.3.2 Sample 

Preparation 

Filtering 

1. Filter approximately 120 mL of the wine sample through a 
membrane of 0.45 μm. For non-clarified wine filter using 
sequentially 5, 1.2, 0.8, and 0.45 μm filters. 

Sample Preparation 

1. Add 100 mL of the wine sample into a 100 mL volumetric 
flask.
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Table 4 
Elution gradient 

Time (min) %A %B 

15 70 30 

23 60 40 

42 50 50 

55 35 65 

60 35 65 

70 80 20 

95 80 20 

2. Add 0.5 mL of 1–6-diaminohexane at 119 mg/100 mL. 

3. Remove 5 mL of the wine sample and transfer it into a 25 mL 
Erlenmeyer flask. 

4. Add 5 mL of methanol. 

5. Stir to homogenize. 

1.3.3 Derivatisation 1. In a borosilicic glass tube. 

2. Add 2 mL of OPA solution. 

3. Add 2 mL of borate buffer. 

4. Add 0.6 mL of 2-mercaptoethanol. 

5. Close and mix. 

6. Open and add 0.4 mL of wine sample previously prepared. 

7. Close and mix. 

8. Inject immediately, as the derivative is not stable. Rinse the 
recipient immediately after injection due to odor. 

1.3.4 Mobile Phase A: Phosphate buffer. 

B: Acetonitrile. The typical elution gradient used is described in 
Table 4. 

Flow rate: 1 mL/min. 
Column temperature: 35 °C. 
Detector: Exc = 356 nm, Em = 445 nm. 

1.3.5 Internal Calibration A calibration solution is injected for each series. 
Calibration is performed by the internal standard method using 

response factors. 
Calculation of response factors (RF):
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RF = CIS x Area i / Area IS x Ci. 

Ci = concentration of the component in the calibration solution. 

CIS = concentration of the internal standard in the calibration 
solution (1–6-diaminohexane). 

Area i = area of the product peak present in the wine sample. 

Area IS = area of the internal standard peak in the wine sample. 

1.3.6 Calculation of 

Concentrations 

Ci = (XF x Area i)/ (Area IS x RF). 

Area i = area of the product peak present in the wine sample. 

Area IS = area of the internal standard peak present in the wine 
sample. 

XF = quantity of internal standard added to wine samples for 
analysis. 

XF = 119 × 0.5/100 = 5.95. 

Results are expressed in mg/L with one significant digit after the 
decimal point. 
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Viñas M (2000) Optimization of chro-
matographic parameters for the determination 
of biogenic amines in wines by reversed-phase 
high-performance liquid chromatography. J 
Chromatogr A 871:75–83 

20. Hernández-Cassou S, Saurina J (2011) Deriv-
atization strategies for the determination of 
biogenic amines in wines by chromatographic 
and electrophoretic techniques. J Chromatogr 
B 879:1270–1281 

21. Anli RE, Vural N, Yılmaz S, Vural YH (2004) 
The determination of biogenic amines in Turk-
ish red wines. J Food Comp Anal 17:53–62 

22. Konakovsky V, Focke M, Hoffmann-
Sommergruber K, Schmid R, Scheiner O, 
Moser P, Jarisch R, Hemmer W (2011) Levels 
of histamine and other biogenic amines in 
high-quality red wines. Food Addit Contam 
Part A Chem Anal Control Expo Risk Assess 
28:408–416 

23. Manetta AC, Di Giuseppe L, Tofalo R, 
Martuscelli M, Schirone M, Giammarco M, 
Suzzi G (2016) Evaluation of biogenic amines 
in wine: determination by an improved HPLC-
PDA method. Food Control 62:351–356 

24. Soufleros EH, Bouloumpasi E, Zotou A, Lou-
kou Z (2007) Determination of biogenic 
amines in Greek wines by HPLC and ultravio-
let detection after dansylation and examination 
of factors affecting their presence and concen-
tration. Food Chem 101:704–716 

25. Zotou A, Loukou Z, Soufleros E, Stratis I 
(2003) Determination of biogenic amines in 
wines and beers by high performance liquid 
chromatography with pre-column dansylation 
and ultraviolet detection. Chromatographia 
57:429–439 
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