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A b s t r a c t  

 

Fining is a common practice used in the wine industry which assists with clarification 

and/or provides corrective treatment for the aroma, taste or aftertaste of a juice or 

wine. During this thesis project the fining agents activated carbon (AC), gelatin (G), 

gelatin with silicon dioxide (GSi), polyvinylpolypyrrolidone (PVPP), and a mixed agent 

consisting of bentonite, PVPP, and isinglass (M) where investigated for their ability to 

influence the concentration of several aroma compounds in Marlborough Sauvignon 

blanc. Sensory trials were also conducted to investigate if any chemical changes 

impact the sensory aspect of the wines. Although both free run and press fraction juice 

fining was considered, a stronger emphasis was placed on the production of press 

fraction wines. The focus of this thesis was conceived in direct collaboration with a 

winery which noted anecdotally that press fraction juices require severe fining regimes 

thought to be due to the extended skin contact and oxygen exposure they undergo. 

Therefore, the project set out to explore if pre-fermentation juice fining could modulate 

aroma compounds present in Marlborough Sauvignon blanc press fraction wines. 

 

The first fining trial conducted was to survey the potential for the chosen commercially 

available agents (AC, G, PVPP, and M) to induce a change in the aroma chemistry of 

the experimental wines. Both free run and press fraction juices of two vineyards 

(Awatere valley and Wairau valley) were fined and the resulting wines analysed. 

Results showed that several aroma compounds may be influenced by pre-

fermentation fining. For instance, there was a significant (p < 0.05) reduction in linalool 

and hexan-1-ol across each vineyard and juice combination when AC fining was 
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employed, compared to their respective controls. Moreover, it was also demonstrated 

that juice origin (vineyard and fraction) was of a high priority when determining the 

aroma compound content of the experimental wines. Sensory analysis showed that 

the panel indicated lower counts of the aroma attribute Green vegetables for the 

Awatere valley wines which had been fined using AC, compared to the respective 

control wines. 

 

Following on from this experiment, another trial using excessive amounts of juice fining 

was conceived to provide information regarding part batch fining, a strategy used by 

some winemakers. Wairau valley press fraction juice was fined using AC, G, and 

PVPP at rates of 5, 6, and 8 g/L, respectively. Again, a significant (p < 0.05) reduction 

in both linalool and hexan-1-ol was observed for AC fining, as well as a reduction in 

the varietal thiols 3-mercaptohexanol (3MH) and 3-mercaptohexyl acetate (3MHA). 

Surprisingly, a significant (p < 0.05) increase in ethyl (dihydro)cinnamate as well as 

benzyl alcohol as a result of G fining was also noted. Sensory analysis showed a 

Green veg aroma to help distinguish between wines as well as other attributes such 

as Floral honey aroma, Floral/honey taste, and Salty aftertaste. 

 

The last experiment in this series of fining trials was to determine if results found at 

the laboratory scale would persist in an industry environment. For this purpose, AC, 

G, and GSi were used to fine 5,000 L tanks of Wairau valley or a blend of Marlborough 

press fraction juices. From this, it was shown that several of the observations in aroma 

compound concentration were applicable at this scale including significant (p < 0.05) 

reductions in linalool, hexan-1-ol, 3MH, and 3MHA for AC fining. Furthermore, fining 

with G or GSi generated wines with higher ethyl (dihydro)cinnamate concentrations, a 
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phenomenon not commented upon previously in the literature of press fraction juice 

fining. An exploratory sensory analysis here indicated that aromas of Floral/talcum 

powder and Citrus may occur due to the choice of fining agent applied pre-

fermentation. 

 

During this thesis project, it was noticed that several external influences occurring 

post-harvest and pre-winery processing to machine harvested grapes may be 

influencing the final wines thiol potential. Because of the relationship with the winery, 

the opportunity arose to conduct small scale pilot studies into these post-harvest 

factors, namely; (i) grape transport time after harvest, (ii) ultra-violet (UV) light 

irradiation, and (iii) grape holding temperature before processing. 

 

Here, simulated transportation times (0, 1.5, 3, and 4.5 hours) were applied to machine 

harvested Sauvignon blanc and the levels of 3-S-(hexan-1-ol)-L-cysteine (Cys-3MH) 

and 3-S-(hexan-1-ol)-L-glutathione (Glut-3MH) analysed. Results indicated that the 

levels of both thiol precursors increased with longer transportation time. However, 

fermentation of the juices revealed no subsequent increases in 3MH or 3MHA 

associated to an increased transportation time. 

 

As for the irradiation by UV light, Sauvignon blanc grapes were exposed to a UV light 

source post-harvest in two forms; either whole bunches or machine harvested. The 

thiol precursors Cys-3MH and Glut-3MH were quantified in the juices before and after 

UV treatment. Results showed that irradiation of the grapes with UV light had little to 

no effect on the thiol precursors. Wines were fermented from the corresponding juices 

and 18 aroma compounds were quantified. Differences were found between UV 
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treatments of the wines for 3MH, hexan-1-ol, ethyl butanoate, ethyl hexanoate, ethyl 

octanoate, and phenylethyl alcohol. However, these changes did not occur 

significantly (p < 0.05) for both grape forms trialled. 

 

Grape holding temperature was explored by determining the respective thiol precursor 

and free varietal thiols of several juices and their wines held for a short skin contact 

period (2 h) at the temperatures 6, 15, and 24 °C. From this trial, only the 15 and 6 °C 

juice samples differed significantly in Cys-3MH and Glut-3MH contents. Both thiol 

precursors were found to be at their highest levels in 15 °C juice samples and their 

lowest in 6 °C juice samples prior to fermentation. The resulting experimental wines 

displayed no significant differences (p > 0.05) between the various temperatures 

explored. 

 

Overall the series of fining trials established that pre-fermentation fining does have the 

ability to alter the concentration of aroma compounds in both free run and press 

fraction Sauvignon blanc wines. Related sensory work revealed that these changes 

detected chemically were not always enough to reshape the perception of the wine 

sensory-wise. From the three pilot studies, it was determined that thiol precursors 

could be influenced by these external factors, however this was not necessarily true 

for the free thiol contents of the resulting wines. Chiefly, this thesis project is influential 

as it contributes new, translatable knowledge for use in the winemaking community.  
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C h a p t e r  1 .  G e n e r a l  I n t r o d u c t i o n  

 

The close collaboration with a New Zealand winery was the direct inspiration for this 

thesis project. This winery desired to optimise press fraction wines by employing 

commercially available fining agents of which they were previously familiar. It was 

envisioned that the study of the wine aroma chemistry may highlight certain fining 

agents that better enhance the sensory character of wines made from press fraction 

juice. Additionally, during the course of this experiment it was perceived that other 

post-harvest technological factors could have an influence on the aroma profiles of the 

experimental wines; in particular, duration of transport, exposure to ultra-violet light, 

and temperature during transportation of machine harvested grapes. Hence, 

exploratory trials were conducted to assess the above mentioned technological 

factors. However, it must be noted that due to time restrictions these trials remain in 

their infancy. Here on, a general introduction to the key aspects of this research project 

is offered. 

 

1.1 The New Zealand Wine Industry 

Since 2007, the New Zealand wine industry has enjoyed substantial growth, increasing 

from 543 wineries to 675 and enjoying a total production of 313.9 million litres for the 

year 2016. The majority of these wineries have annual sales of less than 200 thousand 

litres, with only 16 wineries currently boasting sales over 4 million litres of wine. 

Accompanying the growth in wineries, the total producing area of New Zealand has 
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also increased (Figure 1), and in 2016 was measured to be greater than 36 thousand 

hectares (ha). Of this, Marlborough is the most productive region supplying over 320 

thousand tonnes of grape during the 2016 harvest, with the next closest region being 

Hawke’s Bay which produced around 43 thousand tonnes. To accommodate this, the 

Marlborough region encompasses 534 out of the 747 grape growers noted in 2015, 

and houses approximately 20% of all wineries found in New Zealand. Sauvignon blanc 

is the most common variety produced in New Zealand amassing 21,016 ha (Figure 1), 

followed by Pinot noir (5,573 ha) and Chardonnay (3,211 ha). Furthermore, this 

flagship variety accounts for our largest export by volume, reaching over 180 million 

litres in 2016 [1].  

 

 

Figure 1: Producing vineyard area in hectares from the year 2007 to 2016 

 

The United States of America, United Kingdom, and Australia are New Zealand’s 

largest export markets, snapping up a little over 61, 58, and 52 million of litres each, 

respectively, in 2016 [1]. It is clear from these numbers that the New Zealand wine 

industry is an integral part of the New Zealand economy, and in fact is currently the 

ninth most valued export commodity for the year ending June 2016 [2]. Therefore, the 
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need to produce topical research that can aid our grape growers and winemakers in 

continuing to provide the world with top quality New Zealand wines is essential. 

 

1.1.1 Sauvignon blanc 

Sauvignon blanc is believed to have originated from France, either in the Bordeaux or 

Loire region, with lineage connected to Savagnin blanc (Traminer) and Chenin blanc. 

The first planting of Sauvignon blanc in New Zealand consisted of 250 vines at a 

Waimauku vineyard in Auckland. From these vines, the first ever commercial New 

Zealand Sauvignon blanc was crafted by brothers Ross and Bill Spence under an 

original label, Matua valley. In 1970, a new imported clone from the University of 

California Davis called ‘UCD1’, or ‘MS’ (mass selection) was propagated by Corbans 

winery in Auckland. This vine now accounts for more than 95% of all Sauvignon blanc 

vines planted in New Zealand vineyards [3]. Not long after, this variety found its way 

to what is now thought to be the New Zealand home of Sauvignon blanc, Marlborough. 

To date, numerous wineries have found success with the variety and it has for some 

time dominated the New Zealand wine industry in planting numbers, harvest tonnage 

and export value as seen in Figure 2 [1].   
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Figure 2: Approximate percentage of New Zealand wine exports by variety 

 

Crown jewel New Zealand Sauvignon blanc is often described as displaying a bright, 

vibrant palate of passionfruit and gooseberry aromas complimented with delicate 

grassy, green pepper notes and a refreshing, zesty aftertaste. At the same time, the 

market also produces Sauvignon blanc wines which have undergone lees ageing, oak 

influences, blending, and various other winemaking techniques to offer a range of 

styles. Customarily, premium Sauvignon blanc wines are thought to mainly consist of 

free run juice which is produced early on in the pressing cycle. The residual juice, also 

named press fraction juice, is considered to be lower in quality and lacking in the 

varietal characters which are iconic of New Zealand Sauvignon blanc wines. This 

press fraction juice has become a focal point during this thesis project as it was 

conceived that due to the mass of Sauvignon blanc harvested, a large volume of this 

juice may be accumulated by wineries. The enormous success of Sauvignon blanc in 

this industry has prompted an array of research publications specifically drawing 

attention to Marlborough produced wines, however, literature regarding the aroma 

profile of wine made from press fraction juice is limited.  
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1.2 Fining Agents 

Fining is the practice of applying suitable materials to help assist with the removal of 

suspended solids in juice and wine. Industry-wise, fining is used for clarifying, 

stabilising, and correcting palate as well as colour throughout all stages of winemaking 

[4]. Many fining agents are now available for use (Figure 3) and can be derived from 

animal and plant proteins as well as synthetic and inorganic substances [5]. These 

fining agents operate by either adsorbing or binding to particulate matter, after which 

this matter can be filtered or settled out. The amount or rate of fining agent to be used 

is commonly determined by small scale trials performed by the winery using the in-

house laboratory. These trials are immensely important as they can avoid over-fining 

which causes an imbalance in the chemical or physical properties of the product [6].  

 

 

Figure 3: A photo of four fining agents used during this project 

Activated  
Carbon 

PVPP 

Gelatin 

Bentonite, 
PVPP &  
Isinglass 
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The fining aspect of this thesis project was envisioned together with industry 

winemakers who wished to explore the ability of fining agents to alter the perception 

of certain aroma compounds. Another interest of theirs was to compare the finings 

trialled on differing juice allotments, paying special attention to press fraction juices. 

Therefore, during this study the effect of several fining agents on the chemical and 

sensory properties of Sauvignon blanc wines was explored. The agents under 

consideration were activated carbon, polyvinylpolypyrrolidone (PVPP), gelatin, gelatin 

with silicon dioxide, and one consisting of a mixture of PVPP, bentonite, and isinglass. 

These products were selected as they are commercially available and commonly 

employed in the New Zealand wine industry. The following is a general review of the 

aforementioned fining agents, with particular thought to their consequence on aroma 

compounds.  

 

1.2.1  Activated carbon (charcoal) 

The fining agent known as activated carbon or activated charcoal consists of purified 

charcoal, which has been chemically or physically treated to induce formation of 

microscopic fissures. These micro-fissures give activated carbons large surface areas, 

generally between 500 and 1500 m2/g; greatly improving their adsorptive activity. 

Typical dosages of activated carbon range from 250 g/hL to 5,000 g/hL in juice and 

wine [6] and depending on the level used significant losses of aroma and colour may 

occur [6, 7]. Activated carbon is widely used for the removal of undesirable aromas 

produced by mercaptans, however, its use can impart atypical aromas in wine [6]. 

Oxidation is another problem encountered when using activated carbon as the large 

number of micro-fissures means it contains a significant amount of air. This can be 

reduced by either quickly and thoroughly removing the activated carbon after use or 
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by a simultaneous addition of ascorbic acid to help subdue the oxidative property of 

this product. This later point is why juice fining with activated carbon is thought to be 

less severe than the treatment of wine [5, 6, 8]. Compounds of low polarity are more 

susceptible to the adsorptive properties of activated carbon such as molecules 

containing benzene groups [5, 7]. Flavonoid monomers and dimers are generally 

targeted by decolourising carbons as larger polymers cannot penetrate the micro-

fissures as effectively [5, 6]. Activated carbon is thus found to be widely applicable to 

the wine industry for its corrective properties as is reported in the following. 

 

The use of pesticides on grape crops is a widely accepted practice, however, there 

are multiple concerns about residues remaining on the fruit that are then detected in 

the resulting wines. The removal of six pesticides from white wine was compared 

between various fining agents. From these, it was found that activated carbon was the 

most effective agent studied, removing all tested pesticides wholly, except imazalil. 

This result was seen for all levels of activated carbon used which ranged from 12 g/hL 

through to 60 g/hL [9]. Activated carbon is also used to facilitate the removal of 

Mycotoxin Ochratoxin A (OTA) which is a highly toxic naturally occurring compound 

associated with the presence of Aspergillus ochraceus, Aspergillus carbinarius, and 

Penicillium verrucosum in grape crops. Studies have shown that the use of activated 

carbon can lower the concentration of OTA below the limit set by the European Union 

of 2 μg/kg in wine [10]. In a more recent publication, the presence of activated carbon 

(2 or 5 g/hL) during fermentation of fungicide spiked white juices resulted in a reduced 

amount of the fungicides in the finished wines. Significant increases in hexanoic acid, 

ethyl octanoate, and ethyl decanoate levels for the wines fermented with activated 

carbon was observed, but the overall aroma profiles were largely unchanged when 
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compared to a control [11]. Smoke taint can also adversely affect grape crops and 

lead to wines with undesirable smoky attributes. A study carried out by the University 

of Adelaide showed that wine treated with activated carbon can decrease volatile 

smoke derived compounds which mask the fruitiness of wines. Hence, this study 

concluded that activated carbon could be suitable for the refinement of smoke tainted 

wine [12]. 

 

Reduction of catechin in sherry wine was observed when activated carbon fining was 

followed by fining with potassium caseinate and bentonite. This study also showed 

that hydroxycinnamic acids and grape reaction product (GRP) decreased the greatest 

when the fino sherry wine was fined using activated carbon followed by either casein 

and bentonite or gelatine and bentonite. Although chemical differences were 

observed, no significant differences between the sensory profiles of the wine before 

and after treatment were seen [7]. Earthy profiles of white wines have been linked to 

the concentration of geosmin which has a perception threshold of 60 to 65 ng/L in 

white wine. At a rate of 20 g/hL fining white wine with activated carbon has been shown 

to reduce the concentration of geosmin by 23% [13]. Similar results were observed for 

a red wine study which noted 40 and 65% decreases in geosmin content after fining 

with 25 and 50 g/hL of activated carbon, respectively. The higher rate investigated 

also significantly reduced the amount of 1-octen-3-one in the wine, an aroma 

compound with a mushroom-like odour [14]. Another study considering the removal of 

geosmin found that the amount of compound removed by activated carbon depends 

on the dosage and brand chosen. This study went on to highlight the importance of 

lab scale fining trials and suggested sensory evaluation before a winemaker commits 

to a particular treatment [15]. 
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Activated carbon is also being considered as an aid for increasing consumer 

acceptance of Moru wines in Korea. One study investigating the effect of activated 

carbon on commercial Moru wine found that the acidity of wine dropped upon 

treatment. This was an important finding as Moru wine is often thought to be 

undesirably high in organic acids. An accompanying hedonic sensory evaluation 

however, found that even after treatment with activated carbon the Moru wine was 

less preferred by the panel when compared to two non-Moru commercial red wines 

[16]. Gewürztraminer wines treated with activated carbon have also been considered, 

with these wines containing increased levels of higher alcohols compared to a control 

wine which had no fining applied. Furthermore, activated carbon also showed 

significantly higher concentrations of ethyl acetate in the fined wine [17], suggesting 

that this fining agent may be poorly matched to this grape variety. In another scenario, 

success was seen for the remedial application of activated carbon for naturally 

contaminated ethyl guaiacol and ethyl phenol white wines. Here, the concentration of 

both compounds was reduced, along with their off-odour phenolic sensory 

implications. Although, when this level of activated carbon fining (20 g/hL) was 

administered to a red wine spiked with the offending compounds, no significant 

reductions in either the chemical or sensory analysis was observed [18]. 

 

Overall activated carbon has a wide range of uses in the wine industry; specifically 

targeting the removal of phenolic compounds, off-odours, and browning pigments in 

wine [6, 9, 12]. Because of the non-selective nature of this fining agent, it will be 

interesting to gauge if any positive outcomes are simply swamped by negative 

repercussions on pleasant aromas. At the current time there is limited information 
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available on activated carbon fining of Sauvignon blanc press fraction juices and their 

wines.   

 

1.2.2 Gelatin and silicon dioxide 

Gelatin is a soluble protein and effective fining agent derived from the prolonged 

boiling of animal tissue. Due to concerns regarding contamination of gelatin with 

bovine spongiform encephalopathy (BSE or mad cow disease) pig skins are now the 

primary source of gelatin in the United States. Gelatin mainly consists of glycine, 

proline, hydroxyproline, and glutamic acid [4]. This fining agent works by forming a 

delicate mesh of fibres that allow it to remove tannins and other negatively charged 

particulates in the grape juice or wine [6], with excessive fining leading to colour loss 

in red wines [4]. Hydrogen bonding can occur between the peptide bonds in the gelatin 

protein and hydroxyl groups (Figure 4), such as those found on phenolic compounds 

[19]. Oenological gelatins can be classified into three categories according to the 

molecular weight of their proteins, these being heat soluble gelatins, liquid gelatins, 

and cold soluble gelatins; heaviest to lightest, respectively [4]. The addition of gelatin 

to white wine has been known to cause gelatin derived haze and nowadays it is 

common to prescribe a simultaneous addition of flavourless tannin, aqueous silicon 

dioxide (Kieselsol), siliceous earth (Klebosol) or other protein based agent in order to 

avoid this occurrence [4, 6].  
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Figure 4: Example of hydrogen bonding between the polyphenol caffeic acid and a protein structure, 

adapted from Zoecklein et al. [19] 

 

As with other fining agents, the literature contains numerous experimental set ups 

describing the adoption of silicon dioxide and gelatin into the wine industry. Previously, 

the use of silicon dioxide with gelatin has been shown to dramatically reduce the 

presence of the pesticides penconazole and α-endosulfan which had been spiked into 

non-clarified white wine (vitis vinifera L. cv. Emir). Similar results were also seen for 

the trialled activated carbon treatment, which also showed proficient removal of the 

other pesticides present [9]. The removal of fungicidal residues in red wine has found 

the use of silicon dioxide to be the least effective for three out of the four fungicides 

considered. Here, the only time the silicon treatment resulted in a better removal of a 

fungicide than other fining agents trialled was for fludioxonil, however, the use of PVPP 

or blood albumin was still more effective [20]. As for silicon dioxide must fining, an 

increase in the floral aroma compound linalool, compared to a control, was recorded 
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for the Albariño grape variety. However, when trialled with Loureira, this fining process 

resulted in a decrease of linalool compared to its control, a tendency between the two 

varieties which was also observed for α-terpineol [21]. 

 

The combination of silicon dioxide and gelatin (1:1 ratio) with Chardonnay must has 

also seen a rise in linalool wine content compared to a control. Whereas, the aroma 

compounds β-damascenone, β-citronellol, and phenylethyl acetate decreased in the 

wines with this fining treatment. Interestingly, the two cinnamate esters quantified 

showed significant increases in concentration for the silicon dioxide and gelatin fining 

treatment, although this was also observed for the bentonite and enzyme treatments 

[22]. The harmonious use of these two fining agents is exemplified during a previous 

Cabernet Sauvignon wine study. Here, for two out of the three fining rates trialled on 

the wines, the use of gelatin in combination with silicon dioxide resulted in a higher 

antioxidant activity being retained than the use of gelatin fining alone. A similar finding 

was also observed for the total phenol concentrations of the fined wines [23].  

 

Gelatin fining at a rate of 15 g/hL in the red wine Tannat has shown to decrease 

proanthocyanidin concentrations [24]. The timing at which fining is carried out is also 

an important consideration for winemakers. As illustrated here, the addition of gelatin 

pre-fermentation can increase the colour intensity of white Muscadine wine, while an 

addition post-fermentation slightly lightens the wine colour. This same study found that 

pre-fermentation additions of gelatin at a rate of 60 g/hL resulted in significant 

differences between the control wine and fined wine according to the sensory 

outcomes of triangle testing. A parallel experiment conducted using red Muscadine 

wine did not significantly reduce the phenol concentration or alter the wines sensory 
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characteristics [25]. The effect of a gelatins molecular weight and how this influences 

its fining ability was previously investigated using red wines treated with 16,000 and 

190,000 Da gelatins. The results showed that the lower molecular weight gelatin 

precipitated tannins which were more polymerised than the higher molecular weight 

gelatin. Additionally, sensory evaluation of the wines revealed that non-treated control 

wines were considered more astringent that the gelatin fined counterparts. 

Interestingly, the lower weight gelatin produced a less astringent wine than the higher 

molecular weight gelatin for a base wine consisting of 25% Syrah and 75% Grenache. 

However, when tested on a wine made from 75% Syrah and 25% Grenache the panel 

was unable to detect differences between the wines fined with high or low molecular 

weight gelatins [26]. This outcome highlights the importance of a juice or wine matrix 

on the implications of utilizing this fining agent.  

 

Fining with gelatin in combination with bentonite can cause a decrease in many volatile 

compounds for Parellada must. This included terpenes, alcohols, acetates, and ethyl 

esters with no regards to whether the racking process was carried out by filtration or 

settling. This same combined fining, at the rate of 10 g/hL and 30 g/hL for gelatin and 

bentonite, respectively, also negatively influenced the abundance of proteins and 

basic amino acids in the juice fractions [27]. Vinhão wines that had undergone three 

different skin contact techniques (pump overs, rotation by rotator vat, and carbonic 

maceration) were fined with gelatin and then analysed over a 26-month period to 

assess their chemical and sensory profiles. Regardless of the winemaking protocol 

used, fining with gelatin at 20 g/hL decreased the anthocyanin and colour densities of 

the wines over the 26 months. The sensory evaluation identified decreases in foam, 

aroma, and flavour ratings for the wines fined with gelatin during this storage period. 
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A very slight increase in the average for the sensory attribute colour occurred for the 

rotary vat wine fined with gelatin, whereas the pump over and carbonic maceration 

wines average ratings decreased [28]. 

 

Due to its long history of use, there is a large range of literature regarding the fining 

abilities of gelatin. However, the majority of this material focuses on its interaction with 

non-aroma active compounds. As gelatin remains a popular choice for fining in the 

wine industry, it is important that research concerning this agent continues. Associated 

with this, the use of silicon dioxide and its ramifications on the aroma of press fraction 

wines when used prior to fermentation is particularly in short supply. 

 

1.2.3 Polyvinylpolypyrrolidone (PVPP) 

PVPP is a resinous, cross-linked polymer of polyvinylpyrrolidone (PVP) which 

functions like a protein when binding to tannins [4-6]. PVPP is a favoured choice for 

fining as it can be filtered out immediately or a few hours after introduction with the 

wine [9] and then can be regenerated by isolation and purification [6]. This fining agent 

is specifically useful when targeting the removal of bitterness or astringency in wines 

through the selective hydrogen bonding of flavanols and mono-dimeric phenolics [6, 

29]. Ideal for white winemaking, PVPP works well at low temperatures and can 

improve oxidised wines by removing brown by-products or even prevent them from 

forming in the first place. The legal limit for PVPP addition to wine is 6 g/hL in New 

Zealand and 10 g/hL in Australia [28] and generally when applied at a dosage rate 

between 20 to 30 g/hL no organoleptic changes are encountered [4]. Nonetheless, 

some sensory interactions generated mean that wines fined by PVPP seem more 

astringent due to the removal of bitter compounds [5]. The use of PVPP in wines has 
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been linked to the removal of resveratrol [6], with this fining agent also having the 

ability to adsorb some biogenic amines [27]. Production of PVPP from vinylpyrrolidone 

can be seen in Figure 5, this synthetic origin means that PVPP is an option for the 

manufacture of vegan wines. 

 

 

Figure 5: PVP and PVPP from vinylpyrrolidone, adapted from Ribereau-Gayon et al. [4] 

 

Other wines targeting specific markets may consider PVPP due to its lack of solubility 

in wine. What’s more, PVPP is filtered out after use, suggesting that this agent could 

be a suitable alternative for potassium caseinate which can cause allergic reactions in 

consumers. To address this, white wine blends consisting of 60% Trajadura and 40% 

Loureiro were fined using 25 g/hL PVPP and a commercial combination of pea protein 

and PVPP, also at 25 g/hL, to evaluate its capability to replace potassium caseinate. 

Results showed that the use of PVPP significantly decreased the total phenols and 

flavonoids in the wine blend when compared to an unfined control, whereas the 
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combination fining of pea protein and PVPP agent did not. The accompanying sensory 

evaluation of the wines found no differences between the overall visual, aroma, and 

taste attributes assessed [30]. To answer the issue of timing, a study conducted in 

1995 using both pre- and post-fermentation additions of PVPP also resulted in reduced 

amounts of total and flavonoid phenols for white Muscadine wine. Whereas, reduced 

total and polymeric phenol contents were observed for red Muscadine wine. Along 

with this, the additions of PVPP at 50 or 100 g/L decreased browning in the white wine. 

Sensory results from triangle tests showed that the PVPP additions pre-fermentation 

had no effect on the sensory characteristics of the white wine, however, a post-

fermentation addition did. As for the red wine, a difference from the control at the 

higher dosage rate of 100 g/hL PVPP was recorded [25].  

 

The influence of PVPP and bentonite on the colour and stability of the red wine 

Monastrell was investigated over a 12-month storage period. The red must was treated 

with 5.4 g of PVPP or 15 g of bentonite per 100 g of grape before fermentation. These 

treated wines were generally found to be lower in procyanidins, flavan-3-ols, and 

hydroxycinnamic derivatives when compared to a control wine at bottling. The level of 

anthocyanins at the beginning of the storage period were higher in the wines that had 

undergone must clarification. The authors suggested that this could relate to the pre-

fermentation fining succeeding in eliminating solids which anthocyanins can be 

absorbed onto during vinification. After the 12-month storage period the wine produced 

by PVPP fining showed higher levels of anthocyanins as well as higher sensory scores 

than the bentonite treatment [31]. 

 



General Introduction 

17 
 

An assessment of protein stabilisation using Moscatel of Alexandria wine showed that 

the use of PVPP at 80 g/hL gave no guarantee against protein haze formation and 

was not significantly different from wines fined with casein (40 g/hL), isinglass (4 g/hL), 

chitin (100 g/hL), or the control which received no fining. Further laboratory scale trials 

were then executed to see if the contact time of PVPP with the wine made any 

difference to the formation of haze. The results suggested that compounds which may 

interact with wine proteins to form haze were not influenced by PVPP wine contact 

time. During this trial PVPP was the most efficient at removing phenolics from the wine, 

suggesting that those phenolics removed, although they can interact with wine 

proteins, are not the main cause of haze formation in white wine [32]. Sensory-wise, it 

has been established that the addition of PVPP to ethyl guaiacol and ethyl phenol 

naturally contaminated red wine at a rate of 80 g/hL, can lead to a significant reduction 

in phenolic and grass odours. Positively, the impression of red fruits was enhanced for 

the PVPP fined wine, whereas the other sensory descriptors, spicy and flowers, were 

similar to the still naturally contaminated control [18]. The addition of PVPP to 

Cabernet Sauvignon wine made from ripe rot affected bunches has proved 

advantageous for the removal of 1-octen-3-one, 1-octen-3-ol, and geosmin which can 

be responsible for fungus, muddy, and mushroom odours [14]. Overall, the use of the 

synthetic fining agent, PVPP, in the wine industry has been well accepted with many 

research opportunities explored. This thesis project ensues to help to build upon the 

knowledge surrounding this fining agent and how it can influence the aroma profiles 

of white wines with particular reference to Sauvignon blanc. 
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1.2.4 Bentonite, PVPP, and isinglass combined 

One of the fining agents considered in this study is a combination of the 

aforementioned PVPP with bentonite and isinglass. Bentonite is widely used in the 

wine industry to clarify juice and wine with much of the bentonite used in the United 

States coming from Wyoming. This volcanic material is a type of montmorillonite clay 

which is very successful in the removal of heat-unstable proteins and has been seen 

to limit the development of copper casse [5, 6]. Two forms of bentonite exist, the major 

being sodium from the United States and the minor being calcium from Germany or 

North Africa [4, 6]. In water, sodium bentonite swells quickly and separates into 1 nm 

thick sheets of aluminium silicate on which cation exchange, adsorption, and hydrogen 

bonding can occur [5]. Water molecules between bentonite platelets helps to prevent 

the product from flocculating and settling out of solution as depicted in Figure 6 [19]. 

Calcium bentonite on the other hand swells less readily and can clump providing less 

surface area for fining. Calcium bentonite however, does produce heavier sediment 

which can make it easier to use [5], also it will not release sodium ions into the juice 

or wine [6]. 
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Figure 6: Hydration of bentonite shows charged platelets separated by water, adapted from Zoecklein 

et al. [19] 

 

Bentonite works by attracting positively charged proteins with its net negative charge 

which are then neutralised by cation exchange with the clay [6], as well as some 

binding of negatively charged proteins possible, due to the platelet edges of bentonite 

exhibiting a positive charge [5, 19]. This adsorption to the clay causes flocculation and 

settling out of the clay-protein complex which can also be used to help settle out 

excessive amounts of proteinaceous agents. Drawbacks of bentonite use include 

partial decolourisation, particularly of red wines, voluminous sediments, and removal 

of vital nutrients such as amino acids. In comparison to other fining agents the effect 

of bentonite on the sensory properties of wines is thought to be minimal [6]. 
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Isinglass is the other agent in the combined fining product. This positively charged 

agent is derived from the proteins of the air bladders of fish, in particular sturgeons 

and has been used as a fining agent since the 18th century [4-6]. The air bladders are 

prepared by drying, cleaning, bleaching, and sterilising the collagen-rich tissue before 

it is ground into the soluble product [33]. Due to availability issues of sturgeons, fish 

cannery waste is also presently obtained to manufacture a ready to use jelly form of 

the fining agent for oenological use [4]. A fibrous form of isinglass is also available, 

however, one must be careful to avoid solution in water above 15 °C as this can cause 

a reduction in molecular weight, lessening the effectiveness of the agent and delivering 

fining results similar to that of gelatin [34]. Isinglass is a popular choice for white still 

and sparkling wines as it is less prone to over-fining while still successful in cleaning 

up the wines aroma, clarity, and finish [5, 6]. One particular property of isinglass is its 

ability to unmask the fruity characters of white wines with minimal alteration of their 

tannin levels [34]. Like bentonite, isinglass can produce voluminous sediment due to 

the formation of low density flakes that tend to plug filters and make racking a more 

laborious task [4, 6]. 

 

One study carried out using bentonite (100 g/hL) and isinglass (6 g/hL) to fine 

Gewürztraminer and Chardonnay found that both products were effective in achieving 

wine clarity. It was also found that bentonite reduced protein content in both of the 

wine varieties. A trained sensory panel established that the Chardonnay wine fined 

with isinglass differed in a floral/honey character when compared to the control wine 

which received no fining. Linalool concentration in the Gewürztraminer was 

significantly reduced by bentonite fining, however this difference was not severe 

enough for the panel to indicate significant differences between the fining agents used 
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[17]. An earlier study published in 2004 found that bentonite clarification at a rate of 

80 g/hL on Falanghina grape must did not significantly influence the concentrations of 

linalool, α-terpineol, nerol, and others. Here, it should be noted that the addition of 

bentonite was applied after the must had already been treated with pectic enzyme to 

enhance spontaneous settling [35]. The differences in outcomes regarding linalool for 

the two previously mentioned studies may be due to the use of different grape 

varieties, different fining rates, or different winemaking protocols employed. 

 

Another study investigating the effect of bentonite fining on monoterpenol compounds 

was conducted using Chambave Muscat must and wine. Fining the must with 

bentonite (100 g/hL) did not significantly alter the presence of free monoterpenols 

investigated, however, glycosidically bound monoterpenes did decrease to some 

extent. What is more, must treatment with bentonite allowed for the greatest removal 

of proteins during this experiment. Treatments where both the must and wine were 

fined with bentonite removed free monoterpenols to a lesser extent compared with 

bentonite fining of the wine only, seen for both vintages trialled. This study concluded 

by stressing the importance of practical applications and parameters when using 

bentonite as it seems that the point at which fining is applied can alter its effectiveness 

[36]. 

 

During the production of certified brand of origin wines from Spain, bentonite is a very 

common fining agent which may influence foam characteristics of sparkling wines. The 

significance of straight bentonite additions verses bentonite combined with potassium 

caseinate and microcrystalline cellulose was investigated using Parellada and 

Macabeo musts. Wines treated with the caseinate mixture gave lower total polyphenol 
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concentrations and a higher foam stability time. However, these wines experienced 

less height stability of foam and less foamability as well as lower concentrations of 

some volatile compounds such as ethyl esters, acetates, and terpenyl compounds. It 

was then mentioned that this may have been due to the mixture delivering an 

increased level of bentonite to the must; about 2.25 times more than the addition of 

bentonite alone. Overall the difference in fining agent did not result in any sensory 

perceived differences between the qualities of the finished wines [37]. Bentonite may 

also remove volatile aroma compounds associated with wine made from ripe rot. In 

particular, the concentration of 1-octen-3-one was reduced by 54% with a bentonite 

fining rate of 200 g/hL. Although a positive contribution to wine aroma, the use of PVPP 

proved more effected by removing 93% of 1-octen-3-one as well as other negative 

ripe rot associated aromas [14].  

 

As for isinglass employed alone, the fining of young white wine with two types of this 

agent found that results differed depending on the isinglass’s molecular weights. For 

example, the isinglass derived from fish swim bladders (molecular weight mostly 

above 94.0 kDa) decreased the monomeric flavonols by up to 28% compared to the 

control wine, while the isinglass with a molecular weight below 20.1 kDa (derived from 

collagen hydrolysis of fish skin) showed no significant difference. On the other hand, 

this lower weight isinglass did decrease the amount of oligomeric flavanols and it was 

the swim bladder isinglass which showed no significant difference when compared to 

the unfined control wine. As for the polymeric flavanols, none of the isinglass products 

tested were successful in altering the concentrations compared to the control. 

Furthermore, (-)-epicatechin was only removed significantly by the swim bladder 

isinglass which also showed a significant decrease for the white wine colour and 
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browning potential parameters tested [38]. Another study carried out in New Zealand 

researched the potential of a new isinglass fining agent product and its influence on 

Pinot noir wine. During this experiment the product was added to 200 mL aliquots of 

wine in increasing concentrations ranging from 0 to 20 g/hL. At the same time other 

fining agents such as gelatin, PVPP, casein, egg albumin, as well as other 

commercially available isinglass products were also trialled for comparative reasons. 

Overall, the new product was praised for its ‘gentle’ effect on wine colour and ability to 

remove polyphenols without impacting largely on the wines antioxidant capacity even 

at the higher end of concentrations used. Even though this study indicated that fining 

with the new product can lead to softer mouthfeel and an improved tannin structure 

the authors did well to acknowledge that the sensory impacts of this agent are yet to 

be confirmed [39]. A vast number of fining agents available with each boasting its own 

benefits leads to a general practice of combination fining, either simultaneously or 

consecutively to achieve multiple fining goals. Therefore, this thesis project identified 

the importance to trial at least one product which was a combination of multiple fining 

agents.  

 

1.2.5 Fining summary 

Fining is a very routine practice in the wine industry with many agents now available 

derived from a wide range of sources [4, 6]. The potential for the removal of desirable 

aromas and tastes exists by fining agents which may be initially employed to remedy 

non-aromatic parameters of wines and juices. Although information is available 

concerning the effect of various fining agents on the sensory profiles of wines, it is 

somewhat lacking for that of the cultivar Sauvignon blanc. The interaction between 

pressing fractions and fining agents is less extensively researched which is 
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disappointing since these heavier pressed juices are often those in greater need of 

palate and aroma corrections. Therefore, this research into the effect of fining agents 

on the chemical and sensory profiles of Sauvignon blanc press fractions will aid to fill 

a gap in the knowledge and ultimately serve winemakers with added confidence during 

fining trials and selections. 

 

1.3 Harvested Grape Transport Time 

Machine harvesting Sauvignon blanc is a popular technique used in the Marlborough 

grape growing region. The resulting grapes are often a soupy mix of bunches, single 

berries, juice, and to a lesser extent parts of the vine and canopy itself (Figure 7). 

Because of the amount of damage the grape berries experience during machine 

harvesting, while being transported to the winery the liberated juice is already in 

contact with grape skins, seeds, oxygen, as are the damaged berries. The amount of 

time from harvest until the grapes reach the processing winery can vary greatly with 

reasons for these fluctuations including the distance from the winery, road conditions, 

and transport equipment failure. 
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Figure 7: Machine harvested Sauvignon blanc being transferred from gondola to truck 

 

Unsupervised skin contact during transport of harvested fruit is seldom studied. Be 

that as it may, more general information regarding this winemaking technique may be 

applicable in this situation and is henceforth considered. Previously, it has been 

recognised that no skin contact winemaking results in higher levels of varietal thiols in 

comparison to three and six-hour periods trialled. Although this study did use 

Sauvignon blanc grapes, it should be noted that they were hand harvested and as a 

consequence received the skin contact treatment after crushing and destemming [40]. 

Skin contact of five or 22 hours for Treixadura must has led to an increase in the levels 

of hexan-1-ol, hexanoic acid, and decanoic acid compared to a control which was 

pressed immediately. Additionally, the levels of isoamyl acetate in these wines 

decreased with prolonged skin contact [41]. The thiol precursor Cys-3MH, S-3-(hexan-

1-ol)-L-cysteine, of free run juice increased in a laboratory scale trial when subjected 

to long skin contact times such as 16 or 32 hours. This same study also showed that 
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the pressure applied during juice extraction may influence the amount of this thiol 

precursor detected in the juice [42]. The oxidative and reductive treatment of grapes 

during a 24-hour skin contact period has also been investigated using Sauvignon blanc 

and Müller-Thurgau. Results showed a higher level in the thiol precursor Glut-3MH, S-

3-(hexan-1-ol)-L-glutathione, for the majority of wines which had experienced an 

oxidative environment during the skin contact period [43]. 

 

Free running juice brought about during machine harvesting is exposed to oxygen from 

the environment and this can cause serval changes to the juices profile. In a 2010 

publication, Sauvignon blanc oxygen spiked juice was examined for its thiol precursor 

content; no change in the content of Cys-3MH was observed and this was thought to 

be due to the stability of the thioether bond under the test conditions. In spite of this, 

the Glut-3MH precursor did respond with an increase in concentration once an oxygen 

volume of 1,500 µL had been introduced to the juice [44]. The level of free varietal 

thiols has likewise been considered for oxidised Sauvignon blanc juice. Here, juice 

subjected to excess oxygen coupled with inadequate sulfur dioxide protection, was 

reported to produce wines with lower levels of these thiols [45]. 

 

The direct influence of an 800 km transportation in 12 hours of machine harvested 

Sauvignon blanc has previously suggested that the thiol precursor concentration of 

Cys-3MH was dramatically increased in those samples after transport compared to 

their initial values. Some differences for Glut-3MH were also observed, in particular 

for the S-enantiomer of several juices [46]. Another study from the same research 

institute found that after eight hours of storage of machine harvested Sauvignon blanc 

grapes at 10 °C significant increases in Cys-3MH and Glut-3MH were observed [47]. 
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Studies such as these will be particularly interesting to Marlborough Sauvignon blanc 

winemakers, yet the impact of these results would have been greatly enhanced if free 

thiol concentrations for the corresponding wines had been available. The perception 

of wine quality can also be influenced by grape holding time. For instance, higher 

Sauvignon blanc sensory panel scores were obtained for those wines which 

experienced four compared to eight hours of simulated gondola transportation after 

harvest [48].  

 

During this thesis project, machine harvested grape transport duration was further 

investigated. This was done by not only reviewing the behaviours of the two thiol 

precursors Cys-3MH and Glut-3MH but by also quantifying the levels of free thiols in 

the resulting wines.   

 

1.4 Ultra-Violet (UV) Light Exposure 

While natural sunshine, which encompasses ultra-violet (UV) light, is crucial for the 

development of a grape vine and its crop, the significance of UV light to harvested 

grapes has received little attention. As mentioned previously, the use of machine 

harvesting leads to damaged grape berries which may then expose several berry 

components to enhanced levels of UV light irradiation. This may become a particular 

problem for New Zealand winemakers as recent inspection of UV data has 

demonstrated the immense distinction between New Zealand and other areas of the 

world. For example, it has been established that New Zealand (Lauder, Central Otago) 

experienced 41% higher peak UV values than that of similar latitude and altitude sites 

in North America between 2002 and 2004. Assisting this, it was also identified that 

during summer in particular the total column ozone is significantly lower in Lauder than 
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Lake Du Bay in Wisconsin USA [49]. Directly, accumulation of man-made chemicals 

in the atmosphere can and has triggered ozone depletion, with New Zealand data 

pairing the decline of ozone to a hike in peak UV intensities recorded [47]. UV light, 

namely UV-A, UV-B, and UV-C have varying wavelength ranges, and ozone 

adsorption properties (Table 1), therefore potentially proposing various consequences 

for wines made from machine harvested grapes.  

 

Table 1: UV light sources and their properties 

 Wavelength (nm)  Effect of Ozone [50]  

UV-A 315 - 400 Unaffected 

UV-B 280 - 315 Partial adsorption 

UV-C 100 - 280 Complete adsorption 

 

To date, studies have explored the influence of UV light on grape vines, berries, juices 

and wines, however, the majority of this research has been concerned with UV light 

irradiation prior to harvest. For instance, vineyard studies have shown that a reduction 

in the amount of UV-A and B light to Riesling berries can result in an increase in yellow-

blue hues and a reduction of red-green hues. An accompanying sensory analysis 

showed that wines made from berries which experienced the environmentally 

available UV light were lower in such sensory attributes as exotic fruits, flowery, 

grassy, and peach compared to those which were protected from the UV-A and B 

radiation [51]. Another vineyard study also concerning Riesling grapes showed that 

ambient UV-B exposed grapes had lower total amino acid must concentrations than 

those which had been protected with UV-B absorbing polyester film while still on the 

vine [52]. 
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Previously, the influence of UV light on grape bunches and how this may alter the 

presence of wine aroma compounds has been reported in the literature for several 

grape varieties. For instance, the levels of nerol and geraniol in Pinot noir wines were 

lower in those produced from bunches that had been covered with a UV light excluding 

polycarbonate sheet approximately two months prior to harvest. Other aroma 

compounds considered such as linalool, β-damascenone, and β-ionone were not 

affected by the UV light treatment trialled [53]. The exclusion of UV light after leaf 

removal for a Sauvignon blanc canopy revealed a drop in the wine levels of linalool, 

decanoic acid, and hexan-1-ol compared to leaf removal alone. Furthermore, sensory 

profiling suggested the association of bitterness with the limited UV light exposed 

wines, while the leaf removal only wines were found to be more floral in character [54]. 

In another recent publication, leaf removal of Sauvignon blanc canopies resulted in a 

reduction of methoxypyrazine berry levels, although no further reduction was observed 

for the fruit zones which were also treated with UV-B light excluding screens [55]. 

  

Fewer publications deal with the presence or irradiance of grapes with UV light post-

harvest, some of which are outlined in the following. Previously, it has been described 

that hand harvested grape bunches exposed to UV-C light at 253.7 nm for 15 minutes 

has resulted in an upwards surge of Cys-3MH and Glut-3MH. Furthermore, from this 

study it was also demonstrated that 24 hours of incubation allowed the level of 

glutathione S-transferase (GST) and γ-glutamyl transferase (GGT) in the berries to 

significantly increase, compared to the control. After 48 hours of incubation the GST 

levels had dropped to that similar of the control berries, whilst the GGT enzyme levels 

were still significantly higher than in the non-irradiated control berries. This information 

taken with an increase in the Cys-3MH and Glut-3MH for the UV treated berries, 
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suggested to the authors that GGT along with certain genes may play a key role for 

the synthesis of these thiol precursors [56]. 

 

UV-C light has also been utilised in the post-harvest treatment of conventional 

vineyard Concord grapes, resulting in an increase of total phenolic compounds and 

total anthocyanins. Organically sourced grapes showed no changes in these berry 

parameters, however the trans-resveratrol levels of these grapes were positively 

altered with the UV treatment [57]. Similarly, grape varieties more commonly eaten 

rather than used for winemaking have also been explored with regard to UV light 

treatment. Here, the UV-Vis (ultra violet to visible spectrum) irradiation of juices from 

table grapes showed a decrease in polyphenol oxidase, an enzyme involved in grape 

juice browning, over increased exposure time to a light source in the region of 250 to 

750 nm [58]. This inquiry into UV light and its application on grapes post-harvest has 

revealed limited information, which is notably lacking when concerned with wine aroma 

compounds. For most grape growers and winemakers the presence of UV light during 

grape harvest is unavoidable. Combining this with New Zealand’s intense UV indexes 

this topic of UV light exposure to grapes post-harvest demands careful attention and 

further investigation, of which has been started during this thesis project. 

 

1.5 Grape Transport Temperature 

The time of day which the grapes are harvested, as well as the distinct weather 

conditions can influence the temperature of grapes during transit to the winery. 

Demonstrating this is Figure 8, which shows the winery arrival temperature of machine 

harvested grapes from a single vineyard located in the Marlborough region. 
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Figure 8: Temperatures of Marlborough machine harvested grapes and daytime temperatures (2015) 

 

The 17 points for the grape temperature data for this chart were graciously provided 

by Delegat Limited, while the daytime temperature information was from the 

MetService website (metservice.com) for the Blenheim region. Observed here is how 

the temperature of the harvested fruit closely mimics the change in atmospheric 

temperature during the day of harvest.  

 

There is limited information available on the temperature of grapes which have been 

harvested and are in transit to their respective wineries. However, there is a wide 

variety of publications concerning skin contact processes carried out at particular 

temperatures. This information can be applied to this investigation as the condition of 

machine harvested grapes is somewhat similar to crushed fruit and musts. For 

instance, the machine harvesting of Concord grapes at an ambient air temperature of 

34 °C resulted in a narrow temperature reduction over a holding period of 72 hours. 

This ensued the start of fermentation, to which alcohol production reached 3% by the 
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end of the 72 hours; a parameter which was partly stifled with higher additions of sulfur 

dioxide post-harvest [59]. Other data, obtained from different varietals, found 

increases in wine pH, potassium, proline, and total phenol contents relating to an 

increase in holding temperature of crushed grapes over a 12-hour period [60]. 

 

The time of harvest has been acknowledged to influence fruit temperature, with a 

morning to an early afternoon harvest time raising the temperature of the fruit from 

12.8 to 20.6 °C in one particular study. Also seen here was an increase in juice 

phenolic concentration according to an increase in fruit temperature, measured after 

12 hours of skin contact followed by pressing [61]. Aroma constituents of grape 

varieties have also been documented with regard to diverse skin contact 

temperatures. This includes benzyl alcohol and 2-phenyl ethanol levels which were 

reported to be higher in Chardonnay wines that underwent skin contact (20 to 25 

hours) at the temperature of 27 °C, compared to 9 °C. The hexan-1-ol levels of the 

wines showed the opposite effect, exhibiting higher concentrations at the lower skin 

contact temperature, as did trans-2-hexen-1-ol [62]. For the white grape variety 

Žilavka, must levels of linalool, α-terpineol, nerol, and geraniol increased during a 20-

hour maceration period as the temperature rose from 6 through to 12 and 20 °C, 

however not all of the changes were statistically significant [63]. 

 

The use of thermovinification, where musts were held at 70 °C for two hours, produced 

wines with decreased hexan-1-ol and ethyl cinnamate levels, regardless of cultivar 

trialled or presence of grape pomace [64]. Arguably the temperature employed for this 

study is relatively high compared to that expected to be experienced by machine 

harvested grapes. The studies described here, give an indication towards the 
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implication of temperature on basic grape and wine parameters as well as volatile 

aroma compounds. Nonetheless, there is a clear need for a more tailored study into 

the ramifications of varying grape temperatures post-harvest. Amid this thesis, a small 

scale pilot study regarding machine harvested grape temperature was carried out. The 

results of which especially relate to Marlborough Sauvignon blanc as they encompass 

the response of free varietal thiols and their precursors. 

 

1.6 Aroma Compounds 

Wine is an enticing and exciting sensory adventure, of which aroma compounds play 

a critical, if not the most critical role. To date, vast arrays of chemical compounds which 

evoke numerous sensory responses have been identified. The nuances of these 

aroma compounds may be deemed desirable, imperative or detrimental to a certain 

grape variety. These compounds may be born in the grape berry or arise from 

fermentation, oak use, ageing, or other winemaking practices. The following highlights 

certain aroma families and some of their constituents which can be found in Sauvignon 

blanc wines. 

 

1.6.1 Methoxypyrazines 

3-Alkyl-2-methoxypyrazines are cyclic nitrogen-containing compounds, some of which 

have been identified as natural flavour components of numerous fruits and vegetables 

[65]. The three most prominently reviewed methoxypyrazines in wine are 3-isobutyl-

2-methoyxpyrazine (IBMP), 3-isopropyl-2-methoxypyrazine (IPMP), and 2-sec-butyl-

2-methoxypyrazine (SBMP), of which the structures are shown in Figure 9. IBMP is 

known to be an important constituent of green bell peppers [66], as are IPMP and 
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SBMP for garden peas and beetroot, respectively [65]. To date, no absolute pathway 

for the production of methoxypyrazines in plants has been fully demonstrated. The 

most popular suggestions involve the roles of amino acids being converted to their 

corresponding amino amide [65] or undergoing condensation with glycine [67] as 

starting points for methoxypyrazine production. More recently, methyltransferase 

genes involved in the formation of these compounds have been explored, with results 

suggesting that some are important in the final step of methoxypyrazine synthesis [68].  

 

 

Figure 9: Structures of common methoxypyrazines in wine 
 
 

IBMP was first reported in Sauvignon blanc wine in 1982 [69], suggesting that the often 

herbaceous character of this cultivar was due to the presence of methoxypyrazines. 

This speculation was later confirmed by a research group pairing analytical techniques 

with sensory evaluation [70]. Since then, the importance of methoxypyrazines for New 

Zealand Sauvignon blanc has been highlighted in numerous studies. With wines from 

the several New Zealand regions shown to contain IBMP and IPMP concentrations 

well above their respective perception thresholds found in Table 2 [71, 72]. 

Furthermore, it has been shown that wine professionals associated the rise in 

concentration of IBMP and IPMP in New Zealand Sauvignon blanc wines with higher 
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ratings of green descriptors such as herbaceous and grassy, and lower ratings of fruity 

or ripe descriptors [73].  

 

Table 2: Methoxypyrazine olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (ng/L) 

IBMP Green bell pepper, herbaceous 2 a[66], 8 b[70], 15 c[74] 

IPMP Earthy, asparagus, green bean 2 b[70] 

SBMP Green peas  

a Water, b White wine, c Red wine. 

 

Methoxypyrazine concentrations in wine can be influenced by both viticulture and 

winemaking techniques. Briefly, clone selection and climate [75], leaf canopy 

manipulation including canopy microclimate [55, 76-78], multi-coloured Asian lady 

beetle numbers [79], irrigation and plantation density [80], as well as trellis system [81] 

may impact the presence of methoxypyrazines in berries or wine. Furthermore, skin 

contact [80, 81], pressing, and must clarification or the use of fining agents [82-84] 

employed during winemaking can alter the concentration of methoxypyrazines.  

 

1.6.2 Varietal thiols 

The success story of New Zealand Sauvignon blanc, particularly of Marlborough, is 

partly due to the pungent fruity aromas of the varietal thiols 3-mercaptohexanol (3MH) 

and 3-mercaptohexyl acetate (3MHA). Other sulfur-containing compounds also exist 

in juice and wine, but are not quite so charming as those mentioned before (Table 3). 

For example, hydrogen sulfide (H2S) and S-methylthioacetate may be present, but 

these produce rotten egg and cheesy or onion like aromas, respectively [6]. 3MH and 
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3MHA are not just influential on the aroma of Sauvignon blanc, but are also relevant 

to the aromas of several other grape varieties including Colombard, Riesling, 

Gewürztraminer, as well as botrytised Semillon [85]. 

 

Table 3: Varietal thiol olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (ng/L) 

3MH Grapefruit, passionfruit 60 a[86],17 b[85] 

3MHA Boxtree, passionfruit 4 a[86], 2.3 b[85] 

a Ethanol solution, b Water. 

 

The formation of 3MH and 3MHA is not yet fully understood, and several pathways for 

production have been hypothesised. Firstly, the role of non-odorous thiol precursors 

into free varietal thiols has been proposed. For example, Cys-3MH synthesised in a 

lab has led to an increase in 3MH during alcoholic fermentation in a model medium. 

For grapes, this was the first identification of S-cysteine conjugates being recognised 

as a flavour precursor, capable of releasing varietal thiols during fermentation [86]. 

This lead to further research, where it was later determined that Cys-3MH could be 

produced by the catabolism of Glut-3MH which was found to be present in Sauvignon 

blanc must [87]. However, a later study revealed that only about 3 to 7% of all 3MH 

produced via fermentation came from Cys-3MH, and therefore concluding that this is 

not the main precursor of this thiol. This work was done by tracking deuterium labelled 

Cys-3MH, a similar trial was wanted for Glut-3MH but there was no labelled compound 

available. To bypass this, the main glutathione transporter of Saccharomyces 

cerevisiae was deleted to measure the consequence on 3MH production. The results 

showed a decrease in 3MH production, with the authors suggesting that this may be 
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due to either the precursor having a glutathionyl-like structure or that 3MH release 

could be activated by glutathione [88]. Since then, the 3MH and 3MHA contents of 

multiple Sauvignon blanc wines have revealed no strong correlation with Cys-3MH 

and Glut-3MH precursors [89]. Hence, suggesting that another pathway may be 

responsible for the majority of their production during fermentation.  

 

An alternative pathway for the production of 3MH is documented in Figure 10. This 

pathway considered the direct addition of sulfur to an unsaturated carbonyl compound 

such as trans-2-hexenal. This C6 compound is present in grape must due to the 

oxidative degradation of lipids, whereas H2S and cysteine were proposed as the 

source for the sulfur addition [90].  

 

 

Figure 10: Hypothesised pathway for 3MH formation from trans-2-hexenal, adapted from Schneider 
et al. [90] 
 

A review into wine thiols has revealed that the sulfur donor for this pathway has yet to 

be identified with considerations now given for the involvement of glutathione or other 

free thiol functioning molecules which may be available also [91]. More recent 

research has examined the role of elemental sulfur as a key factor to the production 

of 3MH in New Zealand Sauvignon blanc wines. It was demonstrated that the addition 

of elemental sulfur to Sauvignon blanc juices made directly after pressing or after juice 

clarification can result in an increase in the sum of 3MH and 3MHA present in the 

wines. A pathway highlighting the reduction of elemental sulfur, as the primary sulfur 
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donor, to form hydrogen sulfide and ultimately 3MH was then hypothesised, however 

more research to further clarify the role of elemental sulfur is required [92]. 

 

Typically, 3MH is found in higher quantities in Sauvignon blanc wines than 3MHA. For 

instance, Marlborough wines can contain between 1,230 and 9,250 ng/L of 3MH, with 

between 214 and 1,350 ng/L of 3MHA [71, 72, 93]. Storage of wine at a constant and 

cool temperature of 5 °C will help to preserve thiol levels over one year [94], whereas 

controlled oxidation will lead to decreased levels and eventually result in wines which 

exhibit stronger sherry, potato bag, and green apple aromas [95]. Sauvignon blanc 

3MHA levels can significantly decrease over a storage period as short as three 

months, with seven months of storage leading to further declines in concentration. 

Interestingly enough, the levels of 3MH were much more stable during this ageing trial 

and the authors thought this to be due to 3MHA hydrolysing into 3MH or release of 

further 3MH from precursors present in the wine [96].  

 

Because of the importance of thiols to the aroma of Sauvignon blanc wine, many 

viticulture and winemaking technologies have been investigated to understand if they 

may influence the levels found in wine. Harvest technique [97-99], juice extraction 

parameters [97, 98, 100], and implications from oxygen or antioxidant additions [43, 

45, 101-103] are popular research topics surrounding Sauvignon blanc that have 

shown to result in changes of varietal thiol levels. In general, this research shows 

benefits for the use of antioxidants and thus limiting oxygen exposure during pressing 

and winemaking in order to create juices with the best possible thiol potentials. 

Sensory-wise, the presence of 3MH and 3MHA will promote tropical and sweaty 

passionfruit notes in Sauvignon blanc [71], and omission from wine along with β-
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damascenone will alter the perception of these attributes [93]. Suppression of thiol 

related nuances may be experienced in wines which have medium to high levels of 

methionol, IBMP, or phenylacetaldehyde [104], whereas acetaldehyde can either 

suppress or elevate the fruitiness of a wine depending on the 3MH concentration [105]. 

 

1.6.3 Terpenes 

Terpene are naturally occurring alkenes that are particularly important constituents of 

the essential oils of plants [106, 107]. There is a vast array of terpene structures found 

in nature which can be classified based on the number of isoprene (2-methylbuta-1,3-

diene) units they contain. For example, one isoprene unit forms a hemiterpene; the 

joining of two isoprene units results in monoterpenes; three isoprene units in 

sesquiterpenes and so forth [106, 107]. The structure of isoprene and some common 

grape and wine terpenes can be seen in Figure 11. 

 

  

Figure 11: Structures of isoprene and various monoterpenes 
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Terpenes may be formed in plants by either or both of two pathways; namely the 

mevalonic-acid pathway or the non-mevalonic-acid/methyl-erythritol phosphate 

pathway [107]. Free and glycosidically bound terpenes can be located in the skins, 

pulp, and juice of grapes [108, 109], with their levels altering during the various stages 

of berry development [110]. Bound terpenes may undergo acid or enzymatic 

hydrolysis during winemaking, cleaving the sugar molecule and resulting in an odour 

active free volatile terpene [111]. The presence of terpenes are important for many 

aromatic wines including Gewürztraminer, Riesling, and Muscat varieties [112] due to 

their floral nuances (Table 4). As for Sauvignon blanc, this grape has been classed as 

a neutral variety [111], neither a monoterpene dependant or monoterpene deficient 

cultivar [113]. 

 

Table 4: Terpenes olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

Linalool Flowery, Muscat 6 b[114], 15 c[115], 25.2 a[23] 

cis/trans-Rose oxide Floral, green, herbal 0.2 c*[115], 50 c†[116]  

β-Citronellol Rose 100 ac[115, 117] 

a Synthetic wine, b Water, c Ethanol solution, * cis-rose oxide, † (+)-cis-rose oxide. 

 

Previously, the average concentration of linalool for New Zealand produced Sauvignon 

blanc wines has ranged between 5.8 and 17.0 μg/L, while average β-damascenone 

concentrations have been between 1.3 and 2.6 μg/L [71, 72, 93]. More abundant levels 

in Australian rosé wines have been reported, with maximum concentrations of linalool 

and β-citronellol measured to be 248 and 147 μg/L, respectively [118]. The 

concentration range from the analysis of wines made from 11 grape varieties for cis-

rose oxide was between 0.2 and 12 μg/L, with the highest detected level coming from 



General Introduction 

41 
 

a Gewürztraminer wine. The percentages of the enantiomers of cis-rose oxide 

contained within each wine were also quantified demonstrating that in most cases the 

wines predominately contained the ()-enantiomer [116]. Movement of the harvest date 

for Riesling grapes used in ice wine production can manipulate the levels of terpene 

compounds found in the resulting wines. For example, while advancing through the 

harvest dates, linalool levels in the wine constantly decreased; cis-rose oxide did not 

share such a coherent pattern although the highest levels were reported for the latest 

harvested wines [119]. Decreasing linalool levels were also seen in another study 

involving Gewürztraminer wines which were produced by late or ice harvested grapes. 

In the case of cis-rose oxide, this compound increased with prolonged harvest date, 

as did trans-rose oxide and β-citronellol [120].  

 

Wines made from grapes which received some instance of canopy leaf removal may 

exert higher levels of linalool [54, 121]. Pre-fermentative soaking of white Žilavka 

musts for 20 hours resulted in an increase of linalool must concentration with 

increasing must temperature (6 to 20 °C). β-Citronellol levels in the musts were also 

measured, however only the 20 °C maceration for the 2011 vintage reached a level (3 

μg/L) above that of the limit of quantification [63]. Moscatel is a Brazilian sparkling 

wine which exhibits the floral and sweet characters of many monoterpene compounds. 

During six distinct production stages of this wine, the normalised peak areas from gas 

chromatography analysis matched with time-of-flight and/or mass spectrometry 

described the decline of several monoterpenes. Interestingly, the presence of several 

acetate forms of these terpenes such as citronellyl acetate increased throughout 

fermentation and were detected highest in the final bottled wines [122]. 

 



General Introduction 

42 
 

The evolution of these acetate esters during fermentation has been previously 

explored, with the amount produced dependent on yeast strain and involving ATF1 

alcohol acetyltransferase [123]. Yeast diversity has also been documented as 

influencing the presence of various terpene compounds for a wide range of fruit wines. 

Examples include, increased trans-rose oxide for spontaneously fermented Cabernet 

Sauvignon [124]; differences in multiple terpene levels between the use of pure and 

mixed yeast cultures for Pedro Giménez wine production [125]; greater concentrations 

of linalool for certain mixed inoculations in cherry wine [126]; Saccharomyces 

cerevisiae strain variations in linalool and cis-rose oxide retention during lychee wine 

fermentation [127]; as well as changes in odour activity values for β-citronellol levels 

found in black raspberry wines fermented using various yeast strains [128].   

 

1.6.4 C13 norisoprenoids 

Megastigmane carbon skeletons (Figure 12), which arise from the oxidation of 

conjugated double bonds in carotenoids, are precursors for C13 norisoprenoids [6]. 

 

 

Figure 12: Basic megastigmane carbon skeleton and norisoprenoid structures 

 

The major carotenoids present in grapes are lutein and β-carotene; the latter of which 

is a carotenoid hydrocarbon [129]. Progressing through grape maturity the levels of 
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carotenoids decrease [129, 130], with no traces detected in the juices of mature 

berries [130]. During this time, oxidative cleavage of β-carotene can directly result in 

the formation of β-ionone, whereas β-damascenone is formed from neoxanthin 

followed by enzymatic reduction and acid-catalysed hydrolysis during wine production 

[131]. Generally, norisoprenoids mainly occur in glycosidically bound forms and are 

largely localised in the flesh of the grape berry [6], with bound β-damascenone and β-

ionone levels increasing with grape maturity [132]. During winemaking practices, such 

as ageing, these bound forms can undergo hydrolysis, and therefore have the potential 

to increase the fraction of free volatile compounds in wine [6, 133, 134]. 

Norisoprenoids can bring fruity and floral aromas to a wine, such as those described 

in Table 5.  

 

Table 5: C13 norisoprenoid derivatives olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

β-Ionone Balsamic, rose, berry, violet 0.09 a[135], 5 a[117] 

β-Damascenone Baked apple, fruity, flowery 0.05 ac[115, 136], 0.14 d[136] 

a Synthetic wine, b Water, c Ethanol solution, d Dearomatised white wine. 

 

For Marlborough Sauvignon blanc, previous levels of β-damascenone have been 

reported to occur around 3 µg/L [72]. The analysis of 26 dry style rosé wines from 

Australia have reported an average level for β-damascenone of 4.8 µg/L, with levels 

ranging from not detected to a phenomenal 29.7 µg/L [118]. Norisoprenoids are also 

thought to be important aroma characters for some port wines. One study involving 

over 50 port wines found β-damascenone levels ranging from 1.3 to 13.4 μg/L and β-

ionone from not detected to 1.4 μg/L. A general trend of the port wines analysed 

concluded that the presence of these two norisoprenoids decreased with increased 
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ageing [137]. Reconstitution tests using a deodorised 2007 Marlborough Sauvignon 

blanc wine found higher instances of the sensory attributes cats pee and sweet sweaty 

passionfruit when 3MH and β-damascenone were omitted together. Furthermore, the 

omission of 3MHA and β-damascenone resulted in reduced intensities of the two 

aforementioned attributes. However, when only β-damascenone was left from the 

wine matrix, the sensory implications were minimal compared to the fully reconstituted 

wine. This data set was therefore able to convey the complex character of β-

damascenone and how it may influence the perception of other aroma compounds 

[93]. This is not the only example of β-damascenone engaging with other aroma 

compounds. For instance, during triangle tests the addition of β-damascenone 

resulted in lower aroma thresholds of ethyl cinnamate and ethyl hexanoate. Contrary 

to this, the perception of IBMP was more difficult for the judges to detect when this 

norisoprenoid was present [136].  

 

Pinot noir vines which experienced harsher leaf removal whilst in the vineyard resulted 

in wines with significantly higher levels of β-damascenone. The levels of β-ionone 

however remained consisted within the leaf removal treatments, ranging from 0.32 to 

0.74 µg/L across two consecutive vintages [121]. The timing of harvest for Riesling ice 

wine production in Canada has an opposing influence on β-damascenone and β-

ionone concentrations. The former norisoprenoid decreased the further harvest was 

delayed, while β-ionone was more abundant for the later harvested wines [119]. The 

choice of yeast strain can also influence ice wine aroma profiles. For instance, allowing 

for spontaneous fermentation to take place resulted in the highest level of β-

damascenone present when compared to three commercially available yeast strains. 

The levels reported in this study for the Riesling ice wines where extraordinarily higher 



General Introduction 

45 
 

than the reported odour thresholds (Table 5), with the spontaneous fermentation over 

15,000 μg/L in the 2003 vintage and over 10,000 μg/L for the following vintage. Levels 

of β-ionone had a narrow range of 0.01 to 0.03 μg/L over all grape varieties, vintages, 

and yeast strains considered [138]. Numerous reported concentration levels for β-

damascenone and β-ionone were recently summarised across several grape varieties. 

From this, it is clear that the presence of these two norisoprenoids can vary greatly 

and their presence may be more important to the aroma of red wines [112]. 

 

1.6.5 C6 compounds 

The wine aroma precursors, α-linoleic and α-linolenic acid, are the major 

polyunsaturated fatty acids in grapes which are used in the synthesis of C6 

compounds. These highly odoriferous compounds are formed by enzymatic 

degradation involving lipoxygenase which occurs after disruption of the grape tissue 

[131], with hexanal and 2-hexenal being the most dominant forms present in grape 

must [129]. This grape enzyme works by selectively oxidising position 13 of 

polyunsaturated fatty acids to their respective 13-hydroperoxide forms which are then 

cleaved into C6 aldehydes by grape 13-hydroperoxide lyase [131, 139]. However, 

during fermentation these C6 aldehydes are almost entirely reduced to hexan-1-ol by 

yeasts, with some 3-hexenols also produced [129] via alcohol dehydrogenase [139]. 

The resulting C6 alcohols, aldehydes, and esters are often referred to as green leaf 

volatiles (GLV’s) due to their unmistakable odours, some of which are described in 

Table 6.  

 

 



General Introduction 

46 
 

Table 6: C6 alcohols olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

Hexan-1-ol Herbaceous, grass, wood 1300 a[117], 1100 b[140] 

cis-3-Hexenol Green, bitter 1000 a[117] 

a Ethanol solution (14%), b Ethanol solution (10%). 

 

Over two consecutive harvests (2009 - 2010) the levels of hexan-1-ol in Marlborough 

Sauvignon blanc were found to be over its respective threshold, averaging at 2,411 

and 2,372 µg/L, respectively. The average level of cis-3-hexenol across the two 

vintages was very consistent, although falling below the perception threshold 

mentioned in Table 6 [72]. Another study, incorporating New Zealand and overseas 

Sauvignon blancs, found Wairarapa and Marlborough produced wines had the highest 

average levels of hexan-1-ol and cis-3-hexenol, respectively [71]. Lower levels of 

these C6 compounds were detected in other New Zealand wines, such as Central 

Otago Pinot noirs. Here, hexan-1-ol concentrations was reported to reach an average 

of 1,272 µg/L, with cis-3-hexenol being present at considerably lower concentrations, 

not even reaching 50 µg/L [141]. Other white wine varietals such as Riesling and 

Gewürztraminer have also been described to contain lower levels of hexan-1-ol than 

those found in New Zealand Sauvignon blanc. Furthermore, the same study has 

reported Sauvignon blanc wine from North Western Spain to only contain on average 

390 µg/L of hexan-1-ol [142].  

 

The influence of freezing whole grapes prior to winemaking has shown to increase the 

amount of hexan-1-ol and cis-3-hexenol present in the resulting wines for three grape 

varieties from the Primorska region in Slovenia. An accompanying sensory analysis 
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described the rise in hexan-1-ol seen for two of these grape varieties to contribute to 

the appearance of positive fresh green characters in the wines [143]. The withering of 

grapes or passito process for creating Amarone wines has identified an increase in 

hexan-1-ol levels for two grape varieties as the drying process progressed. For 

instance, wines made from Corvina grapes had hexan-1-ol levels of 579 µg/L at the 

time of harvest, whereas those made from withered grapes to the point of 30% mass 

loss were approximately three times higher [144]. Ratios between the C6 compounds 

trans-3-hexenol, cis-3-hexenol, and hexan-1-ol may be able to help distinguish 

between monovarietal red and white wines from the Vinhos Verdes Appellation de 

Origin of Portugal. In particular, the white variety Loureiro was discriminated from 

certain other white varieties by its distinctively high ratio of trans-3-hexenol and cis-3-

hexenol. However, due to the extensive range of winemaking techniques that may be 

used during wine production, further studies into the robustness of these C6 compound 

ratios to distinguish different grape varieties is warranted [145].  

 

1.6.6 Esters 

Esters are prominent aroma compounds in wine with over 160 structures thus far 

identified, mostly carrying delightfully fruity nuances [6]. The basic structure of an ester 

compound can be seen in Figure 13, this process is named esterification and results 

in the loss of a water molecule [106].  

 

 

Figure 13: Basic esterification reaction, adapted from McMurray [106] 
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Due to the vast array of organic acids and hydroxyl group compounds present during 

winemaking, many aroma active products containing ester functional groups can arise 

(Table 7). For instance, acetate esters are formed due to the condensation of acetic 

acid and higher alcohols while ethyl esters are originated from ethanol and fatty or 

non-volatile organic acids esterification [6]. Negligible amounts of esters are present 

in grapes [6], with many formed either during fermentation via enzymatic processes or 

post-fermentation where non-enzymatic and acid-catalysed reactions can ensue 

[131]. As esterification is a reversible reaction, the hydrolysis of ester compounds 

during storage at wine pH is possible [146], with all components involved moving 

towards the equilibrium [131].  
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Table 7: Ester olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

Ethyl isobutyrate Fruity, strawberry 15 ac[115, 135]  

Ethyl butanoate Banana, pineapple, strawberry 600 ab[117, 147] 

Ethyl isovalerate Fruity, lemon, anise 3 a[135] 

Ethyl hexanoate Banana, green apple 100 a[117], 14 a[135], 
440 b[147], 5 c[115] 

Ethyl octanoate Banana, pineapple, pear, floral 600 a[117], 5 a[135], 
960 b[147], 2 c[115] 

Ethyl decanoate Fruity, apple, waxy 200 a[135] 

Ethyl dodecanoate Waxy, floral, soapy - 

Ethyl acetate Pineapple, varnish, balsamic 15000 a[117],7500 c[115] 

Isobutyl acetate Fruity, banana/apple 2100 b[147] 

Isoamyl acetate Banana, fruity, ripe 860 b[147] 

Hexyl acetate Fruity, green, apple 670 b[147] 

cis-3-Hexenyl acetate Green, fruity, apple, pear - 

β-Phenylethyl acetate Honey, floral, rose 250 c[115] 

Methyl octanoate Waxy, green, orange - 

Diethyl succinate Wine like 1,250,000 a[117] 

a Synthetic wine, b Dearomatised red wine, c Ethanol solution, - not found. 

 

Isoamyl acetate along with ethyl hexanoate, octanoate, and decanoate concentrations 

of Aglianico wine can all be significantly reduced by fining with activated carbon or 

PVPP. It was also noted from this study that a decrease in an ester seemed to be 

proportionate to its initial concentration. For example, isoamyl acetate was the most 

abundant of all esters quantified and experienced a modest decrease in concentration 

(~36%), while ethyl decanoate was the least abundant present and suffered the 
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heaviest reduction, up to an 86% decrease following carbon treatment [18]. The choice 

of yeast strain during production of red Bordeaux wines can significantly alter the ester 

components of the wines aroma profile. The experimental wines made from Cabernet 

Sauvignon grapes also showed some changes in sensory profiles due to yeast strain, 

such as fresh fruit and vegetal descriptors. Though the authors stated that solely 

relating the change in fruity notes to the presence of esters would be erroneous [148]. 

Descriptions of artificial strawberry, strawberry jam, and red berry fruit/raspberry jam 

from gas chromatography-olfactometry analysis have been related to wines with 

higher levels of ethyl butanoate, hexanoate, and octanoate. These esters along with 

others were found to be important for the production of red and black berry fruit aromas 

in several red wines, even though many were quantified below their respective 

perception thresholds [147]. These results suggest the additive and synergistic 

influences of ester compounds on wine matrixes.  

 

Previously, isoamyl acetate was indicated to be the most readily occurring quantified 

ester in Marlborough Sauvignon blanc research studies, with levels ranging from 2,500 

to 5,500 µg/L. Other esters such as ethyl hexanoate and octanoate occur under 2,000 

µg/L, with ethyl isobutyrate and isovalerate existing in Marlborough Sauvignon blanc 

below 100 µg/L [71, 72, 93]. The storage of this wine at a range of temperatures (5, 

10, 18 °C and variable ‘room temperature’) was seen to have a marked influence on 

the composition of esters present after one year. In general, the acetate esters and 

ethyl esters of fatty acids were found to be highest in the wines which had been stored 

at 5 °C, while the ethyl esters of branched acids were highest in the 18 °C stored 

wines. Complementary sensory analysis revealed that the wines profiles represented 

fresh vegetal, fruity, and tropical flavours when stored at 5 °C storage and woody, 
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flinty, and bourbon like profiles when stored in warmer conditions [94]. New Zealand 

Sauvignon blanc has been previously identified from other international producers 

based on several aroma classes including fermentative esters. Previous research has 

indicated a correlation between the presence of esters and positive sensory 

descriptors such as fruity, with many of the esters quantified at concentrations 

exceeding their relevant perception thresholds [71].  

 

1.6.7 Fatty acids 

Hexanoic, octanoic, and decanoic acids are three common types of medium chained, 

saturated fatty acids in wine. The sum of these three acids has been described to 

smooth wine odour when between 4 and 10 mg/L, and then become noticeably 

unpleasant when it exceed 20 mg/L [149]. These fatty acids are produced by yeast 

during fermentation. Two possible pathways exist for the formation of saturated fatty 

acids in wine; the first involving a fatty acid synthetase complex and the second β-

oxidation [150]. The first pathway involves the production of malonyl-CoA from acetyl-

CoA by the carboxylase acetyl-CoA. The acetyl carrier proteins (ACP) intermediates, 

acetyl-APC and malonyl-ACP, are then formed through covalent bonding to thiol 

groups of the synthetase, which undergo condensation together to form acetoacetyl-

ACP. A saturated butyryl enzyme then forms by subsequent reduction of the 

acetoacetyl-ACP by NADPH, followed by dehydration to crotonyl-ACP and finally 

reduction by another NADPH. This four carbon thioester can then undergo further 

reactions with malonyl-CoA until the desired number of carbon atoms is reached, 

whereas transesterification with water will release the corresponding fatty acid [151, 

152]. The second pathway involving β-oxidation was thought to only occur at the 

beginning of fermentation due to the need of substantial amounts of oxygen [150]. 
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Furthermore, a study involving beer wort supplemented with long chain fatty acids 

determined that the presence of C8-10 fatty acids in the beer was not a direct results of 

degradation [153]. 

 

The occurrence of fatty acids in Sauvignon blanc have been investigated by several 

countries, a brief selection of which follows. It was found that after one year at room 

temperature the concentration of decanoic acid was reported at 26 mg/L in bottled 

Sauvignon blanc wine [94], which is well above its respective perception threshold 

(Table 8). This level of decanoic acid is also a thousand times higher than that 

published, including a survey of Marlborough Sauvignon blanc wines, were levels of 

decanoic acid were only reported to be at 26 µg/L. The same survey showed hexanoic 

acid to be the most abundant fatty acid quantified at 396 µg/L during the 2009 vintage 

[72]. These results also seem unusually low when compared to a South African study 

that found hexanoic acid levels from 181 young Sauvignon blanc wines to range 

between 2.85 and 13.70 mg/L. Furthermore, the decanoic acid levels of these wines 

were between 0.43 and 5.79 mg/L [154]. Another study using Sauvignon blanc 

produced in Northwest Spain gave average hexanoic, octanoic, and decanoic acid 

levels at 1.1, 3.3, and 1.2 mg/L, respectively [142]. The relative concentrations of these 

three fatty acids can be very important to wine quality and aroma, as noted by the 

distinct olfactory descriptors in Table 8. 
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Table 8: Fatty acid olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (mg/L) 

Hexanoic acid Cheese, rancid, sweat 0.42 a[135] 

Octanoic acid Rancid, cheese, sweat 0.5 a[135] 

Decanoic acid Rancid, fatty  1.0 a[135] 

a Synthetic wine. 

 

During fermentation the amount of hexanoic, octanoic, and decanoic acid formed can 

be regulated by the use of alternate yeast strains, sugar content of the grape must, 

presence of oxygen, fermentation temperature, and clarification of the must before 

fermentation [155]. Moreover, pre-fermentation heating [64], cold soaking [156], 

extended skin contact [157], and spontaneous fermentation [124] can all influence the 

concentration of fatty acids in wine.  

 

1.6.8 Higher alcohols and benzaldehyde 

Due to their unfortunate aromas (Table 9), higher alcohols are also termed fusel 

alcohols; fusel being the German word used to describe ‘bad liquor’ [158]. These 

aroma compounds can be produced by yeasts via the Ehrlich pathway, from which 

intermediates formed by the biosynthesis and catabolism of amino acids undergo 

decarboxylation and reduction. In particular, the amino acids valine, phenylalanine, 

and methionine form the basic structures of the higher alcohols isobutanol, phenylethyl 

alcohol, and methionol [146, 158]. Higher alcohols may also exist in grapes and 

endure fermentation to be present in the wine. One example of this is benzyl alcohol, 

which due to oxidation can be transformed by certain enzymes (related to Botrytis 

cinerea) or yeasts into the bitter almond compound benzaldehyde [6]. Higher alcohols, 
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which contain more than two carbon atoms, can have both straight and branched 

chained structures [6, 146]. Straight chained higher alcohols are thought to be the 

most quantitatively important in wine, producing strong pungent odours of which at 

high levels can be an appreciated character of ports [6].     

 

Table 9: Higher alcohols and benzaldehyde olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (mg/L) 

Isobutanol Alcohol, wine, nail polish 8.2 a[117] 

Butan-1-ol Medicinal 160 a[117] 

Isoamyl alcohol Alcohol, nail polish 14 a[135], 65 a[117] 

Methionol Cook potato, cut hay 1 a[135], 1.5 a[117] 

Phenylethyl alcohol Roses 1.1 b[114], 10 c[115] 

Benzyl alcohol Faint aromatic, floral 20 b[114, 159] 

Benzaldehyde Sweet, almond 0.35 bc[159, 160] 

a Synthetic wine, b Water, c Ethanol solution. 

 

For red wines, grape variety has been indicated to have a significant effect on the level 

of several higher alcohols, among these isoamyl alcohol was found to model the 

widest range in concentrations, between 84,000 and 333,000 µg/L [135]. For 

Marlborough Sauvignon blanc, isoamyl alcohol levels have been reported upwards of 

81,000 µg/L [71, 72, 93]. Methionol however, occurs in Marlborough Sauvignon blanc 

at more conservative levels such as 350 and 534 µg/L [71, 93]. Previously, the sensory 

impact of higher alcohols on a wine matrix has been categorised as beneficial if the 

total content does not exceed 300 mg/L, and disagreeable when higher than 400 mg/L 

[161, 162]. More recently, a study revolving around the influence of four common 

higher alcohols on wine aroma revealed some interesting findings. Here, it was seen 
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that increasing the presence of isobutanol and isoamyl alcohol could suppress the 

average intensity of the strawberry/lactic/red fruit descriptor when applied to a fruity 

wine model. Compared to these two higher alcohols it was also suggested that 

methionol and phenylethyl alcohol were not as influential on wine aroma [163]. 

 

Freezing of grape pomace before pressing resulted in the highest quantified levels of 

benzyl alcohol for each of three white wines made from Zelen, Ribolla Gialla, and 

Malvasia Istriana, respectively. The control group of each wine which received no skin 

contact during the experimental winemaking all showed the lowest concentrations of 

this alcohol. As for benzaldehyde, only two of the grape varieties considered gave 

differences between the skin contact treatments. Wine from the pressing of the frozen 

grape pomace of Ribolla Gialla resulted in the highest average benzaldehyde 

concentration of the study, 3 µg/L. Although considered, butan-1-ol could not be 

detected in any of the experimental wines analysed [143]. Withering grapes for the 

production of Aramone is another pre-fermentation treatment which can influence the 

amount of higher alcohols in wine. For example, phenylethyl and isoamyl alcohol 

levels in Corvinone and Rondinella wines will decrease when produced using grapes 

withered to 30% mass loss of weight post-harvest. A third variety trialled, Corvina, 

actually responded to the withering process with an increase in isoamyl alcohol as did 

benzyl alcohol levels [144]. The addition of oxygen and/or sulfur dioxide to grape must 

has previously had little effect on butan-1-ol, isobutanol, isoamyl, and phenylethyl 

alcohol levels for Sauvignon blanc wines [45]. Statistical analysis of Riesling and Vidal 

blanc wines showed that there can be vintage, and vintage by yeast strain interaction 

effects on the level of the aromatic compounds isoamyl and phenylethyl alcohol 

present in the wines [138]. Other factors which may influence higher alcohol 
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production during winemaking include grape juice pH, solids, and assimilable nitrogen 

content as well as skin contact time [146].  

 

1.6.9 Cinnamates 

Ethyl cinnamate and ethyl (dihydro)cinnamate are esters of cinnamic acid derived from 

shikimic acid (Figure 14) and in general are found in higher levels in red wines than 

white wines [164].  

 

 

Figure 14: Shikimic acid pathway showing formation of cinnamic acid, adapted from Jackson [6] 
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Importantly, these two cinnamates have been detected in numerous Burgundy Pinot 

noir wines, with aromatic notes described as fruit and balsamic for ethyl 

(dihydro)cinnamate, and cherry, plum, and fruity for ethyl cinnamate [165]. New 

Zealand Pinot noir wines have also been analysed with regards to cinnamates, with 

results revealing the presence of ethyl cinnamate and ethyl (dihydro)cinnamate 

present above their respective perception thresholds recorded in Table 10 [141].  

 

Table 10: Cinnamates olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

Ethyl (dihydro)cinnamate Fruity, balsamic 1.6 a[135] 

Ethyl cinnamate Cherry, fig, fruity, floral 1.1 a[135] 

a Synthetic wine. 

 

In a study involving 52 young red wines from Spain concentrations of ethyl 

(dihydro)cinnamate and ethyl cinnamate reached maximums of 3.0 and 8.9 µg/L, well 

above their respective odour thresholds [135]. Between the two cinnamates, ethyl 

cinnamate was consistently found in higher concentrations than ethyl 

(dihydro)cinnamate across 19 French wines analysed [166]. This is in contrast to a 

Marlborough Sauvignon blanc study which found ethyl (dihydro)cinnamate in higher 

concentrations than ethyl cinnamate, with an average of 1.6 µg/L compared to only 

0.6 µg/L, respectively, across two consecutive vintages [72]. However, during the 

analysis of 183 commercial French wines the average concentration of ethyl 

cinnamate was reported to be lower than ethyl (dihydro)cinnamate for the dry white 

wine category [164], which compliments the Marlborough Sauvignon blanc findings. 
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Cinnamates have been found to interact with other aroma compounds present to 

influence the sensory perceptions of wines. For instance, the addition of terpenes to a 

wine matrix alone did not have any significant impact during triangle testing, however, 

in combination with cinnamates the wines were perceived as floral [167]. Additionally, 

the same study found that the simultaneous addition of terpenes, cinnamates, 

vanillins, and lactones to a synthetic wine was described as sweet fruit or peach [167]. 

Also, it has been seen that the presence of β-damascenone in a model wine matrix 

can enhance the fruity aromas of ethyl cinnamate by lowering its odour threshold value 

[136]. Some winemaking processes have been reported to influence the amount of 

cinnamates present in a wine. For example, the use of carbonic maceration has been 

linked to the formation of cinnamates during fermentation [164, 168], as well as the 

production of Gewürztraminer late harvest or ice wines [120], and possibly the use of 

zinc containing foliage sprays, as shown for some Merlot vines [169].  

 

1.6.10 Phenol compounds 

Yeast species belonging to the genus Brettanomyces and its sporogenus form 

Dekkera yeasts have been identified as capable of producing 4-ethyl phenol from 

hydroxycinnamic acids, for example p-coumaric acid [170], by a cinnamate 

decarboxylase followed by a vinyl phenol reductase enzyme [171]. The phenolic acids 

required for the formation of these phenol compounds are naturally occurring in grapes 

and oak wood [171]. Therefore, they can be synthesised during fermentation or for 

particularly for red wines, during barrel ageing [171, 172]. More recently, it has been 

shown that hydroxycinnamic acid ethyl esters can also be used by certain yeast strains 

to form considerable amounts of 4-ethyl phenol [173]. 
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An early study has generalised ethyl phenols to be more abundant that vinyl phenols 

in red wines, while the reverse is said for white wines [171]. In red wines, 4-ethyl 

guaiacol is more easily detected than 4-ethyl phenol as reflected in Table 11 by their 

perception thresholds [171]. One study concerning microvinifications of three red 

grape varieties inoculated with Brettanomyces bruxellensis found all to possess higher 

levels of 4-ethyl phenol than 4-ethyl guaiacol after alcoholic fermentation and 

malolactic fermentation followed by four to five months of storage [174]. Central Otago 

Pinot noir wines from New Zealand were found to contain average 4-ethyl phenol 

levels between 23 and 56 µg/L, with no 4-ethyl guaiacol detected [174]. As for the 

concentration of these volatile phenols in white wines, a German study using 548 white 

wines from the Württemberg region found average levels of 4-ethyl phenol and 4-ethyl 

guaiacol to be 2.2 and 1.0 µg/L, respectively [175]. From these white wines 

considered, the highest average concentration of volatile phenols were found in wines 

made from Traminer, although it was a Kerner wine which contained the absolute 

highest levels of 4-ethyl phenol and 4-ethyl guaiacol [175]. The low concentrations 

found in the German study reflect those previously reported in 1992, when 54 white 

wines were analysed to give an average concentration of 3 µg/L for 4-ethyl phenol 

[171]. 

 
Table 11: Phenol olfactory descriptors and thresholds 

 Olfactory Descriptor Threshold (µg/L) 

4-Ethyl phenol Phenolic, woody, smoky 130 a[171], 440 b[171] 

4-Ethyl guaiacol Phenolic, spicy, smoky 25 a[171], 47 b[171], 33 b[135] 

a Water, b Synthetic wine. 
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Because of the undesirable nature of these phenol compounds in wine many studies 

have considered their reduction through various methods. For instance, the use of 

yeast lees [176], molecular imprinted polymers [177], polyaniline based polymers 

[178], suberin extract (a lipophilic biopolymer) from raw cork stoppers [179], and 

reverse osmosis followed by contact with an adsorptive resin [180] have been 

considered. Nonetheless, many of these applications may also be removing other 

volatile aromas present and therefore research into the selective removal of volatile 

phenols from wine is ongoing. 
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1.7 Objectives of the Study 

Throughout this thesis project the main focus of research has been centred around 

the use of fining agents to change a wine’s aroma profile which has been produced 

from press fraction juice. Due to the intense colour and undesirable aromas of press 

fraction juice, winemakers noted that these fractions received more intense fining 

additions than wines which are produced from mainly free run juice fractions.  

 

With this information at hand, the following objectives were set in place to understand 

the potential of juice fining and how these may alter the aroma of press fraction wines.  

Main research questions: 

 Can a fining agent added prior to fermentation influence the aroma chemistry 

and/or sensory profile of a wine? 

 Can a change in addition rate alter the amount of aroma compounds which can 

be influence by the action of fining?  

 Do any observed changes from the lab scale fining experiments remain when 

fining is applied in an industrial setting? 

As previously mentioned, during this project it was understood that machine harvested 

grapes are subjected to several external influences from the point of harvest until 

arrival at the processing winery. From this, it was proposed that while the opportunity 

was present, some of these external factors and their relationship to varietal thiol 

production should be investigated. Varietal thiols were chosen as the main focus of 

these exploratory trials as they are synonymous with Marlborough Sauvignon blanc. 

Therefore, the following additional research question with regard to three post-harvest 
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activities, (i) duration of transport, (ii) ultra-violet light exposure and (iii) grape 

temperature during transport, was also considered during this thesis project. 

Additional research question: 

 Can certain post-harvest factors modify the thiol potential of wines produced 

from machine harvested grapes? 
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C h a p t e r  2 .  J u i c e  F r a c t i o n  F i n i n g  

 

P R E - F E R M E N T A T I O N  F I N I N G  E F F E C T S  O N  T H E  

A R O M A  C H E M I S T R Y  O F  M A R L B O R O U G H  

S A U V I G N O N  B L A N C  P R E S S  F R A C T I O N S  

 

Purpose of the chapter: 

This was the first experiment conducted during this thesis project. The aim of this trial 

was to conclude if pre-fermentative fining additions had the ability to change the aroma 

profile of wines. Photos relating to this chapter can be found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been published in Food Chemistry (Elsevier). Parish, K.J. et al., Pre-

fermentation fining effects on the aroma chemistry of Marlborough Sauvignon blanc 

press fractions. Food Chemistry, 2016. 208: p. 326-335. The co-authorship form is 

available at the start of this thesis, following on from the acknowledgements section. 

This chapter also contains sensory analysis results that were not included in the Food 

Chemistry publication.
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2.1 Introduction 

Marlborough Sauvignon blanc is the key player in the New Zealand wine industry, 

exhibiting tropical passionfruit aromas as well as greener tones such as capsicum and 

fresh cut grass. Generally, free run juice can produce wines with more vibrant and 

fresh aromas, palates, and colour, while heavy press cuts often lead to a lack of 

varietal aromas, display harsher phenolic profiles, and oxidation-dependent brown 

hues. During winemaking, it is common practice to introduce fining agents that can aid 

in the removal of suspended solids and hereby improving juice clarity, stability, palate, 

or colour [4]. Currently, there are a wide array of fining agents available to the industry 

including those deriving from plant, animal, synthetic, and inorganic sources [5]. 

Activated carbon is a commonly used fining agent. Its adsorptive properties have been 

shown to decrease the amount of pesticides [9], ochratoxin A [10], and volatile smoke 

taint [12], in wine. Gelatin is an animal protein which is mainly comprised of glycine, 

proline, hydroxyproline, and glutamic acid which is used to aid the removal of excess 

tannins [4], decrease proanthocyanidin concentrations in the red wine Tannat [24], 

and anthocyanin concentrations in Vinhão as well as colour density [28]. 

 

Polyvinylpolypyrrolidone, also known as PVPP, is a synthetic fining agent in the form 

of a cross linked, resinous polymer that functions like a protein when binding to tannins 

[5, 181]. Selective hydrogen bonding of flavonols and mono-dimeric phenolics make 

this agent particularly useful for the removal of bitterness and astringency from wine 

[29, 181]. A study using an addition rate of 1.0 g/L PVPP found that pre fermentation 

treatment gave no significant sensory differences during triangle tests whereas a post-

fermentation addition did [25]. 
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Bentonite is another popular fining agent which consists of montmorillonite clay that 

swells in water to produce a sheet like structure on which cation exchange, hydrogen 

bonding, and adsorption can occur [5, 181]. At an addition rate of 80 g/hL bentonite to 

Falanghina grape must no significant influences of the must concentrations of linalool, 

α-terpineol, and others were seen [35]. The addition of bentonite to Albariño must has 

been shown to diminish the collective presence of terpenes, C13-norisoprenoids, and 

C6 alcohols with pre-fermentative fining at a rate of 60 g/hL [21]. Furthermore, a study 

using a slightly higher dosage of 100 g/hL experienced decreases in the amount of 

glycosidically bound monoterpenes with bentonite addition to Chambave Muscat 

grape must [36]. Another recent study from the same group highlighted the 

mechanisms involved in the removal of aroma compounds during bentonite fining; this 

evidence could shed some light on the impact of this adjuvant on some classes of 

aroma compounds [182]. 

 

Another classic choice of fining agent in the wine industry is isinglass which is made 

from the dried air bladders of certain fish [4, 5, 181], with a jelly form of the product 

derived from fish cannery waste [4]. Isinglass can be used to improve wine aroma and 

clarity, in particular with white still and sparkling wines, and at the same time is less 

prone to over-fining [5, 181]. One study found that fining Chardonnay wine with 60 

mg/L isinglass resulted in a wine which differed to the control for the sensory attribute 

floral/honey [17]. Different molecular weight isinglasses have been seen to influence 

wine, with one study showing higher molecular weight isinglass can decrease 

monomeric flavanols while lower molecular weight isinglass can decrease the amount 

of oligomeric flavanols in wine, when compared to controls [38]. 
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Overall there are many fining agents available for use in the wine industry, with each 

seeming to have their own advantages and limitations. Although various studies 

regarding the use of fining agents have already been conducted, many of these are 

on wine and focus on the influence of treatment on polyphenol contents, with only a 

few papers available related to wine aroma. Some winemakers may choose to keep 

free run and press fractions separate during juice intake; this provides an opportune 

time to employ a specifically tailored (i.e. lighter or harder) fining regime based on 

differing phenolic profiles. Anecdotally, winemakers tell us that they aim to carry out 

most of the prospective fining at the juice stage. This leaves room for some fine tuning 

after the wine has been blended, and grants minimal interference at the wine stage. 

For this reason, this research aims to describe the influence of pre-fermentation fining 

agent addition on various wine aromas. To the best of our knowledge this is the first 

time that in depth aroma studies have been conducted on the influence of fining press 

fraction juices with particular reference to Marlborough Sauvignon blanc. 

 

2.2 Materials and Methods 

2.2.1 Chemicals and fining agents 

Fining agents used were gelatin from Laffort (Bordeaux, France), activated carbon 

from Erbslöh (Geisenheim, Germany), PVPP from International Speciality Products 

(Wayne, NJ), and a mixed agent consisting of bentonite, PVPP, and isinglass from 

Laffort (Bordeaux, France). For the winemaking process, the EC1118 yeast strain 

came from Lalvin (Ontario, Canada), Dynastart and Nutristart (both food grade) came 

from Laffort (Bordeaux, France), potassium metabisulfite from Enartis E (Trecate, 

Italy), and Clinitest tablets from Bayer Healthcare LLC (Tarrytown, NY). Sodium 
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hydroxide, anhydrous sodium sulfate, and sodium chloride were all reagent grade with 

purity of 98.5% or higher from Scharlau (Barcelona, Spain), as was the methanol 

(HPLC grade). AnalaR, Normapure (Lutterworth, United Kingdom) supplied 

hydrochloric acid (HPLC grade). Ethyl propiolate (99%) and butylated hydroxyanisole 

(reagent grade) were supplied by Sigma Aldrich (Castle Hill, NSW, Australia). Absolute 

ethanol, ACS grade, was supplied by ECP Ltd (Auckland, New Zealand) while the 

dichloromethane for gas chromatography was supplied by Suprasolv, Merck 

(Darmstadt, Germany). Solvents used to rinse the syringe between injections during 

the analysis of varietal thiols were hexane (95%) from Merck (Darmstadt, Germany) 

and isopropanol (HPLC grade) from Unichrom, Ajax Finechem, (Newmarket, New 

Zealand). The SPE cartridge used was a Supelclean ENVI-18 supplied by Supelco 

(Castle Hill, NSW, Australia). 

 

Synthesised at the University of Auckland [183] were the internal standards d2-3MH 

and d2-3MHA. Unlabelled standards, 3-mercaptohexyl acetate (98%) and 3-

mercaptohexanol (98%) were supplied by Oxford Chemicals (Hartlepool, United 

Kingdom) and Acros Organics (Morris Plains, NJ), respectively. D3-3-Isobutly-2-

methoxypyrazine supplied by CDN Isotopes (Quebec, Canada) and 2-isobutyl-3- 

methoxypyrazine (99%) from Aldrich (Sheboygan Falls, WI). Standard compounds 

used in the methoxypyrazine analysis included d3-3-isobutly-2-methoxypyrazine 

supplied by CDN Isotopes (Quebec, Canada) and 2-isobutyl-3-methoxypyrazine 

(99%) from Aldrich (Sheboygan Falls, WI). 

 

For the quantification of other volatiles listed non-deuterated internal standards used 

included DL-3-octanol (99%) supplied by Acros Organics (Morris Plains, NJ), 4-
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decanol (98%) supplied by Lancaster (Pelham, NH), and 3,4-dimethlyphenol (99%) 

supplied by Aldrich (Sheboygan Falls, WI). The remaining deuterated internal 

standards: d3-2-phenylethyl acetate, d5-2-phenyl alcohol, d12-hexanal, d3-3-

methylbutyl acetate, d3-n-hexyl acetate, d11-ethyl hexanoate, d3-ethyl butyrate, d15-

ethyl octanoate, d11-n-hexyl alcohol, d2-3-methyl-1-butyl alcohol, and d3-linalool were 

supplied by CDN Isotopes with purity ≥ 98% (Quebec, Canada). A Barnstead 

Nanopure Diamond (ThermoFisher Scientific, Waltham, MA) with resistivity at 17.1 

MΩ cm was used to supply all ultra-pure water. BOC Gases NZ Ltd 

(Blenheim/Auckland, New Zealand) supplied the dry ice (food grade) and carbon 

dioxide (food grade) used during the winemaking process as well as the nitrogen, 

argon (both industrial grade), and helium (instrument grade) used during the 

instrumental analyses. 

 

2.2.2 Grape harvest and winery processing 

Two vineyards from Marlborough New Zealand were used for this study. One vineyard 

in the Awatere valley (A) and the other in the Wairau valley (B) were machine 

harvested on the 11/04/13 and the 12/04/13, respectively. During harvest, the grapes 

received approximately 60 g/t of potassium metabisulfite (PMS) in solution to help 

protect against oxidation during transportation. At the winery the grapes were 

destemmed/crushed (Vaslin Bucher Delta E8; Chalonnes-sur-Loire, France), and then 

pressed using Bucher 350 Xpert pneumatic presses (Chalonnes-sur-Loire, France). 

The press programme used a range of pressures, rotations, and holding times with a 

maximum pressure of 1.8 bar. 
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2.2.3 Sample collection 

Free run (FR), light press (LP), and heavy press (HP) juices were collected during a 

press cycle when the press was producing 250, 660, and 780 L of juice per tonne of 

grape, respectively. These measures equate approximately to 0.0-0.4 (FR), 0.6-1.6 

(LP), and 1.4-1.8 bar (HP). At the same time a separate sample was taken and 

analysed at the onsite winery for °Brix, pH, titratable acidity (TA) (Maselli Misure 

SA03), with free SO2 and total SO2 determined by aspiration. Once these results were 

obtained the juices were topped up to 35 mg/L of free SO2 (PMS). The juice samples 

were cold settled at 4 °C for 36 h before racking. During racking the light and heavy 

pressings of each vineyard were combined in equal parts to produce one collection to 

be referred to as the press fraction (PF). Once combined the °Brix, pH, TA, free SO2, 

total SO2, and yeast available nitrogen (YAN) of each juice was determined by the 

onsite laboratory before being shipped to the University of Auckland’s Tamaki campus 

using refrigerated transport. 

 

2.2.4 Juice fining 

Four commercially available fining agents were used during this experiment which 

included gelatin (G), activated carbon (AC), polyvinylpolypyrrolidone (PVPP), and a 

mixture of bentonite, PVPP, and isinglass (M). Once in Auckland the juice was 

transferred into 5 L glass demi-johns. Each juice fraction (FR and PF) of each vineyard 

(A and B) was fined in triplicate along with a control (C), also in triplicate, to produce 

a total of 60 ferments. The levels used were as follows: AC 200/500 mg/L, G 60/600 

mg/L, PVPP 250/800 mg/L, and M 60/120 mg/L, for the FR/PF juices, respectively. 

These levels were chosen due to previously gained commercial winery advice, 

furthermore it was seen fit to fine the FR and PF juices of the vineyards at differing 
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levels as this was common practice in the industry. AC was added directly to the juice 

in its dry pellet form. All of the other fining agents were added after first preparing stock 

solutions with ultra-pure water. At the time of addition and for 10 min afterwards the 

juices were agitated using a magnetic stirrer. The juices were then placed into a -4 °C 

cool room to cold settle for 20 h. The cold settled juice was then racked off into clean 

5 L demi-johns under a blanket of CO2 and left in a 15 °C cool room to warm before 

inoculation. During this racking process the demi-john of the AC treatment, replicate 

one, from the FR fraction of vineyard A was damaged and ultimately some juice was 

lost. 

 

2.2.5 Fermentation 

Once juice temperatures reached 12 °C they were inoculated with 125 mg/L of 

EC1118 that had been previously rehydrated using Dynastart at an equal rate. Each 

demi-john was then fitted with an air lock and gently swirled to help suspend the yeast. 

Fermentation (15 °C) was tracked by daily weight loss. An addition of Nutristart at a 

rate of 50 mg/L was made to the ferments 48 h after inoculation under the protection 

of CO2 gas to increase the YAN values gained from the wineries onsite laboratory 

(Supplementary data 1). The end of fermentation was signalled by a steadying of 

ferment weight for 4 days. A Clinitest was also carried out in order to estimate the 

amount of remaining sugars in the ferment. Unfortunately it was clear from the Clinitest 

procedure that some of the ferments were stuck and would not complete fermentation 

even with extra time given. 
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2.2.6 Post fermentation 

After fermentation the wine was placed at -4 °C until cold settled by visual inspection 

(~3-5 days). The clarified wine was transferred under CO2 protection into clean 5 L 

demi-johns. Samples for basic wine properties and SO2 analysis were taken at this 

point (stored at -20 °C until analysis), filling the container to the top to prevent any 

oxidation. The wines were kept at -4 °C until bottling (Techno ENOL Matic bottling 

system, Avegno, Italy) into 375 mL screwcap flint glass bottles. During bottling an 

addition of 70 mg/L of a stock SO2 solution (as PMS), was added into each bottle 

before being purged with CO2 gas, filled with wine and then screw capped (Guala 

Closures NZ Ltd, Auckland) with a Lafert model 1110 capping machine (Wine and 

Beverages Systems Ltd, Auckland). The bottled wine was stored at -4 °C until 

analysis. Unfortunately, during this post fermentation process one of the PVPP 

triplicates for vineyard B-PF was lost. 

 

2.2.7 Varietal thiol analysis 

Concentrations of the varietal thiols 3MH and 3MHA were analysed by SPE/GC-MS 

using the ethyl propiolate (ETP) derivatisation method previously described [184]. 

Changes to the referenced method include the use of a more concentrated 250 mM 

ETP solution during sample preparation and a lesser volume (5 mL) of ultra-pure water 

to rinse the SPE cartridge before elution with dichloromethane. Calibration curves 

were obtained by spiking model white wine (ultra-pure water containing 12% v/v 

ethanol, 5 g/L tartaric acid, pH adjusted to 3.2) with increasing amounts of 3MH and 

3MHA to give five calibration points for each compound in duplicate. All sample 

preparation, derivatisation, and analysis conditions kept in accordance to the research 

samples.  
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2.2.8 Methoxypyrazine analysis 

IBMP was analysed using HS-SPME/GC-MS according to a revised method first 

developed by Parr et al. [73], and later revised by Jouanneau et al. [72]. Further 

alterations since are included as follows; d3-3-isobutly-2-methoxypyrazine and 2-

methoxy-3-methylpyrazine as an internal mix were added to the sample at 

concentrations of 20.9 ng/L and 20.3 ng/L, respectively. Rather than magnetic 

agitation the prepared samples were stirred at 500 rpm and 40 °C for 5 min. Injection 

occurred in sliptless mode at 250 °C for 10 min using helium at a flow rate of 1.806 

mL/min for the carrier gas. The initial temperature for the oven programme was held 

at 60 °C for 5 min, this was then ramped at a rate of 4 °C per minute to 170 °C, then 

at a rate of 50 °C per minute to reach 240 °C and then held for 5 min. The temperatures 

of the interface line, the ion source, and the quadrupole were set at 250 °C, 230 °C, 

and 150 °C, respectively. Mass spectra were recorded at 70 eV in electron impact 

Selected Ion Monitoring (SIM) mode. Five calibration standards for IBMP were 

prepared in duplicate by spiking commercial Pinot noir wine (Leaning Rock, Central 

Otago), which was chosen due to it lacking in methoxypyrazines. For the calibration 

samples all of the preparation, extraction, and GC-MS parameters remained as above. 

 

2.2.9 Other volatiles analysis 

Aroma compounds including esters, terpenes, norisoprenoids, cinnamates, fatty 

acids, and alcohols were analysed using a HS-SPME/GC-MS method previously 

described [185]. The compounds of interest were identified in SIM mode using suitable 

mass spectrum ions. Model white wine (as described in the Section 2.2.7) was spiked 

with increasing amounts of the compounds analysed in order to derive suitable 

calibration curves. 
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2.2.10 Data analysis 

Data gained from the chemical analysis of the wines was evaluated using Agilent Mass 

Hunter A.02.00. In order to understand the interaction between external variables used 

in this study and the aroma chemistry of the wines a permutational multivariate 

analysis of variance (PERMANOVA; [186]) was conducted using R software [187]. 

The resulting model was visualised using redundancy analysis (RDA; [188]). The 

analysis was performed using the R-package vegan [189]. For each aroma compound 

considered an analysis of variance (ANOVA) with Tukey HSD post-test was conducted 

comparing the effects of the fining agents within each combination of vineyard (A and 

B) and pressing fraction (FR and PF). This analysis was performed using IBM SPSS 

20 (Armonk, NY).  

 

2.3 Results and Discussion 

2.3.1 Post pressing analysis 

Results displayed in Supplementary Table 1 represent the basic juice parameters of 

each FR and PF collection from each vineyard. The °Brix gives no particular trend 

between the fractions of each vineyard, although vineyard A does show slightly higher 

values than those from vineyard B. The pH of the PF juices is consistently higher than 

the FR for each vineyard. Furthermore, this is reflected nicely by a decrease in TA 

from FR to PF within each vineyard. The levels of free and total sulfur dioxide (SO2) 

also show decreasing trends for each vineyard moving from the FR to PF juice 

collections. The levels of YAN for each vineyard give their highest values in the PF 

juices. Both juice fractions in vineyard A give YAN values over 200 mg/L while vineyard 

B has less than 150 mg/L YAN found in its FR fraction. Overall these two vineyards 
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show consistent trends throughout the post pressing analysis, providing a good 

starting point for this experiment. 

 

2.3.2 Fermentation and basic wine parameters  

All FR and PF juices from vineyard A, as well as the PF juices of vineyard B showed 

stable weights within 28 days of inoculation. However, the FR treatments of vineyard 

B exhibited sluggish fermentations with many taking over 45 days to come to a stable 

weight and even then the Clinitest revealed that there was still a great amount of 

residual sugar in the ferments. A later discussion with the partner winery revealed that 

there had been higher than expected fructose levels for some juices of this vintage. 

Since it is known that fructose fermentations can lag behind those of glucose [190] this 

may have been the cause for the sluggish fermentations. Unfortunately, the 

glucose/fructose ratio was not measured before fermentation for the experimental 

wines. 

 

For both vineyards the pH of the finished wines showed an increase from FR through 

to PF, as previously reported [100], regardless of the fining agent used (Table 12). The 

TA values between both vineyards and fractions were quite consistent, with the 

highest and lowest levels measured coming from vineyard B, FR-G and PF-PVPP 

finings, respectively. Levels of volatile acidity for all wines ranged from 0.3 to 0.5 g/L, 

with AC giving a consistent level of 0.4 g/L throughout both vineyards and fractions. 

All of these levels of volatile acidity fit between those previously published for other 

New Zealand Sauvignon blanc wines made from free run and pressed juices [100]. 

The ethanol content of the research wines was between 10.8 and 13.6%, with the 

lowest level found in the FR-C wine of vineyard B which had also one of the highest 
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residual sugar levels. The driest of the wines were those from vineyard A’s PF set with 

2.1 ± 0.7 g/L residual sugar. The wines which experienced slower fermentations had 

the highest levels of residual sugar (vineyard A, FR wines). These slow fermentations 

may be due to an over clarification of the juice, which has been shown to cause yeast 

to have a limited access to fatty acids, sterols, vitamins, minerals, and agitation 

capacity, as summarised by Bisson [191]. However, these stuck fermentations 

occurred in the FR juices which had been clarified with lower rates of the fining agents 

compared to their PF counterparts. This could indicate that the distorted 

glucose/fructose ratio may have been the basis for these slow fermentations, as 

mentioned previously. The FR sets of each vineyard had slightly lower free and total 

SO2 at the end of fermentation with no discernible trend between the fining agents 

seen. 
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Table 12: Averages of a basic wine analysis for the experimental wines. A = Awatere valley, B = Wairau valley, FR = Free Run, PF = Press Fraction, C = 
Control, AC = Activated Carbon, G = Gelatin, PVPP = Polyvinylpolypyrrolidone, M = Mixed (bentonite, polyvinylpolypyrrolidone, isinglass) 

  
pH Ethanol (%) 

Titratable 
acidity (g/L) 

Volatile 
acidity (g/L) 

Residual 
sugar (g/L) 

Free SO2 (mg/L) Total SO2 (mg/L) 

A, FR        
C 3.30 ± 0.01 a 12.63 ± 0.29 a 6.17 ± 0.09 a 0.33 ± 0.01 a 4.06 ± 0.17 a 0.57 ± 0.26 a 59.12 ± 5.88 a 

AC 3.29 ± 0.01 a 13.41 ± 0.75 a 6.53 ± 0.33 a 0.39 ± 0.04 a 6.48 ± 1.74 bc 0.70 ± 0.19 a 60.30 ± 4.53 a 

G 3.31 ± 0.01 a 13.10 ± 0.92 a 6.30 ± 0.27 a 0.33 ± 0.03 a 4.37 ± 0.46 ab 0.58 ± 0.17 a 64.46 ± 3.19 a 

PVPP 3.30 ± 0.01 a 12.88 ± 1.18 a 6.30 ± 0.38 a 0.39 ± 0.02 a 6.63 ± 0.17 c 0.64 ± 0.17 a 70.40 ± 3.44 a 

M 3.30 ± 0.02 a 12.54 ± 0.11 a 6.13 ± 0.07 a 0.35 ± 0.01 a 4.78 ± 0.40 abc 0.62 ± 0.10 a 67.08 ± 4.40 a 

A, PF        
C 4.13 ± 0.02 a 13.57 ± 0.12 a 6.59 ± 0.06 a 0.40 ± 0.02 a 2.45 ± 0.43 a 1.14 ± 0.36 a 72.81 ± 4.73 a 

AC 4.05 ± 0.12 a 12.53 ± 1.83 a 6.20 ± 0.73 a 0.38 ± 0.05 a 2.14 ± 0.73 a 1.39 ± 0.22 a 69.70 ± 10.41 a 

G 4.09 ± 0.04 a 12.78 ± 0.78 a 6.35 ± 0.20 a 0.40 ± 0.01 a 2.19 ± 0.28 a 1.56 ± 0.20 a 77.52 ± 8.25 a 

PVPP 4.02 ± 0.09 a 11.90 ± 1.42 a 6.01 ± 0.55 a 0.48 ± 0.11 a 2.96 ± 0.82 a 1.22 ± 0.32 a 73.35 ± 5.66 a 

M 4.12 ± 0.03 a 13.29 ± 0.60 a 6.62 ± 0.20 a 0.42 ± 0.01 a 2.19 ± 0.96 a 1.29 ± 0.20 a 92.83 ± 33.28 a 

B, FR        
C 3.25 ± 0.02 a 10.75 ± 0.53 a 6.11 ± 0.34 a 0.46 ± 0.02 a 15.15 ± 4.02 a 0.19 ± 0.06 a 59.09 ± 3.72 a 

AC 3.23 ± 0.03 a 11.43 ± 1.19 a 6.21 ± 0.43 a 0.43 ± 0.04 a 13.16 ± 1.34 a 0.30 ± 0.11 a 58.65 ± 3.41 a 

G 3.24 ± 0.04 a 13.11 ± 0.23 a 6.88 ± 0.26 a 0.50 ± 0.03 a 14.36 ± 1.74 a 0.22 ± 0.07 a 64.94 ± 4.33 a 

PVPP 3.25 ± 0.05 a 12.33 ± 1.27 a 6.68 ± 0.21 a 0.50 ± 0.03 a 15.90 ± 1.60 a 0.34 ± 0.10 a 66.26 ± 6.63 a 

M 3.23 ± 0.02 a 12.40 ± 1.26 a 6.57 ± 0.32 a 0.50 ± 0.03 a 15.47 ± 1.02 a 0.15 ± 0.13 a 64.87 ± 4.48 a 

B, PF        
C 3.81 ± 0.05 a 12.29 ± 0.97 a 5.76 ± 0.36 a 0.40 ± 0.02 a 4.44 ± 1.01 a 0.94 ± 0.04 a 76.30 ± 1.05 a 

AC 3.84 ± 0.04 a 12.62 ± 1.09 a 5.88 ± 0.38 a 0.43 ± 0.02 a 3.03 ± 0.40 a 1.19 ± 0.20 a 75.37 ± 4.94 a 

G 3.90 ± 0.01 a 13.28 ± 0.02 a 6.33 ± 0.10 a 0.43 ± 0.03 a 4.76 ± 1.61 a 1.08 ± 0.08 a 73.48 ± 10.61 a 

PVPP 3.82 ± 0.08 a 12.03 ± 1.30 a 5.71 ± 0.50 a 0.38 ± 0.05 a 3.04 ± 0.63 a 1.19 ± 0.11 a 83.08 ± 3.48 a 

M 3.82 ± 0.06 a 12.13 ± 1.02 a 5.74 ± 0.38 a 0.37 ± 0.03 a 4.38 ± 0.32 a 1.09 ± 0.21 a 73.48 ± 10.61 a 

± Standard deviation, Superscript letters represent homogeneous subsets (Tukey, p < 0.05). 
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2.3.3 PERMANOVA results with RDA  

The measurements for each aroma compound were scaled to a mean of 0 and 

standard deviation of 1 to avoid over-representation of particular compounds due to 

their high individual variation. A model containing Vineyard (A and B), Fraction (FR 

and PF), and Fining agent (C, G, AC, PVPP, and M) was fitted to the scaled data. To 

account for potential confounding by samples that did not finish fermentation (residual 

sugar level larger or equal to 2.0 g/L) a corresponding variable Finished fermentation 

(Yes and No) was added to the model. It was found that the first three variables 

interacted, i.e. the effect strength of the different fining agents depended on where 

they were applied (regionally and fraction wise). To the best of our knowledge this is 

the first time a juice fining study has shown a regional and fraction wise influence on 

the aroma chemistry when tested using these fining agents. The output of the 

PERMANOVA for the model can be viewed in Table 13. It can be seen that Finished 

fermentation explains approximately 13.3% (p = 0.0001) of the differences in aroma 

chemistry. Fraction alone explains 50.7% (p = 0.0001) of the variation, with Vineyard 

and the interaction of Vineyard and Fraction adding another 13.4% (p = 0.0001). Of 

the remaining 22.6% of variation, 15.3% (p = 0.0001) is explained by the Fining agents 

and their regional and pressing effects. The effects from the PERMANOVA are 

visualised using an RDA (Figure 15). The ellipsoids in the RDA plot encapsulate the 

90th percentile for each Vineyard:Fraction combination. We see that FR and PF are 

quite distinct and their difference is captured by RDA1; positive values indicate FR, 

while negative values indicate PF. The vineyards within each Fraction group are 

similar. The points within each ellipsoid indicate the position of each treatment 

replicate coded by fining method. From this it can be seen that the position for many 

fermentation replicates are similar indicating the uniformity to which the fermentations 
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progressed. The relative position of the different fining methods indicates similarity 

within the groups. For instance, C, AC, G, and PVPP are quite close to the centroid 

and each other in A-PF. This suggests similar aroma profiles within this group. The 

fermentation replicates of the mixed agent are spread closer to the top of the ellipsoid 

indicating an aroma profile distinct from the others. 

 

Table 13: Simplified PERMANOVA results for all experimental wines 

  Df F Model R2 p-value 

Finished 1 91.07 0.133 0.0001 
Fraction 1 346.50 0.507 0.0001 
Vineyard 1 58.93 0.086 0.0001 
Fining Agent 4 9.96 0.058 0.0001 
Fraction*Vineyard 1 33.03 0.048 0.0001 
Fraction*Fining Agent 4 6.38 0.037 0.0001 
Vineyard*Fining Agent 4 9.91 0.058 0.0001 
Vineyard*Fraction*Fining Agent 4 2.56 0.015 0.0132 
Residuals 38  0.056  
Total 58  1.000  
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Figure 15: RDA1 and 2 of aroma chemistry data and wine factors with 95% ellipses. Light blue = Awatere (B) vineyard, dark blue = Wairau (A) vineyard. The 
position of all fermentation replicates are shown.
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2.3.4 Aroma chemistry results with RDA 

Averages of the fermentation triplicates for all aroma compounds quantified can be 

seen in Table 14. The RDA biplot (Figure 16) shows the position of the aroma 

compounds with respect to all experimental wines. As mentioned above, RDA1 

distinguishes the Fraction types, so high positive loadings in RDA1 direction, indicates 

positive link to FR. To visualise the influence of compounds, three ellipsoids have been 

plotted indicating a distance of 0.25, 0.5, and 0.75 from the loading centre 0 (indicating 

no influence on the principal component). Any chemical compound with a loading 

distance of 0.5 and above was further discussed. Such compounds have been labelled 

and discussed with respect to the fining agent trialled. Comparisons reported in the 

following are deemed significant when associated with a (corrected) p-value smaller 

than 0.05. 

 

The varietal thiols 3MH and 3MHA are found in the upper right side of the RDA plot 

and have RDA1 loading distances of 0.69 and 0.96, respectively. Their positioning 

associates them to the FR fractions of the vineyards. Complementing this, the highest 

level of 3MH and 3MHA were found in the FR wines. PF wine samples did not show 

any significant differences for 3MH between the fining treatments. The FR wines gave 

levels of 3MH ranging between 1,456 ± 72 to 1,886 ± 54 ng/L and 810 ± 26 to 945 ± 

38 ng/L for vineyards A and B, respectively. In both cases the lowest levels of 3MH 

were found in the wines that had been juice fined with the AC. For 3MHA no significant 

differences were seen between the juice fining treatments for both the FR and PF wine 

sets of vineyard B. For vineyard A the lowest levels of 3MHA were found in the C and 

M agent treated juices for FR and PF, respectively. All experimental wines in this study 
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gave 3MH and 3MHA values above their respective perception thresholds of 60 and 

4 ng/L [192]. 

 

The level of cis/trans-rose oxide is significantly lower in the FR treatments that were 

fined using AC and G in vineyard A, while the PF wines showed no significant 

difference. In B-FR, juice fining with G and the M agent gave higher levels of cis/trans-

rose oxide than the corresponding C. Only PVPP gave a level significantly higher than 

the C in the PF wines of vineyard B. In the RDA plot this compound is located in the 

upper right hand quadrant, in the opposite direction of the FR wines. All levels were 

still well below the perception threshold of 50 µg/L [116]. Although linalool is not 

identified by name on the RDA plot in Figure 16 its levels show a clear pattern between 

the fining agents of each vineyard and fraction combination. It can be seen from Table 

14 that throughout the two vineyards and juice fractions, juices fined by AC gave 

significantly lower linalool concentrations compared to the other agents considered. 

Previous studies involving linalool and carbon fining have seen mixed results. For 

example, Falanghina must fining with a combination of bentonite, casein, silica gel, 

and charcoal resulted in lower levels of free linalool, when tested with two different 

yeast strains [35]. Whereas another study using Gewürztraminer wine, a variety which 

is known for its floral character, showed no significant difference when fined by 

activated carbon at a level of 450 mg/L [17]. Inconsistencies between studies involving 

carbon fining may be due to a multiple of factors including the physical aspects of the 

carbon product, its application parameters, and the matrix to which it is applied as has 

been previously noted [13]. 
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Figure 16: RDA1 and 2 of aroma chemistry data and wine factors with 0.25, 0.5, and 0.75 ellipsoids. Red = aroma compounds at or above the 0.05 ellipsoid, 
green = all other aroma compounds
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Table 14: Average values of aroma compounds ± standard deviation identified in wines made from the various fining treatments 

 Awatere (A) Free Run Awatere (A) Press Fraction 

 C AC G PVPP M C AC G PVPP M 

IBMP (ng/L) 3.98 ± 0.07 a 1.47 ± 0.01 b 3.56 ± 0.22 a 2.18 ± 0.23 c 2.35 ± 0.32 c 3.56 ± 0.22 a 1.51 ± 0.10 b 3.12 ± 0.01 a 2.25 ± 0.15 c 1.98 ± 0.09 bc 

3MH (ng/L) 1,744 ± 17 a 1,456 ± 72 c 1,886 ± 54 b 1,540 ± 12 c 1,694 ± 51 a 477 ± 49 a 464 ± 27 a 520 ± 30 a 487 ± 35 a 429 ± 22 a 

3MHA (ng/L) 681 ± 14 ab 589 ± 57 b 739 ± 21 a 623 ± 14 ab 717 ± 93 ab 85 ± 8 a 70 ± 5 ab 71 ± 3 ab 65 ± 8 bc 50 ± 7 c 

cis/trans-Rose 
oxide (μg/L) 0.147 ± 0.004 a 0.088 ± 0.023 b 0.071 ± 0.006 b 0.153 ± 0.018 a 0.160 ± 0.016 a 0.454 ± 0.016 a 0.402 ± 0.038 a 0.396 ± 0.027 a 0.439 ± 0.025 a 0.440 ± 0.006 a 

Linalool (μg/L) 13.9 ± 0.2 a 11.3 ± 0.6 b 14.2 ± 0.8 a 13.9 ± 0.1 a 14.2 ± 0.2 a 17.3 ± 0.3 a 10.6 ± 2.0 b 17.9 ± 0.9 a 17.2 ± 0.3 a 17.5 ± 0.3 a 

β-Citronellol (μg/L) 6.80 ± 0.12 a 5.75 ± 0.53 b 5.33 ± 0.10 b 7.00 ± 0.25 a 7.13 ± 0.24 a 9.16 ± 0.25 ab 8.01 ± 0.84 a 8.47 ± 0.50 ab 9.57 ± 0.31 b 8.97 ± 0.45 ab 

β-Damascenone 

(μg/L) 7.1 ± 0.2 a 5.8 ± 0.6 bc 5.4 ± 0.1 b 6.9 ± 0.3 a 6.6 ± 0.5 ac 3.1 ± 0.4 a 2.9 ± 0.3 a 2.7 ± 0.2 a 3.0 ± 0.4 a 3.0 ± 0.2 a 

β-Ionone (μg/L) 0.531 ± 0.005 a 0.459 ± 0.003 c 0.492 ± 0.003 b 0.538 ± 0.008 a 0.544 ± 0.005 a 0.484 ± 0.005 a 0.430 ± 0.010 b 0.492 ± 0.006 a 0.478 ± 0.008 a 0.484 ± 0.010 a 

Hexan-1-ol (μg/L) 2235 ± 61 ab 1997 ± 159 a 2283 ± 166 ab 2218 ± 37 ab 2307 ± 87 b 5492 ± 111 a 4416 ± 167 c 6013 ± 222 ab 5642 ± 274 ab 6101 ± 266 b 

cis-3-Hexen-1-ol 
(μg/L) 1328 ± 62 a 1343 ± 7 a 1417 ± 90 a 1465 ± 83 a 1442 ± 22 a 2472 ± 109 ab 2266 ± 125 b 2570 ± 87 ac 2497 ± 96 abc 2755 ± 92 c 

Ethyl isobutyrate 

(μg/L) 18.7 ± 3.9 a 13.0 ± 3.9 a 13.7 ± 2.8 a 11.2 ± 1.8 a 12.1 ± 2.4 a 3.0 ± 0.8 ab 1.0 ± 0.8 a 2.6 ± 0.5 a 1.8 ± 0.5 a 5.0 ± 1.3 b 

Ethyl butanoate 

(μg/l) 
1110.0 ± 
72.9 a 

961.9 ± 
47.9 b 

989.5 ± 
49.5 ab 

935.1 ± 
16.4 b 

1071.9 ± 
60.6 ab 

974.4 ± 
14.5 ab 

941.6 ± 
58.3 ab 

809.8 ± 
30.3 c 

869.4 ± 
6.6 ac 

997.0 ± 
64 b 

Ethyl isovalerate 
(μg/l) 4.137 ± 0.134 a 3.595 ± 0.437 a 3.294 ± 0.036 b 3.655 ± 0.126 a 4.145 ± 0.031 a 0.167 ± 0.142 a 0.296 ± 0.142 a 0.120 ± 0.033 a 0.153 ± 0.067 a 0.580 ± 0.040 b 

Ethyl hexanoate 
(μg/l) 2882 ± 151 ab 2611 ± 36 a 2699 ± 117 a 2931 ± 73 ab 3200 ± 203 b 2796 ± 78 a 2674 ± 178 a 2493 ± 82 a 2745 ± 51 a 3282 ± 205 b 

Ethyl octanoate 

(μg/l) 2216 ± 92 a 2019 ± 15 a 2336 ± 98 a 3171 ± 126 b 3352 ± 492 b 3015 ± 201 a 3097 ± 123 a 2658 ± 205 a 2990 ± 102 a 4389 ± 465 b 

Ethyl decanoate 

(μg/l) 566 ± 46 a 503 ± 50 a 722 ± 73 a 1292 ± 168 b 1287 ± 260 b 1032 ± 34 a 1176 ± 65 a 835 ± 81 a 1052 ± 7 a 2112 ± 302 b 
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Ethyl dodecanoate 
(μg/l) 55.4 ± 4.7 a 77.1 ± 10.7 a 70.9 ± 10.1 a 122.9 ± 16.8 b 113.8 ± 9.6 b 140.8 ± 15.9 a 153.5 ± 30.6 a 47.8 ± 14.3 a 111.9 ± 6.6 a 310.4 ± 95.6 b 

Ethyl acetate (μg/l) 
112,922 ± 

3414 a 
102,219 ± 

443 a 
117,548 ± 
10,418 a 

105,940 ± 
1874 a 

119,178 ± 
12,590 a 

117,819 ± 
2722 a 

113,720 ± 
7220 ab 

115,461 ± 
6931 ab 

104,085 ± 
1149 b 

135,262 ± 
4011 c 

Isobutyl acetate 

(μg/l) 250.3 ± 9.1 a 215.3 ± 18.6 ab 230.9 ± 14.5 ab 206.0 ± 20.4 b 244.1 ± 3.4 ab 313.3 ± 6.9 a 292.0 ± 24.9 ab 259.5 ± 14.0 b 270.1 ± 9.5 ab 313.6 ± 30.9 a 

Isoamyl acetate 

(μg/l) 
15,411 ± 
984 ab 

12,655 ± 
1010 a 

15,267 ± 
1,510 ab 

13,376 ± 
306 ab 

16,028 ± 
1102 b 

16,557 ± 
384 ab 

14,739 ± 
1,154 ac 

13,549 ± 
655 c 

13,982 ± 
555 c 

16,686 ± 
617 b 

Hexyl acetate (μg/l) 1165 ± 51 ab 994 ± 40 c 1077 ± 28 ac 1226 ± 23 bd 1335 ± 84 d 3097 ± 126 a 2584 ± 155 b 2793 ± 120 ab 3063 ± 97 a 3663 ± 95 c 

cis-3-Hexenyl 
acetate (μg/l) 66.8 ± 2.9 ab 65.9 ± 3.8 ab 55.3 ± 7.6 a 74.8 ± 11.0 b 66.8 ± 5.0 ab 264.2 ± 14.9 ab 242.5 ± 10.6 a 212.7 ± 4.8 c 262.8 ± 10.0 ab 273.3 ± 11.0 b 

β-Phenylethyl 
acetate (μg/l) 455.6 ± 11.2 a 448 ± 35.6 a 486.1 ± 19.0 a 460.8 ± 8.1 a 500.5 ± 23.3 a 636.3 ± 23.5 a 621.2 ± 53.8 a 618.2 ± 23.1 a 564.2 ± 53.0 a 626.1 ± 31.2 a 

Methyl octanoate 
(μg/l) 1.62 ± 0.17 a 1.40 ± 0.05 a 1.56 ± 0.05 a 2.55 ± 0.29 b 2.60 ± 0.52 b 3.72 ± 0.33 a 3.76 ± 0.14 a 2.86 ± 0.32 a 3.62 ± 0.25 a 5.32 ± 0.57 b 

Diethyl succinate 

(μg/l) 172.8 ± 1.8 a 146.4 ± 10.6 b 170.1 ± 4.6 ab 162.2 ± 12.4 ab 156.5 ± 12.5 ab 158.7 ± 8.0 a 152.0 ± 8.7 a 145.5 ± 2.4 a 149.0 ± 5.3 a 160.8 ± 3.9 a 

Hexanoic acid 

(mg/l) 4.00 ± 0.05 ab 3.96 ± 0.34 b 4.66 ± 0.17 a 4.25 ± 0.39 ab 4.49 ± 0.17 ab 4.10 ± 0.07 ab 4.31 ± 0.13 ab 4.17 ± 0.09 ab 3.93 ± 0.25 a 4.47 ± 0.24 b 

Octanoic acid (mg/l) 7.6 ± 0.3 a 7.8 ± 0.6 a 8.5 ± 0.4 a 8.4 ± 0.8 a 8.7 ± 0.6 a 7.7 ± 0.2 a 7.9 ± 0.2 ab 7.6 ± 0.2 a 7.4 ± 0.3 a 8.6 ± 0.5 b 

Decanoic acid 

(mg/l) 8.3 ± 0.7 a 9.4 ± 0.6 ab 8.4 ± 0.6 a 11.7 ± 1.6 bc 12.3 ± 0.4 c 8.9 ± 1.3 ab 8.5 ± 0.4 ab 7.8 ± 1.0 a 7.8 ± 0.6 a 10.8 ± 0.8 b 

Isobutanol (μg/l) 19,820 ± 306 a 19,052 ± 1256 a 21,201 ± 2244 a 19,207 ± 1305 a 20,645 ± 1612 a 21,838 ± 1459 a 20,604 ± 2052 a 22,173 ± 1763 a 18,895 ± 994 a 23,894 ± 3765 a 

Butan-1-ol (μg/l) 1590 ± 51 a 1515 ± 91 a 1673 ± 227 a 1688 ± 73 a 1763 ± 214 a 1711 ± 134 a 1552 ± 103 a 1750 ± 173 a 1484 ± 28 a 1737 ± 92 a 

Isoamyl alcohol 
(μg/l) 

179,457 ± 
4459 a 

170,733 ± 
10,637 a 

185,194 ± 
6643 a 

168,891 ± 
1978 a 

183,559 ± 
6049 a 

175,236 ± 
3993 a 

168,324 ± 
9358 a 

174,839 ± 
5392 a 

165,385 ± 
10,368 a 

181,138 ± 
2484 a 

Methionol (μg/l) 2190 ± 154 a 2093 ± 54 a 2274 ± 461 a 1996 ± 502 a 2152 ± 450 a 1503 ± 273 a 1472 ± 27 a 1457 ± 119 a 1618 ± 208 a 1957 ± 241 a 

Benzyl alcohol (μg/l) 75.5 ± 2.4 a 72.6 ± 4.8 a 70.0 ± 2.7 ab 57.9 ± 5.4 c 59.8 ± 3.2 bc 164.8 ± 16.1 ab 149.0 ± 8.7 a 181.0 ± 4.8 b 165.3 ± 7.9 ab 111.1 ± 9.5 c 

Phenylethyl alcohol 
(μg/l) 11,603 ± 1391 a 12,177 ± 2269 a 9756 ± 280 ab 5790 ± 961 c 6391 ± 598 bc 8320 ± 379 a 7247 ± 651 a 10,079 ± 441 b 7734 ± 415 a 5402 ± 723 c 
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Benzaldehyde (μg/l) n.d. n.d. n.d. n.d. n.d. 3.5 ± 2.4 a 1.8 ± 1.0 a 3.3 ± 0.1 a 2.8 ± 0.2 a 4.6 ± 1.8 a 

Ethyl cinnamate 

(μg/l) 1.65 ± 0.01 a 1.66 ± 0.02 a 1.70 ± 0.04 ab 1.76 ± 0.02 b 1.67 ± 0.01 a 2.40 ± 0.05 ab 2.03 ± 0.10 c 2.31 ± 0.05 ab 2.28 ± 0.01 a 2.44 ± 0.03 b 

Ethyl 
(dihydro)cinnamate 

(μg/l) 
0.958 ± 0.021 a 0.879 ± 0.011 c 1.060 ± 0.019 b 0.976 ± 0.005 a 0.975 ± 0.003 a 1.145 ± 0.051 a 0.964 ± 0.040 c 1.507 ± 0.011 b 1.145 ± 0.004 a 1.136 ± 0.025 a 

4-Ethyl phenol (μg/l) 6.96 ± 0.05 a 7.08 ± 0.14 a 8.56 ± 0.18 b 7.40 ± 0.24 ac 7.53 ± 0.16 c 7.61 ± 0.28 ab 7.20 ± 0.14 a 9.31 ± 0.07 c 7.83 ± 0.10 b 8.98 ± 0.24 c 

 Wairau (B) Free Run Wairau (B) Press Fraction 

 C AC G PVPP M C AC G PVPP M 

IBMP (ng/L) 2.42 ± 0.24 ab 1.97 ± 0.11 a 2.49 ± 0.27 b 1.37 ± 0.05 c 1.30 ± 0.03 c 3.40 ± 0.08 a 3.04 ± 0.55 ab 2.74 ± 0.17 ab 2.38 ± 0.22 bc 1.57 ± 0.03 c 

3MH (ng/L) 866 ± 15 ab 811 ± 26 b 923 ± 33 ac 946 ± 38 c 890 ± 24 ac 587 ± 11 a 543 ± 13 a 589 ± 51 a 604 ± 8 a 599 ± 8 a 

3MHA (ng/L) 243 ± 37 a 242 ± 47 a 302 ± 42 a 330 ± 58 a 331 ± 47 a 112 ± 4 a 102 ± 10 a 138 ± 23 a 121 ± 11 a 118 ± 8 a 

cis/trans-Rose 
oxide (μg/l) 

0.022 ± 
0.009 a 

0.022 ± 
0.022 a 

0.066 ± 
0.010 b 

0.026 ± 
0.001 a 

0.064 ± 
0.007 b 

0.185 ± 
0.005 ab 

0.171 ± 
0.010 b 

0.225 ± 
0.023 a 

0.281 ± 
0.012 c 

0.181 ± 
0.023 ab 

Linalool (μg/l) 13.8 ± 0.5 a 11.4 ± 0.7 b 13.9 ± 0.4 a 14.2 ± 0.2 a 13.6 ± 0.3 a 14.6 ± 0.4 a 9.7 ± 0.2 b 14.5 ± 0.5 a 14.8 ± 0.4 a 14.2 ± 0.4 a 

β-Citronellol (μg/l) 5.32 ± 0.04 a 5.23 ± 0.28 a 6.45 ± 0.17 b 5.44 ± 0.09 ac 6.00 ± 0.31 bc 7.59 ± 0.30 a 6.82 ± 0.47 a 7.97 ± 0.44 a 9.86 ± 0.14 b 7.20 ± 0.53 a 

β-Damascenone 
(μg/l) 7.5 ± 0.2 a 7.8 ± 0.9 a 8.3 ± 0.3 a 7.4 ± 0.6 a 8.3 ± 0.5 a 3.7 ± 0.3 a 3.9 ± 0.4 a 3.6 ± 0.4 a 4.6 ± 0.3 a 3.6 ± 0.5 a 

β-Ionone (μg/l) 0.522 ± 0.005 a 0.454 ± 0.004 c 0.556 ± 0.007 b 0.527 ± 0.005 a 0.535 ± 0.019 ab 0.466 ± 0.005 a 0.422 ± 0.007 c 0.474 ± 0.005 ab 0.488 ± 0.003 b 0.460 ± 0.006 a 

Hexan-1-ol (μg/l) 2269 ± 213 a 1917 ± 137 b 2341 ± 27 a 2423 ± 14 a 2361 ± 45 a 6309 ± 320 a 4559 ± 270 b 6375 ± 299 a 6157 ± 106 a 6060 ± 53 a 

cis-3-Hexen-1-ol 
(μg/l) 1297 ± 90 ab 1280 ± 63 a 1482 ± 73 ab 1502 ± 89 b 1396 ± 68 ab 2714 ± 177 a 2324 ± 92 b 2790 ± 74 a 2597 ± 2 ab 2612 ± 76 ab 

Ethyl isobutyrate 
(μg/l) 14.9 ± 2.9 a 14.6 ± 3.9 a 12.9 ± 1.8 a 14.0 ± 0.5 a 11.8 ± 0.6 a 4.2 ± 1.2 a 4.4 ± 3.7 a 4.3 ± 1.7 a 1.2 ± 0.7 a 1.9 ± 1.0 a 

Ethyl butanoate 
(μg/l) 624.5 ± 26.1 a 673.4 ± 48.9 a 669.5 ± 19.6 a 658.9 ± 54.4 a 687.2 ± 35.3 a 896.1 ± 29.7 a 988.8 ± 27.5 b 920.9 ± 19.7 a 823.5 ± 23.2 c 809.5 ± 12.5 c 
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Ethyl isovalerate 
(μg/l) 

4.212 ± 
0.648 a 

3.887 ± 
0.623 a 

3.853 ± 
0.152 a 

3.843 ± 
0.080 a 

3.485 ± 
0.110 a 

0.634 ± 
0.133 ab 

0.733 ± 
0.039 a 

0.562 ± 
0.069 abc 

0.432 ± 
0.005 bc 

0.328 ± 
0.145 c 

Ethyl hexanoate 
(μg/l) 2140 ± 58 a 2256 ± 125 ab 2526 ± 94 b 2514 ± 187 ab 2282 ± 186 ab 2647 ± 60 ab 2878 ± 22 bc 3005 ± 127 c 2706 ± 86 a 2395 ± 146 b 

Ethyl octanoate 
(μg/l) 2326 ± 98 a 2434 ± 107 a 3253 ± 141 b 3277 ± 353 b 2217 ± 285 a 2422 ± 149 a 3114 ± 280 a 3002 ± 197 a 2757 ± 212 a 2351 ± 454 a 

Ethyl decanoate 
(μg/l) 766 ± 36 a 852 ± 33 a 1555 ± 71 b 1331 ± 271 b 751 ± 78 a 707 ± 66 a 1,133 ± 120 b 998 ± 75 ab 968 ± 64 ab 718 ± 262 ab 

Ethyl dodecanoate 
(μg/l) 48.0 ± 11.7 a 64.8 ± 8.1 a 149.1 ± 10.2 b 106.9 ± 10.0 b 60.0 ± 9.1 a 75.5 ± 12.7 ab 87.2 ± 10.0 b 47.1 ± 6.4 a 64.6 ± 6.5 ab 56.1 ± 17.7 ab 

Ethyl acetate (μg/l) 
67,281 ± 
7977 a 

65,527 ± 
6100 a 

65,977 ± 
437 a 

73,262 ± 
2593 a 

71,052 ± 
2842 a 

113,016 ± 
13,920 a 

112,183 ± 
6780 a 

106,104 ± 
927 ab 

90,861 ± 
601 b 

99,614 ± 
1161 ab 

Isobutyl acetate 
(μg/l) 126.8 ± 6.8 a 143.2 ± 11.8 a 142.1 ± 12.4 a 178.9 ± 47.2 a 141.7 ± 7.4 a 278.6 ± 0.2 a 347.9 ± 92.3 a 295.0 ± 12.5 a 227.3 ± 1.7 a 307.0 ± 89.7 a 

Isoamyl acetate 
(μg/l) 7838 ± 157 a 7931 ± 514 a 8186 ± 385 a 8095 ± 1187 a 8131 ± 446 a 14,861 ± 544 a 15,205 ± 293 a 15,447 ± 425 a 12,114 ± 55 b 12,964 ± 309 b 

Hexyl acetate (μg/l) 998 ± 38 ab 957 ± 46 b 1176 ± 35 ac 1219 ± 103 c 1094 ± 90 abc 3141 ± 50 a 2799 ± 41 c 3482 ± 137 b 3008 ± 78 ac 2798 ± 149 c 

cis-3-Hexenyl 
acetate (μg/l) 87.1 ± 3.3 a 84.2 ± 2.0 a 87.6 ± 3.6 a 94.0 ± 5.9 a 91.5 ± 3.8 a 275.1 ± 9.8 ab 275.9 ± 9.8 ab 294.6 ± 13.8 a 262.2 ± 10.6 ab 250.6 ± 13.9 b 

β-Phenylethyl 
acetate (μg/l) 276.7 ± 2.4 a 282.4 ± 16.3 a 300.1 ± 12.2 a 294.5 ± 29.0 a 299.4 ± 14.9 a 552.7 ± 16.6 a 519.9 ± 8.5 ab 551.6 ± 35.3 a 488.8 ± 0.4 b 530.1 ± 19.2 ab 

Methyl octanoate 
(μg/l) 1.61 ± 0.12 ab 1.60 ± 0.03 ab 2.35 ± 0.20 c 2.16 ± 0.48 ac 1.33 ± 0.26 b 2.36 ± 0.29 a 3.23 ± 0.26 a 3.12 ± 0.31 a 2.94 ± 0.36 a 2.26 ± 0.53 a 

Diethyl succinate 
(μg/l) 221.9 ± 41.8 a 211.0 ± 41.1 a 185.8 ± 16.5 a 184.8 ± 26.3 a 173.0 ± 5.1 a 162.4 ± 10.6 a 160.2 ± 14.6 a 148.1 ± 7.7 a 145.0 ± 3.0 a 147.9 ± 9.3 a 

Hexanoic acid 
(mg/l) 3.34 ± 0.28 a 3.35 ± 0.29 a 3.73 ± 0.11 ab 3.91 ± 0.30 ab 4.01 ± 0.09 b 4.62 ± 0.24 a 4.10 ± 0.12 b 4.29 ± 0.08 ab 4.28 ± 0.03 ab 4.28 ± 0.11 ab 

Octanoic acid (mg/l) 7.5 ± 0.1 a 7.4 ± 0.3 a 8.2 ± 0.3 ab 8.7 ± 0.6 b 8.0 ± 0.2 ab 8.2 ± 0.2 a 7.6 ± 0.3 ab 7.8 ± 0.2 ab 7.8 ± 0.2 ab 7.6 ± 0.1 b 

Decanoic acid 
(mg/l) 10.8 ± 1.0 ab 10.8 ± 0.6 ab 13.2 ± 1.0 ac 13.8 ± 1.3 c 10.6 ± 0.4 b 8.6 ± 0.3 ab 8.8 ± 0.5 ab 8.1 ± 0.3 ab 9.6 ± 1.2 a 7.2 ± 0.5 b 

Isobutanol (μg/l) 
14,880 ± 
1240 a 

15,343 ± 
1309 a 

15,996 ± 
587 a 

17,183 ± 
1088 a 

15,862 ± 
320 a 

21,556 ± 
2880 a 

20,017 ± 
1657 a 

20,161 ± 
1153 a 

18,381 ± 
3 a 

21,570 ± 
2656 a 

Butan-1-ol (μg/l) 1350 ± 157 a 1266 ± 117 a 1318 ± 43 a 1347 ± 42 a 1329 ± 38 a 1571 ± 106 a 1507 ± 48 a 1509 ± 62 a 1423 ± 2 a 1612 ± 135 a 
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Isoamyl alcohol 
(μg/l) 

140,277 ± 
8635 a 

139,297 ± 
8850 a 

145,589 ± 
1817 a 

145,741 ± 
6608 a 

147,448 ± 
3287 a 

178,463 ± 
8388 a 

155,756 ± 
9220 b 

177,523 ± 
8149 a 

161,637 ± 
259 ab 

170,636 ± 
3447 ab 

Methionol (μg/l) 1,688 ± 355 a 1,691 ± 159 a 1,603 ± 125 a 2,181 ± 321 a 1,780 ± 135 a 1,796 ± 103 a 1,149 ± 288 b 1,534 ± 212 ab 1,243 ± 62 b 1,331 ± 158 ab 

Benzyl alcohol 
(μg/l) 43.5 ± 2.8 a 39.8 ± 0.7 ab 35.6 ± 0.5 b 39.4 ± 2.6 ab 42.7 ± 2.4 a 85.3 ± 7.0 a 66.9 ± 3.3 b 74.9 ± 2.8 ab 76.7 ± 5.7 ab 80.0 ± 5.6 ab 

Phenylethyl alcohol 
(μg/l) 6430 ± 383 ab 5949 ± 402 ad 3681 ± 133 c 4867 ± 715 d 7084 ± 182 b 10,652 ± 510 a 6985 ± 645 b 8219 ± 389 ab 7881 ± 187 ab 9880 ± 2049 ab 

Benzaldehyde (μg/l) n.d. n.d. n.d. n.d. n.d. 5.0 ± 0.9 a 2.4 ± 0.4 a 2.7 ± 1.3 a 3.4 ± 0.7 a 4.8 ± 1.4 a 

Ethyl cinnamate 
(μg/l) 1.63 ± 0.02 ab 1.57 ± 0.02 c 1.61 ± 0.02 ac 1.66 ± 0.01 ab 1.59 ± 0.01 ac 2.06 ± 0.03 ab 1.95 ± 0.05 b 2.17 ± 0.02 ac 2.22 ± 0.06 c 2.08 ± 0.06 ab 

Ethyl 
(dihydro)cinnamate 
(μg/l) 

0.762 ± 0.002 a 0.746 ± 0.007 a 0.795 ± 0.001 b 0.761 ± 0.012 a 0.785 ± 0.002 b 0.876 ± 0.002 a 0.832 ± 0.005 c 1.209 ± 0.005 b 0.919 ± 0.004 d 0.884 ± 0.010 a 

4-Ethyl phenol (μg/l) 9.37 ± 0.19 a 8.18 ± 0.28 b 8.64 ± 0.57 ab 11.16 ± 0.55 c 7.62 ± 0.40 b 8.11 ± 0.18 a 7.56 ± 0.37 a 8.20 ± 0.33 a 7.85 ± 0.70 a 7.93 ± 0.21 a 

± Standard deviation, Superscript letters represent homogeneous subsets (Tukey, p < 0.05). 
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The only norisoprenoid to feature above the 0.5 ellipsoid is β-damascenone, RDA1 

loading distance of 0.62, was found in all experimental wines above its perception 

threshold of 0.05 µg/L [193]. This compound was found in higher concentrations in the 

FR set of each wine which explains the strong position to the right of RDA1. From 

Table 14, it can be seen that β-damascenone decreased significantly compared to the 

C for juices fined with AC and G for the FR fraction of vineyard A, this was also true 

for β-ionone. No significant differences for β-damascenone were seen between any of 

the FR or PF wines for vineyard B. 

 

Compared to the C, the use of AC gave a significant decrease in the levels of hexan-

1-ol for the PF wine sets of both vineyards. This decrease in hexan-1-ol was also 

observed for the FR wine set of vineyard B, although all wines still gave hexan-1-ol 

levels above its perception threshold of 1,100 µg/L [140]. The highest levels of hexan-

1-ol were found in the PF wines sets, which complement the placement of this 

compound to the left of RDA1 in Figure 16, with an absolute loading distance of 0.75 

for RDA1. Fining of Gewürztraminer wine with wheat gluten has been previously seen 

to significantly alter the level of hexan-1-ol whereas the use of activated carbon (450 

mg/ L) did not when compared to a control [17]. The level used in the 2010 study was 

slightly below that for the PF finings (500 mg/L), which may be the reason for the 

inconsistencies between these two trials. Furthermore it was conducted on a different 

grape variety, a different medium (wine), and overall the Gewürztraminer wines 

exhibited much lower concentrations of hexan-1-ol [17]. The presence of cis-3-hexen-

1-ol was greatest in the PF wine sets as can be seen by its position to the left of RDA 

1 (absolute loading distance of 0.53) and was always present above its perception 

threshold of 400 g/L [193]. As for fining, this did not seem to influence cis-3-hexen-1-
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ol in the FR wine sets of both vineyards when compared to the C. However, in the PF 

wines, the use of AC caused a significant decrease compared to the C for both 

vineyards. Furthermore, the use of the M agent was seen to increase the level of cis-

3-hexen-1-ol in the PF of vineyard A. 

 

Ethyl isobutyrate did not significantly vary in any vineyard/fraction wine set from its 

respective C and was always present above its perception threshold of 15 µg/L [193]. 

However, between the press fractions it was clear that the FR wine sets contained 

much higher levels of this compound. This can also be seen by its position to the right 

of Figure 16 with loading distances of 0.97 and 0.11 for RDA1 and RDA2, respectively. 

However, for A-PF wines there was a significant difference between the M agent, that 

were higher in ethyl isobutyrate, compared to the other agents. G and M agent fining 

were seen to cause significant changes in ethyl isovalerate in the FR and PF wines of 

A, respectively. The M agent also gave significant changes in the PF of set B, with no 

significant changes in the FR wines. Again, similar to ethyl isobutyrate, ethyl 

isovalerate was also highest amongst the FR wines, falling below its perception 

threshold of 3 µg/L [193] in the PF wines. The position of ethyl dodecanoate in Figure 

16 suggests that it is more associated to vineyard A PF wines. For ethyl octanoate, 

ethyl decanoate, and ethyl dodecanoate fining with the M agent resulted in increased 

levels compared to both the FR-C and PF-C wines of vineyard A. This result is contrary 

to a reconstituted Moscato aroma compounds study showing decreased amounts of 

these ethyl esters after fining with 10 g/hL bentonite, where it was suggested that 

affinity of adsorption for ethyl esters from bentonite increased with increasing carbon 

chain length [194]. These contrasting results may be due to the fact that the 2015 

study used the bentonite on wine aromas of different grape varieties, while this study 
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looks at the effect of fining prior to fermentation on Sauvignon blanc. Furthermore, it 

has been previously observed that bentonite clays with varying properties i.e. specific 

surface area and charge density per unit; can influence the adsorption capacity of ethyl 

esters and other aroma compounds [182]. A 2010 study with Gewürztraminer and 

Chardonnay wine fining did not increase any of these ethyl esters significantly from 

the control when bentonite (1,000 mg/L) and isinglass (60 mg/L) were used, however 

decreases for other compounds were observed [17]. PVPP fining resulted in an 

increase for A-FR, whereas for B-FR wines PVPP and G showed significant increases 

for these three ethyl esters. 

 

Bentonite fining of reconstituted Moscato wine showed a significant decrease of hexyl 

acetate [194]. However, this was not always the case for our M agent that contained 

bentonite. Here the levels of hexyl acetate for A-FR and A-PF wine significantly 

decreased and increased with respect to G and the M agent. For B-PF however, it was 

G that gave an increase in hexyl acetate and the M agent a decrease. At no point did 

any decrease in hexyl acetate result in this compound falling below its perception 

threshold level of 670 µg/L [147]. Compared to the control of B-FR, only PVPP gave 

significantly increased levels of hexyl acetate. As for cis-3-hexenyl acetate the only 

time this compound was found in significantly different quantities compared to its C 

was for G fining in the PF wines of set A. Hexyl acetate and cis-3-hexenyl acetate are 

highlighted in Figure 16 by having absolute loading distances of 0.79 and 0.88 

respectively for RDA1. Lying to the left of RDA1, this shows their association to the PF 

wine sets in which their highest concentration values can be found. The compound 

methyl octanoate has a loading distance between 0.5 and 0.75 (Figure 16). The 
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research wines showed significantly higher amounts of methyl octanoate for those 

wines fined by the M agent in both the FR and PF wines of set A. 

 

The levels of benzyl alcohol were not uniformly influenced by the fining agents across 

the different vineyards or fractions and were never seen above the perception 

threshold of 20,000 µg/L [114]. However, all significant differences that were observed 

for this compound were always associated to a decrease in benzyl alcohol when 

compared to their C wines. Fining Falanghina must with multiple agents including 

charcoal and bentonite has already been shown to cause a decrease in the wines 

benzyl alcohol levels [35]. For benzaldehyde the C and M agent wines of both sets 

had the highest amounts found in the PF wines, none was detected in any FR wines. 

This noticeable lack of benzaldehyde in the FR wines can also be seen in Figure 16, 

compound position the furthest from the origin on the left of RDA1. As with benzyl 

alcohol, benzaldehyde was always found below its reported perception threshold of 

2,000 µg/L [195]. 

 

A linear model for each vineyard and fraction combination was constructed relating 

the chemical data (observations) to the different fining agents (explanatory variable). 

The obtained coefficients indicate the change between the control and other fining 

methods. Their significance was assessed using the associated p-values, adjusted for 

multiple testing using the false discovery rate method. These new p-values were then 

used to filter out those estimated coefficients from the linear models which were 

significantly different (p < 0.05) from the control of each vineyard and fraction 

combination. The results were then colour coded and can be found in Supplementary 

Table 2. This output allows for quick interpretation of which fining agent had a 
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significant (p < 0.05) influence on the aroma compounds when compared to their 

appropriate controls. For example, it can be seen that the level of IBMP was 

significantly decreased when AC, PVPP, and the M agent were used to fine the A-FR 

and -PF juices compared to their controls. Furthermore, it can be seen that AC for the 

A-FR wines on average gave a decrease in IBMP of 0.966 standard deviations away 

from its control. This table provides an overview as to how the fining agents behaved 

and in which direction, either decrease (negative number) or increase (positive 

number) the aroma compounds were influenced. 

 

2.4 Conclusions 

This study was conducted to explore how the use of different commercial fining agents 

on grape juice, may influence the aroma profiles of Marlborough Sauvignon blanc 

wines made from two different press fractions. Even though there are previous studies 

involving the use the fining agents, many of these are based on wine fining and so it 

was needed to conduct a study focused on juice fining, with particular emphasis placed 

on different juice fractions of Marlborough Sauvignon blanc. Of the vast number of 

aroma compounds examined here, it was found that many were influenced by the 

fining agents in various ways. Some of the more consistent results demonstrated here 

include the potential for carbon fining prior to fermentation to significantly reduce the 

amount of linalool in the resulting wines, a compound with an undesirable aroma in 

Sauvignon blanc. Furthermore, it has been demonstrated that juice fining does not 

always have the same outcome when it is carried out over different vineyards and 

fraction collections. Finally, these results prompt for the definition of a new research 

approach, corroborating anecdotal winemaking experience, which could ultimately 

define tailored fining regimes based on appropriate vineyard and press parameters. 
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2.5 Supplementary Data 

Supplementary Table 1: Post pressing analysis of experimental juices 

 °Brix pH 
TA 

(g/L) 
Free SO2 

(mg/L) 
Total SO2 

(mg/L) 
YAN 

(mg/L) 

Awatere (A)       
Free Run 23.1 3.32 8.77 6 30 210.0 
Press Fraction 22.6 3.82 8.13 1 24 260.4 
Wairau (B)       
Free Run 22.2 3.28 9.27 6 28 148.2 
Press Fraction 22.5 3.70 7.97 0 22 194.3 

 



Juice Fraction Fining 

 

 94 

Supplementary Table 2: Effects matrix for aroma compounds 

 Awatere (A) Wairau (B) 
 Free Run Press Fraction Free Run Press Fraction 
 G AC PVPP M G AC PVPP M G AC PVPP M G AC PVPP M 

IBMP  -0.966 -0.694 -0.628  -0.792 -0.506 -0.612  -0.174 -0.403 -0.433   -0.394 -0.705 
3MH 0.137 -0.279 -0.198        0.077      

3MHA       -0.053 -0.091         

cis/trans-Rose oxide -0.307 -0.238   -0.231    0.179   0.170   0.384  

Linalool  -0.177    -0.468    -0.167    -0.337   

β-Citronellol -0.200 -0.143       0.153   0.091   0.308  

β-Damascenone -0.288 -0.228               

β-Ionone -0.078 -0.146  0.027  -0.109   0.075 -0.138    -0.087 0.044  

Hexan-1-ol      -0.246  0.139  -0.081    -0.401   

cis-3-Hexen-1-ol        0.136   0.099   -0.188   

Ethyl isobutyrate   -0.724              

Ethyl butanoate  -0.166 -0.196  -0.185  -0.118       0.104 -0.081 -0.097 
Ethyl isovalerate -0.418 -0.197      0.150        -0.111 
Ethyl hexanoate    0.117    0.178 0.142  0.137  0.131   -0.092 
Ethyl octanoate   0.329 0.391    0.473 0.319  0.327      

Ethyl decanoate   0.661 0.656    0.982 0.718  0.514   0.387   

Ethyl dodecanoate   0.571 0.494    1.435 0.856  0.498      

Ethyl acetate       -0.132 0.168       -0.214  

Isobutyl acetate   -0.176  -0.214            

Isoamyl acetate  -0.205   -0.224 -0.135 -0.191        -0.204 -0.141 
Hexyl acetate  -0.074  0.074 -0.131 -0.222  0.245 0.077  0.096  0.147 -0.148  -0.148 
cis-3-Hexenyl acetate     -0.266            

β-Phenylethyl acetate               -0.129  

Methyl octanoate   0.330 0.349 -0.307   0.567 0.264        

Diethyl succinate  -0.156               

Hexanoic acid 0.160           0.161  -0.126   

Octanoic acid        0.112   0.142   -0.077  -0.080 
Decanoic acid   0.333 0.393     0.241  0.297      

Isobutanol                 

Butan-1-ol                 
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Isoamyl alcohol              -0.135   

Methionol              -0.360 -0.307  

Benzyl alcohol   -0.182 -0.162    -0.555 -0.082     -0.191   

Phenylethyl alcohol   -0.707 -0.634 0.214   -0.355 -0.334  -0.190   -0.446   

Benzaldehyde              -0.996   

Ethyl (dihydro)cinnamate 0.102 -0.080   0.364 -0.182   0.033 -0.017  0.023 0.336 -0.044 0.044  

Ethyl cinnamate 0.030  0.059   -0.187    -0.028     0.083  

4-Ethyl phenol 0.193  0.053 0.069 0.205   0.164  -0.143 0.216 -0.211     

                 
  Colour Scale:             
  -1.5 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.5     
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2.6 Accompanying Sensory Analysis  

A sensory analysis was also conducted using the experimental wines in the year 2013. 

Due to the length of the previous publication the results of the sensory analysis were 

not included and are instead presented here in a similar format to that of the chemical 

data.  

 

2.6.1 Sensory analysis setup 

A descriptive sensory analysis was carried out on the aroma of the experimental wines 

after ethics approval was gained from The University of Auckland Human Participants 

Ethics Committee (UAHPEC, reference number: 010636). The panel consisted of 8 

people aged between 22 and 60 years; six males and two females. The panel were 

engaged in nine hours of training during which the experimental wines were used to 

establish vocabulary, build a definition sheet, select appropriate standards and trained 

in how to use a line scale. The lines scale was 150 mm and unstructured with the 

anchors ‘low’ and ‘high’ as chosen by the panel by consensus. During training 30 mL 

aliquots of the wines were presented to the panel in 215 mL wine glasses which were 

disguised using black wine coats, petri dishes, and random three digit codes. 

 

Before the final evaluation of the wines, the panel underwent a mock evaluation 

followed by a review session. The mock evaluation was completed by the panel in the 

exact manner that a real evaluation session would take place, and the review was 

used to smooth out any confusion that had arisen during this exercise. During the final 

evaluation each wine replicate was evaluated three times by the panel and a William 

Latin Square design was used in order to minimise sample carry over. To afford for 
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the large number of wines to be evaluated, nine sessions were performed in which the 

20 wines all from the same fining replicate were evaluated. During the evaluation each 

panel member had available to them the panel built definition sheet, a full set of 

sensory standards, and water. The wines were presented to the panel in a similar 

manner as to the training sessions, however, the black wine coats were not used as 

the room for evaluation was fitted with green light. Each evaluation session lasted for 

one and half hours, during which the panel took a compulsory 30-minute break after 

10 of the wines had been evaluated. 

 

2.6.2 Sensory analysis results and discussion 

The aroma attributes and sensory standards chosen by the panel which were used to 

evaluate the wines are seen in Table 15. For some of the attributes defined more than 

one sensory standard was used. These are options (1) and (2) in Table 15 and were 

presented to the panel in separate containers. Overall the panel decided on evaluating 

ten aroma attributes, five described as fruity aromas and five described as non-fruity 

aromas. The sensory results of each vineyard and juice fraction were subjected to 

ANOVA performed in R [187]. The model included the main effects Judge, Fining 

agent, Fining replicate, Tasting replicate, and all two-way interactions. Few aroma 

attributes were found to be significant (p-value < 0.05) by the panel in distinguishing 

between the wines based on the fining treatment (Table 16). The most interesting 

sensory attributes evaluated for were Green vegetables, Floral, and Apple/pear; with 

three out of the four wine sets exhibiting at least one of these to be significant. 

Throughout the sensory data analysis, it was clear that Judge accounted for a large 

amount of the explained variance within each data set. This suggests that the panel 
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may have benefitted from more training in order to become a more uniform unit, 

unfortunately time did not permit this. 

 

Table 15: Sensory attributes and standards used to evaluate the experimental wines 

Attribute Reference Standard 

Fruity aromas   

Apple/pear (1) Sliced Granny Smith apple, ~7 g 
(2) Chopped Watties canned pear, ~10 g 

Banana Sliced Dole banana, ~8 g 

Citrus Yen Ben lemon, tangelo and lime zest, ~3 g of each 

Pineapple Sliced Dole Golden Maya pineapple, ~11 g 

Tropical (1) 1 tablespoon of EasiYo passionfruit yoghurt topping 
(2) Sliced and skinned fresh mango, ~8 g 

Non-fruity aromas   

Alcohol (1) 10 mL of ethanol solution in water (20%)a 
(2) 10 mL of isopropanol solution in water (2.5%)b 

Green vegetables (1) Chopped and deseeded green capsicum, ~4 g 
(2) Chopped Watties canned asparagus spears, ~6 g 

Floral 10 mL of phenylethyl acetate solution in water, made from 
2.25 µL added to 100 mL of waterc 

Pungent 5 ml of potassium metabisulfite solution in water (60 mg/L)d 

Toffee 1 tablespoon of Homebrand caramel topping 

a Ethanol (ACS grade) from ECP Ltd, b isopropanol supplied by Merck, c phenylethyl acetate from 
Adrich, d potassium metabisulfite from from Enartis E. 
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Table 16: Sensory ANOVA p-values for the main effect Fining agent for each vineyard and juice 
fraction combination 

Attribute A FR A PF B FR B PF 

Fruity aromas    

Apple/Pear 0.316 0.231 0.423 0.023* 
Banana 0.607 0.109 0.919 0.484 
Citrus 0.211 0.926 0.515 0.817 
Pineapple 0.602 0.181 0.682 0.755 
Tropical 0.736 0.092 0.325 0.185 
Non-fruity aromas    

Alcohol 0.392 0.718 0.771 0.432 
Green vegetables 0.003* 0.002* 0.687 0.627 
Floral 0.884 0.036* 0.666 0.853 
Pungent 0.694 0.087 0.465 0.975 
Toffee 0.554 0.387 0.979 0.611 
* Indicated a significant (p-value < 0.05) attribute as found by ANOVA. 

 

Radial plots for each wine set can be seen in Figure 17. These plots provide a visual 

representation of how the panel evaluated each sensory attribute of the fining 

treatment wines. For each of the radial plots, the colored lines which depict the fining 

treatments generally show similar intensity evaluations for many of the aroma 

attributes. Although a 150 mm line scale was used for this analysis, the panel averages 

shown by the radial plots all lie within the lower half of the available range. This may 

be a case of ‘avoidance of extremes’ also known as end-order effects [196] where the 

panel members are not comfortable in using the entire scale. During the training 

sessions, the panel were encouraged to use the full scale when they felt this was 

appropriate, however they were never forced into this. The emphasis during the line 

scale training remained on the individual panel member to be as reproducible within 

themselves as possible; regardless as to which part of the line scale they were 
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marking. In hindsight, the more effective use of reference standards at different 

concentration levels to help the panel better establish the range and extremes of each 

sensory attributes evaluated. 

 

These radial plots also display some dissimilarities between the fining treatments for 

some vineyard and juice fraction wine sets. For example, the Green vegetable attribute 

for A FR and PF wines show the AC fining treatment to produce wines with lower 

intensities than their respective controls. This separation of the fining treatments for 

Green vegetable was first indicated by the ANOVA’s (p < 0.05) of each wine set, and 

could be partly due to the action of AC fining leading to reduced amounts of the green 

capsicum perceived IBMP. Other areas of the radial plots may also show the deviation 

of fining treatments according to the intensity ratings, however these differences were 

not elucidated by the ANOVA’s performed. 
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Figure 17: Radial plots of sensory data showing means of attributes assessed for each vineyard and fraction combination. Fining agents represented as red 
(C), green (AC), orange (G), blue (PVPP), and purple (M) lines
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2.6.3 Sensory analysis conclusion 

Overall while changes in the sensory aroma profile of certain experimental wine sets 

were observed, the indicated changes by the panel appear to be minimal. Future 

considerations with regards to panel training may include greater attention to 

concentration scaled reference standard training, as well as increasing the number of 

training sessions. This may aid the panel in detecting smaller differences between the 

wines which may otherwise be missed. To improve the applicability of this type of 

research to wine industry professionals, the taste and mouthfeel of the wines should 

also be assessed, as after all, correcting the phenolic profile of a wine can be a main 

reason for employing the use of fining agents. 
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C h a p t e r  3 .  H i g h  F i n i n g  R a t e s  

 

S A U V I G N O N  B L A N C  A R O M A  A N D  S E N S O R Y  

P R O F I L E  M O D U L A T I O N  F R O M  H I G H  F I N I N G  

R A T E S  

 

Purpose of the chapter: 

The reduction of linalool and hexan-1-ol from the use of activated carbon in the Juice 

Fraction Fining trail was of interest to the winemakers involved. Hence, another trial 

was performed to ascertain if an increase in fining rate used resulted in a parallel 

increase of these trends. Although there are strict EU regulations for the amount of 

fining agent that can be used, a winery may over-fine a section of juice and then blend 

it with another to bring the overall fining level back into agreeance with these 

regulations. Photos relating to this chapter can be found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been accepted for publication in the Australian Journal of Grape and 

Wine Research (Wiley), and is currently available in the Early View section of the 

journals website. Parish, K.J. et al., Sauvignon blanc aroma and sensory profile 

modulation from high fining rates, Australian Journal of Grape and Wine Research. 

Version of Record online: 3 MAY 2017 | DOI: 10.1111/ajgw.12281. The co-authorship 

form is available at the start of this thesis, following on from the acknowledgements 

section. 
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3.1 Introduction 

Sauvignon blanc is a well-known staple for the New Zealand wine industry, accounting 

for over 60% of the 2015 harvest and over 80% of the total export volume [197]. Of 

this, Marlborough is a particularly important region, with the wines typically described 

as exhibiting pungent tropical aromas, with indications of green capsicum and fresh 

cut grass [71]. In general, premium Sauvignon blanc wines derive mainly from free-

run juice. Anecdotally, winemakers have indicated that free-run (0-12 kPa) or lighter 

press (12-160 kPa) juices account for around 94% of the total extracted volume, with 

the remaining proportion deemed press fraction (PF) or heavy pressed (160-200 kPa) 

juice. Previously, aroma chemistry and sensory aspects of Sauvignon blanc PF juices 

and wines have been explored [42, 100, 198-200]. 

 

One way to alter the composition of pressed juices is through the use of fining agents. 

Keeping the PF separate from free-run juice can be useful for blending purposes in 

the wine industry [201]. This practice may allow winemakers to tailor a fining treatment 

suited to PF juice by potentially applying an excessive amount of pre-fermentation 

fining. This may be applied to only part of a juice batch followed by blending with lesser 

fined juices in order to lower the overall rate of fining applied. Caution is needed, 

however, when applying such an approach as countries have different specifications 

and limits with regards to fining. 

 

To date, several fining studies have been applied to a selection of grape cultivars. For 

instance, the total sum of the aroma groups, ethyl esters, alcohols, terpenes, and 

acetates, decreased in Parellada wines made from musts clarified with bentonite and 

gelatin agents [27]. Fining of Falanghina must using several products, including carbon 
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and gelatin, has been reported to decrease the amount of free benzyl alcohol in the 

wine, an effect that was observed for two yeast strains [35]. More recently, the addition 

of bentonite, activated carbon or wheat gluten decreased the concentration of ethyl 

dodecanoate in Chardonnay wines, whereas fining with bentonite decreased the 

concentration of linalool in Gewürztraminer wine [17]. Related sensory results showed 

Chardonnay wines to differ in spicy aroma and floral/honey taste attributes between 

the fining treatments; however, neither of these differed significantly compared with 

their respective Control wines [17]. More recently, several plant-based proteins have 

been studied, one such involving proteins extracted from lentils, peas, soy, and wheat 

gluten. These proteins were added to Catalanesca white wines, and a protein derived 

from lentils was the most efficient at removing certain ester compounds [202]. 

 

Most studies of the influence of fining agents on wine aroma have focused mainly on 

the fining before or after the fermentation of free run fractions. Because of the 

opportunity for winemakers to thoroughly ‘clean up’ PF juice before fermentation, a set 

of experimental wines were produced to measure the effect of excessive pre-

fermentation fining on lower value PF juices. 

 

This study aims to provide winemakers with new knowledge on the application of fining 

agents at high rates to PF juices. This is achieved by demonstrating the influence of 

commercially available fining agents on the aroma chemistry and sensory profile of 

Sauvignon blanc wines made from PFs. 
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3.2 Materials and Methods 

3.2.1 Chemicals and fining agents 

The following materials were used in the winemaking and analytical procedures: ultra-

pure water with resistivity at 17.1 MΩ cm (Barnstead Nanopure Diamond system, 

ThermoFisher Scientific, Waltham, MA, USA); the fining agents gelatin (Laffort, 

Bordeaux, France), polyvinylpolypyrrolidone (PVPP) (International Speciality 

Products, Wayne, NJ, USA), and activated carbon (Erbslöh, Geisenheim, Germany); 

potassium metabisulfite (PMS) (Enartis E, Trecate, Italy), Lalvin yeast strain EC1118 

(Lallemand, Montréal, QC, Canada), Dynastart and Nutristart (Laffort), Clinitest tablets 

(Bayer Healthcare, Tarrytown, NY, USA), dry ice and carbon dioxide (both food grade), 

along with nitrogen, argon (both industrial grade), and helium (instrument grade) (BOC 

Gases NZ, Blenheim/Auckland, New Zealand); hydrochloric acid (HPLC grade) 

(AnalaR, Normapure, Lutterworth, England); methanol (HPLC grade), sodium 

chloride, sodium hydroxide and anhydrous sodium sulfate (purity of ≥ 98.5%) 

(Scharlau, Barcelona, Spain); ethyl propiolate (99%) and reagent grade butylated 

hydroxyanisole (Sigma-Aldrich, Castle Hill, NSW, Australia); Supelclean ENVI-18 SPE 

cartridges (Supelco, Castle Hill, NSW, Australia); dichloromethane (Suprasolv, Merck 

(Darmstadt, Germany); ACS grade absolute ethanol (ECP, Auckland, New Zealand); 

hexane (95%) (Merck); isopropanol (HPLC grade) to rinse the syringe between 

injections for the volatile thiol analysis (Unichrom, Ajax Finechem, Newmarket, New 

Zealand); standards, of 98% purity, 3-mercaptohexyl acetate (3MHA) (Oxford 

Chemicals, Hartlepool, England) and 3-mercaptohexanol (3MH) (Acros Organics, 

Morris Plains, NJ, USA); labelled internal standards, d2-3-mercaptohexyl acetate and 

d2-3-mercaptohexanol synthesised at The University of Auckland [183]; d3-3-isobutyl-
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2-methoxypyrazine (IBMP) (CDN Isotopes, Pointe-Claire, QC, Canada), and 2-

isobutyl-3-methoxypyrazine (both 99%) (Aldrich, Sheboygan Falls, WI, USA). 

 

The analysis of other volatile aroma compounds required several deuterated internal 

standards from CDN Isotopes (purity ≥ 98%): d2-3-methyl-1-butyl alcohol, d3-2-

phenylethyl acetate, d3-3-methylbutyl acetate, d3-n-hexyl acetate, d3-ethyl butyrate, 

d3-linalool, d5-2-phenyl alcohol, d11-n-hexyl alcohol, d11-ethyl hexanoate, d12-hexanal 

and d15-ethyl octanoate. Other internal standards used were 3,4-dimethlyphenol (99%) 

supplied by Aldrich, DL-3-octanol (99%) (Acros Organics), and 4-decanol (98%) 

(Lancaster, Pelham, NH, USA). 

 

Several solutions were created for sensory analysis, which included the food products 

tartaric acid (Hansells Food Group, Auckland, New Zealand) and iodised table salt 

(Cerebos Foodservice, Auckland, New Zealand); absolute ethanol (99.5%) (Merck 

Millipore, Darmstadt, Germany), pharmaceutical grade tannic acid (Applichem, 

Darmstadt, Germany), and quinine sulfate (purity of 99%) (Sigma-Aldrich). 

 

3.2.2 Grape harvest and winery processing 

Grapes were machine harvested on the 2 April 2014 from a single block of a Wairau 

valley vineyard located in Marlborough, New Zealand, during which they received 

approximately 60 g/tonne of PMS in solution. They were then transported to the 

processing winery by truck, crushed, destemmed (Vaslin Bucher Delta E8, Chalonnes-

sur-Loire, France), and pressed with a Bucher 350 Xpert pneumatic press (Vaslin 

Bucher). In total, 50.7 tonnes of grape must were introduced to the press, which then 
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extracted the juice using a press program that reached a maximum pressure of 180 

kPa. 

 

3.2.3 Sample collection and juice fining 

Light press (LP) and heavy press (HP) juices were collected separately during a single 

press cycle and later combined to give the PF juice to which the fining agents were 

added. These juices, LP and HP, were collected when the press was producing 650 

and 750 L of juice per tonne of grapes, respectively. At this time, the pressure of the 

cycle ranged between 60 and 160 kPa for the LP and between 140 and 180 kPa for 

the HP collection. The LP and HP juices after collection were analysed for Total 

Soluble Solids (TSS) (°Brix), pH and TA, with a Maselli Misure SA03 (Parma, Italy) 

and free SO2 and total SO2, by the aspiration method (Iland et al. [203]). Following 

analysis, the free SO2 value of the collected juices was topped up to 20 mg/L, before 

leaving them to cold settle at 4°C for 42 h. Given the great diversity of blending options 

applied across wineries, with the freedom to alter these yearly in order to obtain a 

consistent wine product, it was decided to create a generic PF by homogenising 

racked LP and HP at a 50:50 ratio. This was carried out under the protection of dry ice 

with the resulting PF juice then stored at 4°C. The juice was further analysed along 

with yeast available nitrogen (YAN) to determine the starting composition of the PF 

juice, and allowing for the free SO2 level to be corrected to 20 mg/L. On 7 April 2014, 

the juice was shipped, via a refrigerated truck to The University of Auckland, arriving 

on 9 April 2014.  

 

Triplicate 15 L allotments of the PF juice were fined with three commercial fining 

agents along with a Control (C), which received no addition of fining agent. The fining 
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agents used were gelatin (G), activated carbon (AC), and PVPP all at high levels of 6, 

5, and 8 g/L, respectively. Both the PVPP and the G fining agents required pre-

dissolution in ultra-pure water before addition to the PF juice, whereas the AC was 

added as dry pellets. The juices were stirred at 750 rpm for 15 min after addition of 

each fining agent and then cold settled at -4 °C for 36 h. The clarified juice was racked 

off from the finings into clean 20 L food grade buckets with the aid of CO2 gas for 

protection and held in a 15°C temperature-controlled room to warm prior to inoculation. 

 

3.2.4 Fermentation 

Following our established protocol [199], once warmed to approximately 12°C, the 

juices were inoculated with EC1118, which had been rehydrated with the aid of 

Dynastart (125 mg/L), at a rate of 125 mg/L and then left to ferment at 15°C. During 

fermentation, Nutristart was added to each ferment to supplement the original YAN 

value of the PF juice 2 and 6 days after inoculation at a rate of 50 and 150 mg/L, 

respectively. Fermentation progression was tracked by weighing the ferments daily, 

and when mass began to steady, the remaining sugar was estimated with Clinitest 

tablets. 

 

3.2.5 Post fermentation 

Finished ferments were placed in a -4 °C temperature controlled room and left to cold 

settle for ~9 days, after which the clarified wine was racked from the lees into clean 

20 L food grade buckets with lids under the protection of CO2 gas. The wine was stored 

at -4 °C until bottling, at which time samples were collected from each wine and frozen 

at -20 °C for analysis of wine composition after fermentation. Ethanol (%), TA, volatile 
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acidity (VA), pH, and residual sugars were measured with a FOSS WineScan FT120 

Basic equipped with a 5027 FOSS sampler (FOSS, Hillerød, Denmark), whereas free 

and total SO2 were analysed using an FIAstar 5000 system (FOSS) fitted with a FOSS 

sampler (model 5027). The SO2 results gained here would be later used to adjust the 

free SO2 level in the wines to 35 mg/L during bottling. This was carried out by the 

addition of an aliquot of PMS solution into the empty, 275 mL flint, glass bottle, which 

had been previously gassed with CO2. Before bottling, the wines were filtered with a 

Tandem vacuum filter (Tenco, Avegno, Italy) fitted with a 5 μm polypropylene filter. A 

new filter was used for each fining agent treatment and was first prepared by passing 

3 L of 2012 Sauvignon blanc research wine followed by 11 L of water. The filter was 

then cleared of excess liquid before passing the experimental wine, of which the first 

150 mL was discarded. This filter housing was in line with an ENOL Matic bottling 

system (Tenco), and the filled bottles were then closed with a screw cap using a Lafert 

model 1110 capping machine (Wine and Beverages Systems, Auckland, New 

Zealand) and placed in cardboard boxes at -4 °C until required. 

 

3.2.6 Thiol analysis 

3MH and 3MHA were analysed using an ethyl propiolate derivatisation method by solid 

phase extraction (SPE)/GC-MS following a slightly modified method from Herbst-

Johnstone et al. [184]. Model white wine (ultrapure water containing 12% v/v ethanol, 

5 g/L tartaric acid, pH adjusted to 3.2) spiked with an increasing amount of 3MH and 

3MHA was used to create calibration curves, each containing five points conducted in 

duplicate. 
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3.2.7 Methoxypyrazine analysis 

The only methoxypyrazine considered during this study was IBMP. Using a modified 

method first developed by Parr et al. [73], and later revised by Parish et al. [199], IBMP 

was quantified by headspace-solid phase microextraction (HS-SPME)/GC-MS. 

Electron impact selected ion monitoring was used to record mass spectra at 70 eV. 

Duplicates of five calibration points were analysed to obtain calibration curves by 

spiking a Pinot noir (Leaning Rock, Central Otago, New Zealand), noticeably lacking 

in methoxypyrazines, with an increasing amount of IBMP. 

 

3.2.8 Analysis of other volatiles 

Several other aroma compounds were analysed using a previoulsy described method 

[185] employing HS-SPME/GC-MS in selective ion monitoring mode. Calibration 

curves were prepared by spiking model white wine (description in thiol analysis 

section) with the aroma compounds of interest at increasing concentration. 

 

3.2.9 Sensory analysis 

Changes in aroma, taste and aftertaste of the experimental wines due to pre-

fermentation fining were assessed by sensory analysis. Ethics approval (reference 

number: 010636) for the sensory panel was granted by The University of Auckland 

Human Participants Ethics Committee. Sensory analysis of the wines was performed 

by nine panelists, aged between 22 and 54 years. The panel received ten 1 h training 

sessions, a mock evaluation, followed by a review session. During the training 

sessions, only the experimental wines were used, which had been blinded using 

randomised three-digit codes and black wine glasses. The training sessions were 
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structured so that the panel was exposed to all of the experimental wines, allowing for 

the development of vocabulary, choosing attributes by consensus and assigning these 

suitable definitions and reference standards (Table 17) Also during training, the panel 

was familiarised with the unstructured line scale of 150 mm that they would be using 

in the evaluation of the experimental wines. The panel chose anchors for the line scale 

by consensus of ‘None’ to ‘Intense’. 

 

During the mock evaluation, the panel went through all of the proceedings expected 

of them on any particular evaluation day. A review session following the mock 

evaluation allowed the panel to sort out any issues that had arisen from this exercise. 

Final evaluation of the wines took place over 3 days, with each day split into three 

sections and compulsory 20min breaks between the sections. The wines were 

evaluated in triplicate, using individual sensory booths fitted with green light. During 

the evaluation period, each panel member had individually available water, crackers, 

all reference standards, and the definition sheet that they had constructed during the 

training sessions. A William Latin square design was used to randomise the wines, 

which were served as a 30mL aliquot in a 215mL black wine glass, disguised by a 

random three-digit code, and covered with a Petri dish. The 3 days of evaluation 

allowed for each fining replicate of each treatment to be assessed in triplicate for 

aroma, taste, and aftertaste. 
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Table 17: Attributes and reference standards used for the descriptive analysis of the experimental 
wines 

 

Attribute Wine Aspect Measured Reference Standard 

Pear/banana Aroma 17 g Pakham pear pieces with sliced 
banana  

Fresh, green 
apple skin Aroma 3 cm Granny Smith apple skin 

Green veg Aroma 
(1) 8 g Green capsicum pieces 
(2) 11 g Green bean and sugar snap 
pea pieces 

Citrus peel Aroma 4 g Yellow grapefruit pith and peel 

Alcohol Aroma 10 mL Absolute ethanol 14% v/v 
solution 

Tropical Aroma/Taste 
(1) 11 g Passionfruit yoghurt topping 
(2) 19 g Fresh pineapple pieces 
(3) 16 g Yellow peach pieces 

Floral honey Aroma/Taste/Aftertaste 
20 mL Rose petal tea sweetened with 
5 g of Vipers bugloss honey, served at 
room temperature 

Apple/pear Taste 15 g Rose apple and Packham pear 
pieces 

Acidic Taste/Aftertaste 20 mL Solution of 2.5 g/L tartaric acid 
in water  

Salty Taste/Aftertaste 20 mL Solution of 2 g/L salt in water  

Bitter Taste/Aftertaste 20 mL Solution of 12 g/L quinine 
sulfate in water 

Astringent Aftertaste 20 mL Solution of 0.5 g/L tannic acid in 
water 

Fruity Aftertaste ‘Tropical’ and ‘Apple/Pear’ reference 
standards 



High Fining Rates 

 

 114 

3.2.10 Data analysis 

Aroma chemistry data from the experimental wines were first analysed using Agilent 

Mass Hunter A.02.00 (Agilent Technologies, Santa Clara, CA, USA). To account for 

heterogeneous levels of concentration of aroma compounds, the data were 

normalised, that is, all aroma compounds have the same variance. The R-package 

[204] ‘vegan’ [189] was then used to perform permutational multivariate analysis of 

variance [PERMANOVA; [186]], in order to better understand the relationship between 

the external variables and the aroma chemistry results gained during this study. To 

reduce the space spanned by our measurements, we used a principal component (PC) 

analysis [PCA; [205]]. To identify interesting aroma compounds, Mardia’s criterion was 

applied [206]. The relationships between the aroma compounds identified by Mardia’s 

criterion were highlighted with a correlation plot [207]. To determine direction and 

strength of effects, an analysis of variance (ANOVA) with Tukey honest significant 

difference post hoc test [208] was conducted for each aroma compound. Missing data 

from the sensory analysis were replaced by the panel mean for that particular attribute 

for that particular sample [209]. The sensory data were again analysed using 

PERMANOVA. Significant sensory attributes were identified by ANOVA using a 

simplified model from the PERMANOVA. Interaction plots between the judges for 

certain sensory attributes were graphed using the R-package ‘ggplot2’ [210].  

 

3.3 Results and Discussion 

3.3.1 Juice analysis 

The PF-starting juice had a TSS of 21.2°Brix, pH of 3.68, and TA of 7.87 g/L, which 

are similar to values seen previously for Marlborough Sauvignon blanc juice pressings 
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[100, 199]. The YAN of the PF juice was 189 mg/L, which is lower than the average 

formerly observed for Sauvignon blanc from Marlborough subregions [72]. The 

concentration of free and total SO2 was 0 and 11 mg/L, respectively; which was 

expected as most of the SO2 added before this stage has been consumed during 

transport to the winery, pressing or racking of the cold settled juice fractions.  

 

3.3.2 Fermentation and wine composition 

All fermentations reached a stable mass and gave consistent Clinitest results within 

20 to 26 days of inoculation. The C wines were among the first to finish fermentation, 

and the AC wines were the last. Excessive clarification of grape must has been linked 

to a reduction in fermentation rate. This may be due to many factors, such as the 

reduction of nutrients and vitamins as well as to a drop in the natural ability of the must 

to agitate [191]. One or a mixture of these reasons may explain why the unfined (C) 

wines finished fermentation earlier than that of most of the G, AC, and PVPP treated 

wines.  

 

Table 18 shows the composition of the experimental wines after fermentation. Wines, 

prepared from juice fined with G, had the highest average pH (3.90 ± 0.03); however, 

all values seen here were within a range for light and heavy pressed juices as seen in 

a previous study [100]. Juice fined with G also produced wine with the lowest ethanol 

concentration when compared with that of all other wines; however, interestingly 

enough, these wines did not have the highest concentration of residual sugar. This 

suggests that the low ethanol concentration was not caused by stuck fermentation. 

One hypothesis for this may be due to non-homogenous juice distribution. This 

probably occurred during the separation of the PF juice into the 20 L buckets before 
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juice fining took place. Another hypothesis is that a low ethanol concentration may be 

a consequence of G fining at a high rate, as it was seen only in the wines prepared 

from juices fined with G. Overall, this aspect of the winemaking warrants further 

investigation. For the meantime, this oddity within the wines prepared from juice fined 

with G must be kept in mind when interpreting the results of this study. A previous 

study involving Cayetana juice simultaneously fined with silica sol and G yielded a 

slight difference in ethanol concentration when compared with that of the C [211]; 

however, this reduction was negligible and not as severe as seen here. There was no 

significant difference (p > 0.05) in the TA in the wines prepared from the fining agents 

used. The lowest VA was measured for the wines treated with AC, with the average 

VA falling between those previously seen for Marlborough Sauvignon blanc wines 

made from lighter and harder pressed juice [100]. Although the C wine had the highest 

free and total SO2 levels of any experimental wines, the only significant differences 

were seen within the values of the free SO2 concentration between the fining agents 

used.  
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Table 18: Composition of the experimental wines that were fermented from press fraction juice fined with activated carbon, gelatin, and 
polyvinylpolypyrrolidone.

 
pH Ethanol (%) 

Titratable 
acidity (g/L) 

Volatile 
acidity (g/L) 

Reducing 
sugars 

(g/L) 

Free SO2 

(mg/L) 
Total SO2 

(mg/L) 

C 3.70 ± 0.02 bc 12.4 ± 0.2 a 5.60 ± 0.09 a 0.28 ± 0.01 b 1.6 ± 0.1 b 1.6 ± 0.1 a 74.6 ± 4.1 a 
AC 3.68 ± 0.02 c 12.7 ± 0.1 a 5.96 ± 0.03 a 0.21 ± 0.01 c 2.0 ± 0.1 a 1.2 ± 0.1 ab 69.4 ± 1.3 a 
G 3.90 ± 0.03 a 10.6 ± 0.7 b 5.77 ± 0.16 a 0.31 ± 0.01 a 1.6 ± 0.1 b 1.2 ± 0.1 b 67.8 ± 2.5 a 
PVPP 3.74 ± 0.03 b 12.7 ± 0.6 a 5.77 ± 0.25 a 0.29 ± 0.01 b 1.5 ± 0.1 b 1.2 ± 0.2 b 66.9 ± 6.8 a 
Letters denote homogeneous subsets (Tukey, P < 0.05). PVPP, polyvinylpolypyrrolidone. 
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3.3.3 PERMANOVA and PCA of aroma chemistry data 

Ten thousand permutations of the normalised data were performed using a step-wise 

model containing the variable Fining replicate and Fining agent, and hence, the 

smallest attainable p-value is 0.001. It was found that the Fining agent was responsible 

for over 90% (p = 0.001) of the variation in our data, as can be seen from Table 19. 

 

Table 19: Summary of PERMANOVA model obtained from the normalised aroma chemistry data of the 
experimental wines 

 

 

 

 

 

The contribution of Fining replicate was not considered significant (estimated p = 

0.076), and the variable was subsequently removed. The results of the PERMANOVA 

can be further explored by the PCA (Figure 18). For this, only the aroma compounds 

selected by Mardia’s criterion are shown on the biplot of the first two PCs and will be 

further discussed. It can be seen that PC1 (62% of the variation) clearly separates the 

AC-fined samples from the rest of the experimental wines. Further, PC2 (29%) helps 

to distinguish the G wines. The wines that were fined using PVPP and the experimental 

C wines are not separated using the first two PCs, suggesting that these two sets of 

wines are similar in their aroma chemistry profiles. The PCA clearly shows the close 

proximity of all fining replicates to their respective fining treatments, and this indicates 

the uniformity of these replications, especially in the case of AC where these triplicates 

are packed close together. The average concentration of each aroma compound 

 Df F Model R2 p-value 

Fining replicate 2 2.418 0.04 0.076 
Fining agent 3 36.520 0.91 0.001 
Residuals 6  0.05  
Total 11  1.00  
Df = Degrees of freedom, F Model = F statistic from the PERMANOVA 
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analysed can be found in Table 20. The following comparisons between fining agents 

have been deemed significant when the adjusted p-value was below 0.05. 
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Figure 18: Principal component analysis of Mardia’s indicated aroma compounds and fining triplicates: Control (), activated carbon (), gelatin (), and 
polyvinylpolypyrrolidone ()
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Table 20: Average concentration (± standard deviation) and adjusted p-values from one-way ANOVA 
of aroma compounds identified in the experimental wines 

 

The positioning of IBMP represents the strong negative association of this compound 

to the AC experimental wines. This is expected as AC fining gave a significantly lower 

concentration of IBMP in the finished wines. Both G and PVPP fining resulted in an 

increase in IBMP when compared with that of the C wine, which had an average 

concentration of 0.8 ng/L. At no point during this study was IBMP detected above its 

  
C AC G PVPP p-value 

IBMP (ng/L) 0.76  ± 0.02 c 0.23 ± 0.01 d 0.98 ± 0.02 a 0.88 ± 0.01 b 0.000 

3MH (ng/L) 594 ± 20 a 301 ± 19 d 481 ± 9 c 536 ± 26 b 0.000 

3MHA (ng/L) 82.7 ± 5.4 a 15.5 ± 2.1 d 33.9 ± 1.9 c 65.5 ± 9.9 b 0.000 

Linalool (μg/l) 5.65 ± 0.11 a 0.55 ± 0.04 b 5.46 ± 0.14 a 5.44 ± 0.36 a 0.000 

β-Citronellol (μg/l) 4.1 ± 0.2 a 3.8 ± 0.5 a 3.6 ± 0.5 a 4.2 ± 0.4 a 0.368 

β-Damascenone (μg/l) 1.3 ± 0.2 ab 0.6 ± 0.2 b 1.5 ± 0.5 a 1.8 ± 0.1 a 0.010 

Hexan-1-ol (μg/l) 3,566 ± 147 b 462 ± 43 c 3,712 ± 129 ab 3,976 ± 224 a 0.000 

Ethyl isobutyrate (μg/l) 11.7 ± 0.6 b 11.7 ± 0.2 b 12.9 ± 0.1 a 13.3 ± 0.6 a 0.007 

Ethyl butanoate (μg/l) 718 ± 19 b 850 ± 66 a 802 ± 54 ab 704 ± 8 b 0.016 

Ethyl isovalerate (μg/l) 1.3 ± 0.1 a 1.0 ± 0.1 b 1.3 ± 0.1 a 1.4 ± 0.1 a 0.007 

Ethyl acetate (μg/l) 85,946 ± 7,978 a 100,815 ± 3,449 a 102,893 ± 13,060 a 87,033 ± 7,222 a 0.103 

Isoamyl acetate (μg/l) 9,521 ± 1,202 a 6,320 ± 863 a 8,453 ± 469 a 7,953 ± 2182 a 0.114 

Hexyl acetate (μg/l) 10,069 ± 1,248 a 1,439 ± 180 b 8,559 ± 682 a 8,410 ± 1,903 a 0.000 

cis-3-Hexenyl acetate (μg/l) 1,341 ± 160 a 304 ± 33 b 1,224 ± 28 a 1,095 ± 283 a 0.000 

Methyl octanoate (μg/l) 53.6 ± 6.7 a 45.3 ± 3.8 a 51.5 ± 27.6 a 48.6 ± 9.6 a 0.717 

Hexanoic acid (mg/l) 6.7 ± 0.1 ab 6.0 ± 0.6 b 7.1 ± 0.2 a 6.4 ± 0.2 ab 0.040 

Octanoic acid (mg/l) 4.4 ± 0.1 ab 4.2 ± 0.8 b 5.6 ± 0.5 a 4.5 ± 0.4 ab 0.053 

Isobutanol (μg/l) 27,918 ± 931 a 27,061 ± 1,398 a 29,971 ± 4,115 a 30,712 ± 527 a 0.257 

Isoamyl alcohol (μg/l) 223,201 ± 14,295 a 160,155 ± 3,482 b 217,937 ± 6,046 a 225,631 ± 24,095 a 0.003 

Methionol (μg/l) 508 ± 162 a 271 ± 41 a 327 ± 63 a 500 ± 126 a 0.081 

Benzyl alcohol (μg/l) 105.1 ± 6.9 b 9.9 ± 4.1 d 169.3 ± 12.5 a 72.0 ± 17.9 c 0.000 

Phenylethyl alcohol (μg/l) 28,601 ± 515 a 19,193 ± 630 b 28,732 ± 1,421 a 28,503 ± 605 a 0.000 

Ethyl cinnamate (μg/l) 0.670 ± 0.011 b 0.467 ± 0.004 c 0.955 ± 0.066 a 0.750 ± 0.015 b 0.000 

Ethyl (dihydro)cinnamate (μg/l) 0.45 ± 0.10 b 0.52 ± 0.05 b 3.97 ± 0.75 a 0.59 ± 0.02 b 0.000 

Letters denote homogeneous subsets (Tukey, p < 0.05). 
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threshold in water of 2 ng/L [66] or that reported for white wine at 8 ng/L [212]. A 

previous fining trial also conducted using PF juice from the Wairau valley of 

Marlborough, New Zealand, found no significant differences between the C wines and 

the AC wines, although the average IBMP for the AC wine was technically lower than 

that of the C wines [199]. The amount of fining agent applied during the current study 

was ten times higher than in the previous study, and hence, this may be the reason 

that a significant difference was detected this time. Because of the importance of 

methoxypyrazines to New Zealand Sauvignon blanc [71, 72] it would be advisable for 

winemakers to consider the influence of using AC prior to fermentation as it may 

reduce desirable green capsicum, herbaceous notes in the finished wines. 

 

The location of linalool on the biplot represents the significant decrease of this 

compound in all of the AC wines. The results show that AC was the only fining agent 

trialled where the wines differed significantly from the C wines, ultimately lowering the 

concentration of linalool from an average of 5.65 to 0.55 μg/L. Fining of must with 

carbon after treatment with pectic enzyme decreased the level of linalool found in the 

resulting wines when compared with spontaneous settling alone [35]. Furthermore, a 

previous trial reported a consistent decrease in the amount of linalool due to pre-

fermentation carbon fining [199]. Other fining agents such as gelatin in combination 

with bentonite cause a net decrease in the concentration of terpenes in wine when 

applied to Parellada must [27]. None of the other fining agents tested in this project, 

however, including gelatin, significantly altered the amount of linalool in the wines. 

 

This draws particular attention to the use of AC at these high levels, suggesting that it 

may be a viable option for part batch-fining. In particular, this study shows how this 
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treatment can reduce the concentration of linalool, an atypical molecule for 

Marlborough Sauvignon blanc. 

 

Another aroma compound significantly influenced by pre-fermentation fining was 

hexan-1-ol. During this trial, the average concentration of hexan-1-ol decreased from 

the concentration of the C of 3566 to 462 μg/L when the PF juice was fined with AC. 

This resulted in the AC wines being the only treatment to reduce the concentration of 

hexan-1-ol below its respective perception threshold of 1300 μg/L [117] or 1100 μg/L 

[140] depending on the matrix. The PCA shows that hexan-1-ol is located at -0.61 

loading distance from the origin of PC1, which again is the opposite side of the AC 

wines. The other groupings of fining agents all lie to the same side of PC1 as hexan-

1-ol and all exhibited an average concentration greater than 3500 μg/L. Hexan-1-ol 

can be responsible for cut grass and herbaceous tones in wine, with an average 

concentration of between 2,372 and 2,411 μg/L for wines from previously studied 

Marlborough Sauvignon blanc subregions [72]. Wine fining at a level lower than 

currently used (450 mg/L) previously showed no significant influence on the 

concentration of hexan-1-ol present [17]; however, this result does complement the 

reduction of this aromatic compound during the previous study of fining agents using 

the same vineyard [199]. Between the C and AC wines, there is an 87% reduction in 

the amount of hexan-1-ol in the finished wines, which is three times higher than 

previously reported [199]. This is most likely due to the amplification of the rate of AC 

used during the trial, signalling that the influence of this fining agent on hexan-1-ol is 

impacted by the fining rate.  
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The two aroma compounds hexyl acetate and cis-3-hexenyl acetate are highly 

positively correlated (0.99) (Figure 19). Furthermore, the presence of hexyl acetate 

was highly positively correlated with the concentration of hexan-1-ol in the wines. This 

result is expected as it has been previously shown that the addition of hexan-1-ol to 

model grape must as well as to Riesling grape juice will increase the presence of this 

acetate ester [213]. The biplot shows that these compounds both lie in the negative 

quadrant of both PCs presented, and they share the same pattern of depletion by pre-

fermentation fining. Previous studies of New Zealand Sauvignon blanc have shown 

that the concentration of hexyl acetate reaches just over 200 μg/L [71, 72], which is 

well below that reported for the experimental wines. Pressed juices have previously 

been identified as having a concentration of hexan-1-ol significantly greater than that 

of free-run juice [214], and therefore, because our experimental wines consist solely 

of PF juice, this may be the reason for the elevated concentration of hexyl acetate.  
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Figure 19: Correlation plot of Mardia’s indicated aroma compounds. Blue colour scale indicates 
direction of the correlation, while the glyph size indicates the strength of the correlation 

 

The position of benzyl alcohol in the biplot shows a negative loading for PC1 and a 

positive loading for PC2. This places benzyl alcohol in the same quadrant as the G 

wines, which are those that contained the highest concentration of this compound. All 

fining treatments caused a significant change for this alcohol when compared with that 

of C. A previous study combing the effect of fining fino sherry wine with carbon, 

followed by gelatin, gave no significant change in the level of benzyl alcohol present 

[7]. During the sherry trial, however, only a conservative addition of 180 mg/L of 
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activated carbon followed by 100 mg/L of gelatin was used [7]. The concentration 

measured in the experimental wines is well below the reported perception threshold 

of benzyl alcohol of 20,000 μg/L in water [114]. Benzyl alcohol and the use of gelatin 

have been previously linked after an investigation into sparkling wine in the 1980s 

[215]. In particular, commercially prepared animal liquid gelatins were found to be an 

external source of benzyl alcohol for Italian wines (1.4 mg/g), and this could impact 

the concentration of benzaldehyde in the final wines, producing a bitter almond aroma 

[215]. Unfortunately, the authors are unable to establish if the higher concentration of 

benzyl alcohol is directly related to the use of the gelatin product; however, this result 

warrants further investigation. 

 

Of the seven aroma compounds identified from Madria’s criterion, ethyl 

(dihydro)cinnamate was the only compound selected for PC2. Therefore, it can be 

reasoned that the level of ethyl (dihydro)cinnamate in each wine is primarily influencing 

the discrimination of the fining agents along PC2. A significantly higher concentration 

of ethyl (dihydro) cinnamate was found in the G wines, which on average at 3.97 μg/L 

was over eight times higher than that of the C wines (0.45 μg/L). It should be 

remembered that the G wines had a lower concentration of ethanol compared with 

that of the other treatments, and this may have been due to poor juice homogenisation. 

If this was the case, then the juices of the G treatments would have had different 

starting fermentation properties compared with that of the other experimental juices. 

One of these juice parameters may have been different amounts of varietal aromas as 

well as aroma precursors present, and hence, this could be the reason for the diversity 

in ethyl (dihydro)cinnamate levels observed. A significantly higher concentration was 
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also found in a previous study for G fining when compared with the C wine, throughout 

all vineyards and PFs evaluated [199].  

 

For this study, the G wines were the only treatment to have an ethyl 

(dihydro)cinnamate concentration above its perception threshold of 1.6 μg/L [135]. The 

presence of this cinnamate has been reported in several studies for red wines [135, 

141, 165] exhibiting fruity and balsamic notes. Its presence in white wine has also 

been reported, for instance in Marlborough Sauvignon blanc reaching an average 

concentration of 1.6 μg/L for wines from both the 2009 and 2010 harvests [72]. The 

findings presented here, however, excluding the G wines, lie closer to the 

determination of ethyl (dihydro)cinnamate in 31 young dry white wines, which showed 

an average of 0.35 μg/L [164]. Cinnamate esters are derivatives of the shikimic acid 

pathway, which includes the formation of aromatic compounds from phenylalanine 

[216, 217]. As gelatin is a protein made up of many amino acids including 

phenylalanine [218], one could hypothesise that the increased amount of cinnamate 

esters in the G wines might be due to the presence of a higher concentration of this 

amino acid in the juice after it was fined using G. To the best of our knowledge no 

literature is available to directly support this hypothesis, and the concentration of 

phenylalanine in the juice before and after fining with G was not measured in this study. 

It has been previously shown that the higher the phenylalanine concentration in grape 

must the higher the relative concentration of phenylethyl alcohol and isobutanol and 

the lower the relative concentration of isoamyl alcohol in wine [219]. Although this 

pattern is seen with our experimental wines between the C and G treatments, none of 

these changes were strong enough to yield a significant difference between these two 

wine sets. To the best of the authors knowledge, no connection between the 
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concentration of ethyl (dihydro)cinnamate and the rate of pre-fermentation gelatin 

fining has been established.  

 

3.3.4 Effect of fining on sensory attributes 

The sensory results were first investigated using a PERMANOVA model containing 

the main effects Judge, Fining agent, Fining replicate, Tasting replicate, and all 

interactions, which indicated significant effects for Judge, Fining agent, Tasting 

replicate, Fining agent*Judge, and Tasting replicate*Judge. It was clear during this 

analysis that the Judge was the main effect observed, accounting for over 44% of the 

variation in the data. This PERMANOVA model was simplified to include only effects 

with an F statistic above 2, which gave a model that explained ~55% of the variation 

in the data. This model was further simplified to only include Fining agent, Judge, and 

their interaction with the explained variation decreasing modestly to ~52%. This final 

simplified model allowed a focus on the key areas of interest in the sensory data, that 

is, the overwhelming influence of the Judge and the fining treatment applied. The 

PERMANOVA output of the final model used can be seen in Table 21. This simplified 

model was also used to perform ANOVA for each of the sensory attributes individually, 

the results of which can be seen in Table 22. From this, four attributes have been 

identified as significant for the effect Fining agent; Green veg aroma, Floral honey 

aroma, Floral honey taste, and Salty aftertaste. Table 22, however, also shows that 

Judge is strongly significant for each attribute tested as is the interaction between 

Judge and Fining agent. To further explore how Judge was influencing and interacting 

with the fining treatment interaction plots for each significant attribute were constructed 

(Figure 20). From these plots, it can be seen that the separation of fining treatments 

based on these attributes was only overserved for a limited number of Judges, not the 
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panel as a whole. For example, in Figure 20a, the Green veg interaction plot shows 

that judge A was able to distinguish between the C and AC wines, whereas judge D 

offered differences between the G and C/PVPP wines whilst finding C and AC to be 

similar in their Green veg aroma. This information along with the PERMANOVA 

sensory results, which show a strong Judge effect, leads to the conclusion that no 

repeatable and significant sensory differences were seen between the experimental 

wines. 
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Table 21: Summary of simplified permutational multivariate ANOVA model obtained from the sensory 
data of the experimental wines. 

 

 

 

 

 

 

 
Df F Model R2 p-value 

Fining agent 3 2.11 0.011 0.000 
Judge 8 33.00 0.442 0.000 
Fining agent*Judge 24 1.58 0.064 0.000 
Residuals 288  0.483  
Total 323  1.000  

Attribute (p-value) 

Aroma Fining Agent Judge Interaction 

Pear/banana 0.167 0.000 0.086 
Fresh, green apple skin 0.958 0.000 0.251 
Green veg 0.000 0.000 0.000 
Citrus peel 0.369 0.000 0.203 
Alcohol 0.090 0.000 0.109 
Tropical 0.213 0.000 0.049 
Floral honey  0.000 0.000 0.002 

Taste      

Apple/pear 0.717 0.000 0.308 
Tropical 0.304 0.000 0.005 
Floral honey 0.023 0.000 0.036 
Acidic 0.472 0.000 0.146 
Salty 0.729 0.000 0.568 
Bitter  0.323 0.000 0.673 
Aftertaste      

Fruity 0.592 0.000 0.016 
Floral honey 0.127 0.000 0.000 
Acidic 0.159 0.000 0.116 
Salty 0.004 0.000 0.000 
Bitter 0.738 0.000 0.915 
Astringent 0.921 0.000 0.177 

Table 22: ANOVA sensory results for each attribute measured. 
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Figure 20: Interaction plots of sensory attributes: (a) Green veg aroma; (b) Floral honey aroma; (c) Floral honey taste; and (d) Salty aftertaste. Symbols indicate 
the average rating for an attribute given by a judge: Control (), activated carbon (), gelatin (), and polyvinylpolypyrrolidone (). Error bars represent the 
standard deviation of the rating of the judges between fining triplicates
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3.4 Conclusions 

This study was designed to measure the influence of commercially available fining 

agents, added at high dosage, on the aroma chemistry and sensory profile of 

Marlborough Sauvignon blanc wines made from a PF. The use of PF juice in the wine 

industry is necessary to meet volume extraction targets, especially when vintages of 

low yield are predicted. The fining agents trialled were applied in excess to provide an 

account of forceful pre-fermentation fining, a potential application for part-batch fining. 

First, it was observed that AC reduced significantly several aroma compounds in the 

experimental wines, while fining with G may cause an increase in some aroma 

compounds. The reason for such an increase when G is applied pre-fermentation is 

not yet clear; however, a hypothesis regarding the presence of extra phenylalanine in 

the juice as a consequence of gelatin fining has been proposed. Furthermore, we were 

unable to establish the cause of the lower ethanol concentration in the G wines, and 

therefore, these results should be interpreted with care. A descriptive sensory analysis 

of the experimental wines revealed no consistent and significant results between the 

different fining agents as indicated by the sensory panel. Overall, this study is highly 

relevant to winemakers who have the option of using these fining agents. Additionally, 

this study has opened up new research avenues involving gelatin fining and its relation 

to certain aromatic compounds. 

 



Industrial Scale Fining 

 

 133 

C h a p t e r  4 .  I n d u s t r i a l  S c a l e  F i n i n g  

 

I N D U S T R I A L  S C A L E  F I N I N G  I N F L U E N C E S  T H E  

A R O M A  A N D  S E N S O R Y  P R O F I L E  O F  S A U V I G N O N  

B L A N C  

 

Purpose of the chapter: 

This trial was performed in 2015 onsite at the Delegat Marlborough winery. The 

purpose of this experiment was to gauge if any of the fining patterns which had been 

observed in the laboratory trials would still be expressed when applied in an industry 

environment. Photos related to this work can be found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been published in LWT – Food Science and Technology (Elsevier).  

Parish, K.J. et al. Industrial scale fining influences the aroma and sensory profile of 

Sauvignon blanc. LWT – Food Science and Technology, 2017. 80: p. 423-429. The 

co-authorship form is available at the start of this thesis, following on from the 

acknowledgements section. 
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4.1 Introduction 

The application of fining agents during winemaking is a common practice in the 

industry with many choices available [6]. Anecdotally, we are told from winemakers 

that juice and wine fining regimes can correct the aroma, mouthfeel, and aftertaste of 

a product, with bench trials providing an insight into the products and rates that may 

be considered. Although fining has long been used, there continues to be a wide array 

of research being produced, revealing the multiple aspects of a juice or wine which 

may be influenced by fining [6, 36, 220]. Recently, a study exploring the influence of 

bentonite, pectic enzyme, and silica fining has indicated changes to the musts nitrogen 

compounds and the wines aroma compounds [22], while the significance of bentonite 

fining on a wines protein composition has also been analysed [221-223]. Another trial 

considering the effect of fining on aroma compounds included the use of activated 

carbon and polyvinylpolypyrrolidone for the remedial action of naturally occurring 

phenolic off-odour in the red wine Aglianico [18]. The usefulness of an activated 

carbon treatment for white wine afflicted by the multi-coloured Asian lady beetle 

(Harmonia axyridis) showed a reduction in 2-isopropyl-3-methoxypyrazine content, 

however this result was not confirmed for a red wine likewise trialled [83]. Floral 

compounds have also been analysed in clarified must and wine, with results indicating 

that both free and bound forms of certain compounds may be removed by certain fining 

treatments [35, 36, 223]. Furthermore, other aroma compounds such as terpenes, 

ethyl esters, and alcohols have been previously described after various juice or wine 

fining operatives such as bentonite and bentonite in combination with gelatin [224]. In 

a previous study, the aroma profiles of several small scale fermentations of 

Marlborough Sauvignon blanc subjected to various juice fining treatments were 

studied [199]. Nonetheless, it was not clear whether the results of these small-scale 
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ferments were representative of pre-fermentation fining on an industrial scale and the 

sensory profiles of these wines were not consistent. 

 

In the attempt to make this research translatable to commercial winemaking, a larger 

scale project was concluded. The present study examines the influence of pre-

fermentation fining in an industry setting by assessing the aroma compounds and 

sensory aspects of the final wines. To the best of our knowledge, this is the first time 

a large-scale experiment using only press fraction Marlborough Sauvignon blanc and 

the treatment of juice fining has been reported. 

 

4.2  Materials and Methods 

4.2.1 Chemicals 

Winemaking practices used activated carbon from Erbslöh (Geisenheim, Germany); 

gelatin, Lafase XL clarification, and Dynastart from Laffort (Bordeaux, France). Silicon 

dioxide solution (300 mL/L), potassium metabisulfite (PMS), Nutriferm Energy and 

Nutriferm Special from Enartis E (Trecate, Italy), and Rapidase flotation enzyme from 

DMS (Montpellier, France). The tartaric acid was supplied by Vinicas (Santiago, Chile), 

Lalvin QA23 yeast from Lallemand (Montreal, Canada), diammonium phosphate from 

Enartis Pacific Party Limited (Trecate, Italy), and Clinitest tablets from Bayer 

Healthcare LLC (Tarrytown, NY, USA). 

 

BOC Gases NZ Ltd (Auckland, New Zealand) supplied industrial grade nitrogen and 

argon as well as industrial grade helium for the instrumental analyses. A Barnstead 

Nanopure Diamond system (ThermoFisher Scientific, Waltham, MA, USA) supplied 

the ultrapure water (17.1 × 107 mΩ/m). Scharlau (Barcelona, Spain) supplied HPLC 
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grade methanol, sodium chloride, sodium hydroxide, and anhydrous sodium sulfate. 

Ethyl propiolate (99%) and reagent grade butylated hydroxyanisole were from Sigma-

Aldrich (Castle Hill, NSW, Australia). Hexane and Suprasolv dichloromethane (95%, 

Darmstadt, Germany) were from Merck, isopropanol (HPLC grade) from Unichrom, 

Ajax Finechem (Newmarket, New Zealand), absolute ethanol (ACS grade) from ECP 

Ltd (Auckland, New Zealand), and hydrochloric acid (HPLC grade) was from AnalaR, 

Normapure (Lutterworth, United Kingdom). The SPE cartridges, Supelclean ENVI-18 

were supplied by Supelco (Castle Hill, NSW, Australia). 

 

Standards used in the various analysis are as follow, all with purity of ≥ 98%. From 

Aldrich (Sheboygan Falls, WI, USA) 3,4-dimethylphenol and 2-isobutyl-3-

methoxypyrazine, from Lancaster (Pelham, NH, USA) 4-decanol, from Oxford 

Chemicals 3-mercaptohexyl acetate (Hartlepool, United Kingdom), and from Acros 

Organics (Morris Plains, NJ, USA) DL-3-octanol and 3-mercaptohexanol. Synthesized 

at the University of Auckland [183] were d2-3-mercaptohexyl acetate and d2-3-

mercaptohexanol. Supplied by CND isotopes (Pointe-Claire, Canada), d3-3-isobutyl-

2-methoxypyrazine, d15-ethyl octanoate, d12-hexanal, d3-3-methylbutyl acetate, d11-

ethyl hexanoate, d11-n-hexyl alcohol, d3-linalool, d5-2-phenyl alcohol, d3-ethyl butyrate, 

d2-3-methyl-1-butyl alcohol, d3-n-hexyl acetate, and d3-2-phenylethyl acetate. 

 

4.2.2 Juice fining and winemaking 

The two Sauvignon blanc juice sets used were from the Marlborough winemaking 

region (New Zealand). Set A was solely comprised of juices from one vineyard located 

in the Wairau valley, while set B was a mixture of Sauvignon blanc juices from the 

Wairau and Awatere valleys. All fruit was machine harvested and at this time received 
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approximately 90 g/t of potassium metabisulfite (PMS). Crushed and destemmed 

(Vaslin Bucher Delta E8, Chalonnes-sur-Loire, France) fruit was pressed in one of 

several Bucher 350 Xpert pneumatic presses (Chalonnes-sur-Loire, France). The 

press cycle consisted of 12 steps with rotations of the press between 0 and 60 kPa as 

well as at 100, 160, and 180 kPa. The juice used for this project was collected when 

the respective pressing cycles were producing 660 L of juice per tonne of grape must, 

with the maximum pressure of the cycle being set at 180 kPa. The basic juice 

parameters °Brix, pH, and titratable acidity (TA) were analysed using a Maselli Misure 

SA03 (http://www.maselli.com, Parma, Italy). Yeast available nitrogen (YAN) 

assessments were performed using enzymatic assay kits (Megazyme, Chicago, IL, 

USA). For sets A and B individually, the juice was transferred to an 80,000 L tank 

whilst receiving an 80 mg/L addition of PMS. From this point the two juice sets were 

treated slightly differently as is presented in the following as well as seen in 

Supplementary Figure 1 and Supplementary Figure 2. Set A: the 80,000 L tank was 

used to fill nine 5,000 L tanks which then each received a 30 mg/L of PMS, 0.076 mL/L 

of Rapidase Flotation enzyme and its respective fining agent. The fining treatments 

were conducted in triplicate and included a control (C) which received no fining 

additions, activated carbon (AC) at a rate of 1 g/L, and gelatin (G) at a rate of 1 g/L. 

After these additions, the juice was cold settled at 12 °C for 24 h and then each 

treatment was racked into a new clean 5,000 L tank. The turbidity of the juices was 

analysed prior to fermentation and the results can be found in Supplementary Table 

3. The juices were warmed to 19 °C before inoculation with QA23 yeast at a rate of 

125 mg/L which had been previously rehydrated using Enartis E Nutriferm Energy at 

a rate of 100 mg/L; after this, tank cooling was set to 14 °C. During fermentation two 

additions of Nutriferm Special at rates of 75 mg/L and 125 mg/L as well as two 100 
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mg/L addition of diammonium phosphate (DAP) were made in order to ferment to 

dryness. For set B the 80,000 L tank received 35 mg/L of PMS, 0.075 ml/L of Lafase 

XL clarification enzyme, and 1.24 g/L tartaric acid. This last addition was done in order 

to lower the pH of the juice. After these additions, the juice was transferred to twelve 

5,000 L tanks, which received the same fining treatments in triplicate as set A. 

Because there was more juice available for set B another fining treatment (GSi) was 

introduced and consisted of a gelatin addition (1 g/L) followed by a silicon dioxide 

solution at a rate of 0.045 mL/L. As with set A, after 24 h of settling the clarified juices 

were racked and then warmed to 19 °C prior to inoculation with QA23 at 125 mg/L, 

however this was rehydrated using the agent Dynastart at 125 mg/L. Tank cooling was 

again set to 14 °C and four feedings of the ferments were made as previously stated 

for set A, the only difference being a slightly higher second feeding of Nutriferm Special 

at 150 mg/L. A Clinitest followed by the Rebelein method for reducing sugars was 

used to determine the dryness of the ferments. For the chemical and sensory 

analyses, samples of the wines were settled overnight at 4 °C, racked, and protected 

using 90 mg/L of PMS. From here the sensory wine was transferred to 375 mL bottles 

and the chemical samples divided into appropriately sized containers and frozen at -

20 °C. Basic wine parameters measured using a FOSS WineScan FT120 Basic 

equipped with a 5027 FOSS sampler (Hillerød, Denmark). Free and total SO2 levels 

in the wine were analysed using an FIAstar 5000 system fitted with a FOSS sampler, 

model 5027 (Hillerød, Denmark). 

 

4.2.3 Methoxypyrazine analysis 

The compound 3-isobutyl-2-methozypyrazine (IBMP) was analysed using HS-

SPME/GC-MS. The method used was initially developed by Parr et al. [73] and later 
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underwent slight modifications as previously reported by Parish et al. [199]. An HP-

1ms (30 m, 0.320 mm ID, 0.25 mm film) and an HP-INNOWax (30 m, 0.320 mm ID, 

0.25 µm film) column (Agilent, Santa Clara, CA, USA) were used in tandem for this 

analysis. Briefly, the oven programe was: 60 °C for 5 min, ramped to 170 °C at 4 

°C/min, ramped to 240 °C at 50 °C/min and held for 5 min. The interface line was set 

at 250 °C and the quadrupole at 150 °C. Mass spectra were recorded by electron 

impact in SIM (Selected Ion Monitoring) mode at 70 eV with the ion source operating 

at 230 °C. A calibration curve was determined by analysing spiked Pinot noir at five 

concentration points with increasing amounts of IBMP, which had been choosen due 

to its lack of methoxypyrazines, (Leaning Rock, Central Otago, New Zealand). 

 

4.2.4 Varietal thiol analysis 

An ethyl propiolate (ETP) derivatisation was used to quantify the thiols 3MH and 3MHA 

by SPE/GC-MS [184] with minor changes to the original method as reported in Parish 

et al. [199]. The column used was an HP-INNOWax (60 m × 0.250 mm ID, 0.25 mm 

film) from Agilent (Santa Clara, CA, USA). Briefly, the oven program was: 150 °C for 

2 min, ramped to 250 °C at 10 °C/min and held for 20 min. The interface line, ion 

source, and quadrupole temperatures were the same as in section 4.2.3. Calibration 

curves for the varietal thiols were created consisting of ten points in duplicate by 

spiking model white wine (ultra-pure water containing 120 mL/L ethanol, 5 g/L tartaric 

acid, pH adjusted to 3.2) with increasing amounts of 3MH and 3MHA. 

 

4.2.5 Other volatiles analysis 

Other aroma compounds considered during this project were analysed using an HS-

SPME/GC-MS method [185]. The same column set up as well as interface line, 
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quadrupole, and ion source temperatures were used as reported in section 4.2.3. 

Briefly, the oven program was: 40 °C for 5 min, ramped to 200 °C at 2 °C/ min, ramped 

to 240 °C at 80 °C/min and held for 5 min. The relevant mass spectrum ions of certain 

esters, fatty acids, alcohols, terpenes, norisoprenoids, and cinnamates were 

determined in SIM mode. The aroma compounds of interest were used to spike model 

white wine (section 4.2.4) in increasing amounts to produce calibration curves for each 

of the aroma compounds considered. 

 

4.2.6 Sensory analysis 

A sensory analysis of the research wines was conducted with ethics approval 

(reference number: 010636) granted by The University of Auckland Human 

Participants Ethics Committee. The panel members were selected due to their 

experience with Sauvignon blanc wine, with all members being actively involved in the 

production of wine. The two wine sets were analysed by six judges. The wines were 

served as 30 mL aliquots in XL5 tasting glasses covered with petri dishes. The order 

of the wines determined by a William Latin Square design, with each wine disguised 

by a random three-digit code. The ballot consisted of one 6-point scale for each of the 

seven aroma attributes to be rated. This scale consisted of anchors ‘low’ to ‘high’ for 

the aroma at the points 0 and 5 of the scale, respectively. The aromas presented on 

the ballot were chosen in collaboration with the winery as they may be used to describe 

Sauvignon blanc wine made from press fraction juices. The attributes were Citrus, 

Floral/talcum powder, Tropical/thiol, Banana/pineapple, Green/herbaceous, Solvent, 

Toffee/caramel/honey. The one taste attribute scored by the panel was concerned with 

the description of the phenolic profile of the wine and had a scale of 1-5, anchored 

with ‘soft’ and ‘harsh’, respectively. 
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4.2.7 Data analysis 

Agilent Mass Hunter A.02.00 was used to analyse the aroma chemistry data. 

Permutational multivariate analysis of variance (PERMANOVA, [186]) was performed 

on the scaled aroma chemistry data using the package ‘vegan’ [189] in R-3.3.1 for 

Windows [187]. A correlation circle [225] of a principal component analysis (PCA, 

[205]) was used to visualise the results of the PERMANOVA with Mardia’s criterion 

[206] used to identify aroma compounds of interest. An analysis of variance (ANOVA) 

was conducted within each wine set and for each aroma compound followed by a 

Tukey HSD post-hoc test [208] in order to ascertain the implications of fining agent 

applied. Radial plots of the sensory data were constructed in R using ‘plotrix’ [226]. 

 

4.3  Results and Discussion 

4.3.1 Basic juice and wine analysis 

A basic juice analysis was performed on the 80,000 L tanks of each juice set. The 

°Brix, pH, and TA for set A was 21.9, 3.7, and 6.9 g/L, whereas for set B they were 

20.9, 3.7, and 7.9 g/L, respectively. For both juice sets these juice parameters are 

close to those previously reported for Marlborough Sauvignon blanc press fraction 

juice [199]. The YAN of set A was 163 mg/L, whereas set B showed a higher YAN of 

181 mg/L. Both of these values however, were lower than previously seen in Parish et 

al. [199] and this led to the various nutrients additions made during fermentation. 

 

The highest and lowest ethanol levels of the wines were in set A and B, respectively, 

which correlates to their differences in °Brix before fermentation. The G and GSi wines 

of each set A and B respectively, had the highest pH, titratable, and volatile acidity 

levels in the experimental wines. Similar volatile acidity levels have been seen for 
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Marlborough Sauvignon blanc previously [72], as have titratable acidity and pH for 

press fraction wines [199]. The highest average residual sugar level was in the GSi 

wines of set B being 2.17 g/L; with these low levels indicative of dry wines. Due to the 

PMS addition at the point of wine sampling the free SO2 levels of the wines ranged 

from an average of 14.5 - 20.2 mg/L over the two juice sets. As for the total SO2 levels 

there were no significant differences between the any of the wine treatments (see 

Table 23). 
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Table 23: Average concentrations (± standard deviation) from one-way analysis of variance of basic wine parameters assessed for each set of experimental 
wines (n = 3) 

 
pH 

Ethanol 
(mL/L) 

Titratable 
Acidity (g/L) 

Volatile 
Acidity (g/L) 

Residual 
Sugar (g/L) 

Free SO2 

(mg/L) 
Total SO2 

(mg/L) 

A        

C 3.75 ± 0.02 b 129.9 ± 1.2 a 5.37 ± 0.04 b 0.26 ± 0.01 b 1.57 ± 0.20 a 20.2 ± 0.4 a 143.4 ± 1.2 a 

AC 3.74 ± 0.02 b 132.2 ± 1.4 a 5.24 ± 0.04 c 0.19 ± 0.01 c 1.74 ± 0.18 a 18.8 ± 0.2 b 130.3 ± 17.8 a 

G 3.82 ± 0.02 a 131.7 ± 0.9 a 5.58 ± 0.04 a 0.30 ± 0.02 a 1.76 ± 0.35 a 20.0 ± 0.8 ab 144.0 ± 2.8 a 

B        

C 3.64 ± 0.01 b 122.9 ± 2.7 ab 6.49 ± 0.13 b 0.22 ± 0.02 d 1.60 ± 0.09 b 14.5 ± 1.6 a 136.6 ± 14.3 a 

AC 3.67 ± 0.02 b 128.8 ± 2.9 a 6.67 ± 0.04 ab 0.26 ± 0.01 c 1.68 ± 0.49 b 15.9 ± 0.5 a 138.7 ± 3.0 a 

G 3.67 ± 0.02 ab 122.0 ± 1.9 b 6.58 ± 0.11 ab 0.31 ± 0.01 b 2.15 ± 0.40 a 16.2 ± 0.4 a 144.0 ± 5.2 a 

GSi 3.71 ± 0.01 a 123.9 ± 1.4 ab 6.81 ± 0.05 a 0.38 ± 0.01 a 2.17 ± 0.38 a 16.5 ± 0.4 a 143.4 ± 8.9 a 

Letters denote homogenous subsets (Tukey HSD, p < 0.05). 
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4.3.2 PERMANOVA and PCA of aroma chemistry 

A model containing the main effects Juice (set A and B), Fining agent (C, AC, and G), 

and their interaction was fitted to the scaled aroma chemistry data. The initial model 

included the Fermentation replicate (1, 2, and 3) and its interaction with Juice. 

However, they were not considered to have an effect on the aroma chemistry (p > 

0.05), and were subsequently removed. The PERMANOVA results of the reduced 

model can be seen in Table 24. It should also be noted that as set A did not contain 

any GSi data, this level of fining was omitted from the model to allow for comparison 

between the aroma chemistry of the two juice sets. From this analysis, it can be seen 

that Juice, Fining agent, and their interaction account for 24, 49, and 8% of the 

variation in the aroma chemistry data. 
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Table 24: Simplified permutational analysis of variance from aroma chemistry of wine results 

 

 

 

 

 

To better visualise the PERMANOVA results, a PCA was performed and a correlation 

circle showing the effect of the aroma chemicals for the first two principal components 

(PC's) can be seen in Figure 21. PC1 and PC2 explain approximately 50.6 and 20.2% 

of the variation within the data, respectively. Only the aroma compounds indicated by 

Mardia's criterion for each PC were plotted. A separate samples biplot (Figure 22) 

shows the position of the fining agents for each juice set as indicated by the aroma 

chemistry data. By examining Figure 21 and Figure 22, it can be seen that both juice 

sets of AC samples are clearly positioned to the right of PC1 while all five aroma 

compounds indicated by Mardia's criterion for PC1 are located to the left. This 

represents a negative association of these aroma compounds with the AC samples. 

Furthermore, it is seen that all of the wines of set A are located to the right of PC1, 

although the C and G wines are much closer to the zero origin of the PC1 axis. The 

set B wines are found on all sides of both PC's represented in Figure 22. The wider 

spread of these wines indicates the greater variation in the aroma chemistry profiles 

of the set B wines. PC2 is useful in distinguishing the G wines of both sets, with 

Mardia's criterion only indicating one aroma compound, ethyl (dihydro)cinnamate. This 

compound is in the lower half of Figure 21, which represents its positive association 

with the G wines from both sets as can be identified from Figure 22. 

 Df F Model R2 Siga 

Juice 1 14.80 0.24 *** 
Fining agent 2 15.23 0.49 *** 
Juice*Fining agent 2 2.66 0.08 * 
Residuals 12  0.19  
Total 17 1.00  
a Significance: *, **, *** indicate p-values of p < 0.05, p < 0.01, p < 0.001, 
respectively.  
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Figure 21: Correlation circle of principal component analysis based on wine aroma chemistry 
variables. Arrows represent those aroma chemicals as indicated by Mardia’s criterion 
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Figure 22: Samples map of principal component 1 versus principal component 2 showing the location of fining agents based on the wine aroma chemistry 
data. Different symbols represent fining agents used; control = square, activated carbon = circle, gelatin = triangle, and different fills represent juice sets; A = 
solid fill, B = no fill
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The ANOVA and Tukey HSD results for each of the aroma compounds analysed can 

be found in Table 25. Here a significant difference is determined by a false rate 

discovery adjusted p-value less than 0.05. The AC wines of set B were seen to contain 

significantly (p-value ≈ 0.000) smaller amounts of the methoxypyrazine IBMP 

compared to the control. This result is also represented in Figure 21 and Figure 22 

where these wines are located in the opposite direction of the IBMP arrow for PC1. 

Previously, the concentration of another methoxypyrazine (3-isopropyl-2-

methoxypyrazine) was shown to decrease in white wine after the addition of activated 

carbon at a rate of 0.2 g/L [83]. Another study examining the effect of juice fining on 

Marlborough Sauvignon blanc showed that on a research scale AC could reduce the 

concentration of IBMP. However, this was only significant for one of the two juice sets 

studied [199]. In this industrial sized trial, a similar result was observed with only one 

of the two juice sets trialled showing a significant decrease in IBMP from its respective 

control when AC was used.  
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Table 25: Average concentrations (± standard deviation) and adjusted p-values from one-way analysis of variance of wine aroma compounds identified for 
each set of experimental wines (n = 3) 

 A (Wairau valley) B (Marlborough mixed vineyards) 

  C AC G Siga C AC G GSi Siga 

IBMP (ng/L) 0.44 ± 0.03 ab 0.33 ± 0.05 b 0.59 ± 0.10 a NS 1.06 ± 0.05 ab 0.32 ± 0.02 c 1.02 ± 0.02 b 1.14 ± 0.05 a *** 

3MH (ng/L) 415 ± 30 a 262 ± 32 b 302± 29 b ** 985 ± 74 a 507 ± 37 c 667 ± 42 b 576 ± 32 bc *** 

3MHA (ng/L) 268 ± 5 a 180 ± 8 b 192 ± 24 b ** 583 ± 32 a 329 ± 21 b 372 ± 67 b 350 ± 62 b ** 

Linalool (μg/l) 2.6 ± 0.1 a 0.8 ± 0.1 b 2.3 ± 0.1 a *** 3.7 ± 0.2 a 1.0 ± 0.3 c 2.9 ± 0.1 b 3.0 ± 0.2 b *** 

β-Citronellol (μg/l) 4.3 ± 0.3 a 2.9 ± 0.1 b 4.2 ± 0.1 a ** 4.4 ± 0.2 a 2.1 ± 0.3 b 4.7 ± 0.1 a 4.6 ± 0.6 a *** 

β-Damascenone (μg/l) 0.9 ± 0.2 a 0.5 ± 0.2 a 0.9 ± 0.2 a NS 1.1 ± 0.2 a 0.8 ± 0.2 a 1.5 ± 0.4 a 1.2 ± 0.3 a NS 

Hexan-1-ol (μg/l) 3,373 ± 214 a 1,969 ± 99 b 3,473 ± 33 a *** 4,267 ± 24 a 2,295 ± 409 b 3,963 ± 67 a 4,123 ± 82 a *** 

Ethyl isobutyrate (μg/l) 7.30 ± 0.68 a 7.98 ± 1.90 a 7.27 ± 1.12 a NS 10.03 ± 1.24 a 7.63 ± 0.39 b 7.60 ± 0.33 b 6.98 ± 0.01 b ** 

Ethyl butanoate (μg/l) 865 ± 41 a 843 ± 86 a 800 ± 61 a NS 900 ± 99 ab 1,058 ± 100 a 801 ± 54 b 785 ± 41 b * 

Ethyl isovalerate (μg/l) 4.5 ± 0.3 a 3.9 ± 0.3 a 4.2 ± 0.6 a NS 5.2 ± 0.8 a 4.4 ± 0.6 a 4.2 ± 0.3 a 4.4 ± 0.2 a NS 

Ethyl acetate (mg/l) 670 ± 48 a 814 ± 200 a 682 ± 98 a NS 860 ± 172 ab 987 ± 21 a 596 ± 130 b 603 ± 11 b * 

Isoamyl acetate (mg/l) 457 ± 57 a 393 ± 18 a 358 ± 53 a NS 448 ± 41 a 409 ± 39 a 325 ± 15 b 306 ± 22 b ** 

Hexyl acetate (mg/l) 300 ± 50 a 190 ± 45 b 244 ± 7 ab NS 246 ± 39 ab 199 ± 34 b 295 ± 27 a 287 ± 36 ab * 

cis-3-Hexenyl acetate (mg/l) 490 ± 21 a 340 ± 32 b 491 ± 41 a ** 326 ± 63 a 354 ± 96 a 364 ± 4 a 383 ± 91 a NS 

Methyl octanoate (μg/l) 10.4 ± 0.2 a 10.5 ± 0.4 a 10.2 ± 0.3 a NS 10.8 ± 0.2 a 10.3 ± 0.3 b 10.5 ± 0.1 ab 10.2 ± 0.2 b * 

Hexanoic acid (mg/l) 8.5 ± 0.4 a 7.8 ± 0.4 a 8.2 ± 0.1 a NS 8.8 ± 0.2 a 8.0 ± 0.3 c 8.6 ± 0.1 ab 8.3 ± 0.1 bc ** 

Octanoic acid (mg/l) 8.0 ± 0.6 a 7.1 ± 0.8 a 8.4 ± 1.2 a NS 6.7 ± 0.2 a 8.0 ± 1.0 a 8.3 ± 0.2 a 8.1 ± 1.5 a NS 

Isobutanol (μg/l) 28,016 ± 1,261 a 26,425 ± 3,619 a 28,303 ± 2,662 a NS 30,891 ± 6,334 a 26,112 ± 2,211 a 23,263 ± 1,429 a 22,426 ± 2,626 a NS 

Isoamyl alcohol (mg/l) 190 ± 8 a 161 ± 7 b 182 ± 6 a * 205 ± 6 a 170 ± 9 b 187 ± 20 ab 178 ± 4 ab * 

Methionol (μg/l) 242 ± 125 a 331 ± 107 a 325 ± 44 a NS 406 ± 63 a 234 ± 10 b 359 ± 99 ab 440 ± 50 a * 
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Benzyl alcohol (μg/l) 48.6 ± 25.5 a 11.7 ± 8.1 a 41.6 ± 12.3 a NS 59.1 ± 2.7 a 30.3 ± 11.9 a 57.5 ± 35.0 a 88.4 ± 84.6 a NS 

Phenylethyl alcohol (μg/l) 8,172 ± 3,234 a 5,198 ± 1,006 a 6,858 ± 801 a NS 9,506 ± 481 a 10,044 ± 2,370 a 16,427 ± 9,151 a 16,373 ± 8,762 a NS 

Ethyl cinnamate (μg/l) 0.59 ± 0.02 a 0.53 ± 0.03 a 0.63 ± 0.01 a NS 0.93 ± 0.07 a 0.57 ± 0.06 b 0.85 ± 0.02 a 0.88 ± 0.05 a ** 

Ethyl (dihydro)cinnamate (μg/l) 0.51 ± 0.02 b 0.36 ± 0.05 c 1.18 ± 0.03 a *** 0.42 ± 0.08 b 0.39 ± 0.03 b 1.35 ± 0.05 a 1.08 ± 0.20 a *** 

Letters denote homogenous subsets (Tukey HSD, p < 0.05). 

a Significance determined by the adjusted p-value are represented by *, **, ***, and NS which indicate adjusted p-values of p < 0.05, p < 0.01, p < 0.001, and not significant, respectively.  
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From Table 25 it can be seen that 3MH and 3MHA show similar trends during this 

analysis with regards to the fining agents trialled. For instance, the highest 

concentrations for these compounds were found in the control wines for each set, 

while AC fined juices produced wines with the lowest thiol contents. 3MH and 3MHA 

are positioned closely together in Figure 21 with the C wines of set B in a similar area 

as shown by Figure 22, which incidentally had the highest levels of these varietal thiols. 

The levels of thiols here are lower than those found in previous studies involving 

Marlborough Sauvignon blanc [71, 72], but they are similar to the levels observed in 

an earlier experiment on wines made from press fraction juices [199]. As for the 

influence of fining, this previous study by the authors which included the addition of 

500 mg/L of activated carbon to press fraction Sauvignon blanc did not show any 

significant differences between the wines from either the Awatere or the Wairau valley 

of Marlborough [199]. The difference in outcomes seen in the current study compared 

to that of the previous research scale sized experiment may be due to higher levels of 

AC and G being used in this industrial setting.  

 

The floral terpene linalool concentrations were decreased in this industrial trial by the 

use of AC for both wine sets, as well as with G and GSi for the set B wines, compared 

to their respective controls. The average reduction of linalool by the use of AC for set 

A and set B wines was 69 and 73%, respectively from their controls, which is more 

than that previously seen for press fractions juices of 18 and 34% [199]. Interestingly, 

the use of G prior to fermentation had no significant effect on the amount of linalool 

present in the wines of set A, but did cause a significant drop for the set B wines (p-

value ≈ 0.000) as did fining with GSi. Previously, a combination of gelatin at 0.1 g/L 

and bentonite at 0.3 g/L used with Parellada must produced wines with a decreased 
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total sum of terpenes [27], while a study involving bentonite alone, also found changes 

in the concentration of certain terpenes [36, 223]. A combination of fining agents 

including charcoal, gelatin, and silica gel as well as bentonite and casein were used in 

an earlier Falanghina must study and gave a decrease in bound and free wine linalool 

when compared to spontaneous settling alone [35]. This same study also showed a 

decrease for benzyl alcohol in the wines of the fined must, commenting that these 

reductions may result in a loss of varietal character for the wines produced [35]. This 

study reports a loss of benzyl alcohol for the AC wines compared to the C wines. 

However, due to high standard deviation within the samples this effect was not 

observed here, as indicated by the ANOVA, for any of the wine sets. The positioning 

of the arrow in Figure 21 reflects the negative association of the benzyl alcohol with 

all of the AC wines. However, as indicated by the length of the arrow the strength of 

this compound is less than that for linalool or IBMP which also pull in a similar direction 

in the biplot of Figure 21. All of the levels of benzyl alcohol detected in the industrial 

scale wines are well below the odour threshold reported for this compound in a water 

solution of 20,000 mg/L [114]. 

 

The positive association of ethyl (dihydro)cinnamate with the G wines of each set is 

clearly visible from Figure 21 and Figure 22. The arrow of this compound is in the 

bottom section of PC2, along with all of the G wines trialled. The GSi wines were not 

included in the PCA analysis but from Table 25 it is clear that this juice fining treatment 

also resulted in an increase of this compound. Increased levels of ethyl 

(dihydro)cinnamate and ethyl cinnamate were previously reported for wines made 

from Chardonnay must which had been fined using silica sol [22]. In fact, all the fining 

agents trialled in the 2016 study gave higher concentrations of the two cinnamate 
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esters than the corresponding control [22]. The highest level of this cinnamate ester 

was found in the G wines of set B which reached an average of 1.35 mg/L followed by 

the G wines of set A at 1.08 mg/L. None of levels of ethyl (dihydro) cinnamate 

measured in the industrial scaled wines was above its odour threshold of 1.6 mg/L 

[135], however this level has been reached by Marlborough Sauvignon blanc in a 

previous study [72].  

 

4.3.3 Exploratory sensory results 

Radial plots for each wine set can be found in Figure 23. These plots were used to 

identify potentially interesting sensory attributes. For set A, the radial plot shows 

Tropical/thiol, Banana/pineapple, and Toffee/caramel/honey all with higher mean 

ratings for the G wines. On the other hand, the G wines give the lowest mean rating 

for the attribute Floral/talcum powder and the C wines are rated highest. A handful of 

floral aroma compounds were identified during the chemical analysis including linalool 

and phenylethyl alcohol, both of which showed their highest concentrations for the C 

wines in set A. For set B, the C wines have the lowest mean rating for the Citrus 

attribute. The Toffee/caramel/honey attribute appears to highlight a grouping of the 

fining agents with C and G fining leading to wines higher in this aroma than AC and 

GSi. Interestingly, the AC wines are seen to rate the highest for the Tropical/thiol 

attribute for this set of wines. This is contradictory to the results seen for the chemical 

analysis, which show the AC wines to have the least amount of 3MH and 3MHA 

present. Complex sensory interactions have been recently identified in model wines, 

where it was found that methional could act as a suppressant for 3MH [104], 

unfortunately this compound was not quantified during this study. Previously, the 

methoxypyrazines IBMP and IPMP (3-isopropyl-2-methoxypyrazine) have been 
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assessed in Sauvignon blanc wines to show positive associations with ‘green’ sensory 

attributes such as grassy, green capsicum, and herbaceous. Interestingly, these two 

compounds were also identified to have inverse associations with fruitier sensory 

attributes such as passionfruit, tropical, and stonefruit [73]. Although IPMP was not 

quantified during this study, the levels of IBMP reveal that the AC wines of set B had 

significantly less of this methoxypyrazine than all of the other treatments. This is a 

point of interest for future research, as from the current exploratory sensory analysis 

it is impossible to clearly identify what may be causing the contrariety between the 

thiol descriptor and the levels of 3MH and 3MHA in the wines. Due to the chosen 

approach of this sensory analysis it is necessary to stress that the results reported 

here are only exploratory. In order to attain more substantial sensory claims for the 

influence of fining agents on press fraction wines a full descriptive analysis of the wines 

should be performed in future. 
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Figure 23: Radial plots of sensory data showing means of set A (plot A) and set B (plot B) wines for 
each attribute assessed. Fining agents represented as solid line (control), short dashed line (activated 
carbon), dotted line (gelatin), and long dashed line (gelatin with silicon dioxide) 
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4.4 Conclusions 

In conclusion, the use of fining agents prior to fermentation with press fraction juice 

has the ability to alter a wines aroma chemistry profile. This study was conducted in 

an industrial setting, providing an important link between the research and industry 

sectors and allowing for a more effective translation of the results by commercial 

winemakers. Throughout this study, AC was identified to produce wines with lowered 

amounts of varietal thiols and terpenes. Additionally, G and GSi fining resulted in wines 

with increased ethyl (dihydro)cinnamate levels. Finally, this study also explored the 

sensory implications of fining, however a more intensive investigation into this aspect 

of the wines is required. 
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4.5 Supplementary Data 

 

 

Supplementary Figure 1: Schematic of differences in winemaking process between set A and set B, 
1/2 
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Supplementary Figure 2: Schematic of differences in winemaking process between set A and set B, 
2/2 
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Supplementary Table 3: Average (± standard deviation) of experimental juice turbidity prior to 
inoculation, measured in Nephelometric Turbidity Units (NTUs) 

 Set A Set B 

Control 39.3 ± 1.1 85.2 ± 7.5 
Gelatin 22.0 ± 3.6 19.4 ± 2.8 
Gelatin + SiO2  22.3 ± 0.9 
Activated Carbon 48.8 ± 4.7 50.4 ± 4.0 
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C h a p t e r  5 .  T r a n s p o r t  T i m e  

 

T H E  I M P O R T A N C E  O F  T R A N S P O R T  T I M E  F O R  

T H E  T H I O L  C O N T E N T  O F  M A C H I N E  H A R V E S T E D  

S A U V I G N O N  B L A N C  W I N E S  

 

Purpose of the chapter: 

The aim of this trial was to explore if transport time of machine harvested Sauvignon 

blanc grape could alter the thiol potential of the resulting wines. This project was not 

originally included in this thesis project, but rather came about after observations made 

in the field during harvest of the fining trials. Photos relating to this chapter can be 

found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been formatted for submission to Postharvest Biology and 

Technology (Elsevier). The co-authorship form is available at the start of this thesis, 

following on from the acknowledgements section.  
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5.1 Introduction 

The thiol compounds 3-mercaptohexanol (3MH) and 3-mercaptohexyl acetate (3MHA) 

are commonly found above their perception thresholds of 60 and 4 ng/L [86], 

respectively, in New Zealand Sauvignon blanc wines [71, 72, 100]. Thiol precursors 

found in grapes are believed to contribute to a percentage of the free thiols found in 

wines. For instance, S-3-(hexan-1-ol)-L-cysteine (Cys-3MH) and S-3-(hexan-1-ol)-L-

glutathione (Glut-3MH) have been previously identified to account for as much as 10.2 

[227] and 4.4% [228], of the 3MH produced in wine, respectively. Although these 

conversion percentages suggest that these two thiol precursors are not the main 

contributors of 3MH in wine, a vast number of studies involving these compounds have 

been published. 

 

In 2011, one such study from Australia partly investigated the influence of long 

distance transport on the thiol precursor content of machine harvested Sauvignon 

blanc. Anecdotal evidence from winemakers suggested that an extended 

transportation of fruit resulted in more tropical wines than those made from fruit which 

was crushed locally and only the juice transported for some distance. The study 

revealed an increase of Cys-3MH and to a lesser extent an increase in Glut-3MH also 

[46]. However, the paper stopped short on fermenting the juices obtained and actually 

measuring the levels of 3MH and 3MHA present, so it is unclear if these increases in 

thiol precursor actually amounted to worthwhile increases in free varietal thiols. Other 

studies have identified long skin contact time and increased skin contact temperature 

to results in a rise of Cys-3MH for Merlot and Cabernet Sauvignon musts. Here, the 

conversion of Cys-3MH to 3MH for the rosé wines varied greatly between the musts 

and wines analysed, with an average conversion rate calculated to be 3.2% [227].  
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The oxidative or reductive handling of hand-picked Sauvignon blanc and Müller-

Thurgau can alter the concentration of Cys- and Glut-3MH in the must. For 23 of the 

32 Sauvignon blanc samples analysed, the allowance of oxygen during the crushing 

of the grapes increased the must content of Glut-3MH. Cys-3MH was increased for 20 

of the 32 Sauvignon blanc samples by oxidative handling; while increases for both 

thiol precursors were also seen in the majority of the Müller-Thurgau oxidative 

samples. Nonetheless, for Sauvignon blanc, the differences between the two handling 

scenarios were not large enough to afford any significant (p < 0.05) differences [43]. 

The analysis of 55 Sauvignon blanc ferments to determine their individual free thiol 

and thiol precursor contents revealed the very limited correlation between these 

compounds. Although good correlations were established between the presence of 

3MH and 3MHA in wine and between the thiol precursors Cys-3MH and Glut-3MH in 

the juices, a strong positive correlation between the free thiols and these precursors 

is missing [89]. Due to this insight, the authors feel that studies wanting to explore the 

effect of certain winemaking practices on thiol precursors also need to include the 

relative information of the free varietal thiols in the complementary wines. The aim of 

this study was to investigate how the alteration of transportation time would influence 

Cys- and Glut-3MH in the juices as well as 3MH and 3MHA in the resulting wines. 

 

5.2  Materials and Methods 

5.2.1 Chemicals 

Lalvin QA23 yeast was from Lallemand (Ontario, Canada) and Dynastart and 

Nutristart were from Laffort (Bordeaux, France). Diammonium phosphate (DAP) and 

potassium metabisulfite (PMS) were from Enartis E and Enartis Pacific Party Limited 

(Trecate, Italy), respectively. Assay kits K-LARGE/K-PANOPA and K-FRUGL were 
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from Megazyme (Chicago, IL, USA), while Bayer Healthcare LLC supplied the Clinitest 

tablets (Tarrytown, NY, USA).  

 

Ethyl propiolate (99%), butylated hydroxyanisole, and formic acid (both reagent grade) 

were supplied by Sigma Aldrich (Castle Hill, NSW, Australia). L(+)-tartaric acid, D(+)-

glucose and D(-)-fructose (all ≥ 99% purity) were also supplied by Sigma Aldrich (St 

Louis, MO). With purity ≥ 98.5%, sodium hydroxide, anhydrous sodium sulfate, 

acetonitrile, and methanol (both HPLC grade) were from Scharlau (Barcelona, Spain). 

Suprasolv® dichloromethane and hexane (95%) were from Merck (Darmstadt, 

Germany). Isopropanol (HPLC grade) was from Unichrom, Ajax Finechem, 

(Newmarket, New Zealand) and absolute ethanol (ACS grade) was from ECP Ltd 

(Auckland, New Zealand). Hydrochloric acid (HPLC grade) was from AnalaR, 

Normapure (Lutterworth, United Kingdom). Supelco (Castle Hill, NSW, Australia) 

supplied the Supelclean ENVI-18 SPE cartridges. Nitrogen (industrial grade) and 

helium (instrument grade) as well as dry ice (solid CO2) were supplied by BOC 

(Blenheim/Auckland, New Zealand). A Barnstead Nanopure Diamond (ThermoFisher 

Scientific, Waltham, MA) supplied all of the ultra-pure water (17.1 MΩ cm). 

 

Labelled, d3-Glut-3MH and d3-Cys-3MH, and unlabelled, Glut-3MH and Cys-3MH, thiol 

precursor standards were from Buchem BV (99%, Apeldoorn, Netherlands). Free 

thiols, d2-3MH and d2-3MHA were synthesised at the University of Auckland [183]. 

Unlabelled 3MHA (98%) and 3MH (98%) were supplied by Oxford Chemicals 

(Hartlepool, United Kingdom) and Acros Organics (Morris Plains, NJ), respectively.  
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5.2.2 Grape harvest and transportation 

Sauvignon blanc grapes were machine harvested on the 05/04/16 in a Wairau valley 

vineyard located in Marlborough, New Zealand. Three 20 L food grade buckets of fruit 

were collected from a gondola which had a dripper supplying the fruit with 

approximately 90 g/t of PMS in solution. The buckets were transported to the 

processing winery where they were homogenised in a large bin under the protection 

of dry ice. Into 21 individual two-liter ice cream containers, 300 mL of free running juice 

as well as 700 g of grape protected by 35 ppm of free SO2 was added and mixed. Next 

a ‘Before’ transport thiol precursor sample was taken. This was done by crushing and 

sieving 15 mL of juice from approximately 70 grams of each container. At the same 

time the start temperature of all containers were measured. These 21 containers 

formed the four time points of the experiment (0, 1.5, 3, 4.5 hours), the two lid 

scenarios (lid, no lid) and the transportation replicates (1, 2, 3) of the trial. Only one 

triplicate of 0-hour transport was needed as there were no lid options needed as it was 

pressed off immediately after the ‘start’ temperature was measured, signaling the start 

of the transport durations.  

 

Before pressing off the grapes, the end temperature of each container was measured. 

Two passes of a 5 L screw press, breaking up the marc between each, was used to 

extract approximately 600 mL of juice from each treatment. From this, another 15 mL 

thiol precursor sample was taken (‘After’ transport sample) and a 500 mL container 

was filled, fitted with a lid and transported to the University of Auckland. Once arrived 

the juices were cold settled (CS) for 20 hours at -4 °C and the thiol precursors samples 

were stored in a -80 °C freezer. 
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5.2.3 Winemaking 

From the racked juices, another 15 mL thiol precursor sample (‘After CS’ sample) was 

taken and placed in a -80 °C freezer. At the same time basic juice analysis samples 

were taken and frozen at -20 °C. For each treatment 200 mL of racked juice in a 250 

mL Erlenmeyer flask was fitted with an airlock and left to warm in a stackable shaker 

(Thermo Scientific Max Q 8000) shaking at 100 rpm and set to at 14 °C. When 

warmed, the juices were inoculated using QA23 yeast at 250 mg/L which had 

previously be rehydrated with an equal amount of Dynastart and left to ferment in the 

stackable shaker. Forty-eight hours after inoculation the ferments received 50 mg/L of 

Nutristart and four days later an addition of DAP at 100 mg/L was made to each 

ferment in order to supplement the natural YAN levels of the juice. Fermentation 

progress was tracked by daily weighing of the ferments and the use of Clinitest. In 

order to begin fermentation, certain juices had to have their free SO2 levels reduced 

by the addition of H2O2. These samples were all replicates of the 0 h treatment, 

replicate 2 of the 1.5 h lid treatment, and replicate 1 of the 3 h lid treatment. In these 

cases the juices were also re-inoculated after their free SO2 had been reduced as 

previously described using QA23 and Dynastart. Once finished, 25 mg/L of free SO2 

was added to each wine before cold settling at -4 °C for 24 hours. Varietal thiol and 

basic wine samples were taken from the racked wine and stored at -20 °C until 

analysis. A FOSS WineScan FT120 Basic equipped with a 5027 FOSS sampler 

(Hillerød, Denmark ) was used to perform basic wine analyses, while an FIAstar 5000 

system fitted with a FOSS sampler, model 5027 (Hillerød, Denmark) provided free and 

total SO2 results. 
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5.2.4 Thiol precursor analysis 

A modified multiple reaction monitoring (MRM) mode method using LC-MS/MS first 

developed by Capone et al. [229], and later optimised by Jelley et al. [230] was used 

to determine the content of thiol precursors in the experimental juices. Samples were 

prepared by centrifuging 2 mL of juice at 8,000 rpm for 5 min then filtering the 

supernatant using a 0.45 µm filter (Minisart RC4, Sartorius). Into a 2 mL amber crimp 

vial, 1.5 mL of filtered juice was added with an internal standard mix of d3-Glut-3MH 

and d3-Cys-3MH at 69 µg/L and 33 µg/L, respectively. Vials were then crimped close 

and vortexed. 

 

Thiol precursors were analysed using an Agilent 1290 Infinity Liquid Chromatograph 

(Santa Clara, CA), fitted with a quaternary pump coupled to an Agilent 6400 Triple 

Quadrupole mass spectrometer (MS/MS, Santa Clara, CA). The eluents used were: 

A-0.1% formic acid in water and B-100% acetonitrile. The elution gradient used was 0 

min (0% B), 6 min (5% B), 10 min (15% B), 12 min (80% B), 15 min (100% B) and 17 

min (5% B). The injection volume was 10 µL and the flow rate was set at 0.5 mL/min 

through a 100 × 3 mm ID, and a 2.6 µm particle size Phenomenex Kinetec C18 column 

(Torrance, CA) with the column heater set at 25 °C. Before each sample injection the 

column was equilibrated with 100% of eluent A and after 10 samples a blank run of 

methanol was performed. Mass spectrometric data was collected by an Agilent jet 

stream electrospray ionization probe (Santa Clara, CA) operating in positive-ion mode. 

The electrospray ionization (ESI) capillary set at 4.0 kV and the nozzle voltage at 0.5 

kV, the sheath gas temperature was set at 350 °C and 11 L/min and the nebulizer 

operated at 45 psi. The desolvation gas used was nitrogen with a flow rate of 9 L/min 

at 200 °C. The MRM transitions for Cys-3MH and Glut-3MH were 222.0 → 205, 222 
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→ 101, 222 → 83 and 408 → 333, 408 → 279, 408 → 262, respectively. As for d3-

Cys-3MH and d3-Glut-3MH the MRM transitions were 225 → 208, 225 → 104, 225 → 

86 and 411 → 336, 411 → 282, 411 → 265, respectively.  

 

Model juice (ultrapure water with 100 g/L fructose, 100 g/L glucose, 5 g/L tartaric acid 

and adjusted to a pH of 3.2) was used to obtain calibration curves by spiking with 

increasing amounts of Glut-3MH and Cys-3MH. Five calibration points were used and 

performed in duplicate with all solutions filtered (0.45 µm, Minisart RC4, Sartorius) 

before introduction to the LC-MS/MS. 

 

5.2.5 Varietal thiol analysis 

A SPE/GC-MS method involving derivitisation by ethyl propiolate (ETP) [184] allowed 

for the quantification of the varietal thiols 3MH and 3MHA. Modifications of the original 

method have previously been described in Parish et al. [199]. Corbans Sauvignon 

blanc 2011 wine was spiked with increasing amounts of 3MH and 3MHA to create 

calibration curves containing seven points performed in duplicate.  

 

5.2.6 Data analysis 

Agilent Mass Hunter A.02.00 was used to analyse chromatographic data. Statistical 

analyses were carried out in R [187] utilising the agricolae package [208]. Basic juice 

and wine parameters, as well as the thiol precursor and free thiol data of the samples 

where explored by analysis of variance (ANOVA) followed by Tukey HSD post-hoc 

testing for each treatment group (lid and no lid) to determine the effect of transport 

hours. Individual ANOVA and Tukey HSD testing was carried out at each thiol 

precursor sampling point to determine the influence of transport hours at each of the 
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wine making milestones. During the ANOVA of the wine thiols, to account for potential 

confounding by samples that received treatment by H2O2 during the fermentation, the 

corresponding factor H2O2 with the levels Yes and No was added to the linear model. 

Hours (with groups 0, 1.5, 3, and 4.5) was selected as the treatment for Tukey HSD 

testing of the wine thiols to ascertain the action of transport on the wine thiol levels. 

Adjusted Tukey HSD p-values, addressed by false discovery rate correction, of less 

than 0.05 are classed to be statistically significant. 

 

5.3  Results and Discussion 

5.3.1 Basic juice and wine parameters 

Basic juice and wine analysis data can be found in Table 26. The °Brix levels of the 

juices were similar to those previously shown for other New Zealand Sauvignon blanc 

juices [72], as were the titratable acidity (TA) [100] and pH values [40, 77]. The yeast 

available nitrogen (YAN) levels were lower than those previously seen [72], hence the 

addition of yeast nutrients during the fermentation process. No significant differences 

were found between the fructose/glucose (F/G) ratios or the free SO2 levels of the 

juices. For each treatment group (lid and no lid) the total SO2 levels of the 0 h control 

samples were significantly higher than that of the 1.5, 3, and 4.5 h treatments. During 

the winemaking process, all of the three control treatments, as well as one 1.5 h and 

one 3 h lid treatment required their free SO2 levels to be reduced using H2O2; as 

previously described in the materials and methods section. Although the 0 h control 

samples did not have the highest average free SO2 values, they did have the lowest 

pH values which may result in higher percentages of free molecular SO2 which can 

harm yeast viability [6, 19, 231].  
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There were no significant differences found in either group of wines for the ethanol, 

TA, volatile acidity (VA), or free SO2 values. The 0 h control wines had the lowest 

average pH value, which differed significantly from both the lid and no lid treatment 

groups. The residual sugar and total SO2 levels of the no lid treatments also gave 

significantly different values from the control wines as indicated by Tukey HSD. The 

juice analysis indicated that the 0 h control samples had the highest level of total SO2, 

however, in the wine analysis they now have the lowest average. This is most probably 

due to the reduction of SO2 by H2O2 [232].  
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Table 26: Averages (± standard deviation) of basic juice and wine parameters of the experimental samples 

Juice °Brix pH TA (g/L) YAN (mg/L) F/G ratio 
Free SO2 

(mg/L) 
Total SO2 

(mg/L) 

Control 21.4 ± 0.2 a A 2.85 ± 0.01 b A 8.8 ± 0.3 a A 107.3 ± 8.9 a A 1.114 ± 0.012 a A 16.3 ± 2.8 a A 77.8 ± 6.3 a A 

        

1.5 h, Lid 21.5 ± 0.1 a 2.98 ± 0.03 a 8.8 ± 0.1 a 103.4 ± 16.9 a 1.103 ± 0.035 a 18.0 ± 1.5 a 64.3 ± 2.8 b 

3 h, Lid 21.3 ± 0.1 a 2.90 ± 0.02 b 8.5 ± 0.2 a 112.7 ± 8.9 a 1.078 ± 0.010 a 17.3 ± 0.8 a 60.8 ± 1.3 b 

4.5 h, Lid 20.7 ± 1.0 a 2.97 ± 0.04 a 8.3 ± 0.2 a 143.3 ± 18.3 a 1.093 ± 0.020 a 15.5 ± 1.1 a 64.0 ± 4.1 b 
        
1.5 h, No lid 20.9 ± 0.5 A 2.98 ± 0.07 A 8.5 ± 0.2 A 116.1 ± 6.0 A 1.102 ± 0.030 A 14.0 ± 1.1 A 50.3 ± 3.3 B 

3 h, No lid 21.9 ± 0.1 A 2.91 ± 0.02 A 8.3 ± 0.3 A 133.7 ± 17.3 A 1.100 ± 0.014 A 11.8 ± 1.9 A 46.5 ± 4.0 B 

4.5 h, No lid 21.1 ± 0.4 A 2.99 ± 0.05 A 8.3 ± 0.2 A 131.1 ± 21.5 A 1.102 ± 0.004 A 12.3 ± 1.7 A 45.0 ± 7.8 B 

Wine Ethanol (%) pH TA (g/L) VA (g/L) 
Residual sugar 

(g/L) 
Free SO2 

(mg/L) 
Total SO2 

(mg/L) 

Control 12.6 ± 0.2 a A 2.80 ± 0.00 c B 8.6 ± 0.2 a A 0.4 ± 0.0 a A 2.1 ± 0.2 a A  3.6 ± 0.2 a A 40.6 ± 1.3 a B 
        
1.5 h, Lid 12.6 ± 0.4 a 2.90 ± 0.00 b 8.5 ± 0.4 a 0.3 ± 0.0 a 1.4 ± 0.3 a 4.0 ± 1.6 a 41.5 ± 10.0 a 

3 h, Lid 12.6 ± 0.1 a 2.90 ± 0.00 b 8.6 ± 0.2 a 0.4 ± 0.0 a 1.5 ± 0.1 a 4.8 ± 0.6 a 53.2 ± 17.1 a 

4.5 h, Lid 12.3 ± 0.8 a 3.00 ± 0.00 a 8.3 ± 0.5 a 0.3 ± 0.0 a 1.5 ± 0.6 a 3.2 ± 1.9 a 59.3 ± 7.5 a 
        
1.5 h, No lid 12.1 ± 0.8 A 2.90 ± 0.00 A 8.2 ± 0.5 A 0.4 ± 0.0 A 1.4 ± 0.3 B 5.5 ± 0.6 A 55.5 ± 5.4 A 

3 h, No lid 12.7 ± 0.2 A 2.90 ± 0.00 A 8.5 ± 0.2 A 0.4 ± 0.0 A 1.4 ± 0.2 B 5.2 ± 0.8 A 57.1 ± 2.6 A 

4.5 h, No lid 12.8 ± 0.4 A 2.93 ± 0.06 A 8.5 ± 0.4 A 0.4 ± 0.0 A 1.3 ± 0.2 B 5.0 ± 1.3 A 51.0 ± 5.7 AB 

Letters denote homogeneous subsets as indicated by Tukey HSD (adjusted p < 0.05). Lowercase letters show comparisons between the control and lid 
samples, uppercase letters show comparisons between control and no lid samples. 
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5.3.2 Thiol precursor and free thiol results 

Bar graphs showing the results of the thiol precursors, Cys-3MH and Glut-3MH, for 

each treatment group (lid and no lid) are displayed in Figure 24. No significant 

differences were found between the Before Cys-3MH levels for either of the lid or no 

lid treatment groups. However, the Glut-3MH analysis did show significantly different 

levels in the Before sampling point for each treatment group. For both the lid and no 

lid treatments, the 3 h samples gave the highest averages of Glut-3MH, and the 0 h 

control samples gave the lowest of Glut-3MH. The samples taken at pressing are 

represented in Figure 24 as the After samples. At this point, Cys-3MH is significantly 

higher in the 3 and 4.5 h samples for both treatment groups, as well as the 1.5 h 

samples of the no lid group when compared to their corresponding 0 h controls. This 

is similar for the Glut-3MH juice levels which show all time treatments to result in 

significantly higher levels than the 0 h control samples. Overall, this suggests that an 

increase in travel time for machine harvested grapes may result in a higher 

accumulation of these thiol precursors. Previously, the transportation of machine 

harvest Sauvignon blanc grapes for 800 km in 12 hours had also resulted in an 

increase of Cys-3MH when compared to its initial values before transport. 

Furthermore, the study also commented that Glut-3MH was also raised by this 

transportation of the grapes, but to a lesser extent [46]. Although, the travel times 

investigated here were less than 12 hours, it is still interesting to note that increase in 

Cys- and Glut-3MH were found in agreement with the previous study. Research using 

Merlot grapes has also shown that a longer skin contact time will increase the amount 

of Cys-3MH present in the juice over a 24-hour period [227]. Again, this trial did not 

use such an extended period of skin contact (transport) time as a shorter period better 

reflected the transportation times of grapes previously noted by the researchers in the 
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Marlborough region, however a similar trend of an increase in Cys-3MH looks to be 

emerging.  

 

The After CS samples represent the levels of the thiol precursors which were available 

in the racked juice that was used in fermentation. For Cys-3MH the lid and no lid 

treatments both still show significantly higher levels for the 1.5, 3, and 4.5 h samples 

compared to the 0 h controls. In both treatment groups, the highest amount of Cys-

3MH is in the 3 h samples with averages of 51 ± 8 and 50 ± 4 µg/L for the lid and no 

lid groups, respectively. For these 3 h samples, this is about a three times increase 

from their corresponding Before levels. Also for Glut-3MH, all time points for the lid 

and no lid samples were significantly different from to their 0 h controls. Again, the 

highest average levels were found in the 3 h sample sets showcasing 470 ± 21 and 

482 ± 27 µg/L for the lid and no lid groups, respectively. Previous research has 

indicated that oxidative maceration for 24 h at 20 °C with no addition of SO2 can 

increase the level of Cys- and Glut-3MH for the majority of 32 Sauvignon blanc juices 

trialled. However, as this increase was not observed for every juice analysed, the 

authors pointed out that no generalisations can be made regarding the de novo 

synthesis of these thiol precursors from the certain grape harvest and maceration 

steps applied [43]. Conversion rates of the thiol precursors to 3MH have been 

previously described as approximately 0.5 to 10.2% [88, 227] for Cys-3MH and 4.4% 

for Glut-3MH [228] and so we can hypothesise that higher amounts of 3MH is possible 

in our wines which showed higher amounts of these thiol precursors. However, 

previous studies have shown that juices with the highest thiol precursors 

concentrations do not necessarily produce wines with the highest 3MH or 3MHA levels 

[97], and a lack of correlation between the juice precursors and free wine thiols has 
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also been demonstrated [89]. Therefore, in order to assess the true influence of 

transport time on the potential for thiol production, the experimental juices were 

fermented and the thiols 3MH and 3MHA quantified in the resulting wines.  
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Figure 24: Bar graphs of means (± standard deviation) of thiol precursors at different sampling points. The colours of the bars represent the different times, 
from white through to dark blue the order is: 0, 1.5, 3, to 4.5 hours. Letters denote homogenous subsets as described by Tukey HSD (adjusted p < 0.05), 
applied to each sampling point of each group and thiol precursor individually
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Bar graphs showing the average 3MH and 3MHA levels found in the experimental 

wines can be seen in Figure 25. Due to some of the juices receiving treatment with 

H2O2 during the winemaking, a two-way ANOVA was performed for each thiol and 

treatment group with the main effects Hours (0, 1.5, 3, and 4.5) and H2O2 (Yes and 

No). If the confounding factor H2O2 was significant according to the ANOVA then 

Tukey HSD was applied to this model. Likewise, if H2O2 was not significant then this 

factor was removed from the model before Tukey HSD was carried out. 

 

The average levels of 3MH encountered during this study were between 2,598 ± 265 

and 4,283 ± 515 ng/L, with 3MHA between 79 ± 12 and 187 ± 19, similar to those 

previously reported for other New Zealand Sauvignon blanc wines [71, 72]. The two-

way ANOVA of the lid treatment group for 3MH showed a slightly significant (p = 

0.0468) influence on thiol concentration depending on the addition of H2O2 with no 

significant (p > 0.05) contribution from the factor Hours. Furthermore, for the 3MHA 

analysis, the lid samples were not significantly influenced for either of the main factors 

examined. As mentioned before, the Cys- and Glut-3MH levels of the juices prior to 

fermentation were indicated to be significantly higher for the 1.5, 3, and 4.5 h samples, 

compared to their respective 0 h controls. With this in mind, we may have expected 

more 3MH and 3MHA in these wines, however this was not the case, giving credence 

to the fact that there is a documented lack of correlation between these precursors 

and free thiols in wine [89]. 

 

As for the no lid treatment group, the two-way ANOVA showed significant results for 

both of the main factors H2O2 and Hours for 3MH and 3MHA. The bar graphs (Figure 

25) depict significantly lower amounts of these thiols for the 3 and 4.5 h samples. This 
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is counterintuitive to the results seen for the thiol precursors which highlighted 

significantly higher amounts of Cys- and Glut-3MH in the 3 and 4.5 h samples 

compared to the 0 h controls. However, a lack of direct correlation between these 

precursors and free thiols has already been described for the analysis of 55 Sauvignon 

blanc samples [89] of which our findings agree. As these samples did not have a lid 

during the transport period, the longer exposure to oxygen in the 3 and 4.5 h samples 

may be responsible for the reduced amount of thiols present. Research has indicated 

that oxidation of Sauvignon blanc juice may result in a lack of wine varietal thiols, 

however, this was only the case in wines where no SO2 protection had been available 

at the juice stage. Other juices which were permitted a 30 mg/L SO2 addition and still 

underwent oxidative treatment in the winemaking process did not necessarily display 

a reduction in 3MH and 3MHA compared to reductively handled samples [45]. The 

free SO2 levels of the no lid and control juices of this study would suggest that 

adequate SO2 was present during the entirety of the transportation period, so the 

presence of oxygen may not be as influential as first thought. Another aspect that has 

increased for the samples of this study as the transport period lengthened is the skin 

contact time. Recently, lower levels of 3MH and 3MHA have been produced from 

Sauvignon blanc wines which underwent 3 or 6 h of skin contact when compared to a 

control of 0 h [40], which is in agreement with the results gained during this 

transportation study. 

 

Due to the poor conversion rates of the thiol precursors into free thiols in wines, it is 

hypothesised that any encouraging increases in these compounds due to 

transportation time may be overshadowed by the degradative aspect of increased skin 

contact times and/or oxygen exposure for 3MH and 3MHA. Of course, due to the 
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unfortunate winemaking processes in which H2O2 had to be utilised, it would be naive 

for the authors to assume that any differences in the wine thiol levels are solely due to 

transportation times. Therefore, future studies in which the fermentation and 

winemaking processes are uniform across the experimental samples is needed in 

order to address the true effect of transportation time. Another consideration for future 

studies would be the movement of grapes during the transport period as it may be 

assumed that a moving truck would induce a certain degree of agitation of the machine 

harvested grapes. An upscaling of the experimental samples collected would allow for 

an accompanying sensory analysis of the wines, as well as an exploration of other 

aroma compounds which may be influenced by transportation time. This is of particular 

interest as a previous transportation study noted anecdotal evidence from winemakers 

indicating that long distance transportation of fruit presented wines which were more 

tropical in aroma than locally crushed grapes and transportation of extracted juice [46]. 

As the current study suggests that thiols may not actually increase in concentration 

with transportation time, the analysis of other such fruity compounds such as esters 

may be of future interest.  
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Figure 25: Bar graphs showing averages (± standard deviation) of 3MH and 3MHA in experimental wines. Transport hours are indicated on the x axis, and 
letters denote homogeneous subsets as indicated by Tukey HSD (adjusted p < 0.05)
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5.4  Conclusions 

To conclude, this study was able to confirm an increase in the thiol precursors Cys- 

and Glut-3MH with extended transportation time. However, fermentation of the juices 

and analysis of the wine thiols 3MH and 3MHA demonstrated that any augmentation 

in thiol precursors may not be intrinsically linked to an increase in free thiol levels. 

Nonetheless, unfortunate winemaking processes including the need for SO2 removal 

using H2O2 for some samples, should be eliminated in future projects in order to 

validate the results. 
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C h a p t e r  6 .  U V  L i g h t  I r r a d i a t i o n  

 

T H E  I M P A C T  O F  P O S T - H A R V E S T  U L T R A - V I O L E T  

L I G H T  I R R A D I A T I O N  O N  T H E  T H I O L  P O T E N T I A L  

O F  S A U V I G N O N  B L A N C  G R A P E S  

 

Purpose of the chapter: 

The aim of this trial was to explore whether ultra-violet light introduced during machine 

harvest of Sauvignon blanc grape could alter the thiol potential of the resulting wines. 

This project was not originally included in this thesis project, but rather came about 

after observations made in the field during harvest of the fining trials. Photos relating 

to this chapter can be found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been formatted for submission to Postharvest Biology and 

Technology (Elsevier). The co-authorship form is available at the start of this thesis, 

following on from the acknowledgements section.  
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6.1  Introduction 

Sauvignon blanc is imperative to the New Zealand wine industry as it comprises the 

majority of plantings, harvested tonnage, production, and export by value [1]. The 

words ‘Marlborough’ and ‘varietal thiols’ are synonymous with quality New Zealand 

wine and have generated a flurry of research and publications over the last decade. 

However, there are still certain aspects of this variety and its New Zealand home that 

have not been fully investigated. Here the influence of post-harvest ultra-violet (UV) 

light on the aroma of Sauvignon blanc wines is explored. This is an important and 

current topic for investigation as compared to places of similar latitude and altitude in 

the world, New Zealand experiences larger peak ultra-violet (UV) light values [49]. This 

suggests that UV irradiation of harvested grapes may be playing a role. Due to the 

large amount of machine harvested Sauvignon blanc in Marlborough, the UV light has 

the opportunity to interact with not only whole berries, but also damaged grapes and 

freely running juice. 

 

UV light inclusion or exclusion in the vineyard has previously been shown to alter the 

amino acid must content [52], berry colour, and even sensory findings [51] of wines 

for the Riesling variety. Concentrations of terpenes in Pinot noir wines may be 

influenced by the use of UV light excluding sheeting when applied to vines prior to 

harvest [53]. After leaf removal, UV light exclusion may reduce the amount of linalool 

and hexan-1-ol in Sauvignon blanc wines [54]. Related sensory studies found wines 

made from leaf removal only to be more floral in character compared to those which 

received leaf removal followed by limited UV light in the vineyard [54]. The application 

of UV light post-harvest has also been previously reported: for example, UV-C light 

irradiation of Chardonnay, Merlot, and Koshu grape leaves can amplify the levels of 



UV Light Irradiation 

 

 182 

the thiol precursors S-3-(hexan-1-ol)-L-cysteine (Cys-3MH) and S-3-(hexan-1-ol)-L-

glutathione (Glut-3MH) when examined after 72 hours of incubation [56]. This study 

was also able to show that UV-C treatment of Sauvignon blanc bunches can increase 

the Cys-3MH and Glut-3MH levels of the berries. However, after 24 and 48 hours of 

incubation respectively, the levels of Cys-3MH and Glut-3MH rapidly decreased [56]. 

Unfortunately, no experimental wines were made from the berries exposed to UV light, 

and so it is unclear whether these changes in thiol precursor levels would have 

impacted the amount of free varietal thiols, 3-mercaptohexanol (3MH) and 3-

mercaptohexyl acetate (3MHA), in the wines. Conventionally grown Concord grapes 

subjected to post-harvest UV-C treatment responded with an increase in total 

anthocyanins when analysed 3 days after incubation. Total phenolic compounds of the 

same grape bunches were also increased by the UV treatment when compared to a 

control of non UV-C light irradiation. During this study organically grown grapes were 

also considered, however, neither total phenolic nor total anthocyanin levels between 

the respective UV and control samples varied significantly (p ≤ 0.05) [57]. Both of the 

aforementioned studies employ UV-C light which (100-280 nm), although makes up 

part of the suns radiation, is fully absorbed by the Earths atmosphere. Instead the 

majority of UV light that may reach the Earths surface is UV-A (315-400 nm), with 

smaller amounts of UV-B (280-315 nm) also passing through the Earths stratospheric 

ozone layer [50]. Hence, the current study included the use of a UV light source which 

is commonly used to grow plants indoors which does not contain UV-C light. Here, the 

objective was to explore the influence of an artificial UV light applied post-harvest to 

Sauvignon blanc grapes and determine if this exposure can alter the concentration of 

certain aroma compounds. Although UV has been previously shown to effect thiol 

precursors [56], the response of free thiol levels in wines is still unclear. Furthermore, 
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a lack of positive correlation between thiol precursors and wine thiols [89] makes it 

difficult to estimate if an increase in precursor would ultimately lead to an increase in 

free thiols. Due to this, the current study investigates both the juice thiol precursors 

and wine thiols, as well as other wine aroma compounds, providing important 

information to the winemaking community. 

 

6.2  Materials and Methods 

6.2.1 Chemicals 

Associated to the winemaking process were dry ice (solid CO2) from BOC (Blenheim, 

New Zealand), potassium metabisulfite from Enartis E (Trecate, Italy), Lalvin QA23 

yeast from Lallemand (Ontario, Canada), Dynastart and Nutristart from Laffort 

(Bordeaux, France), diammonium phosphate (DAP) from Enartis Pacific Party Limited 

(Trecate, Italy), and Bayer Healthcare LLC Clinitest tablets (Tarrytown, NY). Assay kits 

for YAN (K-LARGE/K-PANOPA) and fructose/glucose (K-FRUGL) analysis were 

obtained from Megazyme (Chicago, IL). 

 

Analysis of the aroma compounds included the use of ≥ 98.5% purity sodium 

hydroxide, anhydrous sodium sulfate, and sodium chloride as well as HPLC grade 

methanol and acetonitrile from Scharlau (Barcelona, Spain). Sigma Aldrich (Castle 

Hill, NSW, Australia) supplied ethyl propiolate (99%), reagent grade butylated 

hydroxyanisole and formic acid. Also from Sigma Aldrich (St Louis, MO) was L(+)-

tartaric acid, D(+)-glucose and D(-)-fructose all at or above 99% purity. HPLC grade 

hydrochloric acid was from AnalaR, Normapure (Lutterworth, United Kingdom), 

Suprasolv dichloromethane from Merck (Darmstadt, Germany) and ACS grade 

absolute ethanol was from ECP Ltd (Auckland, New Zealand). Supelclean ENVI-18 
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SPE cartridges were supplied by Supelco (Castle Hill, NSW, Australia). During the 

thiol analysis, the syringe was rinsed using hexane (95%) and isopropanol (HPLC 

grade), from Merck (Darmstadt, Germany) and Unichrom, Ajax Finechem, 

(Newmarket, New Zealand), respectively. Industrial grade argon and nitrogen as well 

as instrument grade helium were supplied by BOC (Auckland, New Zealand). All ultra-

pure water came from a Barnstead Nanopure Diamond (ThermoFisher Scientific, 

Waltham, MA) with resistivity at 17.1 MΩ cm. 

 

Internal standards d2-3MH and d2-3MHA were synthesised at the University of 

Auckland [183], while Oxford Chemicals (Hartlepool, United Kingdom) and Acros 

Organics (Morris Plains, NJ) respectively supplied unlabelled 3MHA (98%) and 3MH 

(98%). For the thiol precursor analysis d3-Glut-3MH and d3-Cys-3MH were both 

supplied at 99% purity from Buchem BV (Apeldoorn, Netherlands), as were the 

unlabelled standards Glut-3MH and Cys-3MH. Other non-deuterated internal 

standards were 4-decanol (98%) supplied by Lancaster (Pelham, NH), DL-3-octanol 

(99%) supplied by Acros Organics (Morris Plains, NJ) and 3,4-dimethlyphenol (99%) 

supplied by Aldrich (Sheboygan Falls, WI). The following deuterated internal standards 

were supplied by CDN Isotopes (Quebec, Canada) and all had a purity of 98% or 

higher: d2-3-methyl-1-butyl alcohol, d3-ethyl butyrate, d3-linalool, d3-3-methylbutyl 

acetate, d3-n-hexyl acetate, d3-2-phenylethyl acetate, d5-2-phenyl alcohol, d11-ethyl 

hexanoate, d11-n-hexyl alcohol, d12-hexanal, and d15-ethyl octanoate. 

 

6.2.2 Grape harvest and sample collection 

All grapes used during this experiment were of Sauvignon blanc variety and collected 

on 05/04/16 from a Wairau valley vineyard located in the New Zealand Marlborough 
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grape growing region. Approximately 20 kg of hand-picked grapes were collected as 

whole bunches from all areas of the fruiting zone. The bunches were placed in food 

safe plastic bags and then into a cooler and surrounded with dry ice. On the same day, 

the frozen grapes were transported to the University of Auckland via air and on arrival 

placed in a -80 °C freezer to await further winemaking procedures. 

   

6.2.3 UV light irradiation 

Whilst frozen, the whole bunches were divided into 1 kg groups and placed in 4 L 

square containers with lids. UV light trials were performed using both whole bunches 

(WB) and simulated machine harvest grapes (MHG), with each treatment group 

containing three UV samples (+UV) and three control samples (-UV). For the WB trial, 

six 1 kg lots of grapes were removed from the freezer on 16/05/16 and left to defrost 

overnight in a 4 °C fridge, then allowed to come to room temperature. Thiol precursor 

samples were obtained by crushing and extracting 15 mL of juice from 20 berries 

selected randomly from each 1 kg lot of grapes. The berries were crushed using a 

muddler and the juice extracted using a sieve. This juice was frozen at -80 °C until 

required, thus resulting in the ‘Before’ UV samples. Similarly, on the 17/05/16 another 

six containers of frozen grape bunches were allowed to defrost overnight at 4 °C 

before reaching room temperature. These were used for the simulated MHG trial and 

so once defrosted the grapes were damaged using a potato masher and then 40 ppm 

of free SO2 was added to each square container in order to help protect the grapes 

and juice from oxidation during handling and to mimic machine harvest conditions. 

Samples for the thiol precursors analyses were also collected by crushing and sieving 

50 mL of berries/juice from each container and subsequently frozen at -80 °C (‘Before’ 

UV samples). 
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The UV treatment was applied to three of the six containers for each of the WB and 

MHG trials. The UV light treatment was achieved by spreading out the WB or MHG 

into a 4.5 L glass PYREX dish and then exposing the grapes to three 30-minute 

sessions of UV light, with two 30-minute breaks between each UV session. At the end 

of the third UV session, a 1.5 h break was experienced by each treatment before the 

commencement of winemaking procedures. During all of the breaks the PYREX dish 

was covered with aluminum foil and left in a dark temperature controlled room set at 

15 °C. The temperature of each treatment was measured using a Beurer FT90 infrared 

non-contact thermometer before and after each UV session and break. 

 

The UV light was provided by a Philips MP1-t plus (400 W/645) bulb attached to the 

bottom of a wooden box; which covered the PYREX dish with the sample whilst 

blocking all other sources of light. A photo radiometer (Delta OHM HD 2302.0) was 

used to determine the radiation of the bulb. A UVA probe (315-400 nm) recorded 3.4 

W/m2, while an RAD probe (400-1050 nm) recorded 334 W/m2 as averages over a 30-

minute period. The -UV samples of each trial were treated in a similar manner to the 

+UV samples, mirroring the conditions of the all the break periods. Furthermore, while 

each +UV sample was being exposed to UV light, the corresponding -UV sample was 

placed under a black box with its aluminum foil also removed. This ensured that both 

samples spent the same amount of time inside and outside of the temperature 

controlled room as well as covered and uncovered by the aluminum foil. 

 

6.2.4 Winemaking 

Once a treatment had undergone its last break period, the juice was extracted using 

a 5 L screw press (Francesco Palumbo®, Naples, Italy). The WB samples were firstly 
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crushed using a potato masher and muddler before being transferred to the press, 

whilst the MHG samples were simply transferred to the press. From each 1 kg lot of 

grape, 500 mL of juice was extracted using two screw downs of the press, breaking 

up the cake marc between each press. ‘After’ UV thiol precursor samples were then 

taken from the juices and frozen at -80 °C. As the WB samples had not yet received 

any sulfur additions, 25 ppm of free SO2 was then added to this juice trial. Finally, all 

the juices were transferred into individual 500 mL plastic pails, fitted with lids and then 

left to cold settle (CS) at -4 °C for 24 hours. 

 

Another thiol precursor sample was taken from the racked juice and frozen at -80 °C, 

thus termed the ‘After CS’ sample. Sample were also taken for basic juice analyses 

and frozen at -20 °C. At the same time, 200 mL of racked juice was transferred into a 

250 mL Erlenmeyer flask and fitted with an airlock. Once warmed to 15 °C the juice 

was inoculated with 250 mg/L of QA23 yeast which had been previously rehydrated 

using an equal amount of a yeast rehydration agent (Dynastart). The juices were 

placed in a stackable shaker (Thermo Scientific Max Q 8000) set at 14 °C and shaking 

at 100 rpm and left to ferment. The ferments received a 50 mg/L of Nutristart 48 hours 

after inoculation and 100 mg/L of DAP four days after this. Daily weighing of the 

samples was used to track the progress of fermentation as were Clinitest tablets to 

estimate the amount of remaining sugars. Once fermentation had finished 25 mg/L of 

free SO2 was added to each wine before it was left to cold settle at -4 °C. Racked wine 

was then frozen at -20 °C for basic wine analysis and aroma compound analyses. 

Basic wine parameters were measured using a FOSS WineScan FT120 Basic 

equipped with a 5027 FOSS sampler (Hillerød, Denmark), with free and total SO2 
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levels determined by an FIAstar 5000 system fitted with a FOSS sampler, model 5027 

(Hillerød, Denmark). 

 

6.2.5 Thiol precursor analysis 

The quantification of thiol precursors was performed using a modified LC-MS/MS 

method in multiple reaction monitoring (MRM) mode first developed by Capone et al. 

[229], and optimised by Jelley et al. [230]. Juice samples were prepared by 

centrifuging 2 mL at 8,000 rpm for 5 min, then collecting and filtering the supernatant 

using a 0.45 µm filter (Minisart RC4, Sartorius). From here 1.5 mL of juice was added 

into a 2 mL amber crimp vial along with an internal standard mix at a concentration of 

69 µg/L of d3-Glut-3MH and 33 µg/L d3-Cys-3MH. The vial was then crimped close 

and vortexed to ensure a homogeneous solution. 

 

Samples were analysed using an Agilent 1290 Infinity Liquid Chromatograph (Santa 

Clara, CA), fitted with a quaternary pump and coupled to an Agilent 6400 Triple 

Quadrupole mass spectrometer (MS/MS, Santa Clara, CA). Eluent A was 0.1% formic 

acid in water and eluent B was 100% acetonitrile. The elution gradient for one sample 

run was 0 min (0% B), 6 min (5% B), 10 min (15% B), 12 min (80% B), 15 min (100% 

B) and 17 min (0% B). Before each injection the column was equilibrated with 100% 

of eluent A. The flow rate was set at 0.5 mL/min and 10 µL sample passed through a 

Phenomenex Kinetec C18 column (Torrance, CA) with a 100 x 3 mm ID, and a 2.6 µm 

particle size, with the column heater set at 25 °C. Mass spectrometric data were 

collected in positive-ion mode using an Agilent jet stream electrospray ionisation probe 

(Santa Clara, CA). The desolvation gas used was nitrogen at a flow rate of 9 L/min at 

200 °C with the sheath gas temperature set at 350 °C and 11L/min and the nebuliser 
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operating at 45 psi. The electrospray ionisation (ESI) capillary was set at 4.0 kV with 

the nozzle voltage at 0.5 kV. For Cys-3MH and Glut-3MH the MRM transitions were 

222 → 205, 222 → 101, 222 → 83 and 408 → 333, 408 → 279, 408 → 262, 

respectively. For d3-Cys-3MH and d3-Glut-3MH the MRM transitions were 225 → 208, 

225 → 104, 225 → 86 and 411 → 336, 411 → 282, 411 → 265, respectively. The 

fragmentation voltage was optimised for d3-Cys-3MH/Cys-3MH and d3-Glut-3MH/Glut-

3MH at 120 and 110 V, respectively. A methanol injection was used as a blank sample 

and performed after every 10 juice samples. 

 

Calibration curves were obtained using five points, in duplicate, by spiking model juice 

with increasing concentrations of Glut-3MH and Cys-3MH. The model juice used 

contained ultrapure water with 100 g/L fructose, 100 g/L glucose, 5 g/L tartaric acid, 

and adjusted to a pH of 3.2. All solutions were filtered using 0.45 µm filters (Minisart 

RC4, Sartorius) before introduction to the LC-MS/MS. 

 

6.2.6 Varietal thiol analysis 

The varietal thiols 3MH and 3MHA were determined using a SPE/GC-MS method 

which involved derivatisation by ethyl propiolate (ETP) [184]. Since publication of this 

method a few modest changes were made to the procedure as described in Parish et 

al. [199]. Calibration curves for 3MH and 3MHA were obtained by spiking Corbans 

Sauvignon blanc 2011 wine. A blank run containing unspiked wine was also used; all 

seven calibration points were performed in duplicate.  
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6.2.7 Other volatiles analysis 

A previously described HS-SPME/GC-MS method [185] was used to analyse other 

volatile compounds including certain fatty acids, esters, alcohols, terpenes, 

norisoprenoids, and cinnamates. SIM was used to identify the compounds of interest 

using the appropriate mass spectrum ions. Calibration curves were obtained by 

spiking model white wine (ultra-pure water containing 12% ethanol v/v, 5 g/L tartaric 

acid and adjusted to a pH of 3.2) with increasing amounts of the targeted compounds. 

 

6.2.8 Data analysis 

Aroma chemistry data was first extracted using Agilent Mass Hunter A.02.00. All of the 

statistical analyses were conduct in R [187]. Measurements were summarised using 

averages ± standard deviations. Since WB and MHG samples were produced under 

different winemaking protocols, observed differences between the samples could not 

attributed to UV reaction with certainty, and thus are not assessed here. Within WB 

and MHG samples, differences between +UV and -UV samples were assessed using 

a t-test. Statistically significant differences were identified as having a p-values of less 

than 0.05. This approach was chosen in order to identify potentially interesting aroma 

compounds from this pilot study. Therefore, we characterise a p-value of less than 

0.05 to elucidate an aroma compound concentration which is potentially influenced by 

UV light exposure, while those with a p-value higher than 0.05 suggest they are 

resistant to the UV treatment applied. 
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6.3  Results and Discussion 

6.3.1 Basic juice and wine parameters 

The results show similar °Brix, pH, titratable acidity (TA), yeast available nitrogen 

(YAN), and fructose/glucose ratios (F/G ratio) for the juice samples. These results are 

comparable to other Sauvignon blanc juices also from the Wairau valley of 

Marlborough, although lower TA and YAN values for the juices were seen in this 

experiment [199]. The low YAN prompted the two nitrogen additions during 

fermentation. The consistent, low TA values may be due to the freezing of the grapes 

before processing. This can cause precipitation of potassium bitartrate [6], lowering 

the overall TA of the wines. As it was necessary to freeze the grapes for transport and 

storage before the experiment could be conducted, it would have been interesting to 

independently measure the organic acid levels of the samples to deduce how this 

factor influenced these compounds. However, wherever possible, future studies 

should make use of fresh samples. Significant differences (p < 0.05) were detected 

between the free and total SO2 of the MHG. The absence of free SO2 may be expected 

as the UV light treatment also increased the temperature of the damaged grapes and 

exposed juice. It is known that temperature can influence the SO2 equilibrium in wine, 

with a general awareness that an increase in temperature results in an increase in the 

rate of browning and an increase in the rate of decline of SO2 [233]. Previous work 

has also noted that an increase in temperature will result in a decrease in bound SO2 

for both red and white wines [234]. The maximum temperature (Max T) that was 

reached by the WB and MHG samples during the UV light irradiation part of the 

experiment are also displayed in Table 27.  
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Here, it is clear that an increase in temperature for the grapes was a side effect of UV 

light irradiation, and therefore may be a driving factor for the low total SO2 detected in 

the MHG +UV juices. Many of the wine parameters measured were similar within the 

WB and MHG groups. The -UV MHG wines were lower in TA and higher in total SO2, 

with the latter most likely a carry on effect from the discrepancies at the juice stage.  

 

Table 27: Average values (± standard deviation) of basic juice and wine parameters 

  
WB +UV WB -UV MHG +UV MHG -UV 

Juice             

°Brix 22.0  ±  0.2 a 21.0  ± 0.8 a 22.1  ± 0.9 a 21.1  ± 0.1 a 

pH 3.46   ±  0.03 a 3.46  ± 0.02 a 3.38  ± 0.04 a 3.42  ± 0.03 a 

TA (g/L) 5.6   ±  0.2 a 5.5  ± 0.1 a 5.9  ± 0.2 a 5.6  ± 0.3 a 

YAN (mg/L) 176.8  ± 11.2 a 166.2  ± 23.6 a 159.0  ± 32.5 a 149.3  ± 7.0 a 

F/G ratio 1.05  ± 0.03 a 1.05  ± 0.01 a 0.98  ± 0.30 a 1.05  ± 0.02 a 

Free SO2 2.0  ± 0.9 a 0.5  ± 0.4 a 0.0  ± 0.0 b 4.8  ± 0.4 a 

Total SO2 12.1  ± 1.5 a 8.6  ± 0.4 b 3.0  ± 1.3 b 20.4  ± 2.7 a 

Max temp. (°C) 46.4 ± 4.0 a 16.7 ± 0.7 b 36.2 ± 2.7 a 16.2 ± 1.6 b 

Wine             

Ethanol (%) 13.4  ± 0.2 a 12.8 ± 0.5 a 13.2  ± 0.4 a 12.5  ± 0.3 a 

pH 3.47  ± 0.06 a 3.37  ± 0.06 a 3.37  ± 0.06 a 3.4  ± 0.0 a 

TA (g/L) 6.2  ± 0.5 a 6.3  ± 0.2 a 6.4  ± 0.1 a 5.9  ± 0.1 b 

VA (g/L) 0.23  ± 0.06 a 0.17  ± 0.06 a 0.23  ± 0.06 a 0.20  ± 0.0 a 

RS (g/L) 2.0  ± 1.1 a 2.2  ± 0.4 a 2.1  ± 1.9 a 3.4  ± 1.4 a 

Free SO2 1.5  ± 1.3 a 2.0  ± 0.2 a 1.2  ± 0.5 a 1.9  ± 0.3 a 

Total SO2 36.9 ± 2.3 a 33.3  ± 3.8 a 32.7 ± 4.2 b 44.4  ± 3.4 a 
Letters denote significant differences as indicated by t-test (p < 0.05), within each treatment group (WB and MHG).  

 

6.3.2 Thiol precursor results 

The results of the thiol precursor analysis can be view in Figure 26. The concentration 

of Cys-3MH and Glut-3MH ranged between 8.8 and 43 µg/L and 814 and 1,777.5 µg/L, 

respectively. The levels of Cys-3MH found agree with previous publications, however, 
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the Glut-3MH levels in these juices were found to have a much wider range, with 

previous maximums under 1,000 µg/L [89, 97, 229]. Statistical analysis only identified 

one sampling point within one juice set as significantly different: this was in the WB 

set for Glut-3MH measured after pressing, but before cold settling had taken place. 

Although, at this point the +UV samples contained significantly higher amounts of Glut-

3MH than their -UV samples, at the next sampling point (after cold settling) there is no 

longer any difference between the two UV treatments.  

 

Previously, UV-C (253.7 nm) treatment of Sauvignon blanc grape bunches for 15 min 

has resulted in an increase in Cys-3MH and Glut-3MH for up to 24 and 48 h after 

irradiation, respectively [56]. The current results do not show the same pattern, and 

reason for this may be down to the differences in UV light sources utilised between 

the trials. For this experiment, a light source which included a band of UV light and is 

commonly use in plant propagation was chosen. Here the authors employed a UV 

source which could be relatable to the natural sunlight radiation experienced by grapes 

during harvest, while Kobayashi et al. [56] considered the treatment of grapes under 

a single wavelength high energy UV light source. Furthermore, as this study was 

concerned with providing translatable research for winemakers, the common 

winemaking practice of cold settling the juice was performed. This step was not 

considered by Kobayashi et al. [56], but the results here seem to indicated an 

importance of this role, which future studies may also wish to consider. The maximum 

temperature reached by each of the experimental samples during the UV trial should 

also be considered in relation to thiol precursors. Previously, it has been shown that 

Cys-3MH concentrations in Sauvignon blanc must are higher after an 18-hour 

maceration at 18 °C rather than 10 °C. The authors then hypothesised that a lower 
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maceration temperature may limit the extraction of Cys-3MH from the solid parts of 

the berry [235]. An increase from 10 °C to 25 °C in skin contact (36 h) temperature 

has also indicated an increase in Cys-3MH for Merlot and Cabernet Sauvignon rosé 

musts [227]. 

With regards to the current study, no significant changes in Cys-3MH for the ‘After’ 

sampling point were recorded between the +UV and -UV samples. Even though there 

were significant differences in the maximum temperature reached between the +UV 

and -UV samples, this does not appear to have influenced the Cys-3MH levels in any 

of the experimental juices.  

 

Overall, the results do not predict significant changes in the thiol precursors Glut-3MH 

and Cys-3MH contents of Sauvignon blanc juices subjected to the current 

experimental conditions. The highest total precursor content was found in the +UV 

samples of the WB juice set, however these wines produced the lowest amounts of 

3MH and second to lowest amounts of 3MHA as seen in the following section (Table 

28). This is not surprising as recent research has indicated that the level of thiol 

precursors in juice does not necessarily correlate to amount of free varietal thiols in 

the resulting wine [89]. 
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Figure 26: Average (± standard deviation) of thiol precursors at different sampling points. -UV (white), +UV (blue). Letters denote significant differences as 
determined by the t-test within each sampling point
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6.3.3 Wine aroma chemistry results  

Both varietal thiols analysed, 3MH and 3MHA, gave higher concentrations in the -UV 

samples for each of the WB and MHG trials. All levels recorded were above the 

respective perception thresholds of 60 and 4 ng/L [192], for 3MH and 3MHA 

respectively. The only significant difference as indicated by the t-test were between 

the UV treatments of the MHG trial. Here it was observed that the +UV samples 

exhibited on average, over four times less 3MHA than the corresponding -UV samples. 

As wine varietal thiol levels may be influenced by oxygen exposure and SO2 [45], it is 

hypothesised that the lack of free SO2 after pressing for the +UV samples could be a 

contributing factor to the lower amounts of thiols observed. 

 

Higher levels of β-damascenone were found in the +UV samples of the MHG trial, 

whereas the opposite was found for the WB samples. The concentrations determined 

during this study, between 3.0 ± 0.5 and 4.1 ± 0.6 µg/L, are lower than those previously 

found for free run Wairau valley Sauvignon blanc wines (7.4 - 8.3 µg/L) [199]. Although 

all of the levels of β-damascenone found here were above its perception threshold of 

0.05 µg/L [193], no statistically significant differences were identified between the UV 

treatments of each trial. Similarly, the +UV samples of the MHG trial also showed the 

greatest average concentration in β-citronellol, with again no significant differences 

detected between the UV treatments applied. 

 

The C6 alcohol, hexan-1-ol, was found to be available in significantly different levels 

between the UV treatments of the WB trial. Here, it was seen that the exposure to UV 

light resulted in a lower average of this alcohol at 2,784 ± 144 µg/L, compared to the 

average concentration of the -UV samples of the WB trial at 4,491 ± 685 µg/L. As for 
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other New Zealand Sauvignon blanc trials [71, 72, 101, 199], hexan-1-ol levels are 

commonly found above the compound respective threshold of 1,300 µg/L [117]. Prior 

research into Chardonnay has indicated a reduction in hexan-1-ol for both the must 

and resulting wine as skin contact temperature increased [62]. From the Max T 

described at the end of the UV treatment, it is clear that the +UV samples of each trial 

experienced a greater degree of heat. After all, the increased temperature the grapes 

experienced is an intrinsic factor of UV that could be contributing towards the 

differences in hexan-1-ol observed. Future research would benefit from a thorough 

investigation into UV light irradiation and heat treatment of grapes as both interacting 

and separate factors to help further clarify their role on wine aroma. 

 

Typically, isoamyl acetate has a fruity, banana aroma and is found in Marlborough 

Sauvignon blanc [71, 72] above its perception threshold of 860 µg/L [147]. Here, this 

ester reached its highest concentration of just above 4,000 µg/L in the +UV samples 

of the WB trial. Another ester, β-phenylethyl acetate, which has nuances of honey and 

rose, was consistently found to produce averages higher than its perception threshold 

of 250 µg/L [115]. Here, the +UV samples of the WB trial showed the highest average 

for both β-phenylethyl acetate and ethyl acetate. However, between the UV treatments 

of each trial, none of the acetate esters quantified were significantly different in 

concentration. As for the butanoate, hexanoate, and octanoate ethyl esters, treatment 

with UV light resulted in a significant decrease in concentration of the MHG trial. Ethyl 

butanoate was consistently detected below it perception threshold of 600 µg/L across 

all experimental wines [117, 147], with previous concentrations reported in a similar 

range [72]. The average levels of ethyl hexanoate were comparable across all 

experimental wine sets at approximately 1,000 µg/L, except for the +UV wines of the 
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MHG where the average level of ethyl hexanoate was only around 700 µg/L. This 

indicates that UV light treatment of MHG may cause a significant decrease in the 

amount of this ester present in wine, however, the levels obtained here were still above 

the reported 440 µg/L perception threshold [147]. As for ethyl octanoate, a significant 

decrease was also recognised for the +UV samples of the MHG trial. No significant 

differences were found between the WB trial for these three ethyl esters. 

 

Octanoic acid can impart a rancid and cheese like aroma to wine and has a perception 

threshold of 0.5 mg/L [135]. The experimental wines all reported levels of this fatty 

acid between 3.4 ± 0.8 and 5.2 ± 1.9 mg/L, with similar levels also found for hexanoic 

acid. For the WB wines, both fatty acids give higher average concentrations in the +UV 

samples, whereas in the MHG trial it is the -UV samples which have the highest 

averages. Previously, after leaf and lateral shoot removal, UV light reducing sheets 

applied to a Sauvignon blanc canopy has contributed to a significant decrease in 

octanoic acid. Hexanoic acid was also quantified but no differences were observed 

between the UV limited wines and the control wines [54]. Although interesting, it is 

difficult to compare the aforementioned study with the results gained here as the UV 

light treatment occurred after the grapes had been harvested.  

 

Of the four higher alcohols quantified, only phenylethyl alcohol displayed a significant 

difference with UV treatment. In the MHG trial, the -UV samples contained significantly 

less of this aroma compound than their +UV counterparts. The levels of phenylethyl 

alcohol are comparable to those previously described for other Sauvignon blanc wines 

[71, 72]. Skin contact at 9 and 27 °C for Chardonnay must has resulted in a decrease 

of phenylethyl alcohol from around 36 to 13 mg/L, respectively [62]. Although the Max 
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T of the MHG grapes was significantly higher for the +UV samples, it was in the -UV 

samples that the lowest average concentration was observed. This then suggests that 

other factors may be contributing to the decrease in phenylethyl alcohol observed.  

 

Information regarding the influence of UV light to grapes post-harvest is limited in the 

scientific community. This study was able to highlight a few aroma compounds which 

may be elevated or reduced as a consequence of receiving UV light post-harvest. 

These results prompt for new intensive research to be completed in this area, as any 

changes in aroma chemistry may be of interest to winemakers. Future studies may 

consider using a larger scale and higher replicate numbers to determine if results seen 

here can be duplicated in an appropriate manner. Furthermore, the inherent change 

of temperature with exposure to UV light should be thoroughly investigated to fully 

establish its role in any aroma chemistry changes observed.       
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Table 28: Average values (± standard deviation) of aroma compounds in wines which were treated with (+UV) or without (-UV) ultraviolet light irradiation 

  WB +UV WB -UV MHG +UV MHG -UV 

3MH (ng/L) 1205 ± 601 a 2159 ± 161 a 1355 ± 573 a 2343 ± 283 a 
3MHA (ng/L) 208 ± 170 a 250 ± 52 a 90 ± 58 b 423 ± 35 a 
β-Citronellol 13.4 ± 7.0 a 11.8 ± 1.3 a 13.7 ± 1.7 a 10.3 ± 0.5 a 
β-Damascenone 3.0 ± 0.1 a 4.1 ± 0.6 a 3.2 ± 0.8 a 3.0 ± 0.5 a 
Hexan-1-ol 2784 ± 144 b 4491 ± 685 a 3595 ± 260 a 4163 ± 239 a 
Ethyl butanoate 421 ± 181 a 361 ± 20 a 318 ± 22 b 393 ± 30 a 
Ethyl hexanoate 1076 ± 537 a 1079 ± 89 a 714 ± 100 b 1065 ± 126 a 
Ethyl octanoate 1035 ± 768 a 809 ± 34 a 600 ± 73 b 995 ± 146 a 
Ethyl acetate 61,248 ± 15,913 a 41,320 ± 6937 a 53,709 ± 5840 a 51,977 ± 5912 a 
Isoamyl acetate 4030 ± 2419 a 2367 ± 350 a 2039 ± 734 a 2946 ± 539 a 
Hexyl acetate 298 ± 200 a 368 ± 120 a 179 ± 29 a 339 ± 75 a 
β-Phenylethyl acetate 468 ± 219 a 261 ± 24 a 272 ± 69 a 364 ± 66 a 
Hexanoic acid (mg/l) 5.2 ± 1.4 a 4.5 ± 0.5 a 3.6 ± 0.6 a 5.0 ± 0.7 a 
Octanoic acid (mg/l) 5.2 ± 1.9 a 4.6 ± 0.7 a 3.4 ± 0.8 a 4.3 ± 0.6 a 
Isobutanol 28,633 ± 9618 a 18,687 ± 3639 a 25,128 ± 3473 a 19,795 ± 2240 a 
Isoamyl alcohol 226,518 ± 18,331 a 199,362 ± 23,854 a 219,309 ± 3473 a 210,863 ± 14,267 a 
Methionol 973 ± 293 a 746 ± 178 a 863 ± 216 a 840 ± 78 a 
Phenylethyl alcohol 29,139 ± 7933 a  29,268 ± 1530 a 31,026 ± 2360 a 25,657 ± 1334 b 

Letters denote significant differences as indicated by t-test, (p < 0.05). All compound in µg/L unless otherwise stated. 
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6.4  Conclusions 

This preliminary study was conducted to explore the influence of UV light on post-

harvested grapes and how these conditions affect the aroma of the resulting wines. 

Results obtained here suggest that the impact on thiol precursors as well as other 

volatile aroma compounds found in Sauvignon blanc wines which have undergone UV 

treatment, although minimal, may occur. Particularly interesting is the potential for a 

reduction of 3MHA in wines made from damaged grapes that have experienced post-

harvest UV radiation. Sequential studies may consider upscaling sample size, 

increasing replicate numbers, and investigating the true effect of UV versus 

temperature changes. Overall, as New Zealand experiences high accounts of UV 

radiation, more research is warranted into how this may alter the iconic aroma of New 

Zealand Sauvignon blanc.  
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C h a p t e r  7 .  G r a p e  T e m p e r a t u r e  

 

D I F F E R E N C E S  I N  T H I O L  P O T E N T I A L  O F  

M A C H I N E  H A R V E S T E D  S A U V I G N O N  B L A N C  H E L D  

A T  D I F F E R E N T  T E M P E R A T U R E S  

 

Purpose of the chapter: 

The aim of this trial was to explore whether different temperatures endured by machine 

harvested Sauvignon blanc grape could alter the thiol potential of the resulting wines. 

This project was not originally included in this thesis project, but rather came about 

after observations made in the field during harvest of the fining trial grapes. Photos 

relating to this chapter can be found in the thesis appendix. 

 

Status of the chapter: 

This chapter has been formatted for submission to Postharvest Biology and 

Technology (Elsevier). The co-authorship form is available at the start of this thesis, 

following on from the acknowledgements section.  



Grape Temperature 

 

 203 

7.1 Introduction 

It is well known that free varietal thiols are important constituents to the aroma of 

Sauvignon blanc wines [86, 236]. In particular, the presence of 3-mercaptohexanol 

(3MH) and 3-mercaptohexyl acetate (3MHA) is strongly associated to Sauvignon blanc 

wines of New Zealand [71, 72]. Machine harvesting is a popular technique used during 

the production of wine [6], with studies suggesting that its use may alter the amount of 

thiols present in a wine [97, 237]. Anecdotally, we are told from winemakers that 

machine harvested fruit contains roughly 70 % fruit (intact and damaged) and 30 % 

juice, this stated it could be hypothesised that a certain amount of skin contact occurs 

not only during harvest, but also as the grapes travel to the processing winery. As 

machine harvesting allows for collection of grapes at any point during the day or night, 

the temperature at which this unintended skin contact occurs may vary. To date, the 

thiol precursor, S-3-(hexan-1-ol)-L-cysteine (Cys-3MH) [238] which can be formed by 

catabolism of S-3-(hexan-1-ol)-L-glutathione (Glut-3MH) [87] has been shown to 

contribute to only small percentages of 3MH in wines [88]. This being so, studies have 

investigated the influence of skin contact temperatures of Cys-3MH, with results 

suggesting that an increase in temperature may lead to an increase in thiol precursor 

[227, 235]. However, whether this increase in non-odorous thiol precursor will relate 

to a direct increase in aromatically active 3MH and 3MHA was not clear. Therefore, 

the current study aims to determine the potential of machine harvested fruit held at 

different temperatures to alter the amount of Cys- and Glut 3MH present. Furthermore, 

the amount of 3MH and 3MHA was analysed in the resulting wines. The skin contact 

time chosen was two-hours in order to represent the effect of unintentional skin contact 

that could hypothetically occur due to delays in transport processing once grapes have 

been machine harvested.  
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7.2 Materials and Methods 

7.2.1 Chemicals 

Potassium metabisulfite (PMS) was from Enartis E (Trecate, Italy). Lalvin EC1118 

yeast was from Lallemand (Ontario, Canada) and Nutristart Special was from Laffort 

(Bordeaux, France). Clinitest tablets were supplied by Bayer Healthcare LLC 

(Tarrytown, NY, USA).  

 

Sigma Aldrich (St Louis, MO) supplied the L(+)-tartaric acid, D(+)-glucose, and D(-)-

fructose all at or above 99% purity. Also from Sigma Aldrich (Castle Hill, NSW, 

Australia) was the formic acid and butylated hydroxyanisole (both reagent grade) as 

well as ethyl propiolate (99%). From Scharlau (Barcelona, Spain) was acetonitrile and 

methanol (both HPCL grade) as well as anhydrous sodium sulfate and sodium 

hydroxide (both ≥ 98.5%). From Merck (Darmstadt, Germany) came the Suprasolv 

dichloromethane and hexane (95 %). From ECP Ltd (Auckland, New Zealand) 

absolute ethanol of ACE grade and from Unichrom, Ajax Finechem, (Newmarket, New 

Zealand) HPLC grade isopropanol. AnalaR, Normapure (Lutterworth, United 

Kingdom) supplied the HPLC grade hydrochloric acid and Supelco (Castle Hill, NSW, 

Australia) supplied the Supelclean ENVI-18 SPE cartridges. BOC 

(Blenheim/Auckland, New Zealand) supplied dry ice (solid CO2), industrial grade 

nitrogen and instrument grade helium. All of the ultra-pure water (17.1 MΩ cm) was 

supplied by a Barnstead Nanopure Diamond™ (ThermoFisher Scientific, Waltham, 

MA). 
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Buchem BV (Apeldoorn, Netherlands) supplied d3-Glut-3MH and d3-Cys-3MH as well 

as unlabelled Glut-3MH and Cys-3MH, all at purity of ≥ 99%. Labelled free thiols, d2-

3MH and d2-3MHA were synthesised at the University of Auckland [183]. Oxford 

Chemicals (Hartlepool, United Kingdom) supplied the unlabelled 3MHA (98%) and 

Acros Organics (Morris Plains, NJ) supplied the unlabelled 3MH (98%). 

 

7.2.2 Grape harvest and temperature treatment 

Machine harvest Sauvignon blanc grapes (MHG) were harvested on the 01/04/15 from 

a vineyard located in Kaituna, Blenheim, New Zealand. Three 20 L buckets fitted with 

lids of MHG were collected from the conveyor belt of a harvester. After transportation 

to the processing winery, the MHG samples were homogenised under the protection 

of dry ice. Four kilogram lots of MHG were placed into nine 4 L ice cream containers 

at the ratio of 30:70 of free running juice to grape mass. A ‘Before’ temperature thiol 

precursor was then taken from each container by mashing and straining 15 mL of juice 

from 40 g of the sample and frozen at -20 °C. After this 40 mg/L of free SO2 was added 

to each container as well at 0.5 mL/kg of a pectolitic enzyme. Each container was then 

fitted with a lid and inverted several times to mix in the additions. Three containers 

were then placed in three different cool rooms operating at 6, 15, and 24 °C for 2 h. 

The temperature of the samples was measured before and after the two-hour period, 

and after one hour in the cool rooms the samples were stirred to encourage 

homogenous cooling/heating. 

 



Grape Temperature 

 

 206 

7.2.3 Winemaking 

Samples were pressed off using a compressed air operated sample press with a 6 kg 

capacity (Stainless Steel Systems, Blenheim, New Zealand) using dry ice to protect 

the extracted juice. The samples were pressed for 45 seconds, then the plunger was 

released and the marc stirred before a second press for another 45 seconds. This 

allowed for an extraction rate of approximately 695 mL per kg of MHG. The juices were 

cold settled at 6 °C for 16 h. The clarified juice was racked under a blanket of CO2 gas 

and 700 mL was transferred into a 750 mL wine bottle and left to in a 15 °C cool room 

to come to temperature. The warmed juice was inoculated with EC1118 at a rate of 

250 mg/L and left to ferment at 15 - 17 °C. More clarified and racked juice was also 

used to produce the ‘After’ thiol precursor sample and provide the basic juice 

parameters for each sample. °Brix was analysed using a Mettler Toledo Refractometer 

model RM40, while pH and titratable acidity (TA) were determined using a Mettler 

Toledo T70 autotitrator (Columbus, OH, USA). Free and total SO2 were analysed 

using Megazyme chemical assay kits (Chicago, IL, USA) and a SpectraMax 384 Plus 

microplate reader (Molecular Devices, Sunnyvale, CA, USA). Primary amino acids for 

yeast available nitrogen (YAN) contents were analysed using the nitrogen by an o-

phthaldialdehyde/N-acetyl-L-cysteine (NOPA) method in isoleucine (N) equivalents 

[239]. Ammonium for YAN contents was analysed using a Vintessential laboratories 

enzymatic assay (Melbourne, Australia).  

 

Fermentation was tracked using a portable density meter (Anton-Paar DMA 35, 

Austria) and by daily weighing. Forty-eight hours after inoculation 50 mg/L of Nutristart 

Special was added to each ferment to assist fermentation. Clinitest tablets were used 

to monitor the end of fermentation, at which point each wine was protected with an 



Grape Temperature 

 

 207 

addition of 50 mg/L free SO2 and left to settle out for 24 h. Basic wine parameters were 

measured after centrifuging the wine samples at 4,600 rpm for 5 mins. TA and pH 

were analysed as mentioned in the juice analysis. Reducing sugars (RS) were 

determined by Megazyme kits (Chicago, IL, USA) and alcohol by an Anton Paar wine 

alcolyzer (Austria).   

 

7.2.4 Thiol precursor analysis 

Thiol precursors were quantified using an LC-MS/MS method based on that first 

developed by Capone et al. [11], and recently optimised by Jelley et al. [230]. Juice 

samples (2 mL) were centrifuged at 8,000 rpm for 5 min and then filtered using a 0.45 

µm filter (Minisart RC4, Sartorius). To 1.5 mL of sample, an internal standard mix was 

added into an amber crimp vial at 69 µg/L of d3-Glut-3MH and 33 µg/L d3-Cys-3MH. 

The vial was then closed and vortexed to provide a homogeneous solution. 

 

An Agilent 1290 Infinity Liquid Chromatograph (Santa Clara, CA), fitted with a 

quaternary pump and coupled to an Agilent 6400 Triple Quadrupole mass 

spectrometer (MS/MS, Santa Clara, CA) was used to analyse the samples. Eluent A 

was 0.1% formic acid in water and eluent B was 100% acetonitrile. For each sample 

run the elution gradient was as follows: 0 min (0% B), 6 min (5% B), 10 min (15% B), 

12 min (80% B), 15 min (100% B), and 17 min (0% B), with the column being 

equilibrated with 100 % of eluent A before each sample injection. A flow rate of 0.5 

mL/min was used and the injection volume was 10 µL. A blank injection containing 

only methanol was performed after every set of 10 samples. The column heater was 

set at 25 °C and a Phenomenex Kinetec C18 column (Torrance, CA) with a 100 x 3 

mm ID, and a 2.6 µm particle size was used. An Agilent jet stream electrospray 
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ionization probe (Santa Clara, CA) operating in positive-ion mode was used to collect 

the mass spectrometric data. Nitrogen with a flow rate of 9 L/min at 200 °C was used 

as the desolvation gas. The sheath gas temperature was set at 350 °C and 11 L/min 

and the nebulizer operated at 45 psi, with the electrospray ionization (ESI) capillary 

set at 4.0 kV and the nozzle voltage at 0.5 kV. Multiple reaction monitoring (MRM) 

transitions for Cys-3MH and Glut-3MH were as follows: 222 → 205, 222 → 101, 222 

→ 83 and 408 → 333, 408 → 279, 408 → 262, respectively. The MRM transitions for 

d3-Cys-3MH and d3-Glut-3MH were as follows: 225 → 208, 225 → 104, 225 → 86 and 

411 → 336, 411 → 282, 411 → 265, respectively. Optimised fragmentation voltages 

for d3-Cys-3MH/Cys-3MH and d3-Glut-3MH/Glut-3MH were 120 and 110 V, 

respectively.  

 

Model juice (ultrapure water with 100 g/L fructose, 100 g/L glucose, 5 g/L tartaric acid, 

and adjusted to a pH of 3.2) was spiked with increasing amounts of Glut-3MH and 

Cys-3MH to give calibrations curves. Five calibration points were used and performed 

in duplicate. All solutions were filtered before introduction to the LC-MS/MS using 0.45 

µm filters (Minisart RC4, Sartorius). 

 

7.2.5 Varietal thiol analysis 

Free thiols in the wine were analysed using a SPE/GC-MS method which involved 

derivatisation with ethyl propiolate (ETP) [184]. Slight modifications to the originally 

published method have been previously described in Parish et al. [199]. Six 

calibrations points performed in duplicate, by spiking Sauvignon blanc wine 

(Marlborough, New Zealand) with increasing amounts of 3MH and 3MHA were used 

to create calibration curves. 
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7.2.6 Data Analysis 

Chromatographic data was extracted using Agilent Mass Hunter A.02.00 and is 

summarised using averages ± standard deviations. Statistical analyses were carried 

out in R [187] using the package agricolae [208]. Analysis of variance (ANOVA) 

followed by Tukey HSD post-hoc testing was used to explore the effect of storage 

temperature on basic juice and wine parameters as well as thiol precursor and free 

thiol concentrations. A p-value of less than 0.05 was considered statistically significant. 

Since this is a pilot study we consider the p-value as a means to identify interesting 

juice or wine components which may be influenced by a fluctuation in storage 

temperature, and therefore merit further investigation. 

 

7.3 Results and Discussion 

7.3.1 Basic juice and wine parameters 

Results from the basic juice and wine analyses can be found in Table 29. The °Brix, 

pH and TA values of the juices are similar to those previously described for other 

Marlborough Sauvignon blanc musts [72]. A significant difference (p-value < 0.05) was 

determined between the TA of the 6 and 15 °C samples, however none of these were 

deemed significantly different from the 24 °C samples. No significant differences were 

found between the YAN, free SO2, and total SO2 measurements of the juices. The 

average initial grape temperatures ranged from 18.8 ± 0.2 °C to 19.0 ± 0.5 °C across 

all treatment groups. However, once the different heat treatments had been applied, 

all of the treatment groups varied significantly from each other (p-value < 0.001) with 

regards to grape temperature. As expected, the samples placed in the warmest cool 

room (24°C) had the highest average grape temperature of 21.3 ± 0.3 °C, while the 
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samples placed in the coldest cool room (6°C) had the lowest average grape 

temperature of 16.2 ± 0.7 °C.  

 

The only wine parameter measured that gave a p-value of < 0.05 was the ethanol (%) 

contents of the wines. As can be seen in Table 29, the 6 and 15 °C wines vary 

significantly from each other, while the 24 °C wines belong to the homogeneous subset 

of both as indicated by Tukey HSD. The average values of ethanol range between 

13.32 and 13.75 %, both of which are between previous reported averages for 2009 

and 2011 Sauvignon blanc wines from Marlborough [72]. The RS level of a dry wine 

is generally described as below 1.5 g/L [6], however, all of the experimental wines 

were above this threshold. No significant differences (p-value > 0.05) in the wines RS 

levels were determined, with the analysis revealing that fructose was the major form 

of sugar present in the wines. This is expected, as it has previously been shown that 

Saccharomyces wine yeast strains are glucophilic in nature [190].
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Table 29: Basic juice and wine parameters for temperature trial samples 

  6 °C 15 °C 24 °C 

Juice          

°Brix 21.8 ±  0.1 a 21.9 ± 0.1 a 21.8  ± 0.1 a 

pH 3.11 ±   0.01 a 3.13 ± 0.02 a 3.12 ± 0.01 a 

TA (g/L) 8.1  ± 0.1 a 7.6  ± 0.2 b 7.9  ± 0.2 ab 

YAN (mg/L) 214.7  ± 8.1 a 214.2  ± 7.6 a 198.2  ± 7.5 a 

Free SO2 (mg/L) 14.2  ± 0.8 a 14.1  ± 2.6 a 11.8  ± 1.2 a 

Total SO2 (mg/L) 54.0  ± 0.3 a 53.6  ± 3.1 a 49.8 ± 2.6 a 

Start temp. (°C) 19.0 ± 0.5 a 18.9 ± 0.1 a 18.8 ± 0.2 a 
End temp. (°C) 16.2 ± 0.7 c 18.1 ± 0.2 b 21.3 ± 0.3 a 

Wine          

Ethanol (%) 13.57  ± 0.07 b 13.75 ± 0.06 a 13.62  ± 0.04 ab 

pH 3.17  ± 0.02 a 3.19  ± 0.02 a 3.16  ± 0.04 a 

TA (g/L) 8.0  ± 0.1 a 7.9  ± 0.1 a 7.9 ± 0.2 a 

RS (g/L) 3.3  ± 0.4 a 3.8  ± 0.8 a 3.8  ± 0.6 a 

Fructose (g/L) 3.3 ± 0.4 a 3.6  ± 0.9 a 3.7 ± 0.4 a 

Letters denote significant differences as indicated by Tukey HSD (p < 0.05). 

 

7.3.2 Thiols and thiol precursors results 

The concentrations of Cys-3MH and Glut-3MH in the experimental juices can be seen 

in Figure 27. The ‘Before’ bar graph represents the levels of thiol precursor before any 

temperature treatment was applied to the grapes. For these sample sets it can be 

seen that there were no significant differences (p > 0.05) between the levels of either 

thiol precursor. This suggests that the grapes were sufficiently homogenised during 

the experimental process, therefore providing a good starting point for this trial. The 

average range of values for Cys- and Glut-3MH in the ‘Before’ samples is between 68 

± 4 to 76 ± 3 and 349 ± 37 to 478 ± 116, respectively. These concentrations agree 

with those previously reported in grape juice [42, 229], and show the abundance of 

Glut-3MH over Cys-3MH precursor. Individually, the highest amount Cys- and Glut-
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3MH before temperature treatment were found in the 15 °C samples, replicates 1 and 

3 respectively. 

 

The ‘After’ samples were taken from the clarified and racked juice of each treatment. 

From Figure 27 it can be determined that the only temperature treatments to differ 

significantly (p < 0.05) in the Cys- and Glut-3MH profiles are the 6 and 15 °C samples, 

with the 24 °C samples not significantly different from either of these treatment groups. 

For these samples, the average range of Cys- and Glut-3MH was 72 ± 4 to 90 ± 9 and 

613 ± 64 to 744 ± 103 µg/L, respectively. Again, both of the highest values for Cys- 

and Glut-3MH came from the 15 °C set of samples, with replicate three claiming the 

highest of both. 

 

Previously, storage of machine harvested Sauvignon blanc grapes at 10 °C during a 

prolonged storage period of 30 hours has resulted in an increase of both Cys- and 

Glut-3MH. The concentration of these precursors was also measured 2 hours into the 

30-hour holding period, which is the same amount of skin contact time of the current 

study, however at the 2 hour sampling point no significant (p > 0.05) changes in thiol 

precursor content were visible [47]. Although this prolonged storage trial provided 

interesting information regarding the manipulation of Cys- and Glut-3MH, 

unfortunately the concentration of 3MH and 3MHA of any resulting wines was not 

available for comparison [47]. Room temperature (~20 °C) skin contact periods of 4, 

16, and 32 hours for a laboratory scale trial have also been previously investigated. 

Here, it was found that the amount of Cys-3MH in both free run and pressing fractions 

of Sauvignon blanc juices could increase with 32 hours of skin contact time [42]. 

Crushed Sauvignon blanc grapes held at 10 or 18 °C for 18 hours have also been 
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found to contain higher amounts of Cys-3MH than a non-macerated control must. It 

was also seen that the higher skin contact temperature resulted in a greater yield of 

Cys-3MH, with the authors suggesting that low temperatures may limit the potential 

extraction of Cys-3MH from the solid parts of the berries [235]. Similarly, red wine 

musts have also indicated increased in Cys-3MH when subjected to temperatures of 

20 and 25 °C during skin contact periods of 36 hours, compared to those musts held 

at 10 °C [227]. 

 

Although the 6 °C samples here were found to have the lowest amounts of Cys- and 

Glut-3MH, the 24 °C samples did not contain the highest amounts. The reasons for 

these differences may be due the amount of skin contact time experienced, with the 2 

hours trialed here not long enough to yield more statistically significant increases or 

decreases in thiol precursors. As noted before, Table 29 does show different end 

temperatures of the grapes, however with more time it would be expected that the 

temperature of the grapes would become better equilibrated with the temperatures of 

the cool rooms. In turn, this may have allowed for greater differences between the 

temperature treatments with respect to Cys- and Glut-3MH concentrations. 
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Figure 27: Bar graphs of thiol precursors displaying the mean for each temperature treatment group; 6 
°C = white, 15 °C = light blue, and 24 °C = dark blue. Confidence intervals are ± standard deviations. 
Letters denote homogenous subsets as determined by Tukey HSD (p < 0.05) 
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The levels of 3MH and 3MHA detected in the experimental wines can be seen in Figure 

28. The average range for 3MH was between 403 ± 71 and 555 ± 212 ng/L, with the 

highest single measurement coming from the 15 °C group at 798 ng/L. These levels 

of 3MH are much lower than those previously reported for Marlborough Sauvignon 

blanc which is usually over 1,000 ng/L with some reports showing levels over 9,000 

ng/L [71, 72, 93]. However, other studies also using Marlborough Sauvignon blanc 

have shown 3MH levels under 1,000 ng/L [40, 77], which are closer to those found 

here. All of the 3MH levels found in this study were above the perception threshold of 

3MH of 60 ng/L [86]. 

 

Average levels of 3MHA in the experimental wines ranged between 123 ± 13 and 147 

± 26 ng/L. The highest measurement of this thiol was 164 ng/L and corresponded with 

the highest 3MH level, both of which were from the same 15 °C sample. The levels of 

3MHA are less than some previously reported for other Marlborough Sauvignon blanc 

wines, which can range between 214 to over 1,000 ng/L, but similar to others [40, 77]. 

Due to the low perception threshold of 3MH of just 4 ng/L [86], the levels of thiols here 

may still contribute to the wines aroma. 

 

With regards to the temperature treatment of the grapes no significant differences (p 

> 0.05) were detected between the temperatures explored during this study. Although 

increased Cys-3MH has been previously linked to increased skin contact temperature 

[227, 235], these studies did not concurrently measure the concentration of free thiols 

in any resulting wines. In the present study, ultimately an increase in thiol precursors 

which was observed in the juice, did not translate to significantly different (p > 0.05) 

levels of 3MH or 3MHA in the wines produced. This may be due to the low conversion 
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rates of Cys-3MH to 3MH [88], or the lack of evidence to suggest that these thiol 

precursors are correlated to free thiol values in wine [89]. However, improving the 

number of replicates in the current study, as well as fermenting the wines to technical 

dryness (> 1.5 g/L reducing sugars) should be considered before any firm conclusions 

are drawn from this trial. 

 

 

Figure 28: Bar graphs of thiols displaying the mean for each temperature treatment group (6, 15, and 
24 °C). Confidence intervals are ± standard deviations. Letters denote homogenous subsets as 
determined by Tukey HSD (p < 0.05) 

 

7.4 Conclusion  

In conclusion, the temperature at which machine harvested Sauvignon blanc grapes 

are held or transported may influence their thiol precursor potential. This stated, no 

significant differences (p < 0.05) in the levels of 3MH or 3MHA were detected in the 

experimental wines. Future investigations may consider the use of longer skin contact 

times, as to allow for temperature equilibration of the grapes with their respective 

environments. Furthermore, potential work may consider other grape and juice 
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parameters such as polyphenol contents and colour in order to give winemakers a 

more complete picture of the influence of skin contact temperature on their wines. 
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C h a p t e r  8 .  O ve r a l l  C o n c l u s i o n s  

 

Purpose of the chapter: 

This chapter is designed to provide a general summary for the experiments 

undertaken during this thesis project. Here, general conclusions and future research 

prospects are also presented. 

 



Overall Conclusions 

 

 219 

8.1 Conclusions 

The essence of this project was the use of common, industry available fining agents, 

applied prior to fermentation to investigate the modulation of aroma compounds. A 

crucial aspect of the project was the use of fining agents with regards to press fraction 

juices. Winemakers were aware that these agents have the ability to manipulate the 

aroma profile of their end products, and were keen to gain more analytical data specific 

to their press fraction juices and wines in particular. During the course of this project, 

other post-harvest situations were also identified as to have the potential to alter the 

aroma profile of resulting wines. These all involved machine harvested Sauvignon 

blanc, the most common picking strategy applied in NZ, and were the transportation 

time of grapes, the UV light exposure to grapes and the temperature of grapes before 

winery processing began. Due to strong positive relations with the partner winery, 

small scale pilot studies of the aforementioned treatments were conducted and the 

results included in this project. 

 

The main aspect of this thesis concerns the use of fining agents prior to fermentation. 

In order to determine the outcome of pre-fermentative fining on the aroma chemistry 

profiles of Sauvignon blanc wines, three experiments were conducted over three 

consecutive vintages. In 2013, the fining agents activated carbon, gelatin, PVPP and 

a mixed agent consisting of bentonite, PVPP, and isinglass were applied at rates 

already established in the wine industry. Separate fining of free run and press fraction 

juices across two Marlborough vineyards (Wairau and Awatere valleys) allowed for 

differences in fining agents trialled to be discussed in more depth. It was clear from 

the 2013 vintage that the concentrations of several aroma compounds were modified 
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by the use of pre-fermentation fining. The varietal thiol 3MH was consistently lower in 

the wines produced from the activated carbon treatment, however, this was not always 

significantly different (p < 0.05) from the control samples. The use of activated carbon 

within the press fraction treatments of both vineyards resulted in reduced levels of 

hexan-1-ol. Furthermore, activated carbon fining also reduced the level of linalool, an 

effect observed across all vineyards and juice fractions investigated. An 

accompanying sensory analysis indicated few and minimal differences in the aromas 

of the wines. Therefore, it was understood that although pre-fermentation fining may 

produce differences in the aroma chemistry of a wine, this does not necessarily convey 

that detectable changes will occur in the sensory profile. 

 

The 2014 fining trial investigated the potential of high fining rates applied to press 

fraction juices. Winemakers may choose to use higher than usual rates of fining agents 

to intensely ‘clean up’ certain batches of juice prior to fermentation. Blending after 

fining then provides the opportunity to reduce the overall rate of fining, and allows for 

the final fining additions to remain within industry regulations. This set of experiments 

employed activated carbon, gelatin and PVPP. As with the 2013 trial, both hexan-1-ol 

and linalool were reduced by the use of activated carbon, as was 3MH, 3MHA, and 

IBMP. Hexyl acetate and cis-3-hexenyl acetate were found to be highly positively 

correlated (0.99) and were also both lowered by the use of activated carbon. On the 

other hand, the use of high rates of gelatin fining resulted in increased amounts of 

benzyl alcohol, ethyl cinnamate, and ethyl (dihydro)cinnamate compared to the control 

samples. Benzyl alcohol had been previously linked to the use of liquid gelatin 

preparations [215], however, no previous link between the two cinnamate esters and 

gelatin fining could be found. Sensory analysis of the wines by a volunteer panel 
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revealed that the aromas Green Veg and Floral/honey differed significantly between 

the experimental wines. Additionally, the taste attribute Floral/honey and the aftertaste 

attribute Salty were also identified by the panel to be significant in the differentiation 

of the wines. Panel performance data acknowledge strong (p ≈ 0.000) Judge effects 

with interaction plots of the data revealing that only a handful of judges could separate 

the fining treatments based on the chosen attributes. Overall, no consistent sensory 

differences were identified by this panel as a whole. 

 

The main priority of the 2015 fining study was to conduct the trials in an industry 

environment to ascertain whether differences found in the lab scale trials would still be 

confirmed after upscaling. The fining agents used during this trial were activated 

carbon, gelatin as well as gelatin in succession with silicon dioxide. Two sets of press 

fraction juices were used, Wairau valley juice and another being a mix of juices from 

around the Marlborough region. Due to juice volume restrictions, the fining treatment 

gelatin with silicon dioxide was not carried out for the Wairau valley trial. Results 

confirmed that press fraction juices fined with activated carbon would produce wines 

with lower levels of IBMP, 3MH, 3MHA, hexan-1-ol, and linalool. Other aroma 

compounds were also influenced by the fining agents such as esters, alcohols, and C6 

compounds. Compared to the 2014 trial, benzyl alcohol did not show any significant 

(p > 0.05) differences within the fining treatments of each juice trial. Ethyl cinnamate 

was reduced by the use of activated carbon, however, the gelatin treatments did not 

differ significantly from the control wines of each trial. On the other hand, the average 

concentration of ethyl (dihydro)cinnamate was higher in the wines which had been 

juice fined using either gelatin alone or a combination of gelatin and silicon dioxide. A 

bench tasting of the wines carried out by wine industry personnel suggested a 
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reduction in Floral/talcum powder aromas for the activated carbon and gelatin Wairau 

valley wines. An increase in Banana/pineapple as well as Tropical/thiol notes were 

seen for the gelatin samples of the same juice trial. As for the mixed Marlborough 

Sauvignon blanc trial, the control wines were deemed to be less pungent in Citrus 

aroma and the activated carbon samples rated the highest for Tropical/thiol tones. 

 

Overall, this thesis project has been able to identify certain aromatic compounds which 

may be influenced as a response to the choice of fining agent applied prior to 

fermentation. The experiments conducted have elucidated trends which showed 

consistent decreases or increases over different juice fractions, vineyards, and fining 

rates. This project is valuable to winemakers and wine researchers as it employed 

currently available fining agents and focused on press fraction juice which has 

received limited attention previously. Teaming this with Marlborough Sauvignon blanc 

leads to particular relevance for New Zealand winemakers who may be able to create 

tailored fining regimes based on the information gained. 

 

As for the pilot studies conducted during this thesis project, some interesting findings 

have emerged. Firstly, the transport time trial was conducted in order to see if a change 

in the time of transport for machine harvested Sauvignon blanc grapes could lead to 

any differences in varietal thiol concentration in the final wines. Furthermore, a lid or 

no lid scenario was also included to simulate the covering of trucks during the transport 

period. The experiment was able to demonstrate that 1.5, 3, or 4.5 hours of transport 

resulted in an increase of the juice thiol precursors Cys- and Glut-3MH, compared to 

the control of 0 hours. However, the rises in thiol precursor observed did not 
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necessarily correlate to higher levels of 3MH or 3MHA. In fact, there were no 

differences between the transport times of the lid samples for these thiols. As for the 

no lid samples, a transport time of 3 or 4.5 hours actually resulted in significantly (p < 

0.05) less 3MH and 3MHA than the 0 or 1.5 hour timings and therefore exemplifying 

how thiol precursor levels may not be good indications of free varietal thiol wine levels.  

 

The UV light trial was carried out using both whole bunch and machine harvested 

Sauvignon blanc grapes. UV light was applied to half of the samples to address 

whether UV exposure after harvest may promote or decrease certain wine aroma 

compounds. At the point just prior to inoculation, no significant (p > 0.05) differences 

in Cys- or Glut-3MH were found between the UV light and control samples for each 

grape medium trialled. The wines showed very little differences in aroma profiles with 

no compounds being similarly influenced by UV light for both the whole bunch and 

machine harvested grape trials. Of the compounds analysed, only hexan-1-ol varied 

significantly (p < 0.05) in the whole bunch samples leading to a reduced amount of 

this compound in the wines of the UV treated samples. As for the machine harvested 

grapes, 3MHA as well as three ethyl esters were all found to be significantly (p < 0.05) 

lower in the UV exposed samples compared to their control wines. Perhaps of more 

interest to winemakers was the diminished presence of SO2 in the UV samples of the 

machine harvested grapes. This was hypothesised to be a side effect of UV light by 

which the temperature of the grapes is increased leading to a reduction of both free 

and total SO2. 
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The last pilot trial investigated the temperature at which grapes may be subjected to 

after harvest whilst awaiting winery processing. The temperatures explored were 6, 

15, and 24 °C and the holding time of the machine harvested Sauvignon blanc grapes 

was 2 hours prior to pressing (a time span closely aligned with current holding time 

experienced by some NZ wine industries). The thiol juice precursors Cys- and Glut-

3MH were significantly higher (p < 0.05) in those samples which had been placed at 

15 °C for 2 hours compared to those held at 6 °C. As for the 24 °C samples, the thiol 

precursor contents were not deemed to be significantly (p < 0.05) different from either 

the 6 or 15 °C samples. The corresponding wines showed no significantly (p > 0.05) 

differences for either the varietal thiols 3MH or 3MHA between any of the temperature 

treatment groups chosen.  

 

Overall, the three small scale trials within this thesis project have answered some 

preliminary questions regarding post-harvest technologies. However, more studies are 

needed to fully decipher the role of transport time, UV light, and temperature applied 

post-harvest to Sauvignon blanc grapes and the resulting aroma chemistry that may 

exist.  

  

8.2 Future Considerations 

Future considerations for juice and wine fining research should include the combined 

use of agents. Anecdotally, it is common that several fining agents may be used either 

simultaneously or in succession in order to gain the desired outcome. The current 

project sought to determine the effect of particular fining agents applied singularly to 

the experimental juice. Although the use of one mixed agent did allow for some insight 
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into combination fining effects, it could be interesting for other researchers to consider 

this point in future studies. 

 

A few intriguing findings during the high rate fining agent application of the press 

fraction juice were the concentrations of benzyl alcohol, ethyl cinnamate, and ethyl 

(dihydro)cinnamate with the use of gelatin. Although only significantly (p < 0.05) 

elevated levels of the latter was observed for the industry scale trial, this still presents 

the wine community with a new avenue of research. For benzyl alcohol, contamination 

of Italian wines from liquid prepared gelatins had been previously reported [215], 

however, no current research regarding New Zealand wines and gelatin could be 

found. This aspect of fining should be explored in more detail as it is contrary to 

universal thinking that fining agents are added in order to remove a certain element 

from juice or wine, not to encourage the concentration of one. As for the two cinnamate 

esters, it was hypothesised that the escalation in concentration with gelatin use could 

be matched to their formation via the shikimic acid pathway [6, 216] from 

phenylalanine. Several further studies need to be performed to clearly elucidate any 

link between gelatin use and cinnamate ester formation. For instance, the 

phenylalanine content of juices should be measured before and after fining with 

gelatin. Furthermore, the content of this amino acid and the formation of these 

cinnamate esters could be tracked throughout fermentation to determine if there is a 

correlation between these parties.  

 

In addition, the 2013 and 2015 trials advocated that juices from different batches can 

modify the response of the fining agents trialled. This was observed when one 
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particular aroma compound would be significantly altered by a fining agent but the 

effect was not carried across both vineyards or juice sets. This prompts recognition for 

winemakers to continue the use of their own bench trials before settling on any 

particular fining agent for use. In turn, this also asserts the need for other researchers 

to consider the examination of more grape growing regions and juice fractions better 

specified for their industry and their winemakers. More sensory work should also be 

completed in unison with the analytical work in order to define if aroma chemistry wine 

changes can stimulate sensory diversity in wines. 

 

As for the small scale trials, the need for use of H2O2 during the transport trial is an 

absolute point for improvement. Future trials are essential to in order to determine if 

the results observed during this trial are repeatable and truly belong to the transport 

time and not the fermentation kinetics. Furthermore, there is a definite need for 

upscaling for all three pilot trials. When working with small amounts of grapes it can 

be difficult to achieve true homogenisation, especially with whole grape bunches. 

Employing a larger scale or a higher number of replicates should help to ease this 

problem and is recommended for further studies.  

 

All in all, this thesis project has advanced the knowledge of pre-fermentative fining 

agent use for Marlborough Sauvignon blanc press fractions. Additionally, three other 

areas of post-harvest research have been explored with particular reference to 

Marlborough Sauvignon blanc and machine harvested grapes. Ultimately, this 

provides winemakers and wine researchers with new material and opportunities 
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regarding post-harvest technologies to further the triumph that is Marlborough 

Sauvignon blanc.  
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A p p e n d i x  

 

This section includes a collection of photographs and other documents which may be 

of interest to the reader. All photographs displayed here (and elsewhere in this thesis) 

are property of the author, K.J. Parish.



Appendix 

 

 229 

ELSEVIER 
TERMS AND CONDITIONS 

 
INTRODUCTION 

1. The publisher for this copyrighted material is Elsevier.  By clicking "accept" in connection with completing 
this licensing transaction, you agree that the following terms and conditions apply to this transaction (along 
with the Billing and Payment terms and conditions established by Copyright Clearance Center, Inc. ("CCC"), at 
the time that you opened your Rightslink account and that are available at any time 
at http://myaccount.copyright.com). 

GENERAL TERMS 

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to the terms and 
conditions indicated. 

3. Acknowledgement: If any part of the material to be used (for example, figures) has appeared in our 
publication with credit or acknowledgement to another source, permission must also be sought from that 
source.  If such permission is not obtained then that material may not be included in your publication/copies. 
Suitable acknowledgement to the source must be made, either as a footnote or in a reference list at the end of 
your publication, as follows: 

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of chapter, Pages No., 
Copyright (Year), with permission from Elsevier [OR APPLICABLE SOCIETY COPYRIGHT OWNER]." Also 
Lancet special credit - "Reprinted from The Lancet, Vol. number, Author(s), Title of article, Pages No., 
Copyright (Year), with permission from Elsevier." 

4. Reproduction of this material is confined to the purpose and/or media for which permission is hereby given. 

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be altered/adapted 
minimally to serve your work. Any other abbreviations, additions, deletions and/or any other alterations shall 
be made only with prior written authorization of Elsevier Ltd. (Please contact Elsevier 
at permissions@elsevier.com). No modifications can be made to any Lancet figures/tables and they must be 
reproduced in full. 

6. If the permission fee for the requested use of our material is waived in this instance, please be advised that 
your future requests for Elsevier materials may attract a fee. 

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the combination of (i) the 
license details provided by you and accepted in the course of this licensing transaction, (ii) these terms and 
conditions and (iii) CCC's Billing and Payment terms and conditions. 

8. License Contingent Upon Payment: While you may exercise the rights licensed immediately upon issuance 
of the license at the end of the licensing process for the transaction, provided that you have disclosed 
complete and accurate details of your proposed use, no license is finally effective unless and until full payment 
is received from you (either by publisher or by CCC) as provided in CCC's Billing and Payment terms and 
conditions.  If full payment is not received on a timely basis, then any license preliminarily granted shall be 
deemed automatically revoked and shall be void as if never granted.  Further, in the event that you breach any 
of these terms and conditions or any of CCC's Billing and Payment terms and conditions, the license is 
automatically revoked and shall be void as if never granted.  Use of materials as described in a revoked 
license, as well as any use of the materials beyond the scope of an unrevoked license, may constitute 
copyright infringement and publisher reserves the right to take any and all action to protect its copyright in the 
materials. 

9. Warranties: Publisher makes no representations or warranties with respect to the licensed material. 

http://myaccount.copyright.com/
mailto:permissions@elsevier.com


Appendix 

 

 230 

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and their respective 
officers, directors, employees and agents, from and against any and all claims arising out of your use of the 
licensed material other than as specifically authorized pursuant to this license. 

11. No Transfer of License: This license is personal to you and may not be sublicensed, assigned, or 
transferred by you to any other person without publisher's written permission. 

12. No Amendment Except in Writing: This license may not be amended except in a writing signed by both 
parties (or, in the case of publisher, by CCC on publisher's behalf). 

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any purchase order, 
acknowledgment, check endorsement or other writing prepared by you, which terms are inconsistent with 
these terms and conditions or CCC's Billing and Payment terms and conditions.  These terms and conditions, 
together with CCC's Billing and Payment terms and conditions (which are incorporated herein), comprise the 
entire agreement between you and publisher (and CCC) concerning this licensing transaction.  In the event of 
any conflict between your obligations established by these terms and conditions and those established by 
CCC's Billing and Payment terms and conditions, these terms and conditions shall control. 

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described in this License at 
their sole discretion, for any reason or no reason, with a full refund payable to you.  Notice of such denial will 
be made using the contact information provided by you.  Failure to receive such notice will not alter or 
invalidate the denial.  In no event will Elsevier or Copyright Clearance Center be responsible or liable for any 
costs, expenses or damage incurred by you as a result of a denial of your permission request, other than a 
refund of the amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied permissions. 

LIMITED LICENSE 

The following terms and conditions apply only to specific license types: 

15. Translation: This permission is granted for non-exclusive world English rights only unless your license 
was granted for translation rights. If you licensed translation rights you may only translate this content into the 
languages you requested. A professional translator must perform all translations and reproduce the content 
word for word preserving the integrity of the article. 

16. Posting licensed content on any Website: The following terms and conditions apply as follows: 
Licensing material from an Elsevier journal: All content posted to the web site must maintain the copyright 
information line on the bottom of each image; A hyper-text must be included to the Homepage of the journal 
from which you are licensing at http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage 
for books at http://www.elsevier.com; Central Storage: This license does not include permission for a scanned 
version of the material to be stored in a central repository such as that provided by Heron/XanEdu. 

Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier homepage 
at http://www.elsevier.com . All content posted to the web site must maintain the copyright information line on 
the bottom of each image. 

 
Posting licensed content on Electronic reserve: In addition to the above the following clauses are 
applicable: The web site must be password-protected and made available only to bona fide students 
registered on a relevant course. This permission is granted for 1 year only. You may obtain a new license for 
future website posting. 

17. For journal authors: the following clauses are applicable in addition to the above: 

Preprints: 

A preprint is an author's own write-up of research results and analysis, it has not been peer-reviewed, nor has 
it had any other value added to it by a publisher (such as formatting, copyright, technical enhancement etc.). 

http://www.sciencedirect.com/science/journal/xxxxx
http://www.elsevier.com/
http://www.elsevier.com/


Appendix 

 

 231 

Authors can share their preprints anywhere at any time. Preprints should not be added to or enhanced in any 
way in order to appear more like, or to substitute for, the final versions of articles however authors can update 
their preprints on arXiv or RePEc with their Accepted Author Manuscript (see below). 

If accepted for publication, we encourage authors to link from the preprint to their formal publication via its 
DOI. Millions of researchers have access to the formal publications on ScienceDirect, and so links will help 
users to find, access, cite and use the best available version. Please note that Cell Press, The Lancet and 
some society-owned have different preprint policies. Information on these policies is available on the journal 
homepage. 

Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an article that has been 
accepted for publication and which typically includes author-incorporated changes suggested during 
submission, peer review and editor-author communications. 

Authors can share their accepted author manuscript: 

 immediately 
o via their non-commercial person homepage or blog 
o by updating a preprint in arXiv or RePEc with the accepted manuscript 
o via their research institute or institutional repository for internal institutional uses or as part of 

an invitation-only research collaboration work-group 
o directly by providing copies to their students or to research collaborators for their personal 

use 
o for private scholarly sharing as part of an invitation-only work group on commercial sites with 

which Elsevier has an agreement 
 After the embargo period 

o via non-commercial hosting platforms such as their institutional repository 
o via commercial sites with which Elsevier has an agreement 

In all cases accepted manuscripts should: 

 link to the formal publication via its DOI 
 bear a CC-BY-NC-ND license - this is easy to do 
 if aggregated with other manuscripts, for example in a repository or other site, be shared in alignment 

with our hosting policy not be added to or enhanced in any way to appear more like, or to substitute 
for, the published journal article. 

Published journal article (JPA): A published journal article (PJA) is the definitive final record of published 
research that appears or will appear in the journal and embodies all value-adding publishing activities 
including peer review co-ordination, copy-editing, formatting, (if relevant) pagination and online enrichment. 

Policies for sharing publishing journal articles differ for subscription and gold open access articles: 

Subscription Articles: If you are an author, please share a link to your article rather than the full-text. Millions 
of researchers have access to the formal publications on ScienceDirect, and so links will help your users to 
find, access, cite, and use the best available version. 

Theses and dissertations which contain embedded PJAs as part of the formal submission can be posted 
publicly by the awarding institution with DOI links back to the formal publications on ScienceDirect. 

If you are affiliated with a library that subscribes to ScienceDirect you have additional private sharing rights for 
others' research accessed under that agreement. This includes use for classroom teaching and internal 
training at the institution (including use in course packs and courseware programs), and inclusion of the article 
for grant funding purposes. 

Gold Open Access Articles: May be shared according to the author-selected end-user license and should 
contain a CrossMark logo, the end user license, and a DOI link to the formal publication on ScienceDirect. 

http://www.crossref.org/crossmark/index.html


Appendix 

 

 232 

Please refer to Elsevier's posting policy for further information. 

18. For book authors the following clauses are applicable in addition to the above:   Authors are permitted to 
place a brief summary of their work online only. You are not allowed to download and post the published 
electronic version of your chapter, nor may you scan the printed edition to create an electronic 
version. Posting to a repository: Authors are permitted to post a summary of their chapter only in their 
institution's repository. 

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be submitted to your 
institution in either print or electronic form. Should your thesis be published commercially, please reapply for 
permission. These requirements include permission for the Library and Archives of Canada to supply single 
copies, on demand, of the complete thesis and include permission for Proquest/UMI to supply single copies, 
on demand, of the complete thesis. Should your thesis be published commercially, please reapply for 
permission. Theses and dissertations which contain embedded PJAs as part of the formal submission can be 
posted publicly by the awarding institution with DOI links back to the formal publications on ScienceDirect. 

  

Elsevier Open Access Terms and Conditions 

You can publish open access with Elsevier in hundreds of open access journals or in nearly 2000 established 
subscription journals that support open access publishing. Permitted third party re-use of these open access 
articles is defined by the author's choice of Creative Commons user license. See our open access license 
policy for more information. 

Terms & Conditions applicable to all Open Access articles published with Elsevier: 

Any reuse of the article must not represent the author as endorsing the adaptation of the article nor should the 
article be modified in such a way as to damage the author's honour or reputation. If any changes have been 
made, such changes must be clearly indicated. 

The author(s) must be appropriately credited and we ask that you include the end user license and a DOI link 
to the formal publication on ScienceDirect. 

If any part of the material to be used (for example, figures) has appeared in our publication with credit or 
acknowledgement to another source it is the responsibility of the user to ensure their reuse complies with the 
terms and conditions determined by the rights holder. 

Additional Terms & Conditions applicable to each Creative Commons user license: 

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new works from the Article, 
to alter and revise the Article and to make commercial use of the Article (including reuse and/or resale of the 
Article by commercial entities), provided the user gives appropriate credit (with a link to the formal publication 
through the relevant DOI), provides a link to the license, indicates if changes were made and the licensor is 
not represented as endorsing the use made of the work. The full details of the license are available 
at http://creativecommons.org/licenses/by/4.0. 

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts, abstracts and new works 
from the Article, to alter and revise the Article, provided this is not done for commercial purposes, and that the 
user gives appropriate credit (with a link to the formal publication through the relevant DOI), provides a link to 
the license, indicates if changes were made and the licensor is not represented as endorsing the use made of 
the work. Further, any new works must be made available on the same conditions. The full details of the 
license are available at http://creativecommons.org/licenses/by-nc-sa/4.0. 

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article, provided this is not 
done for commercial purposes and further does not permit distribution of the Article if it is changed or edited in 
any way, and provided the user gives appropriate credit (with a link to the formal publication through the 
relevant DOI), provides a link to the license, and that the licensor is not represented as endorsing the use 
made of the work. The full details of the license are available at http://creativecommons.org/licenses/by-nc-

http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy
http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy
http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by-nc-sa/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


Appendix 

 

 233 

nd/4.0. Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY NC ND 
license requires permission from Elsevier and will be subject to a fee. 

Commercial reuse includes: 

 Associating advertising with the full text of the Article 
 Charging fees for document delivery or access 
 Article aggregation 
 Systematic distribution via e-mail lists or share buttons 

Posting or linking by commercial companies for use by customers of those companies. 

  

20. Other Conditions: 

  

v1.9 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-2777. 

 

http://creativecommons.org/licenses/by-nc-nd/4.0
mailto:customercare@copyright.com


Appendix 

 

 234 

JOHN WILEY AND SONS 
TERMS AND CONDITIONS 

 
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or one of its group 
companies (each a"Wiley Company") or handled on behalf of a society with which a Wiley Company has 
exclusive publishing rights in relation to a particular work (collectively "WILEY"). By clicking "accept" in 
connection with completing this licensing transaction, you agree that the following terms and conditions apply 
to this transaction (along with the billing and payment terms and conditions established by the Copyright 
Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that you opened your 
RightsLink account (these are available at any time at http://myaccount.copyright.com). 

 
Terms and Conditions 

 The materials you have requested permission to reproduce or reuse (the "Wiley Materials") are 
protected by copyright.  

 You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-alone basis), non-
transferable, worldwide, limited license to reproduce the Wiley Materials for the purpose specified in 
the licensing process. This license, and any CONTENT (PDF or image file) purchased as part of 

your order, is for a one-time use only and limited to any maximum distribution number specified in 
the license. The first instance of republication or reuse granted by this license must be completed 
within two years of the date of the grant of this license (although copies prepared before the end date 
may be distributed thereafter). The Wiley Materials shall not be used in any other manner or for any 
other purpose, beyond what is granted in the license. Permission is granted subject to an appropriate 
acknowledgement given to the author, title of the material/book/journal and the publisher. You shall 
also duplicate the copyright notice that appears in the Wiley publication in your use of the Wiley 
Material. Permission is also granted on the understanding that nowhere in the text is a previously 
published source acknowledged for all or part of this Wiley Material. Any third party content is 
expressly excluded from this permission. 

 With respect to the Wiley Materials, all rights are reserved. Except as expressly granted by the terms 
of the license, no part of the Wiley Materials may be copied, modified, adapted (except for minor 
reformatting required by the new Publication), translated, reproduced, transferred or distributed, in 
any form or by any means, and no derivative works may be made based on the Wiley Materials 
without the prior permission of the respective copyright owner.For STM Signatory Publishers 

clearing permission under the terms of the STM Permissions Guidelines only, the terms of the 

license are extended to include subsequent editions and for editions in other languages, 

provided such editions are for the work as a whole in situ and does not involve the separate 

exploitation of the permitted figures or extracts, You may not alter, remove or suppress in any 
manner any copyright, trademark or other notices displayed by the Wiley Materials. You may not 
license, rent, sell, loan, lease, pledge, offer as security, transfer or assign the Wiley Materials on a 
stand-alone basis, or any of the rights granted to you hereunder to any other person. 

 The Wiley Materials and all of the intellectual property rights therein shall at all times remain the 
exclusive property of John Wiley & Sons Inc, the Wiley Companies, or their respective licensors, and 
your interest therein is only that of having possession of and the right to reproduce the Wiley 
Materials pursuant to Section 2 herein during the continuance of this Agreement. You agree that you 
own no right, title or interest in or to the Wiley Materials or any of the intellectual property rights 
therein. You shall have no rights hereunder other than the license as provided for above in Section 2. 
No right, license or interest to any trademark, trade name, service mark or other branding ("Marks") of 
WILEY or its licensors is granted hereunder, and you agree that you shall not assert any such right, 
license or interest with respect thereto 

 NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR REPRESENTATION OF 
ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS, IMPLIED OR STATUTORY, WITH 
RESPECT TO THE MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED IN 
THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF 

http://myaccount.copyright.com/
http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/
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MERCHANTABILITY, ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR 
PURPOSE, USABILITY, INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES 
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED BY YOU.  

 WILEY shall have the right to terminate this Agreement immediately upon breach of this Agreement 
by you. 

 You shall indemnify, defend and hold harmless WILEY, its Licensors and their respective directors, 
officers, agents and employees, from and against any actual or threatened claims, demands, causes 
of action or proceedings arising from any breach of this Agreement by you. 

 IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY OTHER PARTY 
OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, 
INDIRECT, EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR 
IN CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE 
MATERIALS REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF 
CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE 
(INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, 
USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND WHETHER OR NOT 
THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION 
SHALL APPLY NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED 
REMEDY PROVIDED HEREIN.  

 Should any provision of this Agreement be held by a court of competent jurisdiction to be illegal, 
invalid, or unenforceable, that provision shall be deemed amended to achieve as nearly as possible 
the same economic effect as the original provision, and the legality, validity and enforceability of the 
remaining provisions of this Agreement shall not be affected or impaired thereby.  

 The failure of either party to enforce any term or condition of this Agreement shall not constitute a 
waiver of either party's right to enforce each and every term and condition of this Agreement. No 
breach under this agreement shall be deemed waived or excused by either party unless such waiver 
or consent is in writing signed by the party granting such waiver or consent. The waiver by or consent 
of a party to a breach of any provision of this Agreement shall not operate or be construed as a 
waiver of or consent to any other or subsequent breach by such other party.  

 This Agreement may not be assigned (including by operation of law or otherwise) by you without 
WILEY's prior written consent. 

 Any fee required for this permission shall be non-refundable after thirty (30) days from receipt by the 
CCC. 

 These terms and conditions together with CCC's Billing and Payment terms and conditions (which 
are incorporated herein) form the entire agreement between you and WILEY concerning this licensing 
transaction and (in the absence of fraud) supersedes all prior agreements and representations of the 
parties, oral or written. This Agreement may not be amended except in writing signed by both parties. 
This Agreement shall be binding upon and inure to the benefit of the parties' successors, legal 
representatives, and authorized assigns.  

 In the event of any conflict between your obligations established by these terms and conditions and 
those established by CCC's Billing and Payment terms and conditions, these terms and conditions 
shall prevail. 

 WILEY expressly reserves all rights not specifically granted in the combination of (i) the license 
details provided by you and accepted in the course of this licensing transaction, (ii) these terms and 
conditions and (iii) CCC's Billing and Payment terms and conditions. 

 This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type was 
misrepresented during the licensing process. 
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 This Agreement shall be governed by and construed in accordance with the laws of the State of New 
York, USA, without regards to such state's conflict of law rules. Any legal action, suit or proceeding 
arising out of or relating to these Terms and Conditions or the breach thereof shall be instituted in a 
court of competent jurisdiction in New York County in the State of New York in the United States of 
America and each party hereby consents and submits to the personal jurisdiction of such court, 
waives any objection to venue in such court and consents to service of process by registered or 
certified mail, return receipt requested, at the last known address of such party. 

WILEY OPEN ACCESS TERMS AND CONDITIONS 

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription journals offering 
Online Open. Although most of the fully Open Access journals publish open access articles under the terms of 
the Creative Commons Attribution (CC BY) License only, the subscription journals and a few of the Open 
Access Journals offer a choice of Creative Commons Licenses. The license type is clearly identified on the 
article. 

The Creative Commons Attribution License 

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and transmit an article, 
adapt the article and make commercial use of the article. The CC-BY license permits commercial and non- 

Creative Commons Attribution Non-Commercial License 

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use, distribution and 
reproduction in any medium, provided the original work is properly cited and is not used for commercial 
purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs License 

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND) permits use, 
distribution and reproduction in any medium, provided the original work is properly cited, is not used for 
commercial purposes and no modifications or adaptations are made. (see below) 

Use by commercial "for-profit" organizations 

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes requires further explicit 
permission from Wiley and will be subject to a fee. 

Further details can be found on Wiley Online Library http://olabout.wiley.com/WileyCDA/Section/id-
410895.html 

 
 
Other Terms and Conditions: 
 
 
 
v1.10 Last updated September 2015 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-2777. 

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
mailto:customercare@copyright.com
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Photos 1: 2013 Fining trial; a) machine harvested Sauvignon blanc grapes; b) heavy juice fraction 
coming off press; c) combined light and heavy pressing being racked before transport to The University 
of Auckland; d) 5 litre fermentations in 15 °C cool room; e) Techno ENOL matic bottling machine 
(foreground) and racked wine filled with marbles to reduce headspace (background); f) bottled 2013 
wines 
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Photos 2: 2013 Fining trial; a) GC/MS fitted with solid-phase micro-extraction (SPME); b) GC/MS fitted 
with liquid injection; c) advertisement flyer for 2013 sensory panel; d) preparation of samples for SPME-
GC/MS; e) sample preparation for varietal thiol analysis; f) sensory panel training setup; g) sensory 
analysis booth setup 
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Photos 3: 2014 Fining trial; a) 15 L fermentation buckets; b) yeast and rehydration agents; c) 
commercial fining agents; d) gelatin addition to press fraction juice; e) Clinitest results of 2014 control 
wines; f) bottling of the 2014 experimental wines with Francois (left) and Dr Nui (right) 
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Photos 4: 2014 Fining trial; a) and b) odour mugs used for sensory panel screening; c) sensory panel 
training setup; d) outside view of sensory evaluation booths; e) sensory panel training setup; f) inside 
view of sensory evaluation booth fitted with green light; g) ordered wines ready for evaluation 
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Photos 5: 2015 Fining trial; a) 5000 L fermentation tanks; b) press fraction juice; c) heat transfer 
equipment to warm juice prior to inoculation; d) top view of fermentation tanks; e) rehydrated yeast 
addition to juice; f) fermentation of press fraction juice 
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Photos 6: 2015 Fining trial; a) and b) sample collection from 5000 L fermentation tanks; c) wine for 
sensory evaluation; d) cold settling of wine samples; e) sensory evaluation set up; f) wines ready for 
sensory evaluation 
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Photos 7: Transport trial; a) gondola of machine harvested Sauvignon blanc grapes ready for transfer 
into a truck; b) solid and liquid parts of machine harvested grapes separated, juice in bucket protected 
using dry ice; c) containers containing the solid mass of machine harvested grapes, awaiting juice 
addition; d) 5 L micropress used for transport trial juice extraction; e) transport juices warming prior to 
inoculation using an incubator, a weight control of only water and redydrated yeast can also be seen; f) 
finished ferments sampling set up 
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Photos 8: UV light trial; a) Sauvignon blanc grapes before (top) and after (bottom) damage to simulate 
machine harvest; b) damaged grapes about to undergo UV treatment; c) whole bunches of Sauvignon 
blanc frozen (top), thawed (middle), and after UV treatment (bottom); d) warning sign for UV light that 
was attached to the outside of the light box; e) measuring °Brix of juices; f) light meter; g) outside view 
of light box; h) simulated machine harvest grape ferments 
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Photos 9: Temperature trial; a) machine harvester; b) machine harvested Sauvignon blanc grapes with 
dry ice; c) weighing out of machine harvested grapes and juice into experimental containers; d) cold 
settled temperature trial juices in cool storage room; e) rehydration of yeast; f) density meter used to 
estimate °Brix of fermentations
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Figure 29: 2013 Ethics application letter of outcome, pages 1 and 2 
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Figure 30: 2013 Ethics amendments request letter of outcome, pages 1 and 2 
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Figure 31: 2013 Fining trial wine aroma sensory ballot, not to scale
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Figure 32: 2013 Fining trial wine aroma sensory definition sheet 
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Figure 33: 2014 Fining trial wine aroma sensory ballot, not to scale 
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Figure 34: 2014 Fining trial wine taste sensory ballot, not to scale 
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Figure 35: 2014 Fining trial wine aftertaste sensory ballot, not to scale 
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Figure 36: 2014 Fining trial wine sensory definition sheet
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Figure 37: 2015 Fining trial wine aroma sensory ballot, not to scale 
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