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The concentrations of sulphates, chlorides, boron and phosphorus in musts and 
wines from the Tacoronte-Acentejo region in Tenerife are studied. The concen- 
trations of these anions in must and wine vary according to the winemaking 
method and storage vessels and other factors. Concentrations in Tenerife 
wines fell within the following intervals (ff + s) from mean v a l u e -  standard 
deviation to mean value + standard deviation: 15.9-30.7 mg litre -J H3BO3; 
443-827 mg litre 1 K2804; 230-436 mg litre i NaC1; and 261-451 mg litre -1 
P205. The mean values were, respectively, 23.3 mg litre 1 H3BOs; 635 mg litre -1 
K2SO4; 333 mg litre 1 NaC1; and 356 mg litre -1 P205. In the case of boron, no 
statistically significant differences were observed between one year and another or 
between young and old wines. Sulphate levels were found to be well below the 
legal limits, although the storage vessel was seen to play a major role, with levels 
higher in the wines made in cement receptacles and stored in wooden casks. 
Chloride concentrations were in line with those reported in the literature. As 
regards phosphates, there was a direct correlation between sugars and must 
density, indicating that concentration is largely dependent on the degree of grape 
maturity. © 1997 Elsevier Science Ltd 

I N T R O D U C T I O N  

Data  for boron are always interesting for two reasons. 
First, anything which helps increase our knowledge of 
the make-up of  a foodstuff  is important  and, second, the 
toxic nature of  boron is uncertain. Furthermore,  the 
presence of  boron in wines can increase if boron com- 
pounds are added to prevent tartrate precipitation or if 
used as an antiseptic (Ribereau-Gayon & Peynaud, 
1962), even where this is illegal under wine legislation 
(Spanish Food Legislation, 1970). 

The normal  level of  boron in wines rarely reaches 
100 mg litre - l ,  expressed as boric acid (Mareca Cort6s, 
1983; Ribereau-Gayon & Peynaud, 1962). The level 
recommended by the OIV (1990) (Office International de 
la Vigne et du Vin) is 80 mg litre -~. In wines treated 
with sodium borate,  sodium borotar t ra te  or fluoborate 
(as antiseptics), concentrations are much higher, reach- 
ing 200--500 mg litre -1 (Ribereau-Gayon & Peynaud, 
1962). Generally speaking, illegal t reatment with boron 
derivatives is suspected if levels exceed 100 mg litre-1. 

It  is not clear whether boron is an essential trace ele- 
ment for the human organism. In any case, in high 
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concentrations it is harmful.  Germany  prohibits all 
medicaments containing boric acid. Boron taken 
through food and drinks is estimated in the range of  
1-40 mg day -1, and wine can be one of  the main sources 
of  intake if levels exceed 20 mg litre -a (Lutz, 1991). 

Normal  musts contain small amounts  of  sulphates, 
which vary according to vine type; generally speaking, 
the amounts  lie in the 100-400mgl i t r e  -1 range, 
expressed as K2SO4 (Ribereau-Gayon et al., 1980). 

Higher amounts  may exist in wines given that, in 
addition to the sulphates present in the musts, there are 
also those derived f rom the oxidation of  sulphur dioxide 
and calcium sulphate during 'plastering' (Ribeiro de 
Lima, 1992). With the exception of  some top quality 
wines--where the levels are higher (Mareca Cortes, 
1983)--this practice is authorised to a max imum level o f  
2 g litre -1 expressed as K2SO4 in the final product  
(Spanish Food  Legislation, 1970). 

Moreover,  the fraudulent addition of H2SO4 to wine 
leads to a clearly-detectable increase in sulphate content. 

Mart in Plaza (1962) cites amounts  of  300 and 
550 mg litre -1 in Tierra Medina wines; Villa (1985) 
gives a figure of  282 mg litre -1 for  white Pinot wines in 
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Abruzzo. Other levels reported in the literature are of 
approximately 1 g litre -1 K2SO4 (Di Stefano, 1985) for 
Italian virgin Marsala, a wine aged over a long time 
which has received various sulphites and may also con- 
tain variable proportions of mixtures of old Marsala. 
Other authors cite concentrations of below 2 g litre -1, 
according to a semi-quantitative method (,A, lvarez Seoane 
et al., 1988; Casais et al., 1984; Casais Martlnez, 1984). 

Chloride, as a constituent macroelement of wine ash, 
is present in greater or lesser amounts depending on 
the same factors that affect ash content--degree of 
grape maturity, climatic conditions, the nature of soil, 
crpage, vinification conditions, must fermentation, sto- 
rage and technological factors (Cordonnier, 1965). 
However, the most important reason why this ion varies 
in concentration is that levels in must and wine vary 
with the distance of the vines from the coast. It is 
important also to consider the growing interest in 
sodium and chloride content as a result of the use of 
anion-exchangers to stabilise tartrate, the possible use 
of chlorated additives and the legal restrictions on 
chloride content. 

Chlorides can also be used in conjunction with egg 
albumin-type natural proteins as flocculating agents in 
wine clarification. It is also used for organoleptic cor- 
rection, to enhance 'body', the tactile sensation of con- 
sistency, and to add a certain element of taste. High 
concentrations may be due to incorrect treatment of 
wine with exchange resins to reduce high potassium and 
calcium content (Mareca Cort&, 1983). 

Chloride content in wines is extremely variable but in 
most cases does not exceed 500 mg litre-I (expressed as 
sodium chloride). Peynaud (1977) gives a weighted 
value of 46 mglitre -1 in a study of red wine ash; 
Amerine & Ough (1976) give a table of chloride content 
ranging between 50 and 500 mg litre -1 in wines from 
different countries (excluding Spain). For Spanish 
wines, the range is 175-982 mg litre -I. Occasionally, 
some wines harvested near the coast can contain up to 
1 g litre -l.  Spanish law permits up to 1 g litre -~, 
expressed as sodium chloride. 

Both phosphorus and nitrogen are closely related to 
plant growth processes (Prrez-Bryan L6pez, 1967). 
Although phosphorus fertilisation is not the most 
important for the vine compared to other nutrients, it 
should not be abandoned altogether because the acidity 
of the soils of the zone studied may cause the formation 
of iron and aluminium phosphates, thus considerably 
reducing the phosphorus available (Trujillo Jacinto del 
Castillo et al., 1987). 

Phosphates in wines are usually related to levels in 
their musts. Generally, red wines have higher levels than 
whites. The belief that wines that are high in phosphate 
content are of better quality does not seem to have been 
confirmed to date. Phosphate content in musts varies 
and is due chiefly to differences in the amounts of soil 
phosphates. Increased levels can result in alteration of 
the physico-chemical clarity, called 'phosphate, white or 

ferric cloudiness' of white wines, caused by the insolu- 
bilisation of iron phosphate. 

Phosphate content can be increased by adding 
ammonium phosphate to the must; this is an authorised 
product used as a yeast activator. In reality, musts have 
sufficient amounts of phosphates to meet the needs of 
the microrganisms present in musts and wines. The 
ammonium ion sometimes specifically favours microbe 
development. Other authorised products for yeast acti- 
vation are ammonia glycerophosphate and calcium 
phosphate. 

According to Ribereau-Gayon et al. (1980), white 
wines have concentrations of between 100 and 
750 mg litre -1 P205, while reds have between 225 and 
1500 mg litre-l; Vogt et al. (1986) report that the level 
in German wines is 225-575 mg litre-1; Amerine & 
Ough (1976) report that the level is 75-1350 mg litre -1, 
and that the level in white wines is somewhat lower than 
in reds. For Spanish wines they give an average figure of 
323 mg litre -1 and an interval of 109-787 mg litre -l.  

MATERIALS AND METHODS 

Samples 

The present study was undertaken using musts and 
wines from the Tacoronte-Acentejo denomination area. 
Forty-two must samples from 25 representative wineries 
in the area were sampled. Seventy-five samples of wine 
fermented from the musts were also analysed, of which 
40 were young wine samples, taken in January, 
February, March and April, and 35 were samples of the 
same wines aged in wood for an average period of 106 
days and taken in June and July. 

Within a particular winery a wine does not originate 
exclusively from a specific must, or an aged wine does 
not originate from a specific young wine, because of 
crafstmanship and production conditions. Therefore, 
when the statistical regression analyses between the 
different groups of samples--must, young and aged 
wines--are made for a specific parameter, the number 
of pairs of data correlated are less than the total number 
of samples. 

Methodology 

The method used for boron was that recommended by 
the AOAC's Official Methods of Analysis (AOAC, 
1990) for determining boron in vegetables, based on the 
formation of the blue complex of boroquinalizarine in a 
sulphuric medium, with the modifications introduced by 
Moreno Martin et al. (1971). 

Procedure 
5 ml of Na2CO3 0,32 N were added to 10 ml of sample. 
This was then dried, burned on a hot plate and in an 
oven at 550°C. The ashes were dissolved in 20 ml of 
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H2504 (0.36 N) and filtered. 15 ml of  quinalizarine in 
concentrated H2504 were added to 2 ml of  the filtered 
liquid, cooled to room temperature and absorption was 
measured at 620 nm. Lastly, the absorption was com- 
pared with the data from a calibration curve. 

To determine sulphate content, the procedure recom- 
mended by Spain's Ministry of  Health and Consumer 
Affairs (1985) was used based on precipitation of  the SO42- 
with Ba 2 +; the Volhard method was used for the chlor- 
ides, having first mineralised the wine through nitro- 
permanganic oxidation (Ribereau-Gayon et al., 1980); 
for phosphates, precipitation as ammonium phospho- 
molybdate, the method recommended by the Office 
International de la Vigne et de Vin (OIV 1990), was used. 

RESULTS AND DISCUSSION 

Boron 

Table 1 gives the mean results obtained for the must, 
young wine and aged wine samples of  the harvests stu- 
died. As can be seen, the variation coefficient of  the 
musts varies significantly. 

The B content in the wines is well below the limits set 
in the Regulation (EEC, 1987) of  the Common Organi- 
sation of  the market for wine, and generally lower than 
those cited in the literature (Moreno Martin et al., 1971, 
1972, 1973; Sanz et al., 1990; Villa, 1985), thus indi- 
cating either a low level of  absorbable boron in the soils 
of the studied vineyards, which would be at odds with 
the fact that the soil, of  volcanic origin, is exceptionally 
rich in minerals (Rodriguez Rodriguez, 1973), or that 
winegrowers in the region do not use B compounds 
either in soil fertilisation or in their wine treatments. 

It was noted, also, that, in the two harvests studied, 
the average boron content increased from musts to 
young wines and from these to the aged wines: 16.1, 
21.4 and 23.3 mg litre -1, respectively, in one harvest 
and 21.3, 23.6 and 25.4, respectively, in the other. 

The increase in wines compared to musts is explained 
by high levels of  boron present in skins, pips and stalks 
(Moreno Martin et al., 1971), which are then extracted 
at the maceration stage. 

Table 1. Boron content of musts and red wines from the 
Tacoronte-Acentejo area of Tenerife (rag litre -1 H3BO3) 

Must New wine Aged wine All wines 

N 42 40 35 75 
18.7 22.5 24.3 23.3 

s 10.3 7.83 6.93 7.43 
Minimum 4.02 8.02 13.4 8.02 
Maximum 55.2 42.8 40.3 42.8 
V.C. (%) 54.9 34.8 28.5 31.8 

N = number of samples. 
= mean value. 

s = standard deviation. 
V.C. = variation coefficient. 

In order to determine whether the differences between 
the standard deviations or between the means of  the 
different groups--must ,  young and aged wines--were 
due to random fluctuations, a significance study was 
carried out (Blanco & Cerd~i, 1988; Goulden, 1960). It 
was found that the musts lay in a different populat ion 
group from that of  the group comprising all the wines 
(0t = 0.0060). However, there were no significant differ- 
ences between the young and aged wines (or = 0.2948). 

The correlation study of  the concentration of  B in 
new and aged wines gave a low correlation coefficient, 
0.414, although this can be explained by the diversity of  
samples from a single winery. Conversely, if we consider 
just one of  the harvests, the correlation coefficient 
improves substantially (0.599), the equation of  the 
straight line being as follows: 

(mg litre -1 H3BO3)ageds -- 14.62 + 0.4091 

× (mg litre - l  H3BO3)news 

ot = 0.0086 

Climatic conditions can explain this higher coefficient; 
under poor  conditions the grape is gathered in one 
single session whereas, if the weather has been good, 
three different harvests are taken, thereby producing 
different wines. 

Furthermore,  in the statistical inter-relationship study 
carried out, a significant relationship was observed 
between boron and phosphate content in musts. This 
leads to the following regression line, where B content 
increases with content of  PO43-: 

(mg litre -1 n3BO3)musts ---- 0.1272 + 0.06667 

x (mg llitre -] e205)musts 

c.c. = 0.517 

0t = 0.00045 

Lastly, none of  the wine samples exceeded 50 mg 
litre -1 H3BO3 . The content of  any given sample has a 
68% chance of  falling within the 15.9-30.7 mg litre -I  
range, which means that the contents are well within 
recommended limits (Council Regulation EEC, 1987; 
Lutz, 1991; OIV, 1990). The histogram (Fig. 1) shows 
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Fig. 1. Frequency histogram of the results of boron content 
(mg litre -I H3BO3) in the red wines studied. 



342 G. Gonz61ez Hernfndez et al. 

Table 2. Sulphate content of red wines from the Tacoronte- 
Acentejo area of Tenerife (mg iitre -1 K2804) 

Must New wine Aged wine All wines 

N 42 40 35 75 
339 571 709 635 

s 123 152 207 192 
Minimum 148 225 398 225 
Maximum 595 891 1343 1343 
V.C.(%) 36.3 26.6 29.2 30.1 

Table 4. Chloride content of musts and wines from the 
Tacoronte-Acentejo area of Tenerife (mg litre -1 NaCI) 

Must New wine Aged wine All wines 

N 42 37 32 69 
198 337 327 333 

s 85.3 104 104 103 
Minimum 49.7 157 146 146 
Maximum 472 570 560 570 
V.C.(%) 43.1 30.9 31.8 31.1 

that there exists a relatively homogeneous Gaussian 
distribution, with a variat ion coefficient of  31.8%. 

Sulphates 

No calcium sulphate was added to the wines studied, 
nor was acidification using sulphuric acid or cask- 
washing with the same acid known to have taken place. 
The sulphate levels found in the musts (Table 2) coin- 
cide with the natural content in the area, which is 
slightly higher than the figure mentioned by Ribereau- 
Gayon  et al. (1980). This might be explained by the type 
of  receptacle used in the Canaries for traditional red 
wine maceration; during grape 'pressing' sulphates pre- 
sent in the cement lining of  the macerat ion container may 
become dissolved by the corrosive action of  the juice. 

A high sulphate content in the wine can also be 
expected as a result of  the lightly oxidising environment 
represented by the wooden (mainly chestnut) cask used 
for making and keeping traditional wine in the Canar-  
ies. The results show levels of  571 mg litre -1 K2504 in 
the young wines, which were kept for approximately 
four months  in the wooden casks, and 709 mg litre-I in 
aged wines, stored for around seven months.  These 
concentration levels are higher than those cited in the 
literature (Martin Plaza, 1962; Villa, 1985). 

By way of  summary,  sulphate content of  red wines 
from the Tacoronte-Acentejo area (Table 2) are well 
below the legal limits established by the European 
Communi ty  (Council Regulation EEC, 1987). 

Samples 10, 15 and 24 are examples of  how the vessel 
can influence sulphate concentration. Wines of  the 1987 
harvest were made in a cement receptacle for the 
macerat ion-fermentat ion and then kept in wooden 
casks. That  year, sulphate levels rose considerably 

Table 3. Influence of the storage vessel on the sulphate content 
of red wines (rag litre -1 K2SO4) 

Sample 1987 harvest 1988 harvest 
n o .  

Must New Aged Must New Aged 
wine wine wine wine 

10 256 c 560 w 885 w 297 c 572 s 549 s 
15 331 c 415 w 430 s 480 s 398 s 
24 399 c 729 w 961 w 595 ~ 787 s 686 s 

cCement, Wwood, Sstainless steel. 

(Table 3), except sample no. 15, which was made in a 
taller cement receptacle but with a lower surface area 
than the traditional one, which greatly reduced the 
oxydising environment.  The wine was later transferred 
to an oak cask, which is much more airtight than the 
chestnut version. 

As for the 1988 harvest, samples 10 and 24 were made 
in cement receptacles and then transferred to a stainless 
steel vessel, whereas no. 15 was macerated-fermented 
and kept in a steel vessel. In the case of  samples 10 and 
24, it appears that the increased sulphate level seen in 
the young wines may be due to oxidation of  the must  in 
the receptacle, which was small and with a large surface 
area. With sample 15, the (high) level was maintained 
because it was kept in an environment which was 
essentially oxygen-free due to the air-tightness of  the 
stainless steel. 

Table 3 shows that the SO42 content of  samples 10, 
15 and 24 (1988) did not increase, and even decreased, 
when kept in stainless steel, whereas it increased signifi- 
cantly in the samples kept in wooden casks. 

Chlorides 

Chloride levels in wines depend largely on their levels in 
musts; a good linear statistical correlation exists 
between the two (c.c. = 0.602) with high significance 
(a = 0.0000). 

It is important  to stress that the C1- ion concentra- 
tion in musts depends largely on the stage of fermenta- 
tion. So, when correlation analysis of  this ion with some 
parameters  of  the vinification is carried out (such as 
density or the extraction of  polyphenols from skins) it is 
observed that, during the fermentation of  the musts 
studied, the statistical correlation of  the C1- concentra- 
tion with the density is negative, with significance level 

Table 5. Phosphate levels found in musts and red wines of the 
Tacoronte-Acentejo area of Tenerife (mg litre -1 P205) 

Must New wine Aged wine All wines 

N 42 40 35 75 
279 343 371 356 

s 79.7 88.9 101 95.1 
Minimum 139 196 214 196 
Maximum 490 541 582 582 
V.C. (%) 28.6 25.9 27.2 26.7 
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Fig. 2. Analysis of the exponential correlation with respect to the 
phosphorus concentration (mg litre -1 P205) between new wines 

and the musts from which they are made (20 pairs of data). 
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Fig. 4. Frequency histogram of the levels of phosphorus 
(mg litre-1 P205) in the red wines studied. 

of 0.0002 (Gonz~lez Hern~mdez, 1994), whereas with the 
permanganate index is positive, or=0.0000 (Gonz~dez 
Hern~mdez, 1994). 

According to the literature (OIV, 1990; Primo Yfifera, 
1979), Na ÷ and CI- ions are always linked in terms of  
their equivalent concentrations, except in treatments 
with exchange resins. In effect, in the musts studied 
(Gonzfilez Hernfindez, 1994), these two ions are statis- 
tically correlated, with a positive coefficient of  0.754 and 
ot < 0.0001. Table 4 gives the statistical description of  the 
results obtained. 

The results show that average levels of chloride lie 
within the general interval cited in the literature 
consulted, even though the area studied is a coastal one. 
Similarly, of  the causes listed in the literature (Cordon- 
nier, 1965; Mareca Cort6s, 1983) as to why chloride 
levels might be artificially elevated in wines, none is 
possible in the traditionally-made wines studied. How- 
ever, there is an age-old custom practised by some 
winegrowers which significantly raises chloride levels in 
wines but not musts: cask-washing with common salt or 
sea water. Sodium chloride may even be added to the 
wine to influence its organoleptic characteristics. 

The levels found here are well below the maximum 
levels set by Spain's technical and health regulations, 

Phosphorus pentoxide (mg/I) 
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Fig. 3. Statistical correlation of the phosphorus concentration 
(mg litre -1 P205), multiplicative model, between old and new 

wines (17 pairs of data). 

1 g litre - l  (even in the wines to which sodium chloride 
was added). The literature reflects a wide chloride con- 
tent range (Di Stefano, 1985; Gonz~dez Hern~ndez et 
al., 1986; Villa, 1985). 

Phosphates 

Among mineral elements, it should be noted that con- 
centrations of  some, such as phosphates, potassium or 
calcium, can vary considerably depending on the 
amount and type of  fertiliser used on the vines, which 
thus rules out a direct relation between soil type and 
wine mineral content (Garcia-Jares et al., 1990). Table 5 
shows the phosphate levels found in the musts and 
wines studied; the analysis results do not present great 
differences from the mean value (Di Stefano, 1985), a 
feature being the low variation coefficients. From colla- 
borating wine-makers it has been possible to verify the 
non-use of  fermentation activators, or at least none 
based on PO43- or phosphorus in general. 

P6rez-Ruiz et al. (1985) and Villa (1985) reported 
lower concentrations (105 mg litre-l), and point out 
that these are adequate, considering the possible for- 
mation of  subsequent iron precipitations. Coll Font  et 
al. (1986) also reported levels which are slightly lower 
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than those found by us, while Di Stefano (1985) reports 
slightly higher f igures--of  the order o f  375 mg litre -1 
P205. Even higher are the phosphorus levels in wine 
given by Maynar  et al. (1980). 

A comparison of  average results shows that concen- 
trations are lower in young wines than older ones. That  
could be because of  the environmental conditions, since 
the new wine samples and the aged ones were collected 
in winter and summer, respectively, with an average 
difference of  temperature of  5 or 10°C. The temperature 
conditions are very important  in that they could modify 
the solubility of  the iron phosphate; ferric cloudiness is 
a problem which tends to occur in winter (Peynaud, 
1977). 

Under normal winegrowing conditions, phosphates 
are relatively constant for the different sample groups. 
Phosphate levels in musts correlate with the new wines 
made from them (Fig. 2) in accordance with the fol- 
lowing exponential regression: 

(mg litre -1 P2Os)neww. = EXP[4.965 + 2.648 x 10 -3 

x (mg litre -1 e2Os)must] 

c.c. = 0.890 

a = 0.0000 

increases or decreases in parallel. The equation of  the 
corresponding curve, determined by least-squares 
regression, was found to be: 

(mg litre -1 NaCl)mus t = 84.42 + 0.3347 

x (mg litre -! g2aO4)must 

CONCLUSIONS 

In the case of  boron,  no statistically significant differ- 
ences are observed between harvests or between young 
and old wines. 

Sulphate levels are well below the legal limit, although 
the storage vessel is seen to play a major role in content, 
which is higher in wines made in cement receptacles and 
stored in wooden casks. Chloride levels are in line with 
the figures cited in the literature, while phosphates show 
a direct correlation with sugars and must density, indi- 
cating that concentration depends largely on the 
maturity of  the grape. 

R E F E R E N C E S  

New wines and older ones derived from these are 
related by a correlation coefficient of 0.947, Y = aX b 
(Fig. 3): 

D ~ ~0.9556 
(rag litre - l  P2OS)aged w. = 1.317 X (mg litre - l  e2t-'5)new w. 

= 0.0000 

Figure 4 shows the frequency histogram of  phosphate 
content in the studied wines. The concentrations are 
well below the levels needed for phosphatoferric 'clou- 
diness' to occur (Ribereau-Gayon et al., 1980); more- 
over, this only occurs with a pH of  less than 3.5, which 
is why it is not found in some wine regions, among them 
the area studied here (Peynaud, 1977). 

Since the mineral content has a direct correlation with 
the maturity of  the grape, P also shows a positive sta- 
tistical correlation (c.c. = 0.485 and 0.464, respectively) 
with sugar concentration and must density (Gonzfilez 
Hernfindez, 1994). The ot values are 0.0011 and 0.0020, 
respectively. 

If  we carry out multiple correlations between the 
three anions studied, using any two as independent 
variables and the third as the dependent one, we find 
that there is no significant correlation between the three 
parameters. However, there is a linear correlation 
between chlorides and sulphates in musts (Fig. 5), with 
a correlation coefficient of  0.482 and with a certain 
degree of  statistical significance (a = 0.0012), indicating 
that concentration of the two ions in musts is chiefly 
dependent on the mineral content of  the grape and 

,~lvarez Seoane, G., Cuquejo Taboada, E., Luis Ballesteros, 
M. L., Cambeiro Fuentes, E. & Fernfindez Cafiamero, M. L. 
(1988). Calidad de vinos comunes expendidos en estableci- 
mientos de hosteleria de Vigo. Alimentaria, 192, 43-62. 

Amerine, M. A. & Ough, C. S. (1976). Andlisis de Vinos y 
Mostos. Acribia, Zaragoza. 

AOAC (1990). Association of Official Analytical Chemists. 
Official Methods of Analysis. Property publishing, Virginia. 

Blanco, M. & Cerdfi, V. eds. (1988). Quimiometria. Universitat 
Autrnoma de Barcelona publishing, Barcelona. 

Casais, M., Falcrn, J. T., Hardisson, A., Sierra, A. & Wild- 
pret, L. M. (1984). Determinaci6n de alcohol metilico en 
vinos, bebidas destiladas y alcoholes de consumo ordinario 
en las Islas Canarias. Alimentaria, 153, 53-56. 

Casais Martinez, M. (1984). Estudio analitico de los vinos de 
la isla de Tenerife. Degree dissertation, University of La 
Laguna, Spain. 

Coil Font, C., Mutj6 Pujol, P. & Puig Serramitja, J. (1986). 
Estudio de los parfimetros mils significativos de los vinos de 
la D.O. Empordfi-Costa Brava. pp. 100-107, VIIIJornadas 
de Viticultura y Enologla de Tierra de Barros, Badajoz, 
Spain. 

Cordonnier, R. (1965). Les mrtaux du vin. Bull. Techn. Inf., 
196, 107-112. 

Council Regulation (EEC) (1987) 822/87, 16 March, estab- 
lishing the Common Organisation of the Market for Wine. 

Di Stefano, R. (1985). Studio delia composizione chimica e dei 
composti volatili del Marsala vergine. Vignevini, 12, 39-46. 

Garcia-Jares, C. M., Lage-Yusty, M. A. & Simal-Lozano, J. 
(1990). Estudio de la composici6n mineral le los vinos de las 
denominaciones de origen gallegas. An. Bromatol., XLII(2), 
325-336. 

Gonzfilez Hern/mdez, G. (1994). Caracterizacirn fisicoquimica 
y sensorial de los mostos y vinos tintos de la parte oriental 
de la denominaci6n de origen Tacoronte-Acentejo de 
Tenerife. PhD thesis, University of La Laguna, Spain. 

Gonz/dez Hernfindez, G., Garcia Montelongo, F. & Diaz 
Romero, C. (1986). Estudio preliminar de los principales 



Wines o f  the Canary Islands 345 

parfimetros de mostos procedentes de la zona Tacoronte- 
Tegueste de Tenerife. Report No. 22, I Congreso Nacional 
de Farmac~uticos en la Alimentaeidn, La Corufia, Spain. 

Goulden, C. H. (1960). Methods of Statistical Analysis. Wiley 
and Sons, New York. 

Lutz, O. (1991). Ascertainment of boric acid esters in wine by 
11B NMR. Naturwissensehaften, 78, 67-69. 

Mareca Cort6s, I. (1983). Origen, Composicidn y Evoluei6n del 
Vino. Alhambra, Madrid. 

Martin Plaza, A. (1962). Contribuci6n al estudio de los vinos 
blancos de Tierra Medina (Valladolid). An. Bromatol., XIV, 
135-148. 

Maynar, J. I., Mesias, J. L., Pinto, M. C., Henao, F., Macias, P. 
& Mareca, I. (1980). Evoluci6n de algunos parfi.metros eno- 
16gicos en el curso de ia fermentaci6n alcoh61ica. La 
Semana Vitivin[cola, pp 1784-1785. 

Ministry of Health and Consumer Affairs (1985). An61isis de 
Alimentos: MOtodos Ofieiales y Recomendados por el Centro 
de Investigaei6n y Control de Calidad. Property publishing, 
Madrid. 

Moreno Martin, F., de La Torre Boronat, M. C., Comas 
Font, M. & Miquel Carbo, X. (1971). E1 contenido de boro 
y fluor en las uvas y vinos de la provincia de Tarragona. Cir. 
Farm., XXIX(230), 1-16. 

Moreno Martin, F., de La Torre Boronat, M. C., Comas 
Font, M. & Miquel Carbo, X. (1972). E1 contenido de boro 
y fluor en las uvas y vinos de la provincia de Barcelona. Cir. 
Farm., XXX(234), 85-92. 

Moreno Martin, F., de La Torre Boronat, M. C. & M6ndez 
Mateu, I. (1973). Determinaci6n de pequefias cantidades de 
boro en vinos de las provincias de Gerona y L6rida. Cir. 
Farm., XXXI(238), 37-40. 

OIV (1990). Office International de la Vigne et du Vin. Reeueil 
des M~thodes Internationales d'Analyse des Vins et des 
Moats. Property publishing, Paris. 

P6rez-Bryan L6pez, E. (1967). Nutrici6n de la vid. Ars. 
Pharm., VIII(I-2), 69-78. 

P6rez-Ruiz, T., Martinez Lozano, C. & Tomfis, V. (1985). 
Photo-oxidation of phenosafranine and neutral red in the 
presence of iron(III): determination of trace amounts of 
iron and phosphate. Mikrochim. Acta, I(1-2), 103-113. 

Peynaud, E. (1977). Enologia Pr6ctica. Mundi-Prensa, Madrid. 
Primo Yhfera, E. (1979). Quimica Agricola III; Alimentos. 

Alhambra, Madrid. 
Ribeiro de Lima, M.T. (1992). Caracterizag~.o fisico-quimica 

do vinho Verdelho do Pico, tipo aperitivo. Trabalho de sin- 
tese para as provas de aptidfio pedag6gica e capacidade 
cientifica, Universidade dos Agores. 

Ribereau-Gayon, J. & Peynaud, E. (1962). AnMisis de Vinos. 
Aguilar, Madrid. 

Ribereau-Gayon, J., Peynaud, E., Sudraud, P. & Ribereau- 
Gayon, P. (1980). Ciencias y Tgcnicas del Vino, Vol. I. 
Hemisferio Sur, Buenos Aires. 

Rodriguez Rodriguez, J. (1973). La Vid y los Vinos de Canar- 
ias. Goya Artes Gr~ficas, Santa Cruz de Tenerife. 

Sanz, J., L6pez Martin, R., Galb~in, J. & Castillo, J. R. (1990). 
Use of methyl borate generation--flame emission spectro- 
metry combined technique for boron determination in wine. 
Analusis, 18, 279-283. 

Spanish Food Legislation (1970) Law 25/1970 (2 December), 
'Estatuto de la Vifia, del Vino y de los Alcoholes'. 

Trujillo Jacinto del Castillo, I., Figueruelo Ojeda, E., Guti6r- 
rez Jerez, F. & del Castillo Rodriguez, D. (1987). Vifiedos 
canarios. Zona de Acentejo. III. Caracteristicas quimicas de 
los suelos. An. Edaf. Agrobiol., XLVI(9-10), 1189-1201. 

Villa, D. (1985). Caratteristiche chimiche, chimico-fisiche ed 
organolettiche del vino Pinot bianco in Abruzzo. Vignevini, 
4, 37-42. 

Vogt, E., Jakob, L., Lemperle, E. & Weiss, E. (1986). El Vino. 
Obtenci6n, Elaboracidn y AnMisis. Acribia, Zaragoza. 


