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SUMMARY. The popularly French paradox suggests that the consumption of wine, particularly of red wine, reduces the incidence of mortality and morbidity from coronary heart disease. The cardioprotective effect has been attributed to antioxidants present in the polyphenol fraction of red wine. The aroma and nutraceutics compounds from some selected Romanian red wines produced in traditional wine-growing regions of the country were investigated by GC/MS, by using two different extraction methods, LLE and SPE. The extraction of the compounds from the matrix was performed with ethyl acetate-dichloromethane-hexane (5:1:1,v/v/v). The extracted red wines were analysed by gas chromatography and gas chromatography-mass spectrometry. A HP-5 capillary column, 30mx 0.32mm, 0.25µm film thickness was used in a temperature program from 50oC to 310oC for compounds of low and high volatility. 

Introduction

Many scientific studies suggest that consumption of wine, particularly red wine, reduces the incidence of mortality and morbidity from coronary heart disease. Many natural compounds such as salicylates and flavonoids function as radical scavengers and thus as antioxidants. Flavonoids are components of fruits, vegetables and wines responsible for reducing heart disease mortality, acting as protective nutrients, including protection against cardiovascular diseases, osteoporosis and anticarcinogenic effects. Isolation and structure elucidation of these compounds are the initial steps to understanding their significance and action. Resveratrol (3,5,4’-trihydroxystilbene) is thought to be the active principle of red wines that were shown to reduce heart diseases /1,2/. Gas-chromatography (GC) and gas-chromatography coupled with mass spectrometry (GC/MS) are very much used methods for organic compounds identification and quantitative determination in wine samples /3-9/. High performance liquid chromatography (HPLC) by using RI/UV detection are also quantitative assay for major organic acids (tartric acid, malic acid, lactic acid, acetic acid, citric acid, succinic acid), glucose, fructose, glycerol and ethanol, most useful for fermentation monitoring during wine making.
The aroma and nutraceutics compounds from two selected Romanian red wines produced in traditional wine-growing regions of the country were investigated by GC/MS, by using two different extraction methods, LLE and SPE.

Experimental
Apparatus A Hewlett Packard (HP) GC 5890 coupled with a MS engine 5989B in the EI mode was used for compounds identification. A HP-5MS capillary column 30mx0.25mm diameter, 0.25µm film thickness, used the temperature program: 50 oC for 2 min, then increased to 250oC with a rate of 8 oC /min, then 30 oC /min to 310oC and kept 10min, helium flow rate 1ml/min. A HP 6890 gas chromatograph equipped with the same column was used in the same temperature program. The GC/MS interface line and the ion source were maintained to 200oC and respective 280oC, and quadrupol analyser at 100 oC. Electron energy was 70eV and electron emission 300µA.

Reagents and chemicals
Solvents and aroma standards: methylen chloride, hexane, ethyl acetate, purchased from Comchim (Bucharest, Romania) were purified by distillation, when necessary. The aroma compounds (Sigma-Aldrich, Germany): 1. isoamyl acetate purity 99.13%, 2. phenyl ethyl alcohol, purity 99.5% 3. diethyl succinate, purity 99.7% 4. gamma-decalactone, purity 98.7% 5. methyl myristate (C14:0), purity 99.99%, used as internal standard 6. benzyl salicylate, purity 99.12%. The purity of standards and solvents was tested by GC. The standards, 100µl each, formed the standard mixture, with the internal standard, C14:0, added separately after extraction for recovery study.

Wines: Commercial Romanian red wines: Murfatlar Pinot Noir 1996 and Cabernet Ausbruch 1999 (Vinaria), usually in 750-ml bottles, were opened and analysed within 24h or kept at 4oC within a 3-day period.

LLE extraction. Solvent A, a mixture of three solvents, was prepared in the ratio 5:1:1, v/v/v from: ethyl acetate:hexane:methylen chloride. For the standards the LLE extraction procedure was as follows: 10 µl standard mixture in 6 ml distilled water and 1ml solvent A, were mixed with 0.5g NaCl for 5 minutes and then centrifugated 2 minutes. 1µl C14:0 was added to the supernatant and then 4µl were injected two times by using the autosampler injector. 

Wine extraction procedure was the following: 6ml wine with 1ml solvent A, and 0.5g NaCl were mixed for 5 minutes and then centrifugated 2 minutes. The supernatant was separated and concentrated, then 4µl were injected into the chromatograph. The GC and GC/MS analysis was performed in the same day of the extraction. 

SPE extraction LiChrolut RC (200mg) C18 cartridges(Merck, Germany) were preconditionated with 3ml ethyl acetate and 9ml distilled water pH2. Wine samples were diluted with equal volume of distilled water to bring the alcohol level to approximately 6%(v/v) and 20 ml were passed onto the preconditioned cartridge, then 1ml distilled water and drying for 10minutes followed. The aroma wine bouquet compounds were extracted with 3ml solvent A

Method validation Linearity was studied in the range 0– 100µg. The regression curves obtained for the standards gave good correlation coefficients, over 0.995. Precision gave relative standard deviation (R.S.D.) lower than 4%. The average values are resulted from four extraction procedures and two injections of each extract. Recovery of the standard mixture for SPE extraction was 93% and for LLE was 86%.

Results and discussion

Absolute recoveries were determined by using external calibration with the standard C14:0. The recovery study for LLE is presented in Table I. Average values are resulted from four extraction procedures and two injections of each extract. The relative standard deviation (RSD) values were bellow 4% for the extraction procedure. The recovery for LLE was 86% for the standard mixture and 93% for SPE. The LLE and SPE methods were used for comparative studies of the organic compounds of red wines. The compounds were identified by GC/MS. Table II presents the compounds found in Pinot Noir Murfatlar (1996) by LLE and SPE extraction and Table III presents the compounds found in Cabernety Ausbruch (1999) by LLE and SPE extraction (pH2 and pH7, pH2, wine 6% alcohol v/v). Some phenolic compounds found in the studied wines are shown in Fig.1. The  comparison between LLE and SPE extractions at Pinot Noir Murfatlar wine is presented in Fig.2

The aroma bouquet and phenolic compounds are responsible for wine taste. The antioxidants, free radical scavengers inhibit lipid peroxidation and exhibit various physiological activities: anti-inflammatory, anti-allergic, anti-carcinogenic, antihypertensive and anti-arthritic activities/8/. 

Conclusions

The extraction methods presented show good recovery mean values by LLE (86%) and SPE (93%). Precision gave R.S.D. lower than 4%. Better extraction was obtained for phenolic compounds at pH2 and for alcoholic wine concentration of 6%,v/v. The method is suitable to characterise trace amounts of active principles in plants. The polyphenolic compounds present in red wine in concentration of 1800-3000 mg/l are antioxidants, free radical scavengers and inhibit the lipid peroxidation. The moderate consumption of red wine have a beneficial effect on reducing coronary heart diseases /9/.
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Table I 

Precision and recovery results for LLE extraction procedure





LLE

(n=4)

ETALON
recovery


compounds
tR(min)
mean
SD
RSD(%)
n=3
(%)

1
i-amyl acetate(99.13%)
6.95
0.64
0.06
9.62
0.93
68.59

2
fenetol((99.5%)
11.67
1.43
0.04
3.00
2.26
63.29

3
diethyl succinate(99.7%)
12.73
0.87
0.03
3.08
1.05
82.71

4
gamma-decalactone(98.7%)
17.6
1.83
0.05
2.52
1.82
100.62

5
C14:0(99.99%)
21
1.00
0.00
0.00
1.00
100.00

6
benzyl salicylate((99.12%)
23.15
2.71
0.09
3.45
2.37
114.50






3.61

85.94

tR = retention time; R.S.D, = relative standard deviation




Table II

Wine bouchet compounds from Pinot Noir Murfatlar (1996) 


Compound




LLE

SPE

tR
%MS

%MS

1 1,3 butandiol(threo)


3.4
3.31

0.33

2 2,3 butandiol(erythreo)


3.6
1.09

0

3 isobutyl acetate



3.8
0

0.45

4 1-hexanol



4.8
0

0.10

5 gamma-butyrolactone


5.74
0.25

0.05

6 propylen glycol



6.06
2.87

0

7 ethyl lactate



6.13
1.08

0

8 3-methyl thiopropanol M=106

7.08
0.31

0

9 hexanoic acid



7.59
1.0

0.5

10 succinic anhydride


7.89
0.4

0

11 ethyl 4-hydroxy butanoate

8.6
0.22

0.40

12 glycerol



9.13
0.33

0

13 phenyl ethyl alcohol


9.87
18.34

15.39

14 sorbic acid M=112


10.95
37.44

56.79

15 diethyl succinate M=174

11.88
23.41

11.36

16 ethyl mallate M=190


12.55
0.25

0

17 3-methyl-3-hydroxypentanoic acid
12.92
0.26

0

18 gamma-nonalactone M=158

13.17
0.3

0

19 triacetin



13.9
0.3

0

20 decanoic acid M=172


14.39
0.68

1.16

21benzen ethanol 4-hydroxy M=138
15.41
3.07

2.00

22 * M=194



15.45
0

0.11

23 beta-phenethyl acetate+**M=166
15.8
0.1

0.1

24 (2-phenylethyl)-acetamide M=163
16.7
0

2.37

25 methyl gentisate M=168

16.94
0.1

0.1

26 ***M=168



16.84
0.1

0.1

27 vanillic acid M=168


17.58
0.4

0

28 ethyl vanillate M=196


17.6
0.1

0.1

29 ****M=194



18.57
0.22

0.38

30 M=228



19.44
0

0.52

31 1H-indole-3-ethanol M=161

20.12
0.37

0.65

32 ethyl phenethyl acetate M=164

20.6
0.1

0.1

33 M=198+226+192*****

20.95
0.34

1.05

34 benzyl salicylate


21.5
0.1

0.1

35 vanilmandelic acid M=198

22.56
0.1

0.1

36 M=228



28.1
0.1

0.1

37 M=228 resveratrol?


30
0.1

1.47

tR=retention time; * ethyl-2-hydroxy-3-phenyl propanoate M=194

**tertbutyl catechol M=166; *** 5-methoxy-2-methoxymethylphenol M=168

****p-isopropoxyphenylacetic acid M=194

*****ethyl m-hydroxycinnamate M=192

Table III

Wine bouchet compounds in Cabernet Ausbruch (Vinaria 1999)


Compound


LLE
SPE:pH2 apH7 apH2

tR
%MS
%MS
%MS
%MS 

1 1,3 butandiol(threo)

3.4
1.92
0.64
0
0

2 isovaleric acid


4.7

0.27

0.22

3 1-hexanol


4.8
1.53
2.05
1.76
1.2

4 isoamyl acetate


4.98
0
0.31
0
0.13

5 ethyl lactate


6.13
1.25
0.53
0
0.1

6 ethyl hexanoate


7.08
0
0.30
1.76
1.02

7 hexanoic acid


7.59
0.98
1.25
1.65
1.02

8 limonene


8
0
0.23
0.55
0.28

9 benzyl alcohol


8.2
0
0
0
0.02

10 ethyl 4-hydroxy butanoate
8.6
0
1.03
1.14
0.34

11 phenyl ethyl alcohol

9.87
24.12
10.66
10
13.06

12 p-ethyl phenol


10.8
0
0
0.2
0

13 sorbic acid M=112

10.95
42.69
39.25
46.14
47.8

14 diethyl succinate M=174
11.88
13.41
17.2
15.6
17.36

15 coumarin M=120

11.79
0
0
0.37
0.3

16 undecane M=184

12.92
0
0
0.3
0.11

18 gamma-nonalactone M=158
13.17
0
0
0
0.23

19 decanoic acid M=172

14.39
0
1.06
0.64
0.6

20 diethy hydroxypentadieoate 
14.41
0
0.5
0.3
0.5

21 tetradecane M=198

14.7
0
0
0
0.14

22 1,2,3-benzentriol

15.45
0
0
0
0.35

23 benzene ethanol 4-hydroxy M=138
15.3
0.55
1.68
0.8
1.8

24 * M=194


15.5
0
0.6
0.9
0

25 (2-phenylethyl)-acetamide M=163
16.7
0
1.10
0.32
0.72

26 vanillic acid M=168

17.58
0
0.38
0.32
0.21

27 ethyl vanillate M=196

17.6
0
0.22
0.32
0.66

28 1,3,5-benzentriol (phloroglucinol)
18.1
0
0.68
0.58
0.86

29 1H-indole-3-ethanol M=161
20.12
0
0.48
0.2
0.36

30 p-hydroxycinnamic acid M=164
20.6
0
0.44
0.1
0

31 M=192**


20.95
0
0.94
0.2
0.45

32 syringic acid M=198

21.09
0
0
0
0.47

33 M=226***


21.1
0
0.21
0.2
0

34 palmitic acid M=256

22.49
0
0.28
0
0.57

35 M=230****


28
0
0.83
0.63
0.55

36 M=272*****


28.9
0
0
0
0.1

37 M=228 resveratrol)

30
0
1.01
0.54
0.28

38. squalene M=410

30.1
0
0.62
0.33
0.3

39. anhydrosecoisolariciresol M=344
30.2
0
0.5
0.3
0.2

tR=retention time; a alcoholic concentration:6o; * ethyl-2-hydroxy-3-phenyl propanoate M=194; **ethyl m-hydroxycinnamate M=192; *** 2-hydroxy-4’-methoxy stilbene M=226; **** trihydroxyphenyl lactic acid methyl ester M=230; *****2-hydroxy-4’-phenyl-stibene M=272
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Fig. 1 Mass spectra and chemical structures of some  phenolic compounds found in red wines
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Fig. 2. Pinot Noir Murfatlar LLE and SPE chromatograms
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