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1 Summary 
 

Bottled wine is transported around the world, yet no existing research 

investigates whether wine’s properties are impacted by air travel and very little 

research has been conducted on road transport.  A number of published 

statements describe the negative effects of travel upon wine, termed Travel 

Shock, but these are purely anecdotal. The objective of this research was to 

explore whether the sensorial and chemical properties of an aged, full-bodied red 

wine were negatively impacted by air freight and road transport both immediately 

post-travel and after two months resting. 

 

A set of twelve bottles of wine was flown from a winery in Valladolid (Spain) to 

Helsinki (Finland) and back again two months before analysis was conducted. 

Two days before the analysis took place another set was flown to Copenhagen 

(Denmark) and back and a third set was transported in a local delivery truck for 

8 hours. The three sets were compared against a control set which had never left 

the winery. All four sets were analysed organoleptically and chemically. 

 

The results from the sensorial analyses showed no significant differences 

between the treatments and control samples. This contradicts the anecdotal 

assumption that travel has a negative impact on wine’s sensory properties. 

However, the air shipped samples had a significantly lower level of free sulphur 

dioxide and more colour at 420 nm (indicating browning) which suggests a small 

amount of oxygen was absorbed through the cork during transit.  
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2 General Introduction and Project Aims 
 

2.1 General introduction 
 

During transit, wine may be exposed to extreme temperature fluctuation, different 

levels of vibration, shocks and/or changes in pressure – all of which may or may 

not affect its properties. For the purpose of this paper Travel Shock (TS) is 

defined as the potential negative impact on the sensory properties of wine 

resulting from any means of transport.  

 

A number of anecdotal articles, as well as interviews with wine trade 

professionals, suggest that wines that have been transported will often suffer 

from TS (Werge, 2017, pers. comm.; Atkinson 2015; Dr. Vinny n.d.). Descriptions 

of TS-affected wines include: diminished fruity notes, muted flavours, disjointed 

palate, hollow mouthfeel, austere palate, burning alcohol, scratchy tannins and 

lack of harmony. There seems to be consensus that wine recovers after a period 

of rest (Atkinson 2015; Cameron 2011; Dibbern 2007). Conversely, a number of 

senior trade professionals have not found that wines suffer from TS (Hunt, 2018; 

Walder, 2018, pers. comm.; Anderson, 2017, pers. comm.). 

 

According to professors in sensory sciences at the universities of Geisenheim, 

Montpellier, Stellenbosch and UC Davis, as well as research specialists at the 

Australian Wine Research Institute (AWRI) and JF Hillebrand (JFH), there is no 

published research on the potential impact of TS post air freight. Furthermore, no 

scientific research has exposed wines to actual shipping by any means of 
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transport followed by immediate sensorial evaluation against control samples 

which have not been shipped. 

 

Whether wines are to be shipped by road, rail, sea or air, it is vital to the 

consignor, on an economic basis, that wines arrive at destination in the best 

possible condition. Shipments may include samples for fairs, buyers, tenders, 

critics/journalists and/or competitions, and their condition on arrival may have a 

strong impact on a winery’s eventual sales, reputation and profitability. 

 

2.2 Project aims 
 

This research aims to address two central research questions: 

• Does TS exist after air and road travel and can it be detected in an aged, 

full-bodied red wine? 

• Do the impacts of TS recede after resting for two months? 

 

The first research question was investigated by sending a consignment of 12 

bottles wine from a winery in Valladolid (Spain) to Copenhagen (Denmark) and 

back again by air, and by transporting another consignment locally by road for 8 

hours. After returning, the wine was immediately tasted and assessed in 

comparison with bottles of the same wine that had not been transported.  

 

In order to assess whether the impact of TS recedes over time, a consignment of 

the same wine was air shipped from the winery to Helsinki (Finland) and back 

again prior the tasting. After two months post-freight resting, the wines were 

tasted against bottles of the same wine that had not been transported. 



©	Institute	of	Masters	of	Wine	2018	 	 	 5	

3 Background 
 

There are relevant contributions to some aspects of the subject of this RP, but 

there is no study or research on the specific subject area. Literature below 

includes the most relevant contributions to those topics, which are pertinent to 

this study. 

 

3.1 Overview of global transport of wines 
 

Currently more than 100 mhl of wine, with an estimated value of €28.9 billion - 

more than 90% of the value of the global wine trade (OIV 2017) - is transported 

around the globe annually. Table 1 gives an overview of the volume and value of 

the global wine trade. 

 

Table 1 Total world wine trade in 2016 (source: OIV 2017) 

Wine type millions of hl % of volume billions of € % of 
value 

Bottled 62.9 62.2% 26.1 90.3% 
Bulk 38.3 37.8% 2.8 9.7% 
Total 101.2   28.9   

 

All wines, unless consumed at the winery where produced, will undergo transport 

by road to a greater or lesser extent. Be it by car by consumers purchasing wines 

at the winery, local distribution, export by truck, or in conjunction with other means 

of transport. 

 

Air freight only represents a small fraction of the total wine transported due to the 

high costs involved. As there are no reliable aggregated data on air-shipped wine, 



©	Institute	of	Masters	of	Wine	2018	 	 	 6	

estimations must be made from available data. JFH ships around 7,500 million 

kg of wine each year of which 3.5 million kg are shipped by air, representing 

around 0.05% of JFH’s total volume (Carmichael 2018, pers. comm.). Based on 

JFH data, it can be estimated that around 7 million bottles of wine are air-shipped 

annually. 

 

Air freight has become increasingly important over the past two decades, 

particularly for a number of fine1 wines (Carmichael 2018, pers. comm.). 

According to Mazilly (2017, pers. comm.), commercial director at JFH France, air 

freight minimises both the risk of exposure to temperature extremes in transit and 

that of theft, due to high surveillance at airports. 

 

3.2 Conditions during transit 
 

When samples are shipped from one place to another, parcels are handled 

numerous times and will usually be transported in several vehicles. If transported 

across continents, or with 24-hour service and the distance is more than 1,000 

km, air freight will usually be involved. The figure below gives an overview of the 

different steps involved when small consignments are shipped. 

 

 

																																																								
1 such as the First Growths of Bordeaux or Grand Crus from Burgundy 
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Figure 1 Overview of the logistics when parcels are sent (H = handling. S = storage, T = transport)  

 
Sources: Jerez (2018, pers. comm.); Corvisier (2017, pers. comm.) 
* steps may be repeated a number of times depending on route and destination 
 
 

During the processes illustrated above, the wine is out the winery’s and receiver’s 

control, and the parcel may be exposed to three different factors: temperature 
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impact of all three factors (Paternoster et al. 2018; Harris & Piersol, 2002). 

Reflective aluminium-based foil and thermal blankets/liners help reduce the 

impact of temperature extremes; the latter have been found to decrease daily 

temperature variation inside containers on sea shipments from 20 °C to just 5 °C 

(Corvisier, pers. comm. 2018, MacCawley, 2014). Table 2 outlines the risks which 

are associated with the different points during transit. 

 

Table 2 Risk assessment during transport of parcels 

 
Sources: Paternoster 2018; Jerez 2018, pers. comm.; Corvisier 2017, pers. comm. 
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3.2.1 Temperature 
 

During transit, parcels may be stored in warm places or outside in the sun before 

or during loading, which could potentially expose the wines to temperature 

extremes (Jerez 2018, pers. comm.). When transported by truck, parcels may be 

exposed to extreme heat during the hours of the day, especially during summer 

months. Butzke et al. (2012) monitored the temperature in unrefrigerated trucks 

which transported wine across the USA and observed ambient diurnal 

temperature fluctuations of up to 21 °C, with a maximum registered temperature 

of 44 °C inside containers. For shipments of full containers, it is possible to 

contract a refrigerated container at a reasonable cost (Krasilnikorff, 2017, pers. 

comm.), but when shipping small consignments, such as when wineries send 

samples, refrigeration is hardly ever used due to the complexity of booking and 

the much higher costs involved2 (Mazilly, 2017, pers. comm.). During flight, there 

is no risk of exposure to extreme heat as parcels will be stored in one of the 

aircraft holds at either 4-8 °C or 15-25 °C (Jerez 2018, pers. comm.). 

 

3.2.2 Shock 
 

Shocks are defined as strong transient vibrations which dampen over time (Harris 

& Piersol, 2002). Parcels will be handled manually and possibly mechanically a 

number of times during transit. During handling parcels may be tossed, bumped 

or dropped which would expose the wine to shocks. Parcels may also be exposed 

																																																								
2 temperature options are normally chosen by more temperature sensitive products such as 
pharmaceuticals (Jerez 2018, pers. comm.) 
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to shocks during transport on the road, depending on road characteristics, and 

inflight when landing or due to turbulence (Lu et al. 2008). 

 

To the knowledge of the author there are no articles which document the shocks 

which take place during transport of wines. However, Paternoster et al. (2018) 

investigated the shocks during local commercial road distribution of beer packed 

in cardboard boxes in Belgium3. They observed an average of 10 shocks per 

minute of between 0.5 and 1.0 gravitational force (g) and an average of 1 shock 

per minute between 1.0 and 2.5 g. No shocks higher then 2.5 g were observed 

during the distribution. A similar number of shocks can be anticipated for small 

consignments of wine during road transport. During a flight, wines will be exposed 

to shocks during take-off, landing and inflight if there is turbulence. The degree 

varies hugely by the individual flight and weather conditions (Jerez 2018, pers. 

comm.). 

 

3.2.3 Vibration 
 

Vibrations are physical oscillations that repeat within a time period. During 

transport vibration is affected by a number of factors, including engine running, 

acceleration, braking, shocks, and friction against road and/or air. All means of 

transport expose their cargo to a wide range of vibration frequencies, but each 

method of transport has a frequency which dominates. The dominant vibration in 

planes is at a higher frequency than other modes of transport, with around 25 Hz, 

followed by trains at around 10-15 Hz, trucks at 1-5 Hz, and, finally ships at 

																																																								
3 assuming high quality roads 
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around 0.2 Hz (Paternoster, 2018; Waye et al., 2014; Boeing n.d.). The frequency 

and amplitude of the vibrations will differ hugely depending on the characteristics 

of the vehicle, weather and the road/rail. 

 

3.2.4 Conditions specific to air freight 
 

All goods transported by air undergo an x-ray security scan. The only exceptions 

are goods sent by specially authorised companies that follow strict rules and 

undergo audits (Jerez 2018, pers. comm.). There is no literature available 

addressing the impact of x-rays on wine. 

 

Goods will go into one of several holds in passenger aeroplanes. In cargo 

aeroplanes, the goods will be inside the same cabin as the pilots, though the 

cabin is split into several insulated areas. In both types of aeroplanes, goods are 

stored at around 0.80 bars pressure during flight. No research has yet 

investigated whether pressure has an impact on wine. 
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4 Literature Review 
 

4.1 Theory behind the effects of Travel Shock 
 

It is well known that the rate of chemical reactions is affected by temperature, 

pressure and movement (Housecroft & Constable, 2006). Temperature 

extremes, vibration and/or shocks during transport may speed up some chemical 

reactions in wine. 

 

Chemical reactions need activation energy before they can occur. Some 

reactions have enough energy in ambient conditions to occur, others need energy 

from external sources. Temperature is typically the most important source of 

activation energy (Housecroft & Constable, 2006). Wines which have been 

exposed to extreme conditions during transport may therefore undergo certain 

changes which would never happen if stored in cellar conditions. 

 

Some chemical reactions are reversible, others are not, so potential changes may 

or may not revert after a period of time. Whether or not a chemical reaction is 

reversible depends on the specific reaction. Prof. Dr. Durner (2018, pers. comm.), 

professor in food technology and oenology at Hochschule Kaiserslautern in 

Neustadt, Germany, suggests a mild shaking, such as that which might occur 

during a short drive in a car, would be reversible, but exposing a wine to 45 °C 

for several hours could produce permanent changes the wine. 

 

Many wine components (e.g. tannins and polysaccharides) form colloidal 

complexes and macromolecules which may help give a fuller mouthfeel and 
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rounder tannins (El Rayess et al. 2011; Riou et al. 2002). The complexes and 

macromolecules are linked by weak polar associations. Exposing a wine to 

stresses such as vibration and motion may temporarily dissociate these weak 

polar associations and may make a wine appear to be both lighter bodied and 

rougher in tannins (Durner, 2018, pers. comm.; Terblanche, 2018, pers. comm.). 

A similar effect has been observed after pumping and filtration (El Rayess et al. 

2012, 2011; Riou et al. 2002). The colloidal complexes may or may not reform 

over time.  

 

4.2 Effect of temperature on wine quality 
 

It is widely documented and well-known that wine suffers when exposed to 

excessive heat. Common wine faults from heat include oxidation, loss of fruit, 

lack of CO2, high volatile acidity, loss of colour in red wines, browning, sediment 

and protein haze formation; heat damage can also result in raised corks and 

leakage (Toit & Piquet, 2014; Meyer, 2002; Butzke, 2001). 

 

The majority of existing research has been performed by exposing wines to 

constant high or extreme temperatures in a laboratory, instead of conducting real 

shipments or replicating temperature patterns which have been documented from 

actual shipments. Butzke et al. (2012) was the first to expose wines to 

temperature fluctuations, taken from a real shipment by truck, in a laboratory. 

They found that transportation temperatures can create an increased bottle-aged 

effect, consistent with 1-18 months of age, compared to wine stored at cellar 

temperatures (based on ethyl carbamate analysis).  
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MacCawley (2014) pioneered sensorial analysis of wines that have been through 

temperature fluctuations taken from real shipments. The panel of tasters, 

consisting of wine buyers, could not detect a difference between red wines 

exposed to heat patterns and control samples where were not exposed to heat.  

However, according to Jung et al. (2014) the impact of temperature depends on 

the matrix of the wine (the levels of CO2, pH, colour and polyphenols, as well as 

the microbiological and physical stability of the wine), suggesting that some wines 

are more resistant to extreme temperatures.  

 

Crandles et al. (2015) observed that increasing the temperature of a 750 ml bottle 

of wine by 1 °C will increase the pressure inside the bottle by up to 0.08 bar 

(equivalent of 0.3 ml). For wine bottled under cork, this action of thermal cycling 

expels air during heating and draws it back in during cooling. Thermal cycling, 

which could happen during transport, can therefore lead to loss of aromatics, loss 

of dissolved CO2 and increased oxygen uptake, which could change aromatic 

compounds, decrease free SO2 and increase the risk of oxidation (Durner 2018, 

pers. comm.; Crandles et al. 2015; Jung et al. 2014; Hartley 2008). 

 

As exposure to heat during shipping can be detrimental to wine quality and buyers 

are concerned about it, JFH have designed a “risk calculator” which measures 

the risk of a negative impact on the quality of wine and other alcoholic beverages 

when exposed to different temperatures during transit (Corvisier 2017, pers. 

comm.). The risk calculator is available via the JFH intranet so clients can plan 

the best route when shipping beverages (see appendix 2).  
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4.3 Effect of vibration on wine quality 
 

In contrast to temperature, only a few studies have investigated the impact of 

vibration on wine quality. The only study found on the effect of vibration on red 

wines is Chung et al. (2008), who exposed commercial red wines to different 

degrees of vibration. They found that wines exposed to vibration had a higher 

refractive index (the wines became more turbid), the tannin composition changed 

and levels of isoamyl alcohol4 decreased. The effects were more extreme for 

higher degrees of vibration. Chung et al. (2008) also found that total acidity 

decreased when the wine was exposed to stronger vibrations. However, the 

study exposed wines to vibration for a period of 18 months which is not 

representative of actual transport conditions. 

 

Jung et al. (2014), simulating transport conditions using a temperature chamber 

and a vibration table, found there were no significant differences in any chemical 

parameters between control and the treatments on Riesling and Müller-Thurgau. 

However, results from a sensorial ranking test by a trained panel showed that the 

combined treatments of temperature and vibration combined scored lower than 

temperature or vibration alone. Conversely, a very similar study performed 

subsequently under Prof. Jung by Crandles et al. (2015), on Scheurebe and 

Müller Thurgau, showed no significant difference in sensorial properties after 

simulating shipping conditions using a temperature chamber and vibration table. 

This suggests that impact on wines’ sensorial properties from vibration during 

transport remains inconclusive.  

																																																								
4 a precursor for fruity and aromatic esters 
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4.4 Research on Travel Shock 
 

To the knowledge of the author, only two studies exposing wines to real transport 

conditions have been published: 

 

Robinson (2010) exposed wine to transport with movement by leaving samples 

in the trunk of a private car, driving around the Davis area in California for 21 

days, prior to conducting sensorial analysis and gas chromatography mass 

spectrometry (GC-MS). The samples, both red and white wines, showed no 

significant difference in any attributes compared to control samples stored 

constantly at 20 °C. However, the transportation took place during December5 

and the article does not document the resting period between the transport and 

analysis. The sensorial analysis took place over six sessions, making it likely that 

the samples rested for several days, possibly weeks, before the analysis was 

completed, potentially giving the samples time to recover from any impact, as 

suggested by Atkinson (2015) and Cameron (2011). 

 

Jung et al. (2014) investigated the impact of importing different styles of wine 

from Italy, Portugal and France to Germany by truck and express service. They 

observed maximum temperature during shipping of 36-38 °C for transport by 

truck, but only 26-27 °C for express service. From both chemical and sensorial 

analysis, no significant difference was found in any of the characteristics of the 

red wines. However, like Robinson (2010), the study does not mention the resting 

																																																								
5 making exposure to high temperature very unlikely 
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period between the treatment and analysis. Furthermore, the study did not 

compare the treatments against control samples which did not travel at all.  

 

4.5 Anecdotal evidence of Travel Shock 
 

There are several anecdotal articles and comments on online wine forums about 

TS in general. TS has, in all cases, been described as having a negative impact. 

On Jancis Robinson’s online forum, Atkinson (2015) describes TS as wines with 

“little or no aroma, a [sic] correlatively closed, frequently austere palate, and a 

general lack of flesh, fruit, and balance; austerity rules travel shocked wines”. Dr. 

Vinny (n.d.)6 from the Wine Spectator posts that wines may taste “flat, muted or 

disjointed for a period of time after a journey”. Teeter (2015), a blogger on 

Vinepair7, states that wines may seem “shut down and muted” after recent 

bottling or after undergoing a long journey. 

 

Anecdotally, individuals regard some wines as more susceptible to TS than 

others. Cameron (2011) has experienced that Pinot Noir, Grenache, Nebbiolo 

and Tempranillo are most affected by TS. Atkinson (2015) finds that “unfiltered 

wines and wines with high dry extract levels” are most susceptible to TS due to 

the higher amount of components that are in “colloidal suspension”. Wine 

Spectator’s column finds fragile, older wines to be more susceptible to TS and 

younger, more robust wines less susceptible (Dr. Vinny n.d.). There seems to be 

an agreement that white wines are much less susceptible to TS than reds 

(Cameron 2011; Dibbern 2007; Dr. Vinny n.d.). 

																																																								
6 more than 250,000 followers on Facebook 
7 more than 125,000 followers on Facebook 
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All sources agree that wines will recover after resting for a period of time post 

travel. There is, however, disagreement over the time that wines take to recover 

completely. Dr. Vinny (n.d.) and Wineloverspage (n.d.), a forum, suggest leaving 

wines to rest for two weeks whereas Cameron (2011) suggests a period of up to 

four months to allow reds to recover completely. However, it is not always 

practical to let wines rest for so long post travel. Shaw (2018, pers. comm.), wine 

buying director of Bibendum Wine and PLB, comments that they try to allow wines 

to rest for at least 48 hours after arrival before tasting; a longer rest is usually not 

possible due to deadlines. 

 

Some wineries believe that wines may be negatively impacted post travel. For 

this reason, the Carlisle Winery recommends their direct-to-consumer clients to 

let the bottles settle for at three months after receipt (Werge, 2018, pers. comm.). 

Familia Torres’ website recommends its clients lay down bottles purchased from 

its tourist shop for a “few weeks” before drinking (Torres 2013). 

 

On the other hand, Jane Hunt MW, who organises profession wine tasting events 

internationally, has not noticed negative effects of travel, though she suggests “a 

short period of “rest” might be desirable for a red wine which has some maturity 

and/or is of high quality, in case there is sediment or the wine was bottled 

unfiltered.” (Hunt 2018). Similarly, Walder (2018, pers. comm.), head of the 

technical department at UK importer Bibendum-PLB, does not believe wines 

suffer post travelling.  
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The effect of TS may depend on how the wines were transported. Dibbern (2007) 

finds the effect of TS to be stronger in commercial shipments, where wines might 

be handled roughly, rather than wines transported carefully by consumers 

themselves (e.g. by car). Corvisier (2017, pers. comm.), director of R&D at JFH, 

says that it is highly likely that the impact of any TS on a wine is significantly 

influenced by its packaging, and particularly any of the protective measures 

discussed in section 3.2. These may absorb and/or change the impact of external 

factors on the wine, such as shock, vibration and temperature fluctuations. This 

may explain why the existence of TS is inconsistent and remains debated. 

 

4.6 Impact of transport on beverages other than wine 
 

Beer is a beverage which is generally considered to deteriorate after filling and 

does not benefit from ageing (Paternoster 2018). Investigating the impact of 

shocks and vibrations during transport is a new field of research in beer. 

Paternoster’s Ph.D found vibration and shocks during transport had a significant 

negative impact on beer quality, increasing the quantity of aldehydes (2-

methylpropanal, 2-methylbutanal, and furfural) which are associated with 

accelerated ageing (Paternoster 2018). Although many wines benefit from ageing 

over time, vibrations and shocks from transport might have a negative impact on 

their sensory properties.  
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4.7 Summary of literature review 
 
 
The literature review shows differing views on the existence of TS. On one hand, 

a number of people strongly believe that wine may suffer from TS; on the other 

hand, some senior wine professionals do not believe wine suffers from being 

transported. Up until now, there is no scientific research which has investigated 

whether wines suffer from TS immediately post travelling. 

 

During transport, wine may undergo different potential stress factors which 

include temperature extremes, shocks, vibrations and changes in pressure. Of 

these factors, it is only known that extreme temperatures may negatively impact 

wine quality. However, while some studies which have exposed wine to 

temperature from real shipments show a negative impact other studies show no 

difference. Whether shocks, vibrations and changes in pressure during transport 

have an impact on wine, is still unknown. 
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5 Methodology 
 

5.1 Overview 
 

5.1.1 Wine tested 
 

Viña Mayor Reserva 2012, DO Ribera del Duero. This is a lightly filtered8, aged, 

high quality, full bodied, tannic, high alcohol (14% abv) red wine. It was chosen 

because this style of wine has been cited as being among the most susceptible 

to TS. Furthermore, 50 consecutively filled bottles that had never left the winery 

were available, which minimises the risks of bottle variation and of the bottles 

having been stored under poor conditions. Only one wine was tested to minimise 

variables and to avoid having too many samples to taste on one day, with which 

comes the risk of palate fatigue. Splitting the tasting over two days was not 

practical because of tasters’ lack of availability. 

 

5.1.2 Venue for sensorial evaluation 
 

Bodegas Viña Mayor in Quintanilla de Onésimo, Valladolid, Spain. This 

venue was chosen because it is at the winery itself, which eliminates the risk of 

control samples being affected by potential TS or other external factors. Further 

advantages were that the space was well-lit, clean and odour free. See appendix 

3 for photographs of the venue. 

 

 

																																																								
8 1.0 micron 
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5.1.3 Tasting panel 
 

A panel of 139 skilled tasters were selected, which is suitable for statistical 

analysis (Jackson 2007). All tasters were either a MW, MW student, DipWSET or 

Diploma student10. A list of names and profiles is found in appendix 4. All tasters 

were introduced to the experimental design prior to the sensorial evaluation as 

well as briefly trained in the tasting methodology. Care was taken that the training 

would not bias the tasting results. 

 

5.1.4 Treatments 
 

Two treatments underwent air freight and one treatment underwent road 

transport locally. Treatment 1 (T1) was air freighted with UPS Express from 

Bodegas Viña Mayor to Winestate Oy in Helsinki, Finland, and back again 2 

months prior to the analysis. No temperature option was booked as this is the 

most common option chosen by wineries when air freighting samples (Mazilly, 

2017, pers. comm.).  To minimize risk of delays and to ensure air transport as 

close to the sensorial analysis as possible, Treatment 2 (T2) was checked in as 

baggage on a return flight from the winery to Copenhagen by the author two days 

before the tasting. Treatment 3 (T3) spent 8 hours in the vehicle of a wine 

distributor as local deliveries were made. The wines were transported around 280 

km and this was performed to simulate national distribution. The table below gives 

an overview of the treatments. 

 

																																																								
9 the goal was to have minimum 10 tasters on the day of evaluation, allowing for some non-attendance 
10 less than 1/4 of the panel were Diploma students 
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Table 3 Travel schedule of the treatments 

Treatment Departure date  Return date  
Time prior to 

tasting 

Control (C) N/A N/A No treatment 

Treatment 1 (T1) 
17 September 

2018 

24 September 

2018 
54 days 

Treatment 2 (T2) 
08 November 

2018 

15 November 

2018 
2 days 

Treatment 3 (T3) 
Transport in local delivery truck on 

the 15th of November 
2 days 

 

 

5.1.5 Air freight destination 
 

T1 and T2 were flown to Helsinki and Copenhagen respectively for four key 

reasons: 

• They are within the EU11, so customs clearance is quick and would 

therefore minimise risk of samples being delayed 

• Short transit time, minimising risk of data-logger running of out of battery 

• They are among the furthest destinations within the EU from Spain and 

would therefore maximise the opportunity for TS to manifest itself 

• T2 was flown to Copenhagen12 to minimize risk of flight cancelations due 

to bad weather conditions in Helsinki in November 

 

																																																								
11 previous trials showed that delivery time outside the EU is highly unpredictable due to customs 
12 Helsinki was initially chosen as the destination for both shipments, but due to unstable weather in 
Finland in November, the flight was re-booked to Copenhagen 
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In order for T1 to be sent to Helsinki, it had to undergo a two-hour road trip 

between Valladolid and Madrid, as well as a flight layover in Cologne. T2 

underwent road transport from the winery to Malaga, a direct flight from Malaga 

to Copenhagen, a direct flight from Copenhagen to Madrid and road transport by 

car back to the winery. Samples were put in the hold of the aeroplane. The 

transport to and from airports by road and flight layovers are a normal part of 

commercial air freights. As there are no practical means of avoiding transport by 

road, air freight, for the purpose of this research, includes transport to the airport, 

handling at the airports, layovers and transport to the destination. Figures 2 and 

3 below illustrate the trips T1 and T2 underwent. 

 

Figure 2 Flow diagram of Treatment 1 
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Transported	by	
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Transported	by	
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to	Madrid	airport,	
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Transported	by	road	to	
Viña	Mayor,	

Valladolid,	Spain
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Figure 3 Flow diagram of Treatment 2 

 

 

 

 

A return trip was necessary as all wines had to be tasted together at the same 

time and because it was necessary for the control samples to be transported as 

little as possible to minimise the risk of potential TS. The extra transport is 

acknowledged and that it could increase the potential impact of TS. When not 

being shipped, all wines were stored at 16-17 °C in the cellar of Bodegas Viña 

Mayor.  

 

5.2 Packaging 
 
 
Twelve bottles13 for each treatment were packed into one cardboard box of          

7.8 mm thickness (AB flute) together with a data logger. The cardboard box was 

																																																								
13 which allowed extra bottles in case of breakages or otherwise compromised bottles 

Viña	Mayor,	
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to	Copenhagen	
airport,	Denmark

Transported	by	road	to	
hotel	in	Copenhagen,	

Denmark

Transported	by	road	
to	Copenhagen	
airport,	Denmark

Transported	by	
plane	to	Madrid	
airport,	Spain

Transported	by	road	to	
Viña	Mayor,	Valladolid,	

Spain
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wrapped with aluminium-based bubble wrap14 which protects wines from 

temperature fluctuations and further reduces risk of breakage. The intention was 

to recreate as closely as possible the conditions of a real consignment where the 

consignor would take reasonable precautions for a wine of this price and quality 

to protect the wine but where TS may still occur. The aluminium-based bubble 

wrap would help minimize the risk of exposing the wine to excessive 

temperatures – to isolate TS impacts from potential heat damage - as it is well 

documented that high temperatures damage wine quality (Toit & Piquet 2014; 

Hopfer et al. 2013; Robinson 2010; Meyer 2002; Butzke 2001). See appendix 5 

for pictures of the packaging. 

 

5.3 Data logger 
 

A data logger (OnAsset Sentry 500 Flightsafe) was included in the package to 

monitor temperature, shock, atmospheric pressure and light15 as well as its 

location (with GPS) during transit via an online platform. There is no battery driven 

data-logger that can measure vibration which is also approved by airlines 

available on the market today16 (Rodwell pers. comm., 2018). See appendix 6 for 

details on OnAsset Sentry 500 Flightsafe. 

 

 

 

																																																								
14 which is a standard for many wineries which shipping samples 
15 detection of any light would suggest the box had been opened which would suggest wines could have 
been manipulated 
16 measuring vibration takes up a vast amount of battery and approval of lithium batteries are currently a 
hazard in aircrafts 



©	Institute	of	Masters	of	Wine	2018	 	 	 29	

5.4 Sensorial analysis 
 

All bottles were opened and evaluated by a professional oenologist to ensure the 

wines’ condition before serving. A day prior to the tasting, the bottles were stored 

in an air-conditioned room set to 17 °C. The temperature was measured just 

before serving as tasters’ perception of wine is affected by its temperature. A 

difference in temperature between samples within the same set, or warm or cold 

samples, could obscure the potential effects of TS.  

 

One set of simple descriptive analysis tests and three groups of triangle tests 

were performed by the tasting panel. To minimise risk of palate fatigue and 

maximise the chance of accurate tasting, the sensorial evaluation took place in 

the morning when the tasters’ minds and palates were fresh and three breaks 

were placed during the tastings. 

 

Table 4 Overview of tasting program 

Time Activity 

10:30-10:45 Introduction 

10:45-11:20 Simple descriptive analysis 

11:20-11:40 Break 

11:40-12:20 4 sets of triangle tests 

12:20-12:40 Break 

12:40-13:20 4 sets of triangle tests 

13:20-13:40 Break 

13:40-14:10 3 sets of triangle tests 
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5.4.1 Simple descriptive analysis 
 

The control and all three treatments were tasted twice for the following five 

parameters, and tasters also had a free comment section. The parameters were 

chosen based on interviews with individuals who believe TS exists. 

• Intensity nose 

• Quality nose 

• Quality of tannins 

• Integration of alcohol 

• Overall quality 

	
Tasters had one sheet of paper for each wine. On each sheet, a 100 mm line had 

been drawn for each for the above parameters. Tasters were informed that the 

line was 100 mm and was equivalent to a 100-point scale. Tasters were instructed 

to mark the line where he/she felt the wine deserved the respective score. The 

tasting sheet can be found in appendix 7.  

	
Table 5 Overview of simple descriptive analysis (bottle code in parentheses) 

Sample number Treatment 
1 C (636) 
2 T3 (128) 
3 T1 (250) 
4 C (856) 
5 T2 (641) 
6 T1 (248) 
7 T3 (855) 
8 T2 (149) 

The order of the wines and their codes were randomised17 

																																																								
17 using http://www.psychicscience.org/random.aspx  
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5.4.2 Sensory difference testing 
 

Triangle tests were performed twice on a number of combinations in accordance 

with ISO 4120:2004. 

 

At the end of the triangle test, tasters were tested to benchmark their tasting 

ability and ensure they did not have palate fatigue during the last sets. This was 

done by performing three triangle tests with control samples of Viña Mayor 

Reserva 2012 and the same wine diluted with bottled water, a method advised 

by Jackson (2007) as a way of measuring tasting ability. Pre-tasting conducted 

with two oenologists showed that 15% water was necessary to be noticeable due 

to the very high concentration of the wine.  

 

All sets were presented on sheets which had the bottle code and set number 

printed (see appendix 8). The order of the wines within each set was presented 

randomly for each taster. Thus, all tasters would not have the same wine to their 

left and would therefore not be inclined to start tasting the same wine. 

 

For each set, tasters had to identify which wine stood out as different and say 

whether they thought the different wine was better or worse than the other two. 

Tasters were required to guess if uncertain18. Responses were written on a 

separate answer sheet (see appendix 9).  

 

																																																								
18 statistical tests will assume some responses will be correct guesses 
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Table 6 Overview of sensory difference testing (bottle code in parenthesis) 

Set number Treatment Treatment Treatment 

1 T1 (964) C (291) C (320) 

2 T3 (982) C (888) C (268) 

3 C (587) T1 (892) T1 (046) 

4 T2 (806) C (021) C (579) 

5 T2 (364) T2 (145) C (100) 

6 T1 (741) T2 (721) T1 (694) 

7 C (185) T3 (930) T3 (351) 

8 T1 (086) T2 (240) T2 (107) 

9 C (371) C + 15% water 
(773) C (207) 

10 C + 15% water 
(227) C (317) C (625) 

11 C + 15% water 
(387) 

C + 15% water 
(216) C (900) 

The order of the sets and the wine bottle codes were randomised19. 

 

5.5 Chemical analysis 
 

All wines were analysed for colour, free sulphur dioxide (FSO2) and total sulphur 

dioxide (TSO2), as these are the main chemical components which could be 

impacted post travelling according to Prof. Dr. Jung (2017, pers. comm.), 

professor in sensory sciences at Hochschule Geisenhiem University. 

																																																								
19 using http://www.psychicscience.org/random.aspx 
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Furthermore, analysis of total tannins was conducted using the acid hydrolysis 

method. 

 

Chemical analysis of colour FSO2 and TSO2 was conducted at the laboratory of 

Viña Mayor in Quintanilla de Onésimo, Spain, as the winery has a laboratory with 

the required equipment. Colour intensity was assessed using a BioSystems 

Analyzer Y15 measuring light absorption at 420 nm, 520 nm and 620 nm. Sulphur 

analysis was conducted using a Crison SO2-Matic 23. The tannin analysis took 

place at the laboratory of Dominio de Pingus20. Chemical analyses were 

performed on all wines and conducted in duplicate.  

 

For practical reasons, all wines were analysed the day prior to the sensorial 

evaluation21. To minimise risk of sample deterioration and movement of the 

bottles before the sensorial evaluation, samples were drawn for chemical 

analysis using a Coravin. Samples for tannin analysis were poured into clean and 

sterile 60 ml glass bottles which were flushed with argon before the samples were 

drawn. 

 

 

 

 

 

																																																								
20 3.2 km from Viña Mayor 
21 the tasting had to take place on a Saturday due to availability of the tasters and the laboratory was only 
open during weekdays. 
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5.6 Methodological limitations 
 

This study is limited to a single, lightly filtered, aged, high-quality, full-bodied red 

wine. Results may differ for sparkling, white, rosé or other styles of red wine.  

 

T1 and T2 were only sent on short haul flights, because previous trials showed 

that the time for customs clearance is highly unpredictable when shipping 

samples outside the EU. This makes it impossible to plan having samples back 

1-2 days before conducting the sensorial evaluation.  

 

T1 and T2 are did not undergo the same treatment as T1 was sent by UPS 

Express and T2 was sent as checked luggage in a passenger plane. 

Furthermore, T1 underwent a total of four flights and travels a total distance of 

around 6.300 km whereas T2 only underwent two flights and travelled a total 

distance of around 5.500 km. This difference is acknowledged and that it could 

increase the potential impact of TS on T2. 

 

T2 and T3 rested for 36-48 hours before the sensorial evaluation took place which 

could allow wines to recover partially from potential TS. This was done to allow 

time for chemical analysis of all treatments prior the sensorial analysis. The same 

bottles which were tasted were also used for chemical analysis to have analysis 

of the actual wines tasted. 

 

T3 was transported locally by truck for 8 hours to simulate the road transport of a 

national distribution. Results could be different if samples where sent over a 

longer distance or with a logistical agency. 
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Though tasters were clearly instructed not to communicate or observe each 

other, and wines where poured in different orders for the individual tasters, some 

could have been indirectly influenced by others. Even though all wines were from 

the same lot, filled consecutively and were stored in the winery’s own cellar next 

to each other since filling, there could still be some bottle variation because the 

wines were sealed with natural cork. Before serving, all samples where tasted by 

a professional oenologist to ensure good condition and no extreme bottle 

variation.  

 

Even though three breaks were inserted, palate fatigue could have played a role. 

This could have been mitigated by serving the flights in different order to 

participants. However, the consequence of following this protocol is that the same 

wines would have been exposed to different levels of oxygen at the time of 

tasting. Therefore, it was decided that the wines should be served in a consistent 

order. 

 

The focus of this study was to investigate the impact of TS post air freight on the 

sensory properties of wine. Analysis of aromatic compounds via GC-MS and 

measuring the size of colloids would provide additional, and more precise, 

information on the exact impact of TS. These analyses were not performed 

because all samples would have to travel 200+ km to reach a laboratory which 

offers these analyses and the transport would undermine the reliability of the 

control. 
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6 Results and Discussion 
 

6.1 Data logger results 
 

During transit, data was drawn from the data logger every 45 minutes when in 

motion and every 2 hours when at rest. In addition, the data logger was 

programmed to draw data every time the package was exposed to shocks above 

3 g, if temperatures went below 5 °C or above 20 °C and/or if light was observed.  

 

No light was observed at any time for any of the shipments, which suggests that 

the parcels were neither opened nor manipulated at any time during transit. 

Observations of temperature22, pressure and shocks during transit for all 

treatments are illustrated in the figures below. On figures 4 and 5 the aeroplanes 

illustrate short-haul European flights and the trucks illustrate transport by road 

with a logistical company. 

 

																																																								
22 ambient temperature around the bottle, not the temperature of the wine itself 
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Figure 4 Overview of pressure, temperature and shocks during road and air transport for T1 between the 
winery and Helsinki 

 
 

 

Figure 5 Overview of pressure, temperature and shocks during road and air transport for T2 between the 
winery and Copenhagen 
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Figure 6 Overview of pressure, temperature and shocks during road transport for T3  

 

 

6.1.1 Pressure during transit 
 

The pressure for all shipments commenced and ended at around 93 kPa. This is 

because Valladolid is situated at 800 metres above sea level. The pressure 

temporarily decreased to around 90 kPa when crossing the Sistema Central 

mountains23 just north of Madrid and increased to around 100 kPa when the 

parcels were at the consolidation points which are situated around sea level24. 

During flight pressure dropped to around 84 kPa and 77 kPa for T1 and T2 

respectively. The difference in pressure was due to T1 being shipped in cargo 

aeroplanes and T2 travelling in the hold of passenger aeroplanes. Changes in 

pressure during transit of T1 and T2 are likely to have caused a vacuum-like 

effect, which could potentially have drawn out small quantities of air from the 

																																																								
23 reaching around 1,100 metres above sea level 
24 Malaga, Cologne, Helsinki and Copenhagen 
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bottles and drawn small quantities of atmospheric air25 back in. The potential 

uptake of oxygen could possibly affect the wines’ sensory properties, FSO2 and 

colour. The impact per flight is likely to be greater on T2 due to the lower pressure 

inside the hold. However, T1 was exposed to twice as many flights as T2. 

 

6.1.2 Temperature during transit 
 

The ambient temperature around the bottles for T1 was around 23-25 °C with 

several heat spikes hitting up to 27 °C during the first 3½ days of transit. The heat 

spikes took place in mid-September at UPS’ warehouse in Valladolid26. As the 

heat spikes lasted for a several hours, there is a risk that the wine could have 

heated up to around 25 °C for a period of time. The heating could potentially also 

have drawn in atmospheric air due to the expansion and contraction of the wine 

as suggested by Crandles et al. (2015). After the first 3½ days, the ambient 

temperature of T1 was stable at 16-20 °C. 

 

T2 and T3 were shipped during the first half of November and temperatures 

fluctuated between 12 and 20 °C. T2 was exposed to one short27 heat spike of 

22 °C, but too limited a time to pose any risk of heat damage. It is therefore 

assumed that T2 and T3 were not negatively affected by temperature extremes. 

 

 

 

																																																								
25 containing oxygen 
26 the data logger measures GPS coordinates 
27 Less than 30 minutes 
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6.1.3 Shocks during transit 
 

The red crosses on figures 4-6 above illustrate when and to what degree the 

parcels were exposed to shocks. Most shocks were observed at consolidation 

points / warehouses and occasionally during transport. The table below gives a 

summary of the shocks the samples were exposed to during transit. 

 

Table 7 Overview of the number of shocks during transit 

Force 
Times exposed to shock level Approximate equivalent of package 

dropping onto the ground from28: T1 T2 T3 
4-6 g 39 14 2 25cm 

6-10 g 44 17 3 40cm 
10-15 g 6 6 1 65cm 
15-20 g 1 1 0 90cm 
Total 90 38 6  

 

  

T1 was exposed to more than twice the number of shocks of T2 and 15 times 

more than T3. In contrast to T2, T1 underwent 4 flights and the parcel would 

therefore have been exposed to more manual handling. Approximately 18 shocks 

per flight were observed for T1, in contrast to approximately 10 shocks per flight 

for T2. This clearly shows that the wines shipped by commercial air freight (T1) 

were exposed to significantly more shocks than those flown as checked luggage 

(T2).  

 

Only 6 shocks were observed for T3. The wine was not transported by a “real” 

commercial shipment by truck, but instead transported in the back of local 

																																																								
28 data taken from tests performed by author 
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delivery truck for 8 hours. In contrast, T2, which was shipped commercially by 

road from the winery to Malaga, was exposed to 19 shocks from pick-up until 

delivery. 

 

6.2 Sensorial analysis 
 

All treatments were analysed by two types of sensorial tests. First a simple 

descriptive analysis was conducted, followed by sensory difference testing. 

 

6.2.1 Simple descriptive analysis 
 

Two bottles of each of C, T1, T2 and T3 were evaluated for five key parameters 

on a 100-point scale. Below is an overview of the serving order29 and temperature 

of the samples when served. 

 

Table 8 Overview of simple descriptive analysis and temperature at serving 

Sample number Treatment Serving 
Temperature 

1 C (636) 17 °C 

2 T3 (128) 17 °C 

3 T1 (250) 17 °C 

4 C (856) 17 °C 

5 T2 (641) 17 °C 

6 T1 (248) 18 °C 

7 T3 (855) 17 °C 

8 T2 (149) 17 °C 

 
 

																																																								
29 chosen at random using http://www.psychicscience.org/random.aspx 
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The table below gives an overview of the mean average scores of all treatments 

for each parameter and the respective level of significance. Analysis of Variance 

(ANOVA) showed that there was no significant difference between the treatments 

in any of the parameters at a = 0.05. This suggests that the sensory properties 

of none of the wines were negatively impacted, hence none of the wines suffered 

from perceptible levels of TS.  

 

Table 9 Overview of average scores from simple descriptive analysis and respective p-values 

Parameter C T1 T2 T3 Significance 
risk / p-value 

Significance 
symbol 

Intensity nose 57.46 62.08 65.04 60.92 0.1201 ns 

Quality nose 62.83 62.42 65.50 66.04 0.3493 ns 

Tannins quality 57.88 58.96 62.58 57.75 0.5924 ns 

Alcohol 
integration 63.83 62.88 68.46 64.08 0.5201 ns 

Overall quality 61.38 60.58 66.50 61.46 0.4923 ns 

Total average 60.68 61.38 65.62 62.05   

 

 

6.2.2 Sensory difference testing 
 

Eleven sets of triangle tests were served with two objectives: 

1. To evaluate whether tasters could identify a difference between C, T1, T2 

and T3 

2. To evaluate if tasters could identify whether the examined wine had been 

diluted with 15% bottled water – to test the individual tasters’ abilities 
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Table 11 below gives an overview of the serving order30 and temperature of each 

sample at serving. All wines were served at optimum temperature (17-18 °C). 

 
 
Table 10 Sensory difference testing overview and temperature at serving 

Set Test Treatment     
(sample code) 

Serving 
Temp 

Treatment     
(sample code) 

Serving 
Temp 

Treatment     
(sample code) 

Serving 
Temp 

1 C vs T1 T1 (964) 17 °C C (291) 17 °C C (320) 17 °C 

2 C vs T3 T3 (982) 17 °C C (888) 17 °C C (268) 17 °C 

3 C vs T1 C (587) 17 °C T1 (892) 17 °C T1 (046) 17 °C 

4 C vs T2 T2 (806) 17 °C C (021) 17 °C C (579) 17 °C 

5 C vs T2 T2 (364) 17 °C T2 (145) 18 °C C (100) 17 °C 

6 T1 vs 
T2 T1 (741) 17 °C T2 (721) 17 °C T1 (694) 17 °C 

7 C vs T3 C (185) 18 °C T3 (930) 18 °C T3 (351) 18 °C 

8 T1 vs 
T2 T1 (086) 17 °C T2 (240) 18 °C T2 (107) 18 °C 

9 C vs C 
diluted C (371) 18 °C C + 15% water 

(773) 18 °C C (207) 18 °C 

10 C vs C 
diluted 

C + 15% water 
(227) 18 °C C (317) 18 °C C (625) 18 °C 

11 C vs C 
diluted 

C + 15% water 
(387) 18 °C C + 15% water 

(216) 18 °C C (900) 18 °C 

 

 

Table 12 below gives an overview of the correct responses from the triangle tests 

with treatments. None of the sets with treatments were close to statistical 

significance (set 1 had the lowest p-value = 0.3685). Tasters could not detect a 

difference between transported wines and samples which never had left the 

																																																								
30 The order and the wines therein were chosen at random using 
http://www.psychicscience.org/random.aspx 
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winery. This further reinforces the conclusion from the simple descriptive 

analysis, that none of the treatments displayed negative sensory impacts and 

hence did not suffer from TS. 

 

Table 11 Overview of the responses and their respective level of significance according to ISO 4120:2004 
using an equation facilitated by Jung (2017, pers. comm.). Number of correct responses are written in red. 
n=12 

Set Test Number of 
responses 

Number of 
responses 

Number of 
responses 

Significance 
risk / p-value 

Significance 
symbol 

1 C vs T1 5 6 1 0.3685 ns 

2 C vs T3 2 6 4 0.9460 ns 

3 C vs T1 4 5 3 0.6069 ns 

4 C vs T2 2 3 7 0.9460 ns 

5 C vs T2 7 2 3 0.8189 ns 

6 T1 vs 
T2 7 3 2 0.8189 ns 

7 C vs T3 3 2 7 0.8189 ns 

8 T1 vs 
T2 1 6 5 0.9923 ns 

9 C vs C 
diluted 1 5 6 0.3685 ns 

10 C vs C 
diluted 10 2 0 0.0005 *** 

11 C vs C 
diluted 1 0 11 0.0000 *** 

 

A highly experienced panel was selected, consisting of MWs, MW students, 

Diploma graduates and Diploma students31. Only one of the 13 tasters32 could 

not correctly identify any of the diluted sets and the results from this person have 

																																																								
31 WSET diploma students (3), WSET Diploma graduates (4), MW students (4) and MW’s (2). 
32 a diploma student 
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been excluded from this paper. All other tasters correctly identified at least 2 of 

the 3 sets with diluted samples. After the sensorial evaluation, there was general 

comment from the panel that it was much more difficult than expected. An 

overview of the correct responses by taster is found in the table below. 

 

Table 12 Overview of correct responses by individual taster. Tasters that correctly identified all three 
diluted wines are written in red. 

Taster 
number 

Correct responses 
treated wines (out of 8) 

Correct responses 
diluted wines (out of 3) 

Total correct 
responses 

1 1 3 4 
2 3 2 5 
3 2 2 4 
4 2 2 4 
5 3 2 5 
6 1 2 3 
7 1 2 3 
8 3 2 5 
9 3 2 5 

10 0 3 3 
11 2 2 4 
12 2 2 4 

 

7 of the 10 tasters who failed to identify all 3 sets with diluted wine, failed to 

identify the first set of diluted wines correctly. This set was not statistically 

significant. It is possible that the reason for this was because tasters needed a 

little experience to reset their tasting approach from finding subtle differences in 

aroma and structure, to detect dilution. 10 of the tasters identified the second set 

of dilution correctly and the 11 identified the third set correctly. 

 

Even though most of the 12 tasters could not identify all 3 sets with dilutions 

correctly, the panel still consisted of people with a very high degree of wine-

tasting experience. If the panel could not detect a difference between the different 



©	Institute	of	Masters	of	Wine	2018	 	 	 47	

treatments, then it is very likely that most other experienced wine tasters, such 

as buyers and journalists, would not detect a difference either.  

 

6.3 Chemical analyses 
 

Six samples of each treatment were analysed in duplicate for FSO2, TSO2, total 

tannins and colour at 420 nm, 520 nm and 620 nm. All wines were analysed at 

the same time. 

 

6.3.1 Sulphur dioxide 
 

All bottles had between 8 and 14 ppm of FSO2 and between 52 and 58 ppm of 

TSO2. C had the highest average level of FSO2 (12.83 ppm) and T1 had the 

lowest level (9.17 ppm), a difference of 3.66 ppm in average. The table below 

gives an overview of the average FSO2 and TSO2 for the different treatments. 

 

Table 13 Average free and total SO2 

  FSO2 (ppm) TSO2 (ppm) 
Control 12.83 55.33 

Treatment 1 9.17 55.33 
Treatment 2 10.17 55.00 
Treatment 3 11.83 53.50 

 

ANOVA showed that there was no significant difference in the TSO2 between the 

different treatments. However, there was a significant difference between the 

level of FSO2. A Tukey test reveals that both C and T3 had significantly more 

FSO2 than both T1 and T2 at a = 0.05. The results are summarized in the table 

below. 
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Table 14 Overview of which treatments have a significantly different level of FSO2 

Pairs Significant at a=0.05 
C vs T1 Significant 
C vs T2 Significant 
C vs T3 Not significant 
T1 vs T2 Not significant 
T1 vs T3 Significant 
T2 vs T3 Significant 

 

The results show that both air freighted treatments had significantly lower levels 

of FSO2 than C and T3. In contrast to T3 and C, both T1 and T2 were exposed 

to lower pressure during air freight and spent several days in transit being 

exposed to a large number of shocks and vibrations from trucks and aeroplanes. 

It is possible that the changes in pressure could have caused a small uptake of 

oxygen through the cork. The oxygen would have reacted with the FSO2, hence 

lowering the level (Ribéreau–Gayon et al. 2006). It is possible that the large 

number of shocks could also have played a role, though there is no research on 

whether shock impacts wine. However, there was no significant difference in 

FSO2 between the air freighted treatments. T1 was exposed to more than twice 

the shocks of T2, making it more likely that the impact from in-flight pressure is 

more significant than that of shocks.   

 

It could be that vibrations from transport also played a role in lowering the FSO2, 

though Jung et al. (2014) did not observe lower FSO2 after simulating transport 

conditions using a temperature chamber and vibration table. Nevertheless, the 

vibration amplitude and frequency are different and therefore the potential impact 

on FSO2 from vibration during transport is unknown.  
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T1 was exposed to high ambient temperature (around 23-25 °C) during the first 

3½ days of transit. It could be that the temperature also played a role in lowering 

FSO2 as suggested by Hartley (2008). Though T1 did not have a significantly 

lower level of FSO2 than T2 (which was not exposed to temperature extremes), 

it had an average of 1.0 ppm less FSO2. This is potentially just noise in the data, 

but could also be associated with difference between the two treatments as 

mentioned in section 5.6. 

 
 
6.3.2 Colour 
 

The colour of samples was measured at 420, 520 and 620 nm. All measurements 

were taken in duplicate. The average colour measurements are illustrated in 

figure 8 below. 

 

Figure 7 Average colour measurements with standard deviation bars  
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Data analysis shows that there is no significant difference at a = 0.05 between 

the treatments at 520 nm and 620 nm, but there is a significant difference in 

colour at 420 nm. A Tukey test reveals that T1 and T2 have significantly more 

colour than C. The results are summarized in table 15 below. 

 

Table 15 Overview of which treatments have a significantly different level of colour at 420 nm 

Pairs 420 nm significant at 
a=0.05 

C vs T1 Significant 
C vs T2 Significant 
C vs T3 Not significant 
T1 vs T2 Not significant 
T1 vs T3 Not significant 
T2 vs T3 Not significant 

 

Colour absorbance at 420 nm provides an indication for a browning in red wines 

(Jackson 2007; Ribéreau–Gayon et al. 2006). The results suggest that T1 and 

T2 have a significantly higher level of brown hue than the control. Browning 

reactions in bottled red wines are mainly induced by two factors: oxygen and 

heat. T1 was exposed to warm ambient temperatures at the beginning of transit, 

but since T2 has the same absorbance and was not exposed to noteworthy levels 

of heat, it is more likely the higher absorbance at 420 nm was induced by 

browning reactions caused by oxygen. This is consistent with the lower levels of 

FSO2 measured in T1 and T2. 
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6.3.3 Tannin analysis 
 

The total amount of tannin was analysed and the average scores and standard 

deviation are shown in the table below. 

 

Table 16 Average of total tannins and standard deviation 

  Total tannin in g/l Standard deviation 

Control 4.96 0.31 

Treatment 1 4.88 0.10 

Treatment 2 4.85 0.43 

Treatment 3 4.93 0.30 

 

ANOVA analysis showed no significant difference between the treatments. This 

suggests that that transport does not impact the total quantity of tannins. 

 

6.4 Overall discussion 
 

Results from the simple descriptive analysis and the sensory difference testing 

showed no significant difference between the sensory perceptions of C, T1, T2 

and T3. This indicates that transport by air and/or road did not impact the sensory 

properties of the treatments to a perceivable level. These results are consistent 

with the studies and experience of Robinson (2010), Jung et al. (2014), Hunt 

(2018) and Walder pers. comm. (2017). Although this oak aged, full bodied red 

wine was selected as being susceptible to TS, results may have been different if 

another style wine had been used such as an older wine or a fragile Pinot Noir. 
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The results from the chemical analysis showed that the air freighted treatments 

(T1 and T2) had a significantly lower level of FSO2 than T3 and C. Furthermore, 

the colour absorption at 420 nm was significantly higher for T1 and T2 than C. 

These results strongly suggest that a small level of oxygen is absorbed through 

the cork during transport by air. In contrast to some anecdotal evidence which 

claims that wines recover post travelling, impact on FSO2 and colour would be 

permanent. 

 

As this is the first study investigating the impact of air freight, and the first study 

comparing wines transported by any means of transport with wines which have 

never left the winery, it is unknown whether the decline in FSO2 and increase in 

colour at 420 nm is due to changes in pressure, vibrations and/or shock during 

handling. It is therefore uncertain whether the impact comes from the flight itself. 

Further investigation is needed in order to conclude which, if any, of these 

parameters affect FSO2 and/or colour at 420 nm. 

 

The wines for this study were sealed with natural cork closure and shipped in 

cardboard boxes which were wrapped with reflective aluminium-based bubble 

wrap. Results may have differed if the bottles had been sealed with another type 

of cork or closure, or if the wines had been shipped in different packaging. As 

Paternoster et al. (2018) found, packaging can help mitigate the impacts from 

shock and vibration. 

 



©	Institute	of	Masters	of	Wine	2018	 	 	 53	

7 Conclusions 
 

The objective of this research was to investigate whether the sensory properties 

of an aged, full-bodied red wine would be negatively impacted post air freight and 

road transport. This is the first scientific study which has exposed wine to real 

shipping by any means of transport followed by immediate sensorial evaluation 

against examples of the same wine which had not been shipped. 

 

Using descriptive analysis and sensory difference testing, the results showed no 

statistically significant differences between wines which had recently undergone 

shipping and a control bottle which had never travelled. However, the results from 

the chemical analyses showed that the air freighted treatments had a significantly 

lower level of free sulphur dioxide than the control and road transported wines. 

Furthermore, the colour absorption at 420 nm (indicating browning) was 

significantly higher for the air freighted treatments than for the control.  

 

This study contradicts the anecdotal view that wines suffer from Travel Shock 

immediately after travelling. However, the results from the chemical analyses 

strongly suggest that a small amount of oxygen is absorbed through the cork 

when transported by air. This could have a cumulative effect on wines that are 

shipped a number of times before being opened, and potentially provoke a state 

of accelerated oxidation. These results are consistent with the claim that wines 

are best kept unmoved in the same cellar. 
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This needs to be the beginning of research into shipping different wine styles, 

different packaging and different types of transport. The results as far as they go 

are helpful for both the wine industry and engaged consumers. They suggest that 

wineries can be confident when sending samples to journalists, competitions, 

buyers, tenders, etc., as it is unlikely that their wines will suffer sensorially 

immediately after transport. This information is also useful for consumers who 

have wines shipped or those who buy wine when travelling, and may be uncertain 

about how long to let them rest before opening. The results are also useful for 

wineries, importers, retailers and consumers who work with or enjoy wine which 

might be air shipped a number of times before being opened, such as old and 

rare Burgundy. Extra care should be taken when purchasing these wines, as not 

only is their storage history important to ensure good condition, but their travel 

history may also play an important role. 
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9 Appendices 
 
Appendix 1 – Research paper proposal 
 

IMW Research Paper Proposal Submission Form  

Student ID 24080 Date of submission 7 December 2018 

RPP Version No 8 Name of Advisor Matthew Hemming MW 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 
Travel Shock 
An investigation into the impact of airfreight and road transport on an aged, full-bodied 
red wine. 

Research Questions:  Define the subject of your Research Paper and specify the specific 
research questions you plan to pursue. (No more than 200 words) 
Wine is transported by road, sea and/or air for various reasons. During transit, wine may be exposed to 
vibration, shocks extreme temperature fluctuations and/or changes in pressure. This may affect the 
quality of the wine; this effect is described as “Travel Shock” (TS).  
 
The impact of TS has been described in the following ways: development of maderized and oxidized 
notes, reduction of fruity notes, reduction of carbon dioxide, colour change, muted flavours, disjointed, 
hollow mouthfeel, burning alcohol, scratchy tannins and lack of harmony (Jung et al. 2014, Cameron 
2011, Chung et al. 2008, Dibbern 2007, Meyer 2002, Dr. Vinny). If wines are stored for a period after 
having been transported, the wine may recover and become “normal” (Dibbern 2007, Cameron 2011). On 
the other hand, a study by Crandles et al. 2015 showed that Müller-Thurgau and Scheurebe wines were 
not affected after simulating transport conditions. 
 
This research will principally explore whether a wine’s sensory properties are affected by airfreight and 
road transport, i.e. suffer from TS. 
 
The research aims to explore the following questions: 
Does airfreight or road transport change the chemical properties of an aged full bodied red wine? 
Does airfreight or road transport impact the sensory properties of an aged full bodied red wine? 
Does the wine recover from airfreight TS after having been stored for two months? 
 
 
 
 
 
 
 
 
 
 



©	Institute	of	Masters	of	Wine	2018	 	 	 64	

Background and Context: Explain what is currently known about the topic and address why 
this topic requires/offers opportunities for further research. (No more than 200 words) 
According to professors in sensory sciences at the universities of Geisenheim, Montpellier, Stellenbosch 
and UC Davis as well as the AWRI and JF Hillebrand there is no published research on the impact of TS 
post airfreight. 
 
Research has been published on the effect on wine post transport by road and ship (Jung et al. 2014, 
Hartley 2008, Meyer 2002). Research has also been performed on simulating the effect of transport by 
exposing wines to vibration, extreme heat and temperature fluctuations (Crandles et al. 2015, Toit & 
Piquet 2014, Chung et al. 2008). 
 
Nevertheless, some anecdotal evidence suggests that wines may suffer negatively post airfreight 
(Krasilnikoff 2017, pers comm, Cameron 2011, Dibbern 2007, Dr. Vinny). However, some trade 
professionals claim that wines do not suffer negatively post airfreight (Basso 2017 pers comm., Sparrow 
2017, pers comm.). 
Sources: Identify the nature of your source materials (official documents, books, articles, other 
studies, etc.) and give principle sources if appropriate. (No more than 150 words) 

As there is limited published research on TS, sources will be drawn from a mixture of scientific articles, 
anecdotal evidence and personal interviews with key people from the industry, including consultants of 
major airlines and wine buyers for importers. 
Lufthansa Cargo has been contacted with the objective of understanding in detail how wines are 
transported by airfreight. 
 
Main articles 

• Butzke, C., Vogtn, E., & Chacon-Rodriguez, L. (2012). Effects of Heat Exposure on Wine Quality 
During Transport and Storage. Journal of Wine Research, 23, 15-25. 

• Chonhenchob, V., Sittipod, S., Swasdee, D., Rachtanapun, P., Singh, S., & Singh, J. (2009). 
Effect of Truck Vibration during Transport on Damage to Fresh Produce Shipments in Thailand. 
Journal of Applied Packaging Research, 27-39. 

• Chung, H., Son, J., Park, E., Kim, E., & Lim, S. (2008). Effect of Vibration and Storage on Some 
Physio-Chemical Properties of a Commercial Red Wine. Journal of Food Composition and 
Analysis, 655-659. 

• Crandles, M., Wicks-Müller, M., Schuessler, C., Jung, R. (2015). The Effect of Simulated 
Transportation Conditions on the Chemical, Physical and Sensory Profiles of Müller-Thurgau and 
Scheurebe Wines. Hochschule Geisenheim University, Von-Lade-Strasse 1, D-65366 
Geisenheim. 

• Hartley, A. (2008). Bulk Shipping of Wine and its Implications for Product Quality. Australian Wine 
Research Institute, 1-19. 

• Jung, R., Leyh, B., Patz,. C.D., Rothermel, A., Schuessler, C. (2014). Potential wine aging during 
transportation. BIO Web of Conferences 3, 02004. 

• Meyer, D.C., (2002) Final Report- A Study of the Impact of Shipping/Transportation Conditions 
and Practices on Wine. Australian Wine Research Institute, 1-42 

• Toit, W.J., Piquet, C. (2014) Effect of Simulated Shipping Temperatures on the Sensory 
Composition of South African Chenin Blanc and Sauvignon Blanc Wines. South. African. J. Enol. 
Vitic., Vol. 35, No. 2. 

 
Anecdotal evidence of travel shock 

• Dibbern, Donald A., Jr. (2007), A Shock to the System, WineLoversPage - 
http://www.wineloverspage.com/wlp_archive/dibbern/shock07.phtml 

• Dr. Vinny, (n.d.) Is bottle shock a legitimate concern?, Wine Spectator - 
http://www.winespectator.com/drvinny/show/id/45901 
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• Cameron, (2011), Travel/Shipping Shock forum, 
https://www.guildsomm.com/4cb697f52c/discussion_forums/f/general-discussion/2056/travel-
shipping-shock 

 
 
Personal communication 

• Anderson MW, C. (2017). Personal communication. Wine consultant at British Airways, United 
Kingdom. 

• Basso MS, P (2017). Personal communication. Wine consultant at Air France, Switzerland. 
• Corvisier, P. (2017). Personal communication. Director of R&D Department at JF Hillebrand 

Group, France. 
• Del Monego MW, M. (2017). Personal communication. Wine consultant at Lufthansa, Germany. 
• Blanchet, G. (2017). Personal communication. Head of ACC and Capacity Management at DHL, 

France. 
• Krasilnikoff, M.A. (2017). Personal communication. Category manager for wines and spirits at 

Dagrofa, Denmark. 
• Shaw, A. (2017). Personal communication. Group Wine Buying Director at Conviviality, United 

Kingdom. 
• Sparrow, A. (2017). Personal communication. Director of Sales Travel Retail at Conviviality, 

United Kingdom and wine consultant at British Airways. 
 
Used to set up experimental design 

• Jackson, R.S. (2007): Wine Tasting, A Professional Handbook. In: Taylor, S.L. (ed.). Elsevier 
Academic Press, California, USA. 

10 ISO 4120:2004, Sensory analysis – Methodology – Triangle test 
 
Research Methodology: Please detail how you will identify and gather the material or 
information necessary to answer the research question(s) and discuss what techniques you will 
use to analyse this information. (No more than 500 words) 
According to anecdotal sources: heavy, complex, alcoholic, tannic, aged red wine with little or no filtration 
is among the wine styles which suffer the most from TS (Cameron 2011, Dibbern 2007). 
 
Wine to test 
Viña Mayor Reserva 2012, DO Ribera del Duero. Chosen because it is an aged, high quality, full 
bodied, tannic, high alcohol (14% abv) red wine, and because 50 consecutively filled bottles which have 
never left the winery are available33. 
 
Venue for Sensorial evaluation: 
Viña Mayor, Valladolid. Chosen because it is at the winery itself, there is access to a pool of skilled 
tasters in the area and because it is a well-lit, sterile and odour free tasting venue. 
 
Treatments: 

• Treatment 1 (T1) – undergo airfreight two months before a sensorial analysis is conducted 
• Treatment 2 (T2) – undergo airfreight 2 days before a sensorial analysis is conducted 
• Treatment 3 (T3) – transported around locally in a delivery truck for a day, 2 days before a 

sensorial analysis is conducted 
• Control (C) – no shipping, wine which has never left the winery 

 
T1 will be shipped with UPS express from the winery to Helsinki. The day after arrival, T1 will be shipped 
to Viña Mayor with UPS express and will be stored lying down in an air-conditioned cellar at 15°C until 

																																																								
33 Minimizing the risk of bottle variation and risk of having been stored under poor conditions. 
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the sensorial evaluation is conducted34. T2 will be flown as checked in luggage on return trip to 
Copenhagen 2 days prior the tasting.  Control samples will be stored in the winery cellar until the 
sensorial evaluation and chemical analysis takes place. 
 
Shipping of samples will take place between mid-September and mid-November 
 
Wines for each treatment35 will be packed and shipped in cardboard boxes36. A data logger will be put 
into package to monitor temperature fluctuation, shocks and change of pressure during transit. 
 
Wines sent by airfreight from a winery to a given destination will also be transported to and from the 
airport, usually by road. As there are no practical means of avoiding transport by road, air freight will for 
the purpose of this research include transport from the winery to the airport, handling at the airport and 
transport to the destination. 
 
 
Tasting panel: 
A panel of 1337 skilled tasters will be selected, all being MW, MW-student, holding the WSET Diploma or 
being a Diploma student38. 
Prior to the sensorial evaluation, all tasters will be introduced and briefly trained in the tasting 
methodology. Tasters will also be tested to benchmark their tasting ability by performing three triangular 
tests with one of the samples being diluted by 15% with bottled water (Jackson 2007). 
 
Sensorial evaluation: 
Sensory Difference Testing 
Triangle tests will be performed twice on the following combinations in accordance to ISO 4120:2004: 

Set 
number 

Treatment Treatment Treatment 

1 T1 T1 T2 
2 T2 T2 T1 
3 T1 T1 C 
4 C C T1 
5 T2 T2 C 
6 C C T2 
7 T3 T3 C 
8 C C T3 

The sets and the order of wines therein will be randomized. 
 
For each triangle test tasters are to identify which wine is most different and say whether they think the 
identified wine is better or worse than the other two wines. Tasters are required to guess if uncertain39. 
 
Simple Descriptive Analysis 
All three treatments and the control will be tasted twice for the following five parameters and a free 
comment section: 

• Intensity nose 

																																																								
34 A return trip is necessary for T1 & T2 as all wines should be tasted together at the same time and the 
control should undergo minimum transport to minimize risk of TS. 
35 12 bottles will be shipped for each treatment to allow extra wine in case of breakages or otherwise 
compromised bottles 
36 as these are commonly used for shipping wine 
37	the	goal	is	to	have	minimum	10	tasters	on	the	day	of	evaluation,	allowing	for	some	non-attendance.	
38 No more than 1/3 of the panel will be Diploma students 
39 statistical tests will assume some responses will be correct guesses 
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• Quality nose 
• Quality of tannins 
• Integration of alcohol 
• Overall quality 

 
Tasters will have a sheet of paper for each wine where a 10 cm line40 is drawn for each for the above 
parameters. The taster has to mark the line where he/she feels the wine deserves the respective score.  
 
Chemical analysis 
Colour intensity using spectrophotometer measuring light absorption 420nm, 520nm and 620nm 
Free and total sulphur dioxide using Crison SO2-Matic 23. Analysis of total tannin content will be analysed 
at a local laboratory. 
 
All chemical analyses will be performed in duplicate. 
 
The above methodology has been approved by Dr. Prof Rainer Jung from Hochschule Geisenhiem 
University. 
 
Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research 
Paper will add to the current body of knowledge on this subject.  (No more than 150 words) 
 
This research has the potential to be very useful to many parts of the wine industry: 

• Wineries sending samples to buyers, tenders, critics, competitions and/or journalists rely heavily 
on these people’s opinions of their wines. The overall quality of wines when tasted can have a 
strong impact on the wineries’ sales, reputations and profitability. 

• Fine wine market where samples are frequently air freighted 
• Courier companies such as TNT, FedEx, DHL and JFH who depend on providing an excellent 

service to their clients would benefit from sharing this knowledge with their clients. 
• Wine lovers who have bottles shipped to their homes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

																																																								
40 the line is equivalent to a score of 0 to 100 points (1 mm per point). 
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Proposed Time Schedule/Programme: This section should layout the time schedule for the 
research, analysis and write-up of the Research Paper and should indicate approximate dates 
with key deliverables. Dates of submission to both Advisors and the IMW must be those 
specified by the IMW. 
 
September 2018 

• Send first set of samples by airfreight 
• Contact new set of tasters 

 
October 2018 

• Study relevant literature 
• Modify existing literature review and methodology 

 
November 2018 

• Send second set of samples by airfreight 
• Transport wines by truck 
• Conduct tasting and chemical analysis 
• Analyse results and perform statistical analysis 
• Write up results and analysis 
• Send full-draft to adviser 

 
December 2018 

• Finalize write up 
• Editing 

17at of December – Final submission 
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Appendix 2 – JFH risk calculator 
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Appendix 3 – Pictures of the tasting venue, Viña Mayor 
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Appendix 4 – List of tasting panel 
 

Number	 Name	 Background	
1	 Almudena	Alberca	MW	 Master	of	Wine	
2	 David	Forer	MW	 Master	of	Wine	
3	 Rodrigo	Hernández	Pozuelo	 MW	Student	&	WSET	Diploma	Graduate	
4	 Esteban	Cabezas	 MW	Student	&	WSET	Diploma	Graduate	
5	 Teresa	Cendenilla	 MW	Student	&	WSET	Diploma	Graduate	
6	 Tiago	Macena	 MW	Student	&	WSET	Diploma	Graduate	
7	 Elisa	Kwon	de	Alvarez	 WSET	Diploma	Graduate	
8	 Lynne	Sharrock	 WSET	Diploma	Graduate	
9	 Pedro	Ruiz	Belda	 WSET	Diploma	Graduate	
10	 Maria	Zamarreño	 WSET	Diploma	Graduate	
11	 Marcos	Docasal	 WSET	Diploma	Student	
12	 Juan	Ayerbe	 WSET	Diploma	Student	
13	 Diana	Estaban	 WSET	Diploma	Student	
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Appendix 5 – Pictures of the packaging for all treatments 
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Appendix 6 – Details on data logger: OnAsset Sentry 500 Flightsafe 
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Appendix 7 – Answer sheet for simple descriptive analysis 
 
Wine code (3 digits):___________ 
 

Nose 
 

 
Overall intensity 

Low _______________________________________________ High 
 
 

Overall attractiveness 
Low _______________________________________________ High 

 
 

Palate 
 
 

Quality of tannins 
Low _______________________________________________ High 

 
 

Integration of alcohol 
Low _______________________________________________ High 

 
 
 

Conclusions 
 

Overall score 
Low _______________________________________________ High 

 
 
 

Free comments 
 
 

_______________________________________________________________
________ 

 
 

_______________________________________________________________
________ 

 
 

_______________________________________________________________
________ 
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Appendix 8 – Examples of sheets for glasses for triangle tests 
 
 

 
 
 
 
 

 
 
 
 
 

065

016 582

Set	number	1

880

726 060

Set	number	2
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Appendix 9 – Answer sheet for triangle tests 
 
 
 

Set number The most different 
wine (code) 

Is the different wine                   
Better or worse? 

1   

2   

3   

4   

5   

6   

7   

8   

9   

 
 
 
  
 

 
 
 

 


