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a b s t r a c t

The influence of the static settling time and the addition of ammonium salts on basic parameters, aroma

composition and tasting of white Godello wines have been studied. The statistical analysis showed a sig-

nificant influence of those treatments on several analytical parameters. The static settling time proved to

be very influential on total acidity, free sulphur dioxide, esters, terpenols and fatty acids, while the addi-

tion of ammonium salts showed a significant effect on higher alcohols and ethyl lactate. According to the

odour active value (OAV), 14 out of 47 studied volatile components had OAV >1 in all the analysed wines,

while six volatile components showed OAV >1 only for some of them. Ethyl octanoate, isoamyl acetate

and ethyl hexanoate showed the highest OAV values. During the tasting session, the two studied factors

became relevant, being better valued the wine made with must containing higher limpidity and with the

addition of diammonium hydrogen phosphate.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In order to obtain good quality white wines, must clarification is

necessary. In this way, yeasts produce higher levels of both

acetates of higher alcohols and esters of fatty acids (Bertrand,

Artajona-Serrano, & Ollivier, 1987). This results in more fruity

wines. In addition, an unwanted level of cloudiness leads to the

development of reductive aromas and an increase in herbaceous

aromas, neither of which is desirable (Dubourdieu, Ollivier, &

Boidron, 1986). For proper development of the alcoholic fermenta-

tion, must is required to contain adequate quantities of yeast

assimilable nitrogen (YAN). Bell and Henschke (2005) found that

more than 140 mg/l of assimilable nitrogen is needed for the

fermentation of clarified musts at a temperature below 15 �C and

with a moderate level of sugar. However, large quantities of sugar

should not be added, as this may lead to instability and to the

production of ethyl carbamate (Hernández-Orte, Ibarz, Cacho, &

Ferreira, 2005). With adequate quantities of YAN, yeasts will be

able both to multiply quickly at the beginning of the alcoholic fer-

mentation and to synthesize the necessary proteins for their

metabolism, especially those responsible for the transportation of

sugar through their membranes, so that no fermentative interrup-

tions occur (Tromp, Diest, & Burger, 1980). Some of the volatile

components generated by the yeasts that contribute to the aroma

of the wines are affected by the type of yeast and the concentration

of nitrogen (Bell & Henschke, 2005). Yeasts requiring large quanti-

ties of nitrogen produce high concentrations of esters during the

alcoholic fermentation, and those needing reduced amounts yield

large concentrations of higher alcohols (Pérez-Coello, Briones,

Ubeda, & Martín, 1999; Torrea, Fraile, Garde, & Ancin, 2003). Given

that the clarification of must eliminates part of the YAN and that, in

some areas, grapes contain low levels of YAN (Losada, 1999), the

addition of ammonium salts to the must is permitted. This in-

creases the development of fruity aromas and reduces the level

of higher alcohols as well as that of branched fatty acids in wines

(García, Aleixandre, Casp, & Alvarez, 1997; Paronetto, 1992;

Vilanova et al., 2007). Hernández-Orte et al. (2005) found that

the addition of YAN to the must reduces the levels of amylic alco-

hols, b-phenilethanol, and methionol and increases the concentra-

tion of propanoic acid. If ammonium salts are used, the levels of

ethyl lactate and cis-3-hexanol also increase. Furthermore, the

addition of amino acids increases the levels of both c-butyrolac-
tone and isobutanol. In addition, when the levels of nitrogen are

low and ammonium salts are added to the must, the speed of fer-

mentation increases during the exponential phase, resulting in a
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significant increase in biomass (Hernández-Orte, Bely, Cacho, &

Ferreira, 2006). Both diammonium hydrogen phosphate and

ammonium sulphate are authorised by the EU for increasing YAN

levels in musts. Moreover, each of them presents other effects.

Thus, diammonium hydrogen phosphate may favour the develop-

ment of yeasts because it is also a source of P. Ammonium sulphate

may reduce must pH, avoiding the development of undesirable

microorganisms (Flanzy, 2003).

Some of the most prestigious Spanish young white wines are

made with the Godello cultivar. This variety is thought to have

originated in Galicia (North-western Spain); it is used for making

quality wines of Appellation d’Origine Contrôlé. Several authors have

studied the aroma composition of these wines (Losada, 1999;

Versini, Orriols, & Dalla Serra, 1994). These studies confirm that

fruity aromas are predominant in these wines due to the esters

generated during the alcoholic fermentation. Within the primary

aromas, b-citronellol, b-damascenone and b-ionone are typical of

this variety. However, no one has studied the effect of static set-

tling and the addition of YAN on the aroma composition of these

wines, particularly when grapes are grown on slopes, in which case

the levels of assimilable nitrogen are lower (Losada, 1999). The

purpose of the research was to study the effect of the static settling

time and the different sources of YAN on aroma composition and

tasting of Godello wines.

2. Materials and methods

2.1. Reagents and standards

Water was purified through a Milli-Q system (Millipore, Bed-

ford, MA, USA). Ammonium sulphate, diammonium hydrogen

phosphate and absolute ethanol (ACS-ISO quality) were purchased

from Panreac (Barcelona, Spain). Dichloromethane, HPLC quality,

was from Fisher Scientific (Loughborough, UK), and methanol,

LiChrosolv quality, from Merck (Darmstadt, Germany). Standards

of volatile compounds were obtained from Sigma–Aldrich Química

(Tres Cantos, Spain).

2.2. Grape samples and winemaking

Godello grapes were harvested in a 15-year-old vineyard, lo-

cated in the area of Appellation d’Origine Contrôlé Valdeorras, at

about 500 m a.s.l. Plants, grafted on 110 Richter and trained on sin-

gle Guyot system, are arranged N–S on a 10% slope, vine spacing

being 2.10 m � 1.40 m. Harvesting (1825 kg of grapes) was carried

out in September 2004. Grapes were collected in 20 kg plastic

boxes, and transported to the winery.

Winemaking was carried out in the experimental winery cellar

of Appellation d’Origine Contrôlé Valdeorras. Grapes were crushed,

and then pressed in a horizontal pressing system, obtaining

1050 l of free run must. Must was settled in two 600 l stainless

steel tanks, adding sulphur dioxide (60 mg/l). Settling temperature

was 12 �C. Two settling times were assayed: 24 h and 36 h. Once

both musts were settled, each of them was poured into three

200 l stainless steel tanks. Then, in two of those tanks a YAN source

(50 mg N/l) was added: ammonium sulphate or diammonium

hydrogen phosphate. That dose was selected taking into account

that previous studies on Godello grapes grown in slopes in the re-

gion of Valdeorras have shown that YAN levels in musts vary from

150 to 220 mg/l (Losada, 1999). Thus, six different assays, combin-

ing settling time and addition of a nitrogen source, were carried

out, as shown in Table 1, which also includes the data of the ana-

lytical parameters determined in the corresponding musts. Then,

musts were inoculated with B2006 dry yeast (Lallemand España,

Madrid, Spain) at a rate of 20 g/hl. Alcoholic fermentation was car-

ried out at 16 �C. When must density was about 1.0600, sodic ben-

tonite was added (60 g/hl). Density and temperature were

monitored twice a day, in the morning and in the evening. Wines

were transferred to other 150 l stainless steel tanks when density

was about 1.0000. Then, sulphur dioxide (40 mg/l) was added, to

preserve wine frommicrobiological injuries and to avoid the devel-

opment of malolactic fermentation. In April 2005, and after two

rackings, wines were clarified with potassium caseinate (10 g/hl)

and sodium bentonite (40 g/hl). Then, wines were bed filtered

using a filter aid (diatomeaceus earth), and transferred to a cham-

ber at �3 �C for 10 days, to achieve tartrate stabilization. Finally,

wines were bed filtered using a filter aid once again. The content

of sulphur dioxide was corrected, submitted to polishing filtration,

and finally bottled. Bottles were stored at about 16 �C before

analysis.

2.3. General analysis of musts and wines

Density, pH and total acidity of settled musts were analysed by

OIV methods (OIV, 2000). YAN in musts was determined by Sören-

sens method (Aerny, 1996). Must limpidity was determined using

a HI93703C portable turbidimeter (Hanna Instruments, Eibar,

Spain). General analysis of wines was carried out 15 days after bot-

tling. Density, alcoholic degree, dry extract, reducing sugars, total

acidity, volatile acidity, pH, free sulphur dioxide, total sulphur

dioxide, and tartaric, malic and citric acid were determined by

OIV methods (OIV, 2000).

2.4. Analysis of major volatile compounds in wines

Major volatile compounds, which include alcohols, volatile fatty

acids, esters (except ethyl furoate), and c-butyrolactonewere deter-

mined by the method proposed by Ortega, López, Cacho, and Ferre-

ira (2001). Briefly, 15 ml screw-capped centrifuge tubes, containing

4.5 g of (NH4)2SO4, 3 ml ofwine, 7 ml ofwater, 15 ll of internal stan-
dard solution (2-butanol, 4-methyl-2-pentanol, 4-hydroxy-4-

methyl-2-pentanone and 2-octanol at 140 lg/ml in ethanol) and

2 ml of dichloromethane, were shaken for 1 h and then centrifuged

at 250 rpm for 10 min. Once the organic and the aqueous phases

Table 1

Characteristics of the different assays and data of the analytical parameters determined in the corresponding musts.

Assay V1 V2 V3 V4 V5 V6

Settling time 24 h 24 h 24 h 36 h 36 h 36 h

Addition of N source None Ammonium

sulphate

Diammonium hydrogen

phosphate

None Ammonium

sulphate

Diammonium hydrogen

phosphate

Density 20/20 1.0967 1.0967 1.0967 1.0967 1.0967 1.0967

Probable alcohol content 12.75 12.75 12.75 12.75 12.75 12.75

pH 3.10 3.10 3.10 3.10 3.10 3.10

Total acidity (g/l) 8.00 8.00 8.00 8.00 8.00 8.00

Limpidity (NTU) 155 155 155 112 112 112

YAN (mg/l) 178.6 216.4 208.7 170.4 210.3 202.7
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were separated, the dichloromethane phase was recovered with a

0.5 ml syringe and transferred to a 0.3 ml vial. The extract (3 ll)
was injected in split design (split flow was 30 ml/min) into a Hew-

lett–Packard 5890 Series II gas chromatograph fitted with a FID

detector. A DB-20 column (50 m � 0.32 mm, 0.5 lmfilm thickness),

preceded by a 2 m � 0.53 mmuncoatedpre-column (J&WScientific,

Folsom, CA, USA) was used for separation. Oven temperature was

initially 40 �C for 5 min, then raised at 3 �C/min up to 200 �C. Carrier

gas was He at 3 ml/min. Quantification was carried out considering

the relative response areas for each of the volatile compounds to the

appropriate internal standard and interpolated in the corresponding

calibration graphs.

2.5. Analysis of minor and trace volatile compounds in wines

Minor and trace volatile compounds, which include lactones

(except c-butyrolactone), terpenols, volatile phenols, vanillin,

acetovanilone and ethyl furoate, were determined using the meth-

od proposed by López, Aznar, Cacho, and Ferreira (2002). Briefly,

wine was extracted in a 200 mg solid-phase extraction (SPE) car-

tridge filled with Lichrolut-EN resin (Merck, Darmstad, Germany),

placed in a VAC ELT 20 station (Varian). Cartridges were condi-

tioned by rinsing with 4 ml of dichloromethane, 4 ml of methanol

and, finally, with 4 ml of a water–ethanol mixture (12%, v/v). Wine

(50 ml), containing 25 ll of a solution of 3-tert-butyl-4-hydroxyan-

isole 10 mg per g of ethanol, was passed through the SPE cartridge

at around 2 ml/min, and sorbent was dried by letting air pass

through it (�0.6 bar, 10 min). Analytes were recovered by elution

with dichloromethane (1.3 ml), and 25 ll of internal standard solu-

tion (containing 4-hydroxy-4-methyl-2-pentanone and 2-octanol,

both at 300 lg per g of dichloromethane) were added over the

eluted sample. The mixture was then hermetically capped and

stored at �25 �C until GC–MS analysis. GC–MS analysis was carried

out in a Star 3400CX gas chromatograph fitted to a Saturn elec-

tronic impact ion trap mass spectrometer (Varian). The separation

was performed in a DB-WAXetr column, 60 m � 0.25 mm with a

0.5 lm film thickness (J&W Scientific, Folsom, USA), and was pre-

ceded by a 3 m � 0.32 mm uncoated (deactivated, intermediate

polarity) pre-column, using He as carrier gas (1 ml/min). Oven

temperature was initially 40 �C for 5 min, and then was raised to

230 �C at 2 �C/min. A 1093 septum-equipped programmable injec-

tor (Varian) was used. Its initial temperature was 3 �C for 0.6 min,

and then was raised to 230 �C at 200 �C/min. Injection volume was

3 ll. A mass range of m/z = 35–220 was recorded. Ion chromato-

grams and ion peaks described by López et al. (2002) were used

for quantification.

2.6. Sensory analysis of wines

Sensory analysis of wines was carried out onemonth after wines

were bottled by eight expert tasters affiliated to the Regulating

Council of Appellation d’Origine Contrôlé Valdeorras. Two training

sessions, using Godello wines from Appellation d’Origine Contrôlé

Valdeorras were held before the sensory analysis, to improve the

consistency with which descriptive terms are used, to train them

in the assessment of the descriptive terms applied to these wines,

and to give information about the characteristics of score cards. Se-

ven different descriptive terms were used: aroma intensity, aroma

typicity, quality, acidity, typicity in the tasting stage, flavour bal-

ance, and general harmony. These descriptors were scored from 0

to 5 points, using a Godello wine (value 3 in the scale 0–5) for each

descriptor. Results for descriptors were obtained after two tasting

sessions. During each session, divided in two parts, with a 20 min

break, six wines were evaluated twice. Thus, each wine was evalu-

ated four times by eight expert tasters. Tasting was carried out in

normalised glasses (UNE-87-022-92), containing 30 ml of wine,

and tasters were located in individual tasting stations with con-

trolled lighting, room temperature being 20 �C. Before the tasting

sessions, wines were stored at 8 ± 1 �C for 24 h.

2.7. Statistical analysis

The analysis was carried out using the techniques of multifactor

ANOVA and the F-test (Box, Hunter, & Hunter, 1993), using the Stat-

graphics 5.0 Plus statistical package. Regarding the little number of

samples, it has not been possible to perform the ANOVA considering

interaction between factors. The number of degrees of freedom re-

quired for settling (1) and YAN (2) leaves only two, which have to

be assigned to experimental error in order to perform the F-test.

For the same reason, three significance levels have been considered:

p < 0.01, p < 0.05 and p < 0.10, the latter only when the other factor

does not have a significant effect and, performing the one-way AN-

OVA, the factor shows a significance level p < 0.05.

3. Results and discussion

3.1. Kinetics of alcoholic fermentation and general analysis of musts

and wines

The two applied technological factors (static settling time and

addition of ammonium salts) allowed us to get musts with values

of turbidity and YAN, as can be seen in Table 1. The addition of

ammonium salts to must produced an increase in both the speed

of the alcoholic fermentation and the amount of free sulphur diox-

ide (Table 2). This is in agreement with the results of previous

studies (Hernández-Orte et al., 2006; Ugliano, Siebert, Mercurio,

Capone, & Henschke, 2008). The evolution of the fermentative pro-

cess, the obtained alcoholic values and the levels of reducing sug-

ars (Table 2), confirm that the development of the alcoholic

fermentation was carried out correctly, and that the amounts of

YAN higher than 170 mg/l in must from Godello grapes allowed

the successful ending of the fermentative process. The addition of

ammonium sulphate resulted in lower pH, higher dry extract

wines, while a better limpidity of the must gave rise to wines with

less extract, less acidity, higher pH and larger concentration of free

sulphur dioxide (Table 2).

3.2. Volatile components in wines

Forty-seven volatile components were identified and quantified

in the wines. Most were esters, volatile fatty acids, and alcohols,

Table 2

General analysis of wines.

Parameter Wines

V1 V2 V3 V4 V5 V6

Density 20/20 0.9882 0.9886 0.9884 0.9882 0.9884 0.9882

Alcoholic degree

(% vol)

12.80 12.60 12.80 12.80 12.80 12.80

Dry extract (g/l) 13.20 13.40 13.40 12.90 13.40 13.20

Reducing sugars

(g/l)

1.00 1.00 1.00 1.00 1.00 1.00

Total acidity (g/l)a 6.90 7.00 7.00 6.80 6.80 6.80

Volatile acidity

(g/l)b
0.17 0.17 0.18 0.18 0.18 0.18

pH 3.17 3.09 3.13 3.16 3.11 3.16

Tartaric acid (g/l) 1.90 1.90 2.00 1.90 1.90 1.90

Malic acid (g/l) 3.20 3.30 3.30 3.20 3.20 3.30

Citric acid (g/l) 0.37 0.29 0.29 0.27 0.24 0.26

Free SO2 (mg/l) 8 14 7 18 22 22

Total SO2 (mg/l) 98 81 80 93 92 91

a Tartaric acid equivalents.
b Acetic acid equivalents.
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while terpenols, norisoprenoids, lactones and volatile phenols

were found to have a reduced number of them. In order to know

the specific contribution of each volatile component on the aroma

of the wine, the aromatic impact values index (OAV) was used

(Falqué, Fernández, & Dubourdieu, 2001). The selected detection

thresholds were the ones proposed by Peinado, Moreno, Bueno,

Moreno, and Mauricio (2004) and Gómez-Míguez, Cacho, Ferreira,

Vicario, and Heredia (2007).

3.2.1. Esters

Table 3 shows the wine concentrations of the 17 esters identi-

fied. Most of them are ethyl esters of fatty acids produced during

the alcoholic fermentation; broadly speaking, they played a posi-

tive role in the generation of the quality of the aroma of these

wines, especially the fruity aromas (Rapp & Mandery, 1986). As a

general rule, the use of static 36-h settling gives rise to wines with

larger quantities of esters than those made with 24-h settling.

There were significant differences in many of them (p < 0.10), as

it is shown in Table 4. These results can be explained because must

clarification stimulates the formation of mid-chain fatty acids by

yeasts (these are not able to use sterols or unsaturated fatty acids

in insoluble solids, because they are eliminated by settling) and,

hence, the concentration of esters of fatty acids in wines (Delfini

et al., 1992; Houtman & Du Plessis, 1981). However, the addition

of ammonium salts did not have significant influence on the con-

centration of these compounds, except in the case of ethyl lactate

(p < 0.05), see Table 5. Certainly, the content of several esters tend

to rise when YAN increases (Ugliano et al., 2008; Vilanova et al.,

2007), but the low level of YAN supplementation in our experi-

ments probably did not affect esters concentrations in wines. Se-

ven of the analysed ethyl esters surpassed the detection

threshold in some wines, so that OAV >1 (Tables 6 and 7): four

of them (ethyl isovalerate, ethyl butyrate, ethyl hexanoate, ethyl

octanoate) presented OAV >1 in all the wines studied, and the

other three (ethyl isobutyrate, ethyl acetate, ethyl decanoate) only

in some. Three of these components (ethyl butyrate, ethyl hexano-

ate, ethyl octanoate) showed high values of OAV (Table 6). Conse-

quently, they are expected to have a lot of influence on the aroma

of Godello wines. These three components also have high values of

OAV in other young white wines of Spanish varieties such as

Table 3

Content of different compounds in wines. Concentrations are given in lg/l.

Aroma compound Wines

V1 V2 V3 V4 V5 V6

Butyl acetate 0.76 0.77 0.64 1.72 1.67 2.19

Diethyl succinate 820 710 700 710 790 650

Ethyl acetate 10,650 39,650 32,140 15,700 23,100 10,130

Ethyl butyrate 20 170 170 220 230 160

Ethyl decanoate 74 12 55 247 48 303

Ethyl furoate 2.86 2.67 2.95 6.66 9.25 8.81

Ethyl hexanoate 370 290 350 480 390 390

Ethyl isovalerate 5.47 3.29 4.14 5.22 6.94 10.10

Ethyl lactate 7750 11,550 8700 6040 11,830 7690

Ethyl 2-methylbutyrate 3.75 3.25 2.47 6.69 10.05 9.96

Ethyl octanoate 330 200 360 450 280 310

Ethyl vanilate 0.46 0.17 0.29 1.67 1.90 2.04

Hexyl acetate 60 70 50 60 70 70

Methyl vanilate 2.22 1.76 2.12 5.28 5.63 5.93

Isoamyl acetate 770 710 820 1020 1130 970

Isobutyl acetate 12 11 13 25 34 40

2-Phenylethyl acetate 74 74 80 241 325 338

a-Terpineol 0.86 0.97 0.81 1.94 2.83 2.36

b-Citronellol 4.65 3.24 3.55 9.39 9.20 9.70

Benzyl alcohol 110 30 50 100 50 50

1-Hexanol 1730 840 1200 1510 1220 1110

cis-3-Hexen-1-ol 50 40 40 60 50 40

Isoamyl alcohol 177,610 120,340 138,070 189,880 141,370 143,920

Isobutanol 18,060 15,490 18,680 21,670 14,040 21,820

Methionol 980 760 820 900 860 870

b-Phenylethanol 32,140 18,450 19,850 35,670 24,280 20,100

c-Butyrolactone 6230 5870 6180 7280 6310 6790

c-Decalactone 1.37 1.59 1.28 1.52 1.56 1.13

d-Decalactone 12 49 12 40 36 10

c-Nonalactone 3.03 6.05 2.77 5.65 4.96 2.60

d-Octalactone 3.55 12.25 4.16 11.33 9.85 4.23

b-Ionone <0.089 <0.089 <0.089 <0.089 0.16 0.42

Butyric acid 1180 1930 1800 1440 2150 840

Decanoic acid 5080 3780 4800 7180 5740 4440

Hexanoic acid 4740 3550 3560 4240 6980 3390

Isobutyric acid 900 1090 950 670 880 750

Isovaleric acid 1990 1600 1520 1580 1840 1410

2-Methylbutyric acid 51 61 53 69 77 60

Octanoic acid 3340 2940 3000 3900 4610 2960

Phenylacetic acid 41 31 33 92 99 105

Propanoic acid 3260 3950 4040 3820 4390 3590

Acetovanilone 5.64 3.66 5.18 12.00 12.78 14.03

Eugenol 0.47 1.10 0.43 0.89 0.96 0.41

Guaiacol 0.21 0.26 0.19 0.27 0.24 0.17

Vanilin 0.56 0.67 0.56 1.05 2.14 2.02

4-Vinylguaiacol 84 93 69 68 100 57

4-Vinylphenol 20 25 17 20 28 14
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Albariño (Falqué et al., 2001) and Zalema (Gómez-Míguez et al.,

2007), and they are the main odourants in many other types of

wines which present fruity aromas (Etiévant, 1991). Ethyl octano-

ate, which provides odours of pineapple, pear and sweet fruit, is

characteristic of the aromatic profile of many young white wines.

Ethyl hexanoate, that gives off-odour of green apple, also presented

a high OAV (mean value, 26.9). The acetates, originated by the

reaction of the acetyl-CoA with higher alcohols, showed high con-

centrations. Three of them (ethyl acetate, isoamyl acetate, phenyl-

ethyl acetate) exceeded the detection threshold, so that OAV >1

(Tables 7 and 8), either in all the cases (isoamyl acetate), or only

occasionally (ethyl acetate, phenylethyl acetate). The OAV values

of isoamyl acetate, which gives off-odours of banana, were always

higher than 20, which indicate that it is an influential component

in the aromas of the Godello wines, as it was reported previously

(Losada, 1999). As for the phenylethyl acetate, a quality odour in

white wines (Falqué et al., 2001), only showed OAV >1 values in

two out of the six wines (Table 7).

3.2.2. Alcohols and terpenols

The concentrations of the seven alcohols identified in the wines

are shown in Table 3. The addition of ammonium salts factor

showed significant differences for three of the eight studied alco-

hols (benzyl alcohol, isoamylic alcohol and b-phenylethanol), as

shown in Table 5. The low levels of benzyl alcohol, isoamyl alcohol

and b-phenylethanol in wines made with YAN-supplemented

musts may be explained because initial YAN concentrations were

relatively high, and increased YAN availability causes a reduction

in higher alcohol production, since most of the keto acids produced

are directly converted into the corresponding amino acids (Ugliano

& Henschke, 2009). Isobutanol and isoamyl alcohol showed rela-

tively high concentrations, although their total concentration was

not higher than 300 mg/l. This allowed them to contribute posi-

tively to the aroma of the Godello wine, giving it complexity. This

is due to the fact that concentrations never reached values of

400 mg/l, which would convey a negative effect on the quality of

the wine (Rapp & Versini, 1991). In the wines studied, isoamyl

alcohol presented OAV >4, OAV values being lower in wines made

after 24-h settling and with the addition of an ammonium salt. The

C6 alcohols (hexan-1-ol y cis-3-hexen-1-ol), which are thought to

have a negative effect on the quality of the wine due to their veg-

etable and herbaceous odour, had concentrations lower than the

olfactory detection threshold (Table 4); thus, OAV <1. These con-

centrations were not significantly affected by any of the treatments

assayed. These results are difficult to compare with those obtained

by Ferreira et al. (1995), which showed that the settling of must re-

duces the levels of C6 alcohols. Probably, the loss of C6 precursors

Table 4

Results of ANOVA for several chemical parameters in wines made after must

clarification treatments.

Chemical parameter Must treatments (mean values) F p

value
24 h must

clarification

36 h must

clarification

Total acidity (g/l) 6.97 6.80 25.00 0.0377

Citric acid (g/l) 0.32 0.26 8.31 0.1020

Free sulphur dioxide

(mg/l)

10 21 27.92 0.0340

Butyl acetate (lg/l) 0.72 1.86 30.04 0.0317

Ethyl furoate (lg/l) 2.83 8.24 42.23 0.0229

Ethyl isobutyrate

(lg/l)
10.86 26.57 11.25 0.0785

Ethyl hexanoate (lg/
l)

0.34 0.42 14.53 0.0624

Ethyl 2-

methylbutyrate

(lg/l)

3.16 8.90 16.46 0.0557

Ethyl vanilate (lg/l) 0.30 1.87 77.16 0.0127

Isoamyl acetate (lg/
l)

0.77 1.04 12.03 0.0740

Isobutyl acetate (lg/
l)

12 33 26.69 0.0355

Methyl vanilate (lg/
l)

2.03 5.61 188.75 0.0053

Phenylethyl acetate

(lg/l)
76 302 59.55 0.0164

Isoamyl alcohol (lg/
l)

145 158 8.80 0.0973

a-Terpineol (lg/l) 0.88 2.38 43.57 0.0022

b-Citronellol (lg/l) 3.81 9.43 161.66 0.0061

c-Butyrolactone
(lg/l)

6090 6790 14.83 0.0613

Isobutyric acid (lg/l) 980 770 585.14 0.0017

2-Methylbutyric

acid (lg/l)
55 69 15.22 0.0599

Phenylacetic acid

(lg/l)
35 99 100.31 0.0098

Acetovanilone (lg/l) 4.83 12.94 85.23 0.0115

Vanilin (lg/l) 0.60 1.74 12.03 0.0725

Table 5

Results of ANOVA for several chemical parameters in wines made after must treatments with different N sources. For each parameter, mean values

followed by the same letter are statistically equal.

Chemical parameter Must treatments (mean values) F p value

No addition of a N source Addition of diammonium

hydrogen phosphate

Addition of

ammonium sulphate

pH 3.16a 3.14ab 3.10b 10.23 0.0890

Ethyl lactate (lg/l) 6900b 8200b 11690a 24.14 0.0398

Isobutyric acid (lg/l) 780c 850b 980a 178.43 0.0056

Benzyl alcohol (lg/l) 105a 50b 40b 21.00 0.0455

Isoamyl alcohol (lg/l) 183740a 141000b 130860b 54.28 0.0181

b-Phenylethanol (lg/l) 33900a 19980b 21360b 29.94 0.0323

4-Vinylphenol (lg/l) 19720ab 15780b 26170a 13.19 0.0705

Table 6

Mean values of OAV for volatile compounds which

presented OAV >1 in every wine analysed.

Volatile compound OAV (mean value)

Ethyl octanoate 64.3

Isoamyl acetate 30.0

Ethyl hexanoate 26.9

Hexanoic acid 10.4

Ethyl butyrate 9.5

Butyric acid 8.9

Octanoic acid 6.8

Decanoic acid 5.1

Isoamyl alcohol 5.0

Isovalerianic acid 4.9

Isobutyric acid 3.7

Ethyl isovaleriate 1.9

b-Phenylethanol 1.7

2-Methylbutyric acid 1.1
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takes place extensively in the initial stages of settling. This may ex-

plain why C6 compounds were not affected significantly by settling

time treatments.

The study of volatiles responsible for primary aromas, terpenols

(a-terpineol, b-citronellol) and alcohols (benzyl alcohol, b-phenyl-

ethanol), showed that their concentrations were significantly

affected by some of the treatments. The concentrations of a-
terpineol and b-citronellol were low for Godello wines (Table 3),

in agreement with previous studies (Losada, 1999; Versini et al.,

1994); geraniol and linalool were not detected. These results may

be related to the formation of b-citronellol by yeast-driven

reduction of free geraniol derived from glycoside hydrolysis, as sug-

gested in the case of low monoterpene grape varieties by Ugliano,

Bartowsky, McCarthy, Moio, and Henschke (2006), and to the

transformation of geraniol into a-terpineol in wines, in accordance

with Rapp, Güntert, and Ulemeyer (1985). Moreover, concentra-

tions of a-terpineol and b-citronellol were significantly higher

(p < 0.01) for wines made after 36-h settling (Table 4). The concen-

tration of benzyl alcohol, that was low, decreased significantly with

the addition of an ammonium salt (p < 0.05), as shown in Table 5.

However, wines showed a high concentration of b-phenylethanol,

which provides a positive effect in the aroma of wines, but it

decreased with the addition of ammonium nitrogen (p < 0.05), see

Table 5, and increased slightly, although not significantly, when

the settling time was also increased (Table 3). Anyway, b-phenyl-

ethanol showed an OAV >1 in all the wines studied (Table 6). Final-

ly, methionol, which is a sulphur compound, decreased, but not

significantly, with the addition of YAN; this is in agreement with

the results obtained by Hernández-Orte et al. (2005) and Ugliano

et al. (2008).

3.2.3. Lactones and norisoprenoids

Five different lactones were identified (Table 3). Four of them

were found to have very low levels. The most abundant one was

c-butyrolactone, and its concentration increased, but not signifi-

cantly if must was settled for 36 h. Formation of lactones can occur

through chemical cyclation of mid-chain fatty acids (Ugliano &

Henschke, 2009). Thus, the increase observed for c-butyrolactone
may be related to the stimulation of the formation of mid-chain

fatty acids by yeast due to must clarification, as discussed before

(Delfini et al., 1992; Houtman & Du Plessis, 1981). All the lactones

showed an OAV <1. There were somewhat important levels of one

norisprenoid (b-ionone) in some wines (Table 3). This compound,

which shows a floral smell of violet (Williams, Sefton, & Marinos,

1993), had an OAV >1 in some wines (Table 7).

3.2.4. Volatile fatty acids

Nine different volatile fatty acidswere identified. All of them, ex-

cept 2-methylbutyric acid and phenylacetic acid, had concentra-

tions higher than 500 lg/l (Table 3). This is relevant, bearing in

mind that the high concentrations of fatty acids will favour high

concentrations of fatty ethyl esters at equilibrium (Flanzy, 2003).

This hydrolysis negatively affects the fruity aroma ofwines. The set-

tling time was the most influential factor, significantly affecting

isobutyric acid, which decreased when the settling time increased

(p < 0.01), and 2-methylbutyric and phenylacetic acids, which in-

creased (p < 0.10 and p < 0.01) when the duration of settling was

longer (Table 4). The increase of 2-methylbutyric acid may be due

to the fact that must clarification stimulates the formation of mid-

chain fatty acids, as discussed in Section 3.2.1, but this explanation

does not justify the decrease of isobutyric acid when settling time

increased. Moreover, the addition of an ammonium salt increased

the concentration of isobutyric acid (p < 0.01), as shown in Table 5.

This result does not agree with previous reports which showed a

reduction of final concentration of branched-chain acids with in-

creased addition of nitrogen (Ugliano et al., 2008; Vilanova et al.,

2007). Seven of the nine identified acids (butyric, isobutyric, 2-

methylbutyric, isovalerianic, hexanoic, octanoic and decanoic)

showed OAV >1 (Table 6). As a result, they are likely to affect the ar-

oma of Godello wines, as it has been shown in other varieties of

white wines, as Zalema wines (Gómez-Míguez et al., 2007).

3.2.5. Volatile phenols

Six volatile phenols were identified. Some of them, at high con-

centrations, can be responsible for pharmaceutical odours (Chaton-

net, Dubourdieu, Boidron, & Lavigne, 1993). The most plentiful

ones were 4-vinylphenol, 4-vinylguaiacol, and acetovanilone (Ta-

ble 3). The settling time significantly modified the concentrations

of vanilin (p < 0.10) and acetovanillone (p < 0.05), which were

higher after 36-h settling (Table 4), while the addition of ammo-

nium nitrogen does not. These results are intriguing, because van-

illin and acetovanillone are products of lignin degradation, and

their content in white wines increases when prefermentative mac-

eration has been carried out (Falqué & Fernández, 1996). However,

the use of ammonium sulphate significantly increased (p < 0.10)

the content of 4-vinylphenol (Table 5). The concentration of other

volatile phenols (guaiacol, eugenol and 4-vinylguaiacol) also in-

creased, but not significantly with the addition of ammonium sul-

phate. These results may be explained because vinylphenols are

formed by yeast through non-oxidative decarboxylation of

hydroxycinnamic acids (Chatonnet et al., 1993), and the addition

of ammonium sulphate may enhance yeast metabolism. Neverthe-

less, the addition of ammonium phosphate did not increase the

concentration of those four volatile phenols. In none of the assays

the concentrations of volatile phenols were higher than their

Table 7

Mean values of OAV for volatile compounds which

presented OAV >1 in some of the wines studied.

Volatile compound OAV (mean value)

b-Ionone 3.1

Ethyl acetate 2.2

Ethyl isobutyrate 1.7

Ethyl decanoate 1.3

Phenylethyl acetate 1.3

Table 8

Values for different attributes determined in sensory analysis of wines. Each attribute was scored between 0 and 5.

Attribute Wines Settling time Addition of a N source

V1 V2 V3 V4 V5 V6 F p value F p value

Aroma intensity 3.8 3.3 4.1 4.3 3.6 3.7 0.24 0.67 1.75 0.36

Aroma typicity 2.6 3.6 3.5 3.9 3.8 4.2 5.32 0.14 1.29 0.43

Quality 2.0 3.3 3.5 3.6 3.4 3.9 2.33 0.26 1.31 0.43

Acidity 3.4 4.0 3.7 3.2 3.9 3.5 25 0.03 127 0.00

Typicity in the tasting stage 2.1 3.2 3.3 3.3 3.5 3.2 1.47 0.34 1.11 0.47

Flavour balance 3.2 3.0 3.2 3.8 3.5 3.8 289 0.00 25 0.03

General harmony 2.8 3.3 3.5 3.8 3.6 4.2 10.81 0.08 2.62 0.27
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detection threshold; thus, their OAV <1. Consequently, their impact

on the aroma of Godello wines is expected to be very low, if detect-

able at all.

3.3. Sensory analysis of wines

The results of the sensory analysis of wines are shown in Table 8.

It can be seen that the studied factors had a higher influence on the

attributes of the tasting phase. The wines made from must with

shorter settling time (V1, V2 and V3) showed higher acidity in the

tasting phase (p < 0.05). This had a negative effect on the assessment

of the balance of flavours, as these wines were less balanced

(p < 0.01). The same effects were observed in wines made with the

addition of ammonium sulphate (V2 and V-5), that showed higher

acidity in the tasting phase (p < 0.01) andwere less flavour balanced

(p < 0.05) than the others. Another outstanding attribute was the

general harmony, which showed higher values (p < 0.10) in wines

made with a more limpid must (V4, V5 and V6). This may be the re-

sult of a loftier assessment in both the aromatic and gustative typic-

ity of these wines. Other sensory characters were not affected

significantly by treatments, despite the differences observed at sen-

sory analysis. The wine with the highest score was the one from the

must with 36-h settling time and the addition of ammonium sul-

phate (V-6). However, that obtained from amust with 24-h settling

time and without the addition of ammonium salts (V-1) had the

lowest score. Finally, it should be borne in mind that two of the

descriptors used in sensory analysis (aroma typicity and typicity

in the tasting stage) are related to the absence of abnormal odours,

like those caused by hydrogen sulphide or 3-mercaptohexanol. For

this reason, the procedures assayed do not negatively affect the ar-

oma characteristics of Godello wines through the production of

undesirable sulphur compounds, as it has previously been men-

tioned for other types of wines (Bell & Henschke, 2005; Dubourdieu

et al., 1986). Moreover, in a recent report on sensory descriptive

analysis ofGodellowines (Vilanova, 2006) no attributes relatedwith

those types of components were mentioned by consumers for the

evaluation of those wines.

4. Conclusions

The use of must from Godello grapes with different settling

time resulted in higher concentrations of esters, terpenes and fatty

acids in wines with must containing higher limpidity, while the

addition of ammonium salts reduced the concentration of higher

alcohols but increased the concentration of ethyl acetate. The

study of the OAV showed that, out of 47 aroma components iden-

tified and quantified in the wines studied, twenty showed an OAV

>1: fourteen in all the wines, and six only in some of the wines.

Two of the volatile components with an OAV >1 came from the

raw material: b-ionone and b-phenylethanol. However, most of

the components with an OAV >1 corresponded to compounds gen-

erated during the alcoholic fermentation. Those compounds with

the highest OAV values are: ethyl octanoate, isoamyl acetate, ethyl

hexanoate, hexanoic acid, ethyl butyrate, butyric acid and octanoic

acid. Based on the tasting session, the fruity aromas were predom-

inant: the wines were judged as quite acid, full-bodied and persis-

tent. The best valued wine was the one made with a 36-h settling

and with the addition of diammonium hydrogen phosphate. Thus,

when making Godello wine, technological processes, such as must

clarification and the concentration of nitrogenous substances,

should be controlled.
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