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ABSTRACT
The use of wine for medicinal purposes can be traced back to ancient times. Current research
associates health benefits with moderate wine consumption. Certain wine constituents could,
however, have a harmful effect on human health.
This dissertation reviews the health benefits and risks associated with wine consumption. The
primary objective was to identify the substances in wine that can either have a positive or a negative
impact on health, where they originate from and the factors that influence their occurrence. A
secondary objective was to determine whether it is possible for winemakers to produce healthier
wines. Research suggests that the main components in wine that may contribute to health are
alcohol, various phenolic compounds and melatonin. There is no consensus on how wine
consumption could protect one against diseases or ailments and further research is needed. The
main health risk associated with wine consumption is excessive alcohol intake. Excessive exposure
to toxic compounds such as sulphur dioxide, heavy metals, biogenic amines, ethyl carbamate,
ochratoxin A, phthalates and pesticide residue, are also concerns. These can be controlled during
the winemaking process. Recently allergens have received attention, with mandatory labelling
requirements being implemented in certain countries.
A survey was done to gauge consumer awareness of health benefits and risks associated with wine
consumption. Consumers appear to be aware of the fact that wine consumption benefits health.
Detailed knowledge of the positive and negative constituents in wine is, however, lacking.
A winemaker’s survey was sent to producers to determine what they understood regarding wine and
health. Most agreed that winemaking techniques and viticulture practices play an important role in
the healthiness of wine.
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1. CHAPTER 1: RESEARCH METHODOLOGY

1.1 SCOPE & RESEARCH METHODOLOGY OF THE DISSERTATION
The methodology was to conduct an in depth review of the available literature on both the negative
as well as the positive effects of wine on health. Each and every known chemical compound of wine
associated with health benefits and risk were separately identified and dealt with. The origin of each
compound was examined as well as the factors that influence them. Having considered the above,
attention was then given to what winemakers can do in order to produce healthier wines.
Surveys were also done in an attempt to gauge consumer concerns about the health benefits and
risks of wine and winemakers’ perspective on health benefits and risks of wine. The scope of the
consumer survey was fairly expensive with over 600 respondents. More than 26 local winemakers
were asked to respond. These included both male and female winemakers from large and small
producers. All of the known producers of so-called ‘natural wines’ were approached. Unfortunately
only 8 local winemakers responded.
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2. CHAPTER 2: LITERATURE REVIEW

2.1 INTRODUCTION
Mankind has consumed wine for pleasure for many millennia. Evidence of this dates back more than
ten thousand years. Although the use of wine for medicinal purposes can be traced back to ancient
times, scientists and researchers to this day, are still discovering new health benefits associated with
moderate wine consumption (Fehér et al 2007).
Grivetti (1996) states that wine contains energy and nutrients and are by any definition a food type,
but it is two-faced. Wine has the unique attribute of being praised when consumed in moderation,
but condemned when consumed in excess. This contrast has been expressed throughout history.
The health benefits of wine seem to outperform that of most other types of alcoholic beverages.
When the possible health effects of wine are considered a very important factor that should be taken
into account is that not all wines are produced in the same way. This could results in a wide
discrepancy between the health effects of wines made by different producers. There are numerous
components found in wine that are beneficial to human health, but there are also those that are very
harmful or toxic. Various factors influence the occurrence of these components. The winemaker and
sometimes also the viticulturists can exercise control over some of these factors.
2.2 MEDICINAL USE OF WINE IN ANCIENT TIMES
It is widely recorded throughout history that grapevines are some of the oldest human cultivated
plants. Wines produced from Vitis vinifera grapes are extensively celebrated. The medicinal use of
wine dates back to ancient times and can thus be included as one of the oldest medicines known to
man (Robinson, 2006). Since the 3rd millennium BC, various writers have mentioned the positive
attributes and uses of wine. Ancient literature deals with the medical, social and dietary influence of
regular wine consumption (Grivetti, 1996). Accordingly, health is a significant part of wine’s cultural
history — either as a tool to manage the health of patients directly as a prescribed medicine for the
treatment of a specific symptom, or indirectly as a preventative measure to simply maintain good
health. Wine has been used, inter alia, as an antiseptic, a painkiller, and to treat digestive and
dermatological disorders (Robinson, 2006; Guilford & Pezzuto, 2011).
In ancient history physicians typically recommended that patients mix the materia medica (the
remedial substance) with wine to create a medicinal concoction to cure various illnesses. In the
concoction, wine also masked the unpleasant taste of medicinal substances (from plants and
minerals) and the alcohol in wine acted as an excellent solvent of ingredients that physicians at the
time prescribed. In the Egyptian Ebers Medical Papyrus, dating back to 1550 BC, it is recorded that
medicines with wine as the principle ingredient, aids in loss of appetite and in curing “great
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weakness” and even as far back as that, wine was recognised as having its own unique medical
benefits (Bryan, 1930). Wine and substances mixed with wine was recommended to cure illnesses
such as constipation, asthma and dyspepsia (Fehér et al 2007).
2.3 HEALTH RISKS ASSOCIATED WITH WINE CONSUMPTION
The specific health benefits of wine consumption have been the subject matter of debate over a long
period of time. Diverse opinions exist. Some advocate that a glass or two of wine lowers the risk of
developing certain diseases. It is, however, important to consider that alcohol consumption in excess
can have very harmful to human health. (Goode, 2014).
Wine constituents that could be harmful to health include alcohol, sulphites, biogenic amines, heavy
metals, mycotoxins, allergens, as well as pesticide and fungicide residue from grapes. Although less
likely to occur, physical hazards can also be very harmful if present in wine.
Wine labels typically reflect only grape variety, alcohol content, and whether or not the wine contains
sulphites. When compared with other consumables, wine labels provide very limited information
regarding its nutritional value and the presence of harmful components. Other manufacturers in the
food and beverage industry justifiably question whether this is fair. Even water must contain a full
description of its nutritional value.
In wine, the paucity of information on labels makes it impossible for consumers to identify which
wines are more harmful than others, due to higher levels of toxic substances and as discussed later
(Chapter 2, heading 2.3), that this has resulted in consumers being largely ignorant to the health
benefits and risks associated with wine.
The question that arises is whether wine labels should not also provide more information to inform
consumers of the content of the wine that they purchased and the possible health risks it has.
The next section examines the components of wine that could have a negative effect on human
health, the legal limits (if any) thereof, and the influence that winemakers could have on the
occurrence of these substances in the wines that they produce.
2.3.1

ALCOHOL

The excessive use of alcohol may have serious negative effects on the health and well-being of
humans. In the last couple of years, the alcohol content of wines tended to increase. This is due to
the increase of grape sugars which could most likely be accredited to climate change (Jorda͂o et al.
2015). Consumers, mainly from Europe, have simultaneously started to demand alcoholic beverages
with a lower alcohol content. This is probably due to consumers becoming more health-conscious
and other social concerns associated with excessive alcohol consumption (Jorda͂o et al. 2015).

13

According to the World Health Organization (WHO, 2002) there is a higher occurrence of death and
illness associated with excessive alcohol abuse, when compared to the use of tobacco. Excessive
use of alcohol can lead to various physical, psychological, and neuropsychiatric conditions. This
increases the pressure of disease on society, which causes huge economic burdens on especially
developing countries such as South Africa. The already valuable and limited resources needed for
other health and welfare issues, get redirected to attempt to control excessive alcohol consumption
(WHO, 2002).
The American Heart Association (AHA) recommends that consumers should be aware of the risks
of consuming alcoholic beverages, and they suggest that men drink only two and women only one
alcoholic drink per day. The association also recommends that non-drinkers of alcohol should
abstain, since it is impossible to predict in advance who may possibly develop alcoholism (AHA,
2019). The US Department of Agriculture defines that ‘a one drink unit’ measure of a specific drink
contains 17.5 ml of absolute ethanol. This is equal to about 145ml of wine with a 12% alcohol content
(Margalit, 1997).
In 2005, the South African adult per capita alcohol consumption (APC), was equal to 9.5 litres of
pure alcohol. This level is higher than the world average of 6.13. An important factor to bear in mind
is that in South Africa the consumption of unrecorded alcohol accounts for 26.5% of the total adult
consumption (DTI, 2019).
According to The Heart and Stroke Foundation of South Africa alcohol should be consumed in
moderation. A maximum of 2 to 3 drinks per day for men and 1 drink per day for women. They define
a one drink measure of alcohol to be equal to 120ml of wine.
2.3.1.1 Where does the alcohol in wine come from?
Alcohols are organic compounds that consist of carbon, hydrogen and oxygen atoms. These atoms
are arranged in such a way that an “–OH” group is present. The important type of alcohol associated
with wine and spirits is ethanol (commonly referred to as just ‘alcohol’). Grape juice is transformed
into wine through microbiological activity of yeast. Alcoholic fermentation by various wine yeasts is
the conversion of grape sugars glucose and fructose to ethanol and carbon dioxide. In some wine
styles additional alcohol is added. They are referred to as ‘fortified wines’ (Robinson, 2006).
2.3.1.2 Role of alcohol in wine
Of the volatile compounds found in wine, alcohol is the most abundant. It also has an important
impact on the sensory properties of wine, due to its interactions with other wine constituents such as
aroma compounds and tannins. Alcohol has an influence on the viscosity and body of the wine. It
also changes the perception of other sensory qualities such as bitterness, astringency, sweetness
and sourness during wine consumption (Jorda͂o et al. 2015).
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2.3.1.3 Legal regulation of alcohol in wine and labelling requirements
The production of wine in South African is governed by the Liquor Products Act 60 of 1989 (as
amended) which stipulates it is compulsory for labels to represent the exact percentage of alcohol
per volume of the liquor product with a “5”5- symbol and a clear out line of the expression “Alcohol”
and “Volume” am dots abbreviation “AV”. For wine this may not differ by more than 1.0 % from the
value stated on the label and not be higher or lower than the minimum and maximums specified for
the liquor product (Liquor Products Act 60 of 1989).
The Liquor Products Act 60 of 1989 defines a ‘natural wine’ as one with an alcohol content of at least
4.5 per cent, but less than 16.5 per cent (Definition of ‘natural wine’ substituted by GN R401/2014).
It is important that producers comply with the relevant legislation and ensure that both alcohol
content and labelling requirements are adhered to. The Wine and Spirit Board is a statutory body
that is mandated to implement certain legislation. See Appendix 1 for details on the labelling
requirements for South African wines.
Due to growing concerns in terms of responsible drinking, The Minister of Health made certain
regulations under the Foodstuffs, Cosmetics and Disinfectants Act, 1992 (Act No. 54 of 1972) on 24
August 2007. In terms of these regulations, it has become compulsory to include health messages
on container labels for alcoholic beverages sold in South Africa. See Appendix 2 for further details
on the health warnings that should be on the labels of alcoholic beverages.
The legal requirements for alcohol warnings and labelling for wine and other alcoholic beverages
differ between countries. Producers must make sure that their wine complies with the relevant
requirements of the countries in which they intend to sell their wines.
2.3.1.4 Health risks and disadvantageous of alcohol
The consumption of too much wine can lead to the following problems:


Alcohol dependency and abuse

Regular wine drinking may develop into excess consumption. An addiction to alcohol, or alcohol
abuse has serious health and socio-economic implications. In 1952 the WHO defined alcoholism as
the drinking of any alcoholic beverage that results in health problems. They have conducted various
studies during the last 30 years to define the criteria for the classification of alcoholism with more
precision (Hasin, 2003).
Definitions for alcohol use disorders used currently are determined by the Diagnostic and Statistical
Manual of Mental Disorders (DSM) of the American Psychiatric Association and the International
Classification of Diseases (ICD) of the WHO. The DSM IV and the ICD-10 diagnostic criteria for
alcohol dependence and alcohol abuse, are summarised in Appendix 3 (Hasin, 2003).
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In May 2013, the American Psychiatric Association introduced the DSM-5. There is considerable
overlap between the DSM-IV and the DSM-5, but the following differences applies (NIH, 2016),
Appendix 4):


DSM-IV describes the two distinct orders, alcohol abuse and alcohol dependence separately.



DSM-5 integrates alcohol abuse and alcohol dependence into a single disorder called alcohol
use disorder (AUD).



The diagnostic criteria under DSM-IV states that anyone meeting one or more of the “abuse”
criteria within a 12-month period will be diagnosed as alcohol abuse.



The DSM-5 states that anyone meeting two or more of the 11 criteria during the same 12month period will be diagnosed with AUD. Depending on the number of criteria met the
severity of AUD will be divided into mild, moderate or severe.



DSM-5 eliminates legal problems as a criterion.



DSM-5 adds craving as a criterion for an AUD diagnosis.



In the DSM-5 the criteria description is modified to include updated language.

The South African Comparative Risk Assessment Collaborating Group tried to estimate the burden
of disease attributed to the use of alcohol by South Africans in the year 2000. They found that alcohol
contributed to 7.1% of total deaths in South Africa (Schneider et al. 2007). During a study done
between 2002 and 2004, the South African Stress and Health survey found that 11.4% of individuals
met the criteria for alcohol abuse and 2.6% for alcohol dependence (Herman et al. 2009).


Alcoholic liver disease

The intake of large quantities of alcohol can cause damage to various organs of which the liver is
usually the one that gets most affected. Alcohol is broken down in the liver and various potentially
toxic by-products are formed, such as acetaldehyde and free radicals. These by-products can
contribute to alcohol-induced liver damage (Maher, 1997). Death due to liver disease, occurring in
advanced countries, is directly proportional to alcohol intake (Brůha et al. 2009). Consumption of
more than 30 grams of alcohol per day, equal to 2-3 glasses of wine, increases the risk of developing
liver disease (Brůha et al. 2009; NIH).
Cirrhosis is a condition where healthy liver tissue is scarred and permanently damaged. If cirrhosis
of the liver occurs, the life expectancy of a person is drastically shortened. As cirrhosis progresses
the liver begins to fail and health complications develop. Complications associated with cirrhosis
may include portal hypertension, infections, liver cancer and liver failure (Scaglione et al. 2015). One
of the most common causes of cirrhosis is excessive alcohol consumption. The average survival
period for patients that are diagnosed with advanced cirrhosis is only 1-2 years. This disease
develops slowly over a long period of time — initially without any symptoms — which only manifests
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once the liver is seriously damaged. Once damaged, the liver cannot function properly, because
healthy liver tissue is replaced by scar tissue that is permanently damaged. The only way to stop the
progression of alcoholic liver disease is to completely discontinue the consumption of alcohol (Brůha
et al. 2009; NIH).


Increased risk of obesity and malnutrition

Considering that the energy content in 1 gram of alcohol is equal to 29 kJ or 7.1 kcal, it follows that
alcohol consumption can lead to weight gain (Sayon-Orea et al. 2011). Although more research is
needed to determine the influence of different types of alcoholic beverages on weight gain, a study
done by Wannamethee & Shaper in 2003 found that heavier drinkers that consume more than 30
grams of alcohol per day, will gain weight and develop obesity, irrespective of the type of alcohol
that they consume.
Alcoholics can also suffer from malnutrition. This may be due to the insufficient intake of essential
nutrients as many alcoholics do not consume a balanced diet. Malnutrition may also occur when
excessive alcohol consumption interfere with the alcoholics’ ability to absorb and utilize the nutrients
that they ingest. Alcoholics therefore typically have vitamin deficiencies such as vitamin A,
B1(thiamine), B2 (riboflavin) and B6 (pyridoxine) (Lieber, 2004)


Higher occurrence of depressive disorders

Depression is the most common mental disorder worldwide and the occurrence thereof is increasing
gradually (Patten, 2009). Heavy consumption of alcohol results in a much higher risk of depression
(Gea et al. 2013). The presence of alcohol-related issues and depression often occur together (WHO
2011). It is also important to note that problematic alcohol consumption might be associated with
depression — not only due to the influence of ethanol, but also due to other alcohol-associated
unhealthy lifestyle habits, or to the social circumstances of problematic drinkers. Examples of these
situations include job loss, family problems, financial stress or other addiction problems, any of which
could be a trigger for depression (Gea et al. 2013). A study done by Tait et al. in 2012, found that
the impact of alcohol consumption on depression differs between the genders, with females that are
more at risk of depression than men.


Foetal alcohol syndrome

Alcohol consumption during pregnancy can damage the developing foetus, cause birth defects, and
intellectual and neurodevelopmental disabilities. During pregnancy alcohol can be transferred from
the mother to the foetus through the umbilical cord (Centre of Disease Control and Prevention, CDC,
2018). Any amount of alcohol can adversely affect a developing baby and therefore women should
not consume alcohol during pregnancy (Maier & West).
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Foetal alcohol syndrome (FAS) refers to a quantifiable diagnosis focussed on a specific combination
of cognitive abnormalities, due to the consequential prenatal alcohol exposure (PAE) (Williams et al.
2015). A study conducted on alcoholic mothers in 1973, showed a pattern of malformation in their
offspring. From this study the basic diagnostic criteria for FAS were derived (Jones et al. 1973). FAS
can be categorised by a distinct cluster of facial features (such as smooth ridge between the nose
and upper lip), growth retardation and central nervous system deficits (Hoyme et al. 2005). Alcohol
consumption during the first three months of pregnancy can cause the distinct abnormal facial
features. Problems associated with abnormal growth and central nervous system defects can occur
from consuming alcohol during any stage of the pregnancy (CDC, 2018).
Foetal alcohol spectrum disorder (FASD) is a more recent all-inclusive term, that are used to
describe the broad range of adverse developmental effects associated with alcohol consumption
during pregnancy. There are four diagnoses under the group of FASD: FAS, Partial FAS (PFAS),
Alcohol-Related birth defects (ARBD) and Alcohol-Related Neurodevelopmental Disorder (ARND)
(Williams et al. 2015).
FASD is extremely harmful for individuals, families and society in general, due to the medical,
surgical, behavioural, educational, custodial, judicial and other services needed to care for the
individual (Williams et al. 2015). In South Africa diagnostic and supportive services are very limited.
Therefore, it is not clear how many children and adults possibly have FASD. Areas in South Africa
anticipated to have high rates of FASD, Grade 1 children were screened for FASD. The rate of
positive cases was higher than anywhere else in the world. Results of children in Grade 1 surveyed
in the Western Cape, Northern Cape and Gauteng provinces revealed between 2.7% children with
FAS only and 11.9% with FAS and PFAS (Rendall-Mkosi et al. 2008).


Other adverse effects of excessive alcohol consumption

Some studies have shown that drinking three or more drinks per day may be associated with
neurodegeneration, weakening of bones, cardiomyopathy, hypertriglyceridemia, hypertension,
stroke, and breast cancer (Saremi & Arora, 2008).
Hodge et al. in 2006 examined the association between the amount and frequency of alcohol intake
and type 2 diabetes. They found that a daily higher intake of alcohol (even if it is only 1-3 days per
week) may increase the risk of diabetes in men.
A study on the patterns of alcohol consumption and ischaemic heart disease conducted in 2010,
found that although moderate alcohol intake during the week lowers the risk of ischaemic heart
disease, binge drinking leads to higher risk of this disease (Ruidavets et al. 2010).
Both international and South African research has shown conclusively that alcohol use is a major
contributor to motor vehicle accidents (MVA’s), as it impairs driving capability and effects driver
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attitude, decision-making, judgement, awareness, response-time and control over the motor vehicle
(Road Traffic Management Control, 2019). Pedestrian fatalities due to alcohol consumption is also
a major concern in South Africa (Mabunda et al. 2008).
The adverse economic implications associated with the excessive use of alcohol fall beyond the
scope of this dissertation. It is, however, apparent that alcohol abuse may have a devastating effect
on the economy and on the lives of millions of people of a country.
2.3.1.5 Control of the alcohol content in wine
Growing concern regarding alcohol consumption has resulted in an increased demand for
beverages, including wine, with a lower alcohol content (Jorda͂o et al. 2015). Wine producers are
looking for ways to reduce the levels of alcohol in their wines. The optimum outcome for both
consumers and producers would be the production of wines with lower alcohol content, but that still
maintain the same level of quality. The control of alcohol levels in certain countries is also important
due to additional alcohol tax on wine with levels above 14.5% v/v (Jorda͂o et al. 2015).
The production of full-bodied red wines with intensity and complexity of flavour, requires grapes that
have reached phenolic ripeness. Grapes with these qualities typically have higher sugar
concentrations. The problem is that this leads to higher alcohol levels (14-16% v/v), which can have
a negative impact on the sensory profile, causing the wine to be unbalanced.
The amount of alcohol found in wine is mainly influenced by the amount of sugar that is accumulated
in grapes during the ripening process. Most of the sugar is eventually fermented to alcohol during
the winemaking process. The accumulation of sugar in the grape berry starts at véraison and steadily
increases during ripening. Numerous factors influence the sugar accumulation and the final sugar
level in the grape berry. These include sunlight exposure, water availability, ion status of the soil
(especially potassium), physical damage, fungal or bacterial attack and phytohormones. Although
grape varieties are genetically different in terms of their sugar composition, various environmental
and viticultural practises can also affect the final sugar concentration in grapes (Jorda͂o et al. 2015).
Some studies suggest that climate change is the reason for increased alcohol levels in recent years
(Jorda͂o et al. 2015). Others feel that higher sugar concentrations in grapes are probably due to
producers harvesting later and allowing longer hang time on the vine to reach optimum phenolic
ripeness and aroma development in grapes. This is especially associated with producers in warmer
climates. In general temperatures below 30°C, UV-B radiation and moderate water deficiency, lead
to the increase of sugar content in grape berries during ripening. The average alcohol level of
Riesling grapes from Alsace increased with 2.5% (v/v) over the last 30 years — attributed to the
warmer conditions during ripening. Similar results were seen in Australian wines (between 1984 and
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2004), with an increase from 12.3 to 13.9% (v/v) in red wines and 12.2 to 13.2% (v/v) in white wines
(Jorda͂o et al. 2015).
It is possible to lower the sugar content in must and the resultant alcohol content of wine by using
various techniques such as nanofiltration. This process is suitable for reducing alcohol content, but
unfortunately it leads to the loss in aroma and colour (Jorda͂o et al. 2015).
Recently a number of studies focussed on the microbiological aspects that could potentially change
the production of ethanol during fermentation, as a substitute for physical alcohol removal
techniques. This seems to be an acceptable option as it could potentially decrease the ethanol
concentration without changing the quality and having a negative impact on the sensory properties
of wine (Rossouw et al. 2013).
Studies in Australia and South Africa (Rossouw & Bauer, 2016) suggest that the use of certain nonSaccharomyces yeast during alcoholic fermentation, can result in wines with lower alcohol levels.
Several yeast species and strains found naturally on grapes, show the potential for alcohol reduction
during fermentation. Ongoing studies should focus on strategies to ensure the survival and promote
the metabolic activities of these yeasts under winemaking conditions. (Jorda͂o et al. 2015; Rossouw
& Bauer, 2016).
Rossouw et al. (2013) experimented with the metabolic engineering of existing commercial wine
yeast strains. The purpose was to convert a part of the carbon source in grapes to alternative end
products (trehalose), instead of into ethanol. They found trehalose to be a suitable option as this
does not impact the sensorial properties of wine. The conversion of some sugar carbon sources to
trehalose is due to the activity of trehalose-phosphate-synthase 1 enzyme. They continued by
genetically engineering commercial yeast to overexpress this enzyme, resulting in wines with lower
alcohol content. Currently the use of genetically modified (GM) yeast strains is not accepted in the
wine industry. The reason why the use of GM yeast strains are not allowed during wine production
is due to general safety concerns on the long term effect on human health and the environment
(SAASTA, 2009). This study does, however, suggest that wine yeast strains with natural trehalose
metabolic activity should be the future focus of selection. This can be followed by breeding programs
to generate yeast strains (not genetically modified in a laboratory) that could assist in producing
wines with lower alcohol levels (Rossouw et al. 2013).
Numerous other alcohol reduction methods can be used to lower the alcohol content of the final
wine. They are based on semi-permeable membrane technologies and include nanofiltration,
reverse osmosis and membrane contactors. These methods are effective in lowering the alcohol of
wine, have relatively low operating costs, work at low temperature and are professed to have limited
negative influence on the sensory properties of wine (Jorda͂o et al. 2015).
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According to the International Office of Vine and Wine (OIV), separating techniques that can be used
to remove alcohol from wine, include vacuum evaporation, distillation and membrane techniques. Of
these techniques those used most in wineries are reverse osmosis (membrane separation) and
spinning cones (vacuum evaporation) (Jorda͂o et al. 2015).
Thus, it is apparent that much is done to find improved and economically viable ways of reducing
the alcohol levels in wine without compromising on quality. The current legislative provisions in this
regard are contained in Table 7 of the Liquor Products Act, 60 of 1989 as amended (Appendix 5).
2.3.2

SULPHUR DIOXIDE

Sulphur dioxide (SO2) is used as a preservative in many food products such as dried fruit, juices and
also wine. Regarding its health implications, SO2 is probably the most frequently discussed
compound found in wine. Although topical amongst consumers, retailers and wine writers, it seems
that few have a good understanding of the subject. SO2 and wine is a very technical category and
could be the reason why it is easily misunderstood (Robinson & Godden, 2003). Nevertheless, it is
important to have a clear understanding of this compound, the role it plays in winemaking, the legal
limits that apply, and to what extent this influences the health of consumers.
It is particularly important that winemakers have a clear understanding of the role that SO2 plays in
causing various reactions, both positive and negative. This will enable them to select the best
method, appropriate time, and the amount to add during the winemaking process. It will also lead to
the consideration of alternative options that could limit, or even result, in the exclusion of the use of
SO2 (Boulton et al. 1996). It also bears emphasis that the most common wine-quality-related
problems arise, due to incorrect or misuse of SO2 (Robinson & Godden, 2003).
2.3.2.1 Where does the SO2 in wine come from?
SO2 is usually added to wine during the winemaking process. It is, however, not a well- known fact
that SO2 in wine can occur as a natural by-product of yeast metabolism during fermentation. The
amount of SO2 produced in this way is usually less than 30 mg/l, but studies by Rankine & Pocock
in 1969 showed that it can sometimes be higher than 100 mg/l. There are various factors that
influence the amount of SO2 produced in this way. This includes the yeast strain and the fermentation
conditions. Therefore, it is extremely rare to find a wine with a total absence of SO2 (Rotter, 2011).
It is also important to note that spontaneous fermentations conducted by indigenous yeast strains,
can sometimes result in a wine with higher SO2 levels than in a wine made with commercial selected
wine yeast strains (Lallemand, 2014).
Usually additional SO2 is added during the winemaking process. There are four main sources
(Chatonnet et al. 1993; Rankine 2004):
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Generated from burning sulphur wicks and rings, which are typically used for dosing barrels
and small wooden tanks during cleaning and storing.



SO2 gas compressed into a liquid form and metered into grape must or wine as a liquid, or
as a gas above the liquid. It has to be kept under pressure in a specific canister and therefore
it is very dangerous to handle.



A solution of SO2 in water. It is easy to calculate the amount of solution to add to grape must
or wine to get the desired level of SO2, and it is easy to store and handle.



Salts of SO2 in the form of potassium metabisulphite and sodium metabisulphite are
commonly used during the winemaking process. Potassium metabisulphite (often referred to
as meta) is usually preferred by winemakers since an increase in potassium levels can later
aid in the precipitation of tartrates during cold stabilisation.

2.3.2.2 The role of SO2 in wine
The use of SO2 in winemaking dates back to Egyptian and Roman times (Boulton et al. 1996). It is
still universally used during wine production and it is one of the few compounds where legal
maximum levels are strictly regulated. These limits have been set to prevent excessive and harmful
use.
SO2, however, is an important component of wine, since it acts as a protector of wine quality. It is
regarded by most winemakers as an essential preservative for their wines. It acts both as an antioxidant that protects against oxidation, and as an antimicrobial agent that prevents the wine against
microbiological spoilage. Both roles are equally important to ensure and to maintain the quality of a
wine. Peter Godden of The Australian Wine Research Institute (AWRI) refers to SO2 as ‘a magical
substance’, because of its importance in preserving wine and its quality even at relatively low
concentrations.
SO2 is indeed ‘a magical substance’ because of its ability to (Boulton et al. 1996):


eliminate or inhibit the growth of unwanted bacteria and yeast;



inhibit phenoloxidase activity and thus enzymatic oxidation;



interact with wine phenols in competitive chemical oxidation reactions;



bind with acetaldehyde, pyruvate, keto-glutarate, and anthocyanin; and =



delay the development of brown pigmentation.

The judicious use of SO2 during winemaking, reduces the risk of oxidized wine and off-flavours
produced by the growth of unwanted microorganisms. It also helps to limit bottle variation and allows
the winemaker to produce a more consistent product (Goode, 2014).
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In 2004, AWRI’s problem-solving service received a number of problematic wine samples. These
wines showed various faults including sensory deterioration, premature oxidation, microbiological
spoilage and high levels of volatile acidity. These faults were all traced back to insufficient levels of
SO2 in the wines at bottling. (Robinson & Godden, 2003).
2.3.2.3 The physical properties of SO2 and guidelines for the most effective use thereof
The effectiveness of SO2 depends on the ratio between the ‘free’ and ‘bound’ forms. SO2 is present
in both of these forms in wine, and the total SO2 that is referred to in wine is a combination of both
the free and the bound portions (Rankine, 2004). It is important to understand this difference when
considering the rate and extent of the reactions that SO2 causes when added to wine. A proper
understanding of how, when and why the free and bound reactions occur and the implications of
each of them, is extremely important in the winemaking process. This will enable the winemaker to
select the correct time, and the amount of SO2 to use during certain stages of the winemaking
process, and also to consider other alternative treatments to replace the use of this compound
(Boulton et al. 1996).
As soon as SO2 is added to wine, it dissolves, and part thereof reacts with other chemical
compounds. This fraction becomes the bound form. There are numerous compounds in wine that
SO2 reacts with. These include acetaldehyde, ketonic acids, sugars, and dicarbonyl group
molecules. The bound form of SO2 does not have any antimicrobial and antioxidant properties and
is therefore insignificant in preserving wine. It is, however, important to understand that some of the
bound form is permanently bound, whilst the remainder may be released to the free form when this
fraction is used up (Robinson & Godden, 2003). In other words it is possible for a fraction of the
bound SO2 to be released as free SO2, but only under certain conditions.
The SO2 fraction can be measured analytically and is regarded as being the most significant by
winemakers (Rankine, 2004). Most of the free SO2 exists in the relatively inactive bisulfite anion
(HSO3‾), and just a small part exists as the active molecular SO2. The molecular SO2 is the part with
the most antimicrobial and antioxidant properties (Robinson & Godden, 2003). The ultimate aim for
winemakers should be to ensure that as large a fraction as possible of the total SO2 in wine is in the
free form, and of this, as large a fraction as possible is in the form of active molecular SO2. The
various factors and techniques that winemakers can use to achieve these objectives are explained
later.
SO2 is typically added at various stages during the winemaking process. Although there are certain
guidelines, these cannot be elevated to a particular standard or norm, since each wine style and
situation has to be treated separately (Rankine, 2004). The primary objective when using SO2 is to
use as little as possible whilst at the same time ensuring that the portion added optimally protects
the wine from spoilage and oxidation.
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Using SO2 effectively during winemaking, starts with making sure that grapes are healthy, with
minimal fungal and physical damage. Damaged or rotten grapes have higher levels of compounds
that bind SO2 and enzymes that are responsible for oxidation (Goode, 2014). Rotten grapes infected
with Botrytis cinerea is more susceptible to oxidation due to the production of laccase. Laccase is a
potent oxidation enzyme that oxidizes phenolic compounds in grape juice (Du Toit, 2002).
It is recommended that larger, but less frequent SO2 quantities be added to obtain higher
concentrations of free SO2. More frequent and smaller additions of SO2 can result in a wine with a
higher ratio of bound to free SO2. At AWRI, Robinson and Godden (2003) found that a practice of
several small SO2 additions throughout the winemaking process, led to low free SO2 levels in the
final product, resulting in higher microbiological activity and oxidative properties.
Critical points for the optimum use of SO2 include adding it as soon as possible after grape crushing,
after alcoholic or malolactic fermentation, and to maintain the desired molecular SO2 during bulk
storage and before bottling (Rotter, 2011). At all these points a good dose of SO2 is strongly
recommended to maintain a free SO2 level between 30-40 mg/L (Goode, 2014).
The pH of the must or wine is one of the most important factors affecting the effectiveness of SO2.
The lower the pH levels when the wine is more acidic, the more total SO2 will be in the free form.
Also, the amount of molecular SO2 is a direct function of the pH. The percentage of free SO2 in the
molecular form is higher at a lower pH. The winemaker should accordingly calculate the amount of
SO2 by using the pH of the must or wine as a reference. The best practise here will be to try and
keep the pH of must or wine lower — preferably not more than 3.5 (Rankine, 2004).
Clarity of the wine also needs to be considered. Free SO2 is rapidly bound in hazy or turbid wines
and it is recommended to maintain a high level of clarity during storage or maturation of wine. This
can be obtained by careful racking, fining and filtration (if required) (Rotter, 2011).
The less exposure of juice and wine to oxygen, the less SO2 will bind to oxidation products. Keeping
storage vessels full, closing lids and bungs tightly, limiting oxygen uptake during transfer and bottling,
are ways of maintaining a good ratio between free and bound SO2 (Goode, 2014).
Winery cleanliness also plays an important role in the SO2 management of wines. Dirty wineries and
equipment will allow high levels of spoilage microorganism to grow and potentially infect wines. The
more spoilage microorganisms in your wine, the more SO2 will be needed to prevent your wine from
spoilage (Goode, 2014). SO2 can limit or inhibit the growth of spoilage microorganisms such as
Brettanomyces, Lactobacillus and Pediococcus (Boulton et al. 1996).
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2.3.2.4 Legal limits of SO2 in wine and labelling requirements
Various authorities throughout the world regulate the permissible legal levels of SO2 in wines
produced in their countries. Initially the permitted SO2 level in wine was as high as 500 mg/l.
By the second half of the 20th century, various countries reduced the maximum legal levels of SO2
allowed in their wines. The reduction in these levels was because high levels of SO2 had a negative
sensorial impact on wine, and there are health concerns, especially for asthmatics. This resulted in
compulsory labelling information being required in most countries, with a mandatory warning stating
that wines contain sulphites if the level of SO2 is more than 10mg/l. The EU regulations also changed
in 2004 and all wine sold in the EU now has to comply with this requirement with the warning
‘contains sulphites’ or ‘contains sulphur dioxide’, stated on the wine label.
As discussed SO2 is a natural by-product of fermentation, therefore labelling stipulations are probably
applicable to almost all wines, including those made without the addition of any SO2 (Robinson,
2006).
The maximum allowed legal levels of SO2 in wine differ between wine producing countries, however,
countries to which wines are exported can set their own criteria. It is important for consumers, and
especially sulphur sensitive individuals, to know the permissible levels of in wines, since different
styles of wine often have different SO2 levels. For the producer it is important to make sure that the
levels in their wines are below the legal limit in both the country where they produce their wines, as
well as in the country that they export their wines to (Robinson, 2006).
South Africa is one of the countries that prescribes the lowest maximum legal levels of total SO2 in
wines. The laws in South Africa strictly regulate permissible levels and any wine that is not compliant
with these restrictions, will not be certified by The Wine and Spirits Board.
In terms of the Liquor Products Act 60 of 1989 (as amended) the maximum legal limit of SO2 allowed
depends on the wine style. Dry white and rose wines with a residual sugar content less than 5g/L
may contain a maximum of 160mg/L total SO2. Dry red wine with a residual sugar content less than
5g/L may contain a maximum of 150ml/L total SO2. Sweet wines with a residual sugar content of
more than 5g/L may contain a maximum of 200mg/L total SO2. Noble late harvest and wine from
dried grapes may contain a maximum of 300mg/L of total SO2.
Annexed hereto and marked Appendix 6, is an index with a summary of the legal limits of SO2 in
wines produced in various countries as well as the regulations for countries importing wines (FIVSAbridge – Subtopic Compare).
A comparison between these requirements and those that apply in South Africa, reveals that South
African regulations are clear and understandable, regarding the permissible SO2 levels. It does,
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however, warrant repetition that the regulations set maximum limits and that they are not guidelines
for good winemaking practice.
2.3.2.5 Health effects and disadvantages of using SO2
SO2 is often blamed by consumers to cause adverse effects after consumption of wine. This is
probably because SO2 is the only additive that is listed as an ingredient on wine labels. Unfortunately,
there is limited research available that gives a clear understanding of other compounds that may in
fact be the true cause for adverse reactions such as headaches and flushing (Goode, 2014).
SO2 is regularly used in preserving many foods such as meats, grains, vegetables, dried vegetables,
crustaceans, salted and dried fish, fruits, dried fruits, pulps, sweets, jellies, jams, syrups and juices
(Silva & Lidon, 2016). Typical levels in some foods: dried vegetables 100 to 500 ppm and dried fruits
1000 to 2000 ppm. Wine, depending on the style, usually only has between 50 to 120 ppm, more
than 10 times less than the levels found in dried fruits (Margalit, 1997).
Humans are also exposed to SO2 in the atmosphere. The average intake of atmospheric SO2 by
respiration is approximately 1mg/day. The acceptable daily intake of SO2 according to the Food and
Agriculture Organization and the World Allergy Organization is about 45 mg/day for a person
weighing around 63.5 kg. In 1975 The Institute of Food Technology expert panel on food safety,
reviewed the use of sulphites as a food and beverage preservative and decided on the ‘Generally
Recognized as Safe’ (GRAS) list of food additives (Margalit, 1997). This does not mean that SO2 is
completely healthy for all humans. It may result in serious reactions in people suffering from asthma.
The harmful effects on the lungs includes wheezing, shortness of breath and chest tightness (EPA,
2008). In asthmatics ingestion of levels as low as 1 mg can be very hazardous and therefore some
health practitioners advise asthmatics to avoid wine completely (Goode, 2014). It appears that only
a small portion of the population is sensitive to SO2. Studies suggest that the doses that asthmatics
have to be exposed to in order to exhibit symptoms is not low, around 25 to 100 mg, measured as
potassium metabisulfite (Margalit, 1997).
Recent research into other adverse effects of SO2 is limited, and it is generally accepted that the
level of toxicity when legislated dosages are used, is small. Some studies suggest that SO2 might
destroy thiamine (vitamin B1) (Silva & Lidon, 2016). A few sensitive individuals develop headaches,
stomach or skin reactions, eczema, nausea and diarrhoea. Further, there are speculations that SO2
might be involved in the development of cancer, but this has not been proven (Silva & Lidon, 2016).
One of the disadvantages of using SO2 is that, even at relatively low concentrations, it has a pungent
aroma and may sometimes have an adverse effect on the aroma of wine (Robinson, 2006). If SO2
is used incorrectly at the wrong stage/s of winemaking, it can lead to stuck alcoholic and malolactic
fermentation, resulting in deterioration of wine quality. It is also important when using SO2 to stay
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within the legal limits of the country of production and the ultimate sale thereof. Failure to adhere to
these limitations could have serious economic consequences for wine producers.
2.3.2.6 Making wine without the addition of sulphur dioxide
Only approximately one percent of wine producers around the world make wine without the addition
of SO2. However, even these wines do contain some SO2, albeit at lower levels because, as
discussed SO2 is a natural by-product formed during yeast fermentation, whether spontaneous or
inoculated (Robinson, 2006). When winemakers use commercial yeast strains, they should select
strains which produces the lowest possible levels of SO2 during fermentation.
In his book, The Science of Wine, Jamie Goode (2014) writes about “the brave souls that produce
VINS SANS SOUFRE” (sulphur free wines). This category of winemakers has increased
considerably in the last 14 years, although the group is still significantly small compared to producers
that use SO2 during wine production. The reason for this increase is that some consumers have
become more conscious about their health, exhibiting a preference for products that have not been
‘chemically manipulated’ (Goode, 2014).
Currently there is no other known additive that completely replicates the activities of SO2. The only
way to make quality wine without the addition of SO2 is to find alternative options to protect or
preserve the wine against oxidation and microbiological spoilage. The first step is to make sure that
grapes are of a high quality and disease free. The same applies to winery hygiene — a very high
level of cleanliness must be maintained at all times.
pH also plays a significant role in the effectiveness of SO2 in wine. Harvesting grapes at optimal
ripeness and not when overripe, can assist in obtaining naturally high acidity and low pH levels in
resulting juice. If due to climatic conditions grapes are harvested at low acidity and higher pH levels.
This should be rectified by adding tartaric acid during vinification (Rankine, 2004).
Storing wine on the yeast lees is a traditional way of protecting against oxidation. Various compounds
found in yeast lees have a high-oxygen-consuming ability, such as yeast membrane lipids and
sterols, thiols of cell wall proteins, β-glucans and adsorbed polyphenols. It is, however, important to
note that storage on the lees does not have any antimicrobial properties and can in fact contain
spoilage microorganism or encourage the proliferation of these microbes (Comuzzo et al. 2015).
Therefore, it is suggested that clarification of wine by racking from the lees is a better option to limit
the possible occurrence of unwanted microorganisms. Microorganisms associated with wine
spoilage include lactic acid bacteria (LAB), acetic acid bacteria and yeasts such as Brettanomyces
(Du Toit & Pretorius, 2000).
Grape juice and wine with no added or low SO2 should be protected from exposure to oxygen. This
may be done by keeping wine tanks and barrels full and tightly closed at all times. Ensuring that no
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unnecessary oxygen is introduced during transfer of wine with pumps or during bottling and using
carbon dioxide or nitrogen gas to disperse oxygen during transferring and storing of wine.
Additives that can assist in protecting white wine against oxidation include ascorbic acid. Ascorbic
acid can protect white wine from oxidation, however, it may initiate oxidation and browning after
bottling, if it is not used in conjunction with SO2. Ascorbic acid is therefore not a substitute for SO2
as an antioxidant. (Comuzzo et al. 2015).
Another compound that may been protect white wine against oxidation and browning is glutathione,
due to its high antioxidant capacity (Comuzzo et al. 2015). The higher the glutathione concentration
the less SO2 will be needed to protect white wine against oxidation. Various suppliers have
developed products from yeast derivatives, such as Optimum White® (Lallemand), that is high in
glutathione, or which increases the ability of yeast to assimilate glutathione precursors such as
Fresharom® (Laffort). Glutathione, however, does not have any antimicrobial properties.
Additives that do have antimicrobial properties and that can be used to protect wine with low levels
of SO2, include chitosan (O’Kennedy, 2019), sorbic acid or potassium sorbate (Benito, 2019),
dimethyl decarbonate and antibiotics such as lysozyme and natamycin (Gao et al. 2002). Other
processes that can eliminate or inactivate spoilage microorganisms, include sterile filtration, high
pressure treatment, flash pasteurization, thermovinification and ultraviolet radiation (Fredericks et al.
2011).
Polyphenolic compounds found naturally in wine, also have antioxidant and antimicrobial properties.
It is not exactly clear how the phenolic antimicrobial mechanism work, but it has been suggested that
these change the permeability of bacteria cell membranes, alter cell walls, change the composition
of fatty acids or interact with cellular enzymes. This inhibitory effect on bacterial growth is only seen
at very high concentrations of phenolics and not if they are present in low concentrations. Currently,
the addition of phenolic compounds (exogenous tannins) during winemaking as an antimicrobial
agent is not used often. More studies are necessary to determine if this would add value. The addition
of polyphenolic compounds could negatively affect the sensorial properties of wine, because of the
high concentrations that are needed to achieve antimicrobial activity (Lisanti et al. 2019).
Suppliers of wine additives, producers and researchers are constantly looking at alternative ways to
preserve wine and possibly eliminate the use of SO2 while still producing a high-quality wine. The
use of wood from rooibos and honey bush in wine have also been identified as possible SO2
replacing agents. Producers such as KWV and Audacia recently released wines without added SO2,
but were preserved by rooibos and honeybush. Studies showed that these alternative wood sources
have good antioxidant properties. The ageing potential of these wines are not yet known and the
antimicrobial effect is still relatively unclear (Hesseling, 2014).
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It is evident that whilst there are various techniques to lower the SO2 levels in wine, the industry is
still searching for suitable replacements that will substitute its role in winemaking.
2.3.2.7 Natural wines
There are a few natural wine makers (naturalists) that seek to produce completely natural wines that
contain no additives at all.
The topic of natural wine (also referred to as low-intervention, naked, raw or orange wines) has
become trendy recently, but the concept is not new. Historically wine or fermented grape juice was
made without the addition of any additives even though the use of SO2 as a wine preservative, dates
back to ancient times (Boulton et al. 1996). Therefore winemakers conclude that conventional
winemaking is the new way, whilst natural wines are in fact the traditional way of producing wines.
It remains a controversial topic. Natural wine producers argue that wine made with minimal
intervention is in its purist form with unique and exciting tastes. Traditionalists (or conventional
producers) argue that it is an excuse to hide behind obvious wine flaws. However, no one can deny
that these wines do have a strong following with wine bars and restaurants focussing only on natural
wines becoming very popular globally (Bull, 2019).
Jules Chauvet, considered the ‘father’ of the French natural wine movement, is a small Beaujolais
negociant and a chemist with various novel ideas for winemaking. His love for nature motivated him
to move away from pesticides, herbicides and chemical fertilizers, with the aim of restoring the
balance in the soil. Chauvet’s research and clear understanding of yeasts, vinification techniques,
carbonic maceration and malolactic fermentation, allowed him to develop a protocol for making
natural wine that has been adopted by various young natural winemakers. Producers of these wines
believe that they have more purity of fruit and produce aromatically more interesting wines than
conventional ones. Some make bold statements such as that if you overindulge in these wines, you
are less likely to suffer a headache later (Goode, 2014). These claims imply that higher levels of
SO2, or perhaps using other additives in wine, are responsible for these symptoms. There is,
however, no scientific evidence that prove natural wines are better for health than well-made
conventional wines to which only the required amount of SO2 has been added.
Currently in most countries, natural wines are not well regulated. Proponents argue that the following
requirements should be stipulated for these wines: They should be made from grapes that have not
been sprayed with any pesticides or herbicides; no machines should be used in the vineyards during
cultivation and picking of grapes; fermentation must only be with native yeasts; no additives should
be used during the winemaking process (Bull, 2019).
Tim James, a South Africa wine writer, argues that there can be no such thing as a completely
‘natural’ wine, as this would imply that it was made without any significant human involvement. He
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states that vineyards are not a natural thing. They are planted on extensively prepared soils and
cultivated with non-indigenous vines, grafted on rootstocks, and significantly manipulated during
cultivation. Usually the grower would, if necessary, spray at least copper sulphate during the growing
season, which is allowed for organically produced grapes. Implying that the term ‘natural’ wine
should be used cautiously, since it might create misconceptions with consumers. He does, however,
acknowledge that some wines made with minimal intervention could be very fascinating and
enjoyable (James, 2018).
To the uninformed, the production of natural wine with minimal intervention, sounds easier to achieve
than making it in the conventional way, but it is quite the opposite. It takes a huge amount of scientific
knowledge and understanding of the winemaking process, both chemically and microbiologically, to
produce natural wines. Careful monitoring throughout the entire process is also an absolute
necessity. And even then, a good deal can go wrong, especially because of uninhibited
microbiological activity over time and after bottling.
Those that farm without the use of any pesticides, run the risk of fungal disease affecting their grapes.
This not only leads to a loss in quantity (depending on the season it could even be the entire crop),
but also to a loss in quality. Currently there are very few effective biological control methods that
could be used against fungal diseases and growers in most winegrowing regions are forced to use
some method of chemical control.
A first step in attempting to make natural wine, would be to have a holistic approach to the vineyard
pest management. Careful monitoring systems would have to be in place so that targeted treatments
could be timeously applied, based on the risk of fungal disease development under different
conditions. Considering that no or very little SO2 will be used during the winemaking process, it is of
the utmost importance that the grapes should be as healthy as possible.
The next problematic stage is during both alcoholic and malolactic fermentation. This should be done
spontaneously, and therefore in most cases the winemaker will have no control over the influence of
various indigenous microflora. Although in some cases spontaneous fermentation can lead to a more
complex wine, the winemaker also has the risk of unwanted microorganisms affecting the wines at
this stage. Some compounds produced by yeast and bacteria are not only detrimental to the quality
of a wine, but can also have some serious health issues. Some yeasts have the ability to produce
high levels of SO2 and some bacteria are known for producing biogenic amines. Biogenic amines
and the health implications thereof, will be discussed in more detail (See section 2.3.4). This is
another reason why producers of natural wines needs to be careful before making assertions that
their wines are healthier than conventional wines. Without a detailed and extremely expensive
comparative study of the microflora involved during the production of natural wine as opposed to
conventional wines, caution needs to be exercised.
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Another problem that producers of natural or sulphur free wines encounter, is preserving the wine
during storage. These producers require that their wines need to be kept below 13.9°C at all times
during the entire storage process and throughout the supply chain. This is, however, very difficult to
achieve and it explains why few, if any, are available in ordinary retail outlets and why such wines
are unlikely to have widespread followers.
Jamie Goode (2014) mentions that although the natural wine movement has been of small
commercial significance since the trend started in the 1980s, it has had a positive spin-off by
prompting a lot of conventional winemakers and producers to reflect on their own practices. It has
made many grape growers and winemakers more conscious of what they are doing to the
environment and to their wines. A lot of good winemakers are adopting a minimalistic approach by
only adding or treating wines to the extent that it is absolutely necessary. For example, they still use
SO2 in wine, but they use less in a way that achieves the same antimicrobial and antioxidant
protection.
2.3.3

METALS

The excessive intake of heavy metals can be extremely toxic to human health. OIV and various
countries have set upper limits for some of the heavy metals found in wine. Due to the health risk for
consumers and the economic implications for producers should they exceed the prescribed limits, it
is important for winemakers to be well informed about the permissible levels of heavy metals in their
wines. Producers must comply with these limits and winemakers must control excessive amounts of
metals that end up in their wine.
This section will briefly discuss the source and content of heavy metals in wine, the factors that
influence these levels, the health implications, and the ways to control it.
2.3.3.1 Where do metals in wine come from?
Wine can contain various concentrations of macroelements with levels more than 10 mg/l (Na, K,
Mg, Ca), microelements with levels between 10 mg/l and 10 µg/l (Fe, Cu, Zn. Mn, Pb) and ultramicroelements with levels less than 10 µg/l. Heavy metals can be defined as a group of metals
associated with ecotoxicity (Blackhurst & Marais, 2009) These include arsenic (As), cadmium (Cd),
chromium (Cr) , copper (Cu), iron (Fe), lead (Pb), manganese (Mn), mercury (Hg), molybdenum
(Mo), nickel (Ni), strontium (Sr), vanadium (V) and zinc (Zn) (Voica et al. 2009).
Although the origin of all the different metals in wine is still relatively unknown, researchers have
divided the origins into two groups:
The primary source is when metals are taken up from vineyard soils and deposited into grapes. This
constitutes the major part of total metal content in wine (Naughton & Petrózi, 2008; Pohl, 2007).
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Metals can also originate from external factors (Pohl, 2007; Boulton et al. 1996):


Elevated levels of Cu in wine can come from the use of Cu containing pesticides (such as
CuSO4) used during the ripening season to prevent the occurrence of fungal diseases on the
vines, or the use of copper sulphate to remove hydrogen sulphide from wine.



The use of fertilizers containing Cd, Cu, Mn, Pb and Zn during the growing season can lead
to increased levels of these metals in wine.



Environmental pollution is another reason why heavy metal content in wines are increasing.
Studies showed that vineyards located close to road traffic or industrial areas, contain higher
levels of Cd and Pb, due to fumes and emissions contaminating water, soils and air.



The usual source of elevated levels of Al, Cd, Cr, Cu, Fe and Zn is caused by wine coming
into contact with winemaking equipment, pipes, barrels and storage vessels such as concrete
or cement tanks.



The use of various winemaking products for fining, clarification and filtration, can also be a
source of metal contamination.



It has been found that the use of lead containing capsules may contribute to the lead content
of wine. (Not from any migration from the capsule through the cork to the wine, but by the
pouring of the wine over the rim of the bottle and the lead-containing capsule on the neck of
the bottle).

2.3.3.2 The role of metals in winemaking
The presence of various metals in wine is also important from an organoleptic point of view, because
they are involved in the colour, flavour, freshness and taste of the wine (Pohl, 2007).
Yeast also needs certain metals such as Ca, K, Mg and Na to ensure successful alcoholic
fermentation. Other minor metals such as Cu, Fe, Mn and Zn are important for the prosthetic metalloenzyme activity of yeasts (Pohl, 2007).
2.3.3.3 Factors that influence the levels of metals and how to control them in wine
Consumers are becoming more aware of what they consume and the effect it has on their health. If
wines from certain countries contain high levels of toxic heavy metals, consumers would probably
avoid these wines altogether. This would have a massive impact on the economy of that country’s
wine industry. It is therefore of paramount importance that grape growers and wine producers
minimize the levels of harmful heavy metals in the grapes and wine that they produce.
To control levels of toxic heavy metals in wine producers need to focus on vineyard soil, fertilizers,
pesticides, fungicides and environmental pollution. Environmental pollution is often difficult to control.
This applies, for example, to vineyards that are located close to roads with heavy traffic, or are near
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to industrial areas that have high emissions in heavy metals. In such circumstances there is a risk of
pollutants being deposited directly onto the grape skins and also of contamination of the soil and soil
water becoming.
Other heavy metal inducing circumstances can however be managed. Vineyard management
practices can be adapted so that less pesticides and fungicides are needed to control disease. Less
favourable conditions for fungi development can be created by opening the vineyard canopy for
better air movement around the vines. Pesticides and fungicides should only be applied when
necessary. Pesticides must not be applied too close to harvest date. Pesticide manufactures
prescribes withholding periods to prevent residual chemicals still being on the grapes when they are
harvested. These periods must be strictly adhered to.
Steps must be taken to ensure that winemaking equipment does not leach metal ions into wine. The
exposure time of wine to certain equipment or storage vessels, such as concrete tanks, must be
limited.
Red wines usually have higher heavy metal levels than white wines. This is because red wines are
fermented with the grape skins which contain higher levels of metals than grape pulp. Therefore,
longer maceration on the skins can result in an increase of heavy metals in wine. (Blackhurst &
Marais, 2009).
The composition of metals found in wine, changes during various winemaking processes. After
fermentation, the metal content of wines is lower than it was in the grape juice or must from which it
was made. This is due to the precipitation of K, Ca, Al, Cr, Cu, Fe, Mn, Ni, Pb and Zn. Yeast also
consumes some metal ions during fermentation as part of their nutrition such as Ca, Cu, Fe, K, Mg
and Zn. Racking wine from the lees after alcoholic fermentation before yeast autolysis occurs, can
also assist to remove metals from wine. The metal content of wine also decreases during
clarification, and metals are removed with protein sediments and sulphated amino acids. During
storage Cu can react with hydrogen sulphide to form copper sulphate (Pohl, 2007).
A large part of Fe, Mn, Cu and Zn can be removed by adding potassium ferrocyanide (K4Fe(CN)6)
that precipitates the corresponding ferrocyanides. This does not only lower the metal content of wine,
but makes the wine less susceptible to browning and metal hazes (Pohl, 2007). This method is not
approved in all countries, and in South Africa it can only be done under government supervision.
Another possible method to remove Fe and Cu from wine is by using chelating resin that selectively
absorbs these ions without drastically changing the analytical or organoleptic properties of the wine
(Loubser & Sanderson, 1986).
Arsenic: A very recent study by Redan et al. (2019) reported that filter material commonly used
during filtration could be transferring heavy metals such as arsenic into wine and beer. They looked
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specifically at diatomaceous earth (DE), a product often used during wine filtration. Three types of
food grade DE were tested and it was found that all of them contained arsenic with small amounts
of lead and cadmium. During their laboratory scale filtration, one of the filtered DE samples increased
the arsenic concentration with 3.7 to 7.9 times when compared to the unfiltered sample. This is
higher than the proposed FDA safe limit proposed for apple juice (there is currently no proposed
safe limit for wine). The research team found that they could decrease the extraction of arsenic from
the DE by exposing the beverage to less DE, changing the pH of the liquid or washing the DE before
use.
In view of these new findings, it is strongly recommended that winemakers using DE during filtration
of wine, only purchase from a reputable supplier and insist that the arsenic levels in the composition
be predetermined (something that has not been done to date). More research on this potential
problem is most certainly called for.
Lead (Pb): In earlier times the high levels of Pb found in wines was of great concern. Research
revealed that this was caused by Pb-containing sprays being used in the vineyards and additives
containing Pb. After these were banned, the levels of Pb in wine decreased dramatically. If Pb
contamination is external due to environmental conditions, some of it can be washed away by rain
or acidic water. The problem is when Pb is taken up by the vine and deposited into the grape skin,
pulp and seeds. There is a direct correlation between the concentration of Pb in the vineyard soil
and the average lead content found in the grape berry (Margalit, 1997). Winery equipment containing
brass was also found to be a source of Pb, and the exclusion of such equipment leads to lower levels
of Pb in wine. Pb-containing capsules that could transfer Pb onto the bottle rim and absorbed when
the wine is poured over the rim, should also be avoided (Blackhurst & Marais, 2009).
It is permissible to use chitosan and chitin-glucan (maximum permitted dose of 100 g/hl) to reduce
the heavy metal content in wine, particularly iron, lead, cadmium and copper, and also to prevent
ferric casse and copper casse. This use is approved in the EU and also in South Africa. For further
reference see Appendix 7, Table 6 — Substances which may be added to liquor products as
regulated by the Liquor Products Act 60 of 1989.
2.3.3.4 Recommended maximum limits of heavy metals in wines
Generally, the levels of heavy metals found in South African wines are not well known, because
currently these levels are not being tested regularly. It is, however, important to monitor the situation
and to establish the typical levels in different wine-growing regions. Every producer ought to ensure
that the wines that they make do not contain harmful levels of toxic heavy metals.
South Africa has set maximum legal limits for some heavy metals allowed in wines. The OIV also
have maximum acceptable limits. These are summarized in Table 1. It is important for producers to
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make sure that their wines are below these maximum admissible levels, otherwise it could have
huge economic implications if wine is rejected.
Table 1. Maximum Acceptable Limits (Blackhurst & Marais 2009)

Name of metal

South African legal limits

OIV maximum acceptable
limits

Arsenic

<0.2 mg/l

<0.2 mg/l

Cadmium

<0.01 mg/l

<0.01 mg/l

Copper

<1.0 mg/l

<1.0 mg/l

Iron

<10.0 mg/l

Not mentioned

Lead

<0.2 mg/l

<0.15 mg/l

Mercury

<0.05 mg/l

Not mentioned

Zinc

<5.0 mg/l

<5.0 mg/l

A study done and published by Naughton & Petróczi in 2008, claims that wines from various
countries can potentially contain hazardous concentrations of heavy metals. Most of the wines that
they examined showed excessively high levels and more than the recommended safe limits of
copper, mercury, lead, iron, vanadium and manganese, as set by the United States Environmental
Protection Agency (EPA). The EPA developed what is called ‘target hazard quotients’ (THQ) to
determine the potential health risk associated with the exposure to chemical pollutants or toxins over
a person’s lifespan. The aim of the study was to determine the THQ from literature and give empirical
levels to the metal ions found in table wines, using the upper safe limits as determined by the EPA.
Naughton & Petróczi looked at the contribution of seven metal ions and the total value in each wine
to determine the THQ values. The safe value of THQ is regarded as less than 1. They showed that
a daily consumption of 250 ml of red wine was all above the safe value of 1, with typical values as
high as 126.2 for males and 157.22 for females. Although moderate consumption of wine (250
ml/day) is generally regarded as having certain health benefits, it was of great concern to the industry
when these studies showed that wines from certain European countries had very high THQ values.
Wines from Hungary and Slovakia had unacceptable high THQ values of more than 350, those from
France, Germany, Austria, Spain and Portugal more than 100, and wines from Serbia, Greece,
Macedonia, Jordan and Czech Republic had values less than 100, but still above 1. The only
countries that reportedly had wines that had THQ values below 1 and that were regarded as
acceptable, was Italy, Argentina and Brazil.
It is important to note that the above-mentioned study used the THQ value to determine the longterm risk based on the typical 18-year old that drinks one to two glasses of the tested wine for more
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than 17 000 days, taking into account that the same individual will live to the age of 80. They
postulate that the results are applicable to the average consumer and they express the view that the
levels of metal ions should appear on wine labels, and also that producers should implement steps
to limit or remove hazardous metal ions from their wines.
Other researchers have raised concerns regarding the relevance of the Naughton and Petróczi
study. Critics point out that no information regarding the wines such as grape variety, region, vintage
or vinification techniques was provided in the study. The critics also highlight that Naughton and
Petróczi did not evaluate and test all the wines themselves and relied on values from previous
research. Therefore, it is argued that the measurements were not standardized, and their accuracy
is questionable, since they came from different sources (Gaffney, 2005). Another aspect that
Naughton and Petróczi did not take into consideration is individual susceptibility, depending on
environmental and genetic factors (Blackhurst & Marais, 2009). Criticisms aside, wine producers are
required to pay attention to the huge impact that findings such as these could have on the
marketability of their wines, and the significant market advantage of wines emanating from regions
that produce wines containing the lower levels of heavy metals. This perhaps also explains why the
study has met with such intense criticism.
Currently, some scientists and the UK’s National Health Service agree that further research is
needed before mandatory warnings should appear on wine labels. The Alcohol and Tobacco Tax
and Trade Bureau (TTB) in the US, tests wine regularly for heavy metals and have thus far not
detected any serious safety problems. All wines sold in Canada are tested for heavy metals by The
Liquor Control Board of Ontario (LCBO). George Soleas, then Vice President of the LCBO, confirmed
that in the last 10 years of his term, only a handful of products including beer, wine and spirits were
rejected by the LCBO for potentially hazardous levels of Pb. He also said that the levels of heavy
metals typically found in wine, are lower than what is allowed in tested water reservoirs around the
western world. Therefore, he claims that drinking the recommended 8 glasses of water per day could
lead to higher metal uptake when compared to 1 or 2 glasses of wine (Gaffney, 2005).
2.3.3.5 Health effects and disadvantages of heavy metals
The moderate intake of wine containing certain metals in acceptable quantities has nutritional value
and is beneficial to human health. These metals include Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Ni and
Zn (Pohl, 2007) However, it bears emphasis that if the metal content of wine is elevated beyond safe
limits, the adverse effect hereof could far outweigh the health benefits associated with increased
cardiovascular and other health advantages (Naughton & Petróczi, 2008).
Health risks associated with the excessive intake of metal ions include Parkinson’s disease, chronic
inflammatory disease and premature ageing, with cancer being mentioned as a possibility (Naughton
& Petróczi, 2008). Ingestion of excessive amounts of lead have health risks such as gout,
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carcinogenesis, birth defects and hypertension. Lead used to be of great concern in the past when
it was used as an additive and formed part of winemaking equipment. The adverse effects of lead
have been known since the 17th century when a German doctor, Eberhard Gockel, noticed that his
wine-drinking patients showed similar symptoms to those of lead miners. This resulted in banning
the use of lead as an additive across Europe (Robinson, 2006). Cancer can be promoted by the
uptake of As and Cr. Symptoms such as fever, vomiting, diarrhoea and anaemia can be associated
with excess levels of Cu, Mo and Zn. It has also been found that Pb and Cd can result in memory
loss and learning difficulties (Blackhurst & Marais, 2009).
The occurrence of metals does not only influence our health, but also impacts the quality of the wine,
due to its effect on the flavour, taste, colour and stability. Cu and Fe ions are involved in various
solubility and complex ion equilibria and can also change the solubility and stability of certain proteins
in wine. Low levels of these metals can be involved in protein-metal hazes (Boulton et al. 1996).
Levels of Cu (II) above 1µg/l and Fe (III) above 7 µg/l can give wine an unpleasant cupric and ferric
or metallic taste (Pohl, 2007). Some metals such as Cu, Fe and Mn are responsible for the browning
effect of older wines after bottling. This involves various oxidation reactions with other organic wine
components that also lead to a loss in freshness and to precipitates. All these reactions can
contribute to wines with more instability and lower quality (Pohl, 2007).
Metal content can be used to test the authenticity of a wine in terms of fraudulent activities, such as
statements regarding the origin of the wine and the use of illegal additives. Wines can be classified
according to geographical origin, based on the total metal content thereof. This is possible since they
reflect the average metal content of vineyard soils (Pohl, 2007; Voica et al. 2009).
2.3.4

BIOGENIC AMINES

The presence of biogenic amines in wine can potentially have severe toxic effects on humans.
Consumers should be more informed about the consequences of ingesting high levels of biogenic
amines and how to avoid them. Wine producers should also do their best during the winemaking
process to ensure that the wines they produce have levels as low as possible regarding these
harmful compounds. Although the presence of biogenic amines in wine was reported as early as
1989, most studies focussing on the formation thereof only started early in the 21st century.
This section will focus on the occurrence, associated health risks, and the factors that influence the
formation of biogenic amines. Consideration will also be given to winemaking practices to ensure
that these levels are kept as low as possible.
2.3.4.1 What are biogenic amines and how are they formed in wine?
Biogenic amines are biogenic substances (produced by living organisms) that consist of one or more
amine groups. They are organic nitrogenous compounds with low molecular weight, formed in food
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and beverages mainly by microorganism decarboxylation of the corresponding amino acids
precursor. Decarboxylase enzymes produced by certain microorganisms breaks up amino acids
precursors to form biogenic amines. Different types of food and beverages contain biogenic amines
such as wine, beer, fish, eggs, meat, cheese, nuts, fermented and fresh fruits, and vegetables such
as soybeans and sauerkraut (Silla Santos, 1996). Biogenic amines are produced and released by
some microorganisms during fermentation (Lonvaud-Funel, 2001). During the production of wine,
various microorganisms are present, some of which are directly involved during both alcoholic and
malolactic fermentation. Grape juice also contains the relevant amino acid precursors that can form
certain biogenic amines. Therefore, it is possible for biogenic amines to be formed at any stage
during the production, storage, or during the ageing of wines. Biogenic amines can also originate
from the grape vine itself and naturally occur in high levels in grapes (Smit et al. 2008).
Wine contains various amino acid precursors that can be decarboxylated and therefore the main
biogenic amines associated with wine production includes histamine, tyramine, putrescine and
cadaverine, as well as phenylethylamine, spermidine, spermine, agmatine and tryptamine can also
be present (Lonvaud-Funel, 2001). These biogenic amines can be formed by yeast metabolism
during alcoholic fermentation, and by LAB during malolactic fermentation. The reason why these
microorganisms decarboxylate amino acids, is to provide them with energy and to protect them
against acidic conditions by increasing the pH (Smit et al. 2008).
The involvement of yeast in the production of biogenic amines can be indirect or direct. Indirect
involvement is by releasing more amino acid precursors during alcoholic fermentation, or during
ageing on the yeast lees thereafter. Some studies indicate that killer positive yeast strains can
directly produce biogenic amines with the highest levels produced by some strains of Brettanomyces
bruxellensis and Saccharomyces cerevisiae (Smit et al. 2008). Killer yeasts secretes toxins, such as
proteins or glycoproteins to which they are immune, but toxic to other yeast of the same strain
(Margalit, 1997).
LAB are a group of bacteria characterised by the production of lactic acid as the end product of
breaking down glucose. They are generally gram positive cocci or bacilli and aero-and acid-tolerant.
They are part of the microflora of grapes, musts and wines and they are responsible for malolactic
fermentation in most red, but also in some white wines (Inês & Falco, 2018). LAB genera associated
with the production of biogenic amines in wine include Oenococcus, Lactobacillus and Pediococcus.
Not all of the bacterial strains, however, will be involved in this process, and the ability of LAB to
produce biogenic amines seems to be strain-dependent and not species-specific. Previously
Pediococcus spp was thought to be responsible for histamine formation in wine, but it was found that
various strains from all the bacteria genera can contain this activity. Most of the research on biogenic
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amines in wine focussed on the involvement of LAB. The reason is that the highest increase of
biogenic amines takes place during malolactic fermentation (Lonvaud-Funel, 2001).
Reported levels in white wines are between 0—10 mg/l and for red wines between 0–30 mg/l. In
alcoholic beverages the toxic levels that induce negative symptoms are considered to be between
25 and 40 mg/l for tyramine, 8 and 20 mg/l for histamine and as low as 3 mg/l for phenylehylamine
(Smit et al. 2008). At this stage no legal limits have been set, but some countries, mostly in Europe,
have recommended upper levels allowed in wine. This means that the occurrence of biogenic amines
in wine could become of commercial significance to producers, as these prescribed upper levels
could in future lead to difficulties in exporting wine to certain countries. Recommended maximum
levels with regard to histamine (mg/l) in wines are as follows: Switzerland and Austria (10), France
(8), Holland (3), Belgium (5-6), Germany (2) (Lehtonen, 1996).
2.3.4.2 Factors that influence biogenic amine formation
Wines have variable concentrations of biogenic amines. Reasons for this are important in
understanding how winemakers my influence the levels of these substances in wine, thus making
them more palatable to consumers.
The first step for winemakers is to understand the factors that contribute to high levels of biogenic
amines and how to counter these.
The levels of biogenic amines depend on the amount of amino acid precursor present in the grapes.
The higher the level of amino acids available in the grapes, the higher the risk of developing biogenic
amines. Factors that could influence this, include the viticultural region, grape variety, and vineyard
management (Lonvaud-Funel, 2001).
Vinification techniques are also important, as winemakers are able to control the growth of
microorganisms that could potentially decarboxylate the amino acids’ precursors into their
corresponding biogenic amines (Lonvaud-Funel, 2001).
Literature shows that significant variation in the concentrations of biogenic amines can be found in
wines from different viticultural regions and vintages. This is partially due to the fact the amino acid
precursors present in grapes are influenced by these factors, but also because the natural microflora
found on the grapes differs between regions and vintages. This can be attributed, partly, to the
variation in climatic conditions between regions and vintages, but also because viticultural practices
are different from one region to another (Smit et al. 2008).
Climatic conditions, for example, can affect the pH of grape must and wine that determine the survival
and growth of certain microorganism responsible for biogenic amine production. Other viticultural
practices such as nitrogen fertilization can cause an increase in grape amino acids and amine
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concentrations. Water deficiencies, however, have not been found to have an influence on the
concentration of biogenic amines in grapes and wine. The ripeness level of grapes and the soil type
on which vineyards have been established can have an influence on the final concentration of
biogenic amines in wine (Smit et al. 2008). High levels of putrescine, for example, can be present in
grapes, due to potassium deficiencies in vineyard soil. (Adams et al. 1990).
The activity of Botrytis cinerea on grape berries can lead to an increase in amine content in the
berries. Botrytis cinerea development, under certain conditions, is responsible for making highlyregarded sweet noble rot wines in various winemaking regions around the world. Sass-Kiss et al.
(2000) reported that the levels of amines were higher in aszu wine (Tokaj wines from Hungary),
compared to wines from the same grape varieties without noble rot development. Studies on wines
produced from grapes that underwent anti-fungal treatment in the vineyard, had lower concentrations
of biogenic amines than those that did not receive any treatment (Marques et al. 2008). It is assumed
that this fungal activity either directly forms biogenic amines, or that they influence the LAB activity
that would usually not occur on healthy grapes (Marques et al. 2008).
Grape varieties also contain different levels of amino acid precursors, which explains why variations
in the level of biogenic amines in wines made from different varieties. Cecchini et al. (2005)
concluded that there are significant differences in the individual and total amine concentration of
wine made from certain grape varieties, including Merlot, Cabernet Franc, Syrah, Sangiovese and
Cesanese d’ Affile (Cecchini et al. 2005). Significantly higher levels of total amines were found in the
Cabernet Franc wines, compared to the wines made from the other grape varieties. Various other
studies have found that Pinot Noir wines contain higher levels of biogenic amines compared to
Cabernet Sauvignon wines (Smit et al. 2008). Caution, however, is required when considering these
studies, since it is very difficult to determine the influence of grape variety on the corresponding
amine levels in wine, due to the influence of climatic and other conditions that could also influence
these levels. During a study done by Del Prete et al. (2009) they tried to determine the influence of
grape variety by choosing grapes from similar pedoclimatic conditions (microclimate within the soil)
and with the same trellising system. Although it is difficult to control all of the parameters, the results
have shown significant differences in the levels of biogenic amines found in wines from different
grape varieties, which are probably attributable to the genetic differences among them.
Winemaking practices and techniques may also influence the formation of biogenic amines. Red
wines typically have higher levels of biogenic amines compared to white and rosé wines, due to the
differences in vinification techniques and maturation time. Although some authors could find no
significant differences attributable to the length of grape skin maceration, others have shown that
the longer the maceration time, the higher the level of biogenic amines in red wines (Smit et al.
2008). This is possibly due to the higher level of amino acid precursors extracted from red grape
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skins. Research has also indicated that the presence of phenolic compounds can reduce the level
of biogenic amines in red wine in some cases. In general, it is agreed that higher levels of biogenic
amines in red wines are due to the presence of LAB and because red wines usually undergo
malolactic fermentation. Reasons why white wines will generally have lower levels of biogenic
amines are, because they have less amino acid precursors due to limited skin contact, pH levels are
lower, and usually no malolactic fermentation takes place (Smit et al. 2008).
Other wine physiochemical factors that can influence biogenic amine formation, include pH,
temperature, SO2 and the formation of certain metabolites produced during fermentation. These
factors can either influence the microorganism population and diversity in the wine, or play a role in
the decarboxylase enzyme activity of these microorganisms. The production of histamine appears
to be favoured when there is a shortage of fermentable products such as L-malic acid and glucose.
Under these conditions LAB will decarboxylate histidine to generate additional energy under
conditions with a shortage of nutrients. Other studies have found that the higher the pH (especially
a pH of 3.5 or above), the higher the risk to enhance histamine production. SO2 plays an important
role in controlling the formation of biogenic amines, because of its ability to reduce LAB population
in wine. Various studies have found higher levels of biogenic amines in red wines with lower SO2
levels (Smit et al. 2008).
Histamine, putrescine and tyramine may continue increasing after the completion of malolactic
fermentation during ageing and storage of wine. These increases after malolactic fermentation could
be because the addition of SO2 does not immediately stop the bacteria and enzyme activity. A further
consideration could be that some wines have high pH levels after malolactic fermentation, which
results in SO2 being less effective. Ageing of wines on the yeast lees and consequential yeast
autolysis could perhaps release nutrients that favour the growth of LAB, but could also release amino
acid precursors for the formation of biogenic amines (Smit et al. 2008).
Further studies are needed to determine if inoculated alcoholic fermentation by various commercial
yeast strains or spontaneous fermentations have any influence on biogenic amines.
2.3.4.3 Health effects and disadvantages of biogenic amines
Although the occurrence of biogenic amines in wine has been under consideration for over 30 years,
it has only really received the necessary attention in the last ten years. This is probably because of
increasing consumer awareness regarding the influence of all food and beverages on their health. If
biogenic amines are present in wine at certain levels, they can cause direct and indirect toxicity. The
amines that exhibit the most toxicity include histamine, tyramine and 2-phenylethylamine. Research,
however, has found it difficult to establish the precise threshold of their toxicity, due to the different
ability of individuals to detoxify them. Usually when low levels of amines are ingested with food, they
are rapidly converted and detoxified by amine oxidases enzymes (Marques et al. 2008).
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However, ethanol and acetaldehyde found in wine increase human sensitivity to biogenic amines by
inhibiting the amine oxidase enzymes. Amine oxidases, found in human intestinal tract, catalyse the
deamination and detoxification of biogenic amines (Galgano et al. 2009).
When excessive amounts of biogenic amines are ingested, or if the individual is unable to detoxify
them, various physiological reaction may occur. The symptoms that sensitive individuals may
experience, include headaches, respiratory distress, heart palpitation, hypo- or hypertension,
flushing, various allergic reactions, anaphylaxis and very rarely death (Silla Santos, 1996; Shalaby,
1996; Lonvaud-Funel, 2001). The consumption of wine with other foods and beverages that contain
high levels of biogenic amines (such as cheese and dry sausage) can induce what is referred to as
false food allergies. What happens is that the ethanol, acetaldehyde and other biogenic amines
present in wine, enhance the harmful effects of histamine and tyramine.
The presence of excessive biogenic amines in wine can also have a negative sensorial impact. It
has been reported that some highly skilled tasters are able to identify high levels of histamine in
wines. They describe such wines as having an irritating feeling deep inside the throat and a crawling
sensation on the tongue. High concentrations of Putrescine and cadaverine can also reduce the
sensorial quality of wines (Smit et al. 2008).
2.3.4.4 Control of biogenic amines in wine
Winemakers should try to control the levels of biogenic amines in their wines and keep them as low
as possible. This is not only to ensure that their wines are as healthy as possible, but also to
safeguard against future financial losses, since it is anticipated that far more attention will be paid to
the adverse effects of high levels of biogenic amines.
The first step is to avoid poor sanitary conditions of both grapes and winery equipment. Healthy
grapes with minimal fungal disease and damage is very important. If weather conditions are
favourable for the development of fungal disease, it is recommended to treat vineyards with antifungal treatments (Marques et al. 2008). General winery hygiene processes should be in place to
avoid the occurrence of spoilage microorganisms as well as those that can contribute to the
formation of biogenic amines.
Vineyard management practices that could play a role in the formation of biogenic amines are the
fertilization strategies of soils and vines. Soils must be balanced in their nutritional status and have
no deficiencies, especially of potassium. Nitrogen fertilizations could lead to an increase in amino
acid precursors and therefore result in biogenic amines and should be used sparingly.
Winemaking strategies that can be considered is the maturation time on the skins and also the
ageing of wine on the lees. Both should be as short as possible and monitored to ensure that levels
of biogenic amines stay as low as possible. Phenolic compounds are powerful antioxidants and could
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potentially reduce the presence of some biogenic amines. Therefore, using additional tannins during
winemaking could also assist in the control of biogenic amines potentially. At the moment this is still
speculation and more research needs to be done in this regard.
Currently the best option to control the formation of biogenic amines is to prevent the growth of
indigenous bacteria and other spoilage microorganisms with decarboxylase activity. Research has
shown that high levels of biogenic amines correlate with the occurrence of other wine spoilage
compounds such as volatile phenols, butyric acid, acetic acid, ethyl acetate and diethyl succinate. It
has also been found that wines with high levels of biogenic amines, typically have high levels of
volatile acidity.
Effective use of SO2 will lower the occurrence of biogenic amines, because it inhibits the growth of
indigenous LAB and other spoilage microorganism. Keep in mind that the effectiveness of SO2 is
depended on the pH of a wine. The pH of wine should thus be kept below 3.5, as this will prevent
the growth of unwanted Lactobacillus and Pediococcus, that can potentially produce high levels of
biogenic amines. With wines that have higher pH values, it is recommended to use more SO2 or
other additives such as lysozyme to inhibit the growth of LAB at certain stages. There are
Oenococcus oeni malolactic starter cultures available that do not produce biogenic amines, and it is
highly recommended to use these to control the level of biogenic amines in wine. It has also been
suggested that the use of these O. oeni starter cultures in co-inoculation with yeast during alcoholic
fermentation, limits the formation of biogenic amines (Smit et al. 2008).
2.3.5

ALLERGENS

Globally food allergies are progressively becoming a more widespread health issue (Kirschner et al.
2009). Food allergy can be defined as an abnormal response after eating a certain food. It is an
immune system reaction that triggers symptoms and signs such as hives, swollen airways or
digestive problems (Mayo clinic 2019). This resulted in the passing of legislation by the European
Union (EU) in 2003 that made it mandatory to list all allergic ingredients in processed food, in order
to lower the potential risk of these ingredients for allergy sensitive consumers. About 150 cases of
food-allergy-related deaths due to anaphylactic shock, are reported each year in the USA (Kirschner
et al. 2009). The potential wine allergens that can find their way into wine include egg whites, casein,
isinglass, gelatine, gluten, sulphites, biogenic amines, lipid transfer proteins and chitosan. The next
section will briefly deal with these additives and processing aids, the legislation, and potential health
risks associated with them in terms of their allergenic properties. It will not deal with sulphites and
biogenic amines, since these have already been dealt with.
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2.3.5.1 The use of allergenic processing aids or additives
Wine can be defined as a product resulting from the fermentation of grape must, with the addition of
various legally permitted additives, and the utilization of approved processing aids. The question that
arises is: Why are additional substances added to juice or wine? Winemakers use additives and
processing aids during various stages of the winemaking process to improve characteristics, ensure
successful fermentations, avoid spoilage, enhance stability, and make wine of the highest possible
quality. Fining agents are among the most widely-used processing aids for both grape juice and wine
(Robinson, 2006). Appendix 7 gives a list of substances that may be legally added to wine and other
liquor products in South Africa. This includes the fining agents that may be used during wine
production.
Wine typically undergoes fining with specific fining agents at different stages of the winemaking
process. The aim is to remove insoluble and colloidal particles as well as astringent or bitter
compounds such as tannins from the wine. Fining can thus have a critical impact on the quality of
wine. Fining agents bind with the specific particles and colloids present in wine to form flocculants
and sediments that can be removed by racking or filtration. Fining agents can be divided into two
groups – inorganic or organic: Inorganic includes chemicals such as bentonite, silica and activated
carbon. Organic compounds include protein-fining agents obtained from foods, such as eggs
(albumin, lysozyme), milk (casein, potassium or sodium caseinate), gelatine and fish (isinglass and
fish gelatine) (Robinson, 2006). It is in the organic group of food-fining agents that allergenic proteins
are contained. These are the ones that can possibly be problematic to sensitive individuals
(Kirschner et al. 2009). More recently proteins derived from vegetable sources, such as wheat and
white lupine, have been added to the list of main allergens in the EU regulations (Pen͂as et al. 2015).
Egg white or albumin (as defined by the OIV) is often used as a fining agent for red wines. This
positively charged protein binds with negatively charged compounds, including tannins. The
combined structure that forms precipitates and settles to the bottom of the container, and is then
removed by racking or filtration of the wine. The advantages of using egg protein to fine red wine
are, that it removes some of the more aggressive tannins and softens the wine. But it has a low
affinity for anthocyanin-tannin complexes and therefore has a minimal influence on the colour of
wine. The recommended doses for the use of this fining agent ranges from 3 to 15 g/hl of dry egg
white proteins (Pen͂as et al. 2015). If fresh egg whites are used the procedure is to separate the egg
whites from the yolks and combine with water (to make a 10% solution). Sodium chloride (0.5%)
should be added to the water. The recommended dosage is 1 to 3 eggs per 200 litres of wine
(Rankine, 2004).
Milk- or casein-fining (main allergenic protein in milk) is often used to remove phenolic bitterness,
harshness, off-flavours, softening the palate and lightening the colour of white wines and sherries.

44

The types of milk-fining agents used, include skim or whole fresh milk, lactic casein and sodium or
potassium caseinate. Fresh milk can be added directly to wine at a dosage up to 1 litre per 100 litres
of wine. If you use lactic casein, sodium or potassium caseinate, it has to be dissolved in warm water
with one third of its weight with potassium carbonate. The recommended dosage is between 0.05 to
0.3 g/l of wine (Rankine, 2004). Caseinates are often used as fining agents for white wines as they
improve the filterability and eliminates oxidative browning pigments. When added to acidic mediums,
for example wine, they form flocculants due to precipitation, and then they can be removed by using
a second fining agent such as bentonite (Pen͂as et al. 2015). There is no risk of over-fining or
development of protein haze when using casein, due to its low solubility at pH levels typically found
in wines (Rankine, 2004).
Isinglass is made from the bladders of certain fish, such as catfish from Brazil and Karachi, threadfish
from Saigon and Penang, or kingfish. It is commonly used in wine to remove phenolics and bitter
tannins and improve aroma and clarity. At the typical pH levels of wine, it flocculates rapidly and can
be removed by using a second fining agent such as bentonite. The recommended dosage is between
2.5 to 6 g/hl. It is supplied in a dry form and needs to be prepared by mixing it with 10 times its weight
of water and allowing it to swell overnight before adding it to wine (Rankine, 2004).
Another wine-processing aid worth mentioning is chitosan. Although chitosan occurs naturally in the
cell walls of certain fungi (Aspergillus niger), most chitosan will be made from the exoskeleton of
crab, shellfish, shrimp and other crustaceans, as this is the most cost-effective option. However, this
is a concern for wine drinkers that are allergic to shellfish. Chitosan can be used for various reasons
during the winemaking process, including anti-microbial for the reduction in heavy metals, to prevent
metal hazes, and for protein stability (O’Kennedy, 2019).
During the last 10 years many wine producers have started to move away from animal-containing
fining agents. This was partly due to the mandatory labelling requirement for milk and egg whitefining agents, but also because there were increasingly more requests from consumers for
vegetarian and vegan-friendly wines (Robinson, 2006). Wine producers across the world started
using vegetable proteins that are also allergen free, as fining agents so that they could still achieve
the desired effect and maintain the quality of their wines. This includes fining agents from vegetable
sources such as pea and potato proteins (Pen͂as et al. 2015).
2.3.5.2 Legislation and labelling requirements for allergens in wine
Although no serious cases of allergic reactions to fining and processing aids have been reported,
the possibility of adverse reactions due to trace amounts of fining agents containing allergenic
proteins, has not been ruled out (Vassilopoulou et al. 2011). Nevertheless, the reason for advanced
changes in the EU legislation and mandatory labelling of all allergenic ingredients, is ostensibly to
guarantee the safety of allergic consumers. Understanding all the descriptions and amendments
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since 2003 can be daunting, but the Wine and Spirits Board sent out a letter on the 13 March 2008
(Appendix 8), explaining the allergen labelling requirements for the EU. Compliance is only
mandatory if you are going to sell your wines in an EU country, and it is not a prerequisite for selling
wine locally in South Africa. Australia and the United States also require mandatory declarations on
wine labels if substances were used during the production of wine that could potentially provoke
allergic reactions.
If a producer uses a fining agent that contains allergens, but does not want to disclose this on the
label, a chemical analysis is required from an accredited laboratory. The analysis has to show that
no allergenic food proteins were detected and that no trace amounts at all were found in the wine.
This applies to all the fining agents, except egg albumin-fined wines for which a clear statement on
the label is required. (Vassilopoulou et al. 2011). The OIV asked the European Food Safety Authority
(EFSA) Panel on Dietetic Products, Nutrition and Allergies (NDA) to permanently exempt the
mandatory labelling of albumin or egg white proteins and milk derivatives when used as fining
agents. The panel rejected this request stating that generalized exemption is not possible, due to a
lack of standardized winemaking procedures and insufficient clinical data on the tolerance of
sensitive consumers to wines treated with these fining agent (Pen͂as et al. 2015).
In 2007 AWRI and the Winemakers Federation of Australia (WFA) requested the EFSA Panel on
NDA to also exempt the mandatory labelling of wine fined with isinglass (fish gelatine). This request
was also rejected, due to a lack of relevant data assessing the possibility of allergic reactions in
sensitive individuals for wines that received isinglass fining. The Brewing, Food and Beverage
Industry Suppliers Association also had the same request as above (interestingly in the exact same
year) for beer. The EFSA Panel on NDA concluded that, due to the data provided in this application,
the possibility that isinglass used as a clarifying agent for beer, is not likely to prompt severe allergic
reactions in sensitive patients, but only if the applicant uses this fining agent under specific conditions
during production. After this finding the EU established with the Commission Directive 2007/68/EC,
that the use of fish gelatine or isinglass is permanently exempt from labelling, if used as fining agent
for beer and wine (Pen͂as et al. 2015).
With regard to chitosan and chitin-glucan, the Commission Regulation of the EU 2011/53/EC only
permits the use thereof during winemaking if it is of a fungal origin (Aspergillus niger). The use of
these substances is very specifically regulated and may only be used for: reduction in the heavy
metal content, particularly Fe, Pb, Cd and Cu; prevention of ferric casse (Fe induced precipitation)
and Cu casse (Cu induced precipitation); and for clarification. For these uses the maximum permitted
dose is 100 g/hl. Chitosan and chitin-glucan may also be used for the reduction of possible
contaminants, especially ochratoxin A and the maximum permitted dosage may not exceed 500 g/hl.
For the reduction in the populations of undesirable micro-organisms, in particular Brettanomyces,
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only chitosan is permitted at a maximum dosage of 10 g/hl. See Appendix 7, Table 6 (Substances
which may be added to liquor products as regulated by the Liquor Products Act 60 of 1989) for further
reference on the regulations applicable to South Africa.
When peas and potatoes are the protein source of the fining agent, mandatory labelling is not
required, since these are not on the main allergens list. However, if gluten (wheat) proteins are used,
mandatory labelling requirements do apply (Pen͂as et al. 2015).
2.3.5.3 Health risk of allergens from protein-containing fining agents
The use of additives or processing aids during winemaking that contain allergic proteins, can result
in possible negative reactions by sensitive individuals.
According to most literature anaphylactic reactions resulting from the consumption of wine produced
with fining agents such as egg, milk or fish have not been reported. Rare cases of hypersensitivity
reactions from wine consumption have been reported. The reactions are mostly ascribed to
sulphites, biogenic amines, grape proteins, salicylates, and yeast present in wine, but no allergic
reactions have been attributed to trace amounts of fining agents (Vassilopoulou et al. 2011).
Kirschner et al. conducted a study in 2009 to determine if trace amounts of allergen-containing
processing aids can prompt allergic reaction in susceptible individuals. Table 2 from this study shows
the fining agents they tested at the recommended or normal dosages for wine, and also dosages
much higher than this. The results of their study indicated that wines treated with the fining agents
listed in Table 2 at recommended doses, did not prompt any adverse reactions in patients that are
allergic to egg, milk or fish products. They concluded that the risk of allergic reactions due to the
presence of trace amounts of fining agents (used at the recommended dose) in wine after filtration,
is insignificant.
Table 2. Fining Agents and Doses (Kirschner et al. 2009)

Fining Agent

Recommended dose/hl of

Excess Dose/hl of wine

wine
Egg albumin

4g

20 g

Lysozyme

25 g

50 g

Potassium caseinate

6g

30 g

Isinglass

50 ml

250 ml

Fish gelatin

10 g

50 g

Vassilopoulou et al. (2011) investigated whether wines fined with specific concentrations of
allergenic food proteins (egg white, casein or isinglass) prompted any clinical allergic reactions in
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sensitive patients. Their conclusion was that if casein, isinglass or egg were used at the maximum
recommended doses, and even if trace amounts remained in the wine after fining, it still posed a
very low risk for respective food-allergic patients.
2.3.5.4 Control of allergens found in wine
Although the risk for allergic reactions is very rare if trace amounts of fining agents, such as milk,
egg whites or isinglass are left in wine after it has been used, the possibility of such reactions cannot
be excluded (Pen͂as et al. 2015). Therefore, the only control measure is to make sure that when
these fining agents are used, the wine contains no trace amounts and this is confirmed by chemical
analysis at an accredited laboratory. If trace amounts are present, the mandatory labelling
regulations should be followed for the country in which the wine will be sold. The labelling of potential
allergens in wine produced will make it easier for individuals with allergies to identify and eliminate
any possible risk to them in this regard. The wording such as ‘Contains egg albumen’ or ‘Contains
casein’, should be clear on the label and in the language stipulated by the destination where the
wine will be sold. (Appendix 8).
Various measures can be implemented. The first step is to perform a stabilization test to see if the
fining process is necessary at all, and if so, to determine the minimum dose required to achieve the
desired result (Benito, 2019). It is always best to follow the recommendations of the supplier of the
specific fining product to make sure that the correct product is used for the desired effect, at the
correct dosage and in the appropriate manner.
Another alternative is to use protein-fining agents made from plants that are allergen free. Not all
plant-derived-protein-fining agents are allergen free. Currently those from peas and potatoes are not
included on the list of main allergens and can be used without indicating them on the wine labels
(Benito, 2019).
Often when fining agents are used, trace amounts of an allergenic protein substance may remain in
the wine after completing the fining process. There are various ways of removing these remaining
trace amounts, including the use of secondary fining agents such as bentonite or racking and
filtration (Benito, 2019).
2.3.6

OTHER SUBSTANCES FOUND IN WINE ASSOCIATED WITH HEALTH RISKS

2.3.6.1 Ethyl carbamate
Ethyl carbamate, also called urethane, is a known carcinogenic and can be found in various
fermented food products. It is a very versatile carcinogenic and can induce cancer in various
organisms. Ethyl carbamate is classified as a group 2A carcinogen by the International Agency for
Research on Cancer (IARC). Classified as Group 2A means that there is evidence it causes cancer
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in rodents, such as liver and lung carcinoma, hemangiosarcoma of the heart and ovarian tumours.
There is also some evidence that it may cause cancer humans (Lachenmeier et al. 2010).
Since the presence of ethyl carbamate was discovered in wine, its potential health threats have
resulted in extensive studies to determine the origin and factors that influence the formation of this
substance. There are two possible reactions that can lead to the formation of ethyl carbamate in
wine (Margalit, 1997):


A reaction between ethanol and carbamyl group. The carbamyl source can be urea, carbamyl
phosphate and citrulline;



A reaction between diethyl dicarbonate (DEDC) and ammonia.

Urea is usually the main contributor to the formation of ethyl carbamate. Urea is produced during
fermentation by most yeasts and bacteria as a metabolic product of arginine. Arginine is an amino
acid naturally present in grapes and grape juice. During fermentation, urea accumulates to a certain
maximum value and is then consumed by yeast closer to the end of fermentation. Residual urea can
be left after fermentation at levels of between 1—10 mg/l. This means that the ethyl carbamate is
not formed during fermentation, but thereafter when the residual urea slowly reacts with ethanol
during storing or ageing of the wine. The levels of ethyl carbamate typically increase during wine
storage and aging. The temperature during storage has a significant impact on the rate of ethyl
carbamate formation. An increase in storage temperature results in a drastic increase in ethyl
carbamate concentration and it is therefore recommended that storage temperature does not exceed
24°C (Margalit, 1997). This explains why the concentration of ethyl carbamate is usually higher in
old aged wines. Citrulline is another carbamyl precursor that merits mention. It can react with ethanol
to form ethyl carbamate in wine, but the contribution of this reaction to the total ethyl carbamate
concentration is usually very low (Margalit, 1997). The citrulline precursor is an intermediate product
of arginine degradation by wine lactic LAB during the process of malolactic fermentation (Benito,
2019).
In 1972 the FDA banned the use of DEDC in food products and therefore the formation of ethyl
carbamate from this reaction is no longer of any relevance. DEDC was used due to its antimicrobial
properties. Dimethyl dicarbonate (DMDC) was developed to replace the use of DEDC as an
antimicrobial agent which reacts with ammonia to form methyl carbamate (found not to be
carcinogenic) (Margalit, 1997).
Currently the EU does not specify any legal limits of ethyl carbamate, but some other countries do
either recommend upper levels or prescribe maximum legal limits. Examples of these countries
include the US (15 µg/l), Canada (30 µg/l), South Korea (30 µg/l) and Czech Republic (30 µg/l)
(Benito, 2019). No ethyl carbamate levels are prescribed for South African wines sold locally.
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Producers should, however, make sure that the levels are below prescribed limits, if any, of the
countries to which their wines are exported.
Due to the health concerns, it is recommended that the level of ethyl carbamate in wine should be
kept as low as possible and a suggested maximum concentration of 15 µg/l is proposed. It is
important to keep in mind that once ethyl carbamate is formed there is no effective way to reduce its
final concentration in wine. There are various factors that could influence the presence and level of
this substance in wine. In this regard, it is recommended to minimize nitrogen fertilization and to
avoid the direct use of urea in vineyards. Cover crops that will not add excess nitrogen to the soil.
Care should also be taking when adding yeast nutrients during fermentation so that no residual
nitrogen is left after fermentation is complete. The winemaker should determine the nitrogen
requirement needed for a successful fermentation and make sure that no excess nitrogen will be left
in wine after fermentation is completed. Yeast strains that either produce low concentrations of urea,
or have the ability to re-use urea and therefore to lower the potential ethyl carbamate formation
should be selected. Commercial LAB for malolactic fermentation that will not excrete citrulline from
arginine degradation and promote the formation of ethyl carbamate later should also be used (Benito,
2019).
2.3.6.2 Ochratoxin A
Ochratoxin A (OTA) can occur in a variety of foods and it is a common compound found in wine. It
is a mycotoxin, which means it is a toxic compound produced by fungi that can have serious health
risks when inhaled, absorbed or ingested. Due to the nephrotoxic, neurotoxic, immunotoxic,
carcinogenic, mutagenic and teratogenic properties mycotoxins may be a serious health threat
(Benito, 2019). Currently the impact of OTA on human health are not well characterized and more
studies are needed to determine it toxic effects (Bui-Klimke & Wu, 2015).
Various studies have revealed that the main species able to produce OTA in grapes, must and wine
belong to the genera Aspergillus and Penicillium. The fungi implicated include Aspergillus niger,
Aspergillus fumigatus, Aspergillus carbonarius, Aspergillus tubingensis, Aspergillus japonicus and
Penicillium tubingensis (Benito, 2019).
The suggested tolerable daily limit of OTA for an adult, ranges from 0.3 to 0.89 µg/day for an
individual with a body weight of 60 kg. The WHO and the Food and Agricultural Organization (FAO)
have set a daily upper limit ingestion of 14 ng/kg and weekly ingestion of 100 ng/kg (ng of OTA per
kg of body weight). In 2005 the EU regulations set the maximum level of OTA allowed in wine and
grape juice at 2 µg/l. Typical average values of OTA in European wines are around 0.19 µg/l (Benito,
2019).
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Stander & Steyn (2002) did a survey on the occurrence of OTA in South African wines. They found
that the levels of OTA for most red and white wines were substantially lower than the maximum legal
limit set by the EU. They did, however, find some noble late harvest wines with high levels up to
2.6µg/L. They concluded that OTA levels found in South African wines pose no health concerns for
the local wine industry.
It is suggested that vineyards should be managed to prevent rotting of grapes due to the growth of
undesirable fungi. Fungal diseases such as powdery mildew, Botrytis cinerea and Rhizopus
stolonifera encourages the development of Aspergillus species on the grapes. It is also important to
control insects in the vineyards that may cause grape skin damage thus enabling the fungi to more
easily invade the inside of berries. A microclimate around the vine that limits the development of
fungi should be created. This includes opening the canopy to ensure proper sunlight exposure and
allows circulation of air (Benito, 2019).
Controlling the sanitary status of the grapes is the main strategy to prevent OTA formation. Damaged
or diseased grapes should be discarded by a selective sorting process and only healthy grapes
should be used for winemaking purposes. Winemakers can also reduce the levels of OTA found in
their wines by limiting the skin maceration time if they are working with contaminated grapes, fining
with activated carbon (charcoal), inoculation of juice with selected yeast strains, racking, clarification
and filtration of wine before bottling may also be useful (Benito, 2019).
2.3.6.3 Pesticide residue
It is sometimes unavoidable to use certain pesticides as part of their vineyard management program
to counter pest-induced diseases and crop damage. Many countries, including South Africa, have a
list of approved chemical products that can be used on certain crops. These are usually
accompanied by specific instructions for use. This is to make sure that pesticide spraying and residue
does not lead to harmful side effects in humans.
There are many toxic effects associated with pesticides. These include dermatological, neurological,
gastrointestinal, respiratory, carcinogenic, reproductive and endocrine health issues. The level of
toxicity can range from mild symptoms such as a skin rash, to extremely dangerous cases that need
hospitalization and it can even result in death. Organophosphorus, such as glyphosate, is one of the
most widely used herbicide in agriculture and it is suggested that it can cause serious health
problems (Nicolopoulou-Stamati et al. 2016).
The legal limit of pesticide residue that may occur in wine varies for different countries. The
international standards for grapes have been established for 99 pesticides and their legal limits by
the Codex Alimentarius (Benito, 2019).
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Vineyard management should be done in such a way as to avoid using pesticides, or to use them
only when absolutely necessary. The development of fungal diseases can be better controlled by
avoiding dense, humid vine canopies and removing excess leaves. This improves the exposure of
grapes to sunlight and encourages natural air circulation. Vines growing in dry climatic conditions
require significantly less fungal control.
When using pesticides it is extremely important to follow the application instructions provided by the
suppliers. This ensures that the correct type and dosage of pesticide is used at the appropriate time
for the prevention of a specific disease. Make sure that the authorized periods of residuality
(withholding period) are applied to prevent any residual pesticide from ending up in wine. The
withholding period for glyphosate is 7 days.
2.3.6.4 Phthalates
The occurrence of phthalates in wine is attributable to migration from plastic equipment, containers,
or packaging material. These include plastic lug boxes used to harvest grapes, plastic pipes, or
epoxy resins used to coat equipment or storage containers (Benito, 2019).
Studies have shown that phthalates are toxic to animals, but the toxicity of these chemicals in
humans are not well established. It is suggested that exposure to phthalates can cause endocrine
disruption, impairment in foetal development, fertility problems, increased risk of allergies, asthma
and cancer (Karačonji et al. 2017).
EU legislation has the following legal limits for some phthalates: diisononyl phthalate (DINP) – 9
mg/kg, diethylexyl phthalate (DEHP) – 1.5 mg/kg, and dibutyl phthalate (DBP) – 0.3 mg/kg.
Considering that there is currently no known method of removing phthalates from wine, it is very
important that producers prevent them from getting into their wine during production. Use only
equipment and production materials free of phthalates during the winemaking process (Benito,
2019).
2.3.6.5 Physical Hazards
Physical hazards are rarely found in wine. When they do occur, they can be very dangerous when
ingested with wine, depending on their nature. They are defined as foreign objects that can cause
injury or illness (UNL, 2019). Customers will invariably complain if physical hazards are found in
wine, and if serious hazards are found could result in lawsuits and huge economic and reputational
losses for the producer. The presence of such objects in wines will almost always have adverse
reputational consequences for the producer.
Examples of physical hazards are, glass, wood and, -metal fragments, -stones, insects or items of
employees (personal protective equipment or jewellery) and fragments of packaging materials. Small
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pieces of glass are the most common physical hazard found in wine. Glass bottles are most often
used for the packaging of wine. During the bottling process breakages and chips can cause small
pieces of glass to end up in bottled wine.
The other foreign objects mentioned can also cause harm and result in infection or choking. The
presence of these objects in wine can usually be traced back to inadequate facilities and equipment,
lack of maintenance, and employees not adhering to protocols with regard to clothing and personal
effects. Producers should accordingly ensure that winery equipment is regularly serviced and
maintained (Benito, 2019). Filtration remains the best way of removing foreign objects before
bottling.
Most countries do not have measurable limits or recommendations regarding foreign objects in food.
The Division of Compliance Management and Operations (HFC-210) indicates that if a product
contains a hard or sharp object with measurements of 7 mm to 25 mm in length, it can cause
traumatic injury to consumers (SECTION 555 425). On the other hand, The Canadian Food
Inspection Agency considers foreign objects with measurement of more than 2 mm, a food safety
hazard (Benito, 2019).
2.4 HEALTH BENEFITS ASSOCIATED WITH WINE CONSUMPTION
There is a substantial body of literature that supports the health benefits associated with the
moderate consumption of alcohol and in particular of wine. Recommended levels of alcohol
consumption is difficult to define as characteristics such as age, sex, genetics, size and health status
of an individual affects the way they metabolize alcohol (Robinson, 2006). Generally the moderate
consumption of wine revers to the intake of about 250ml/day. When comparing the different types of
alcohol such as beer, spirits and wine, wine consistently outperforms the rest in terms of its healthcontributing properties. It was for this reason that the production of wine was allowed during the
prohibition period in the US, and could still be used for sacramental purposes and prescribed by
doctors for medicinal use (Margalit, 1997).
In recent years more studies have been conducted to establish and quantify the link between wine
and health. The focus has primarily been on the health benefits associated with alcohol and the
polyphenols found in wine. Health benefits associated with grape and wine constituents include
decrease in cardiovascular disease, ischemic stroke, cancer, ageing, neurodegenerative disorders,
hypertension and hyperlipidaemia (Guilford & Pezzuto, 2011).
The superiority of wine in terms of its health benefits over other alcoholic beverages is thought to be
accredited to some minor constituents that are unique to wine. There have been numerous attempts
in the last decade to identify and isolate these bioactive compounds and to provide a possible
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explanation of the mechanisms involved. Polyphenolic compounds are among these unique minor
or bioactive constituents found in grapes and wine that can contribute to human health.
Compounds found in grapes that have powerful antioxidant properties, can lower harmful low-density
lipoprotein (LDL) cholesterol oxidation, modulate cell signalling pathways, and reduce platelet
aggregation. These compounds include melatonin, catechins, ellagic acid, lutein, quercetin and
resveratrol (Guilford & Pezzuto, 2011).
There are many theories regarding the mechanisms whereby wine components can benefit human
health. These are very complex and have as yet not been determined with any degree of precision.
Some researchers believe that the health benefits may be enhanced, depending on the production
methods used during the winemaking process (Guilford & Pezzuto, 2011).
Accordingly, this section will focus on some of the more researched and well-known health-related
wine constituents and how to optimise their benefits.
2.4.1 WINE CONSTITUENTS ASSOCIATED WITH HEALTH BENEFITS
2.4.1.1 Alcohol
Alcohol in wine was discussed in detail under the heading in Section 2.3.1 and therefore no more
detail will be provided in this section.
2.4.1.2 Polyphenolic compounds
Polyphenolic compounds or polyphenols are highly active chemical compounds with phenol
(C6H5OH) as its basic building block. They are very important in wine, especially red wine, as they
contribute to the taste and colour of wine. Polyphenolic compounds found in red wines, and to a
much lesser extent in white wines, can be classified either as non-flavonoid or as flavonoid. The nonflavonoids often found in grapes include benzoic acid (such as gallic acid), cinnamic acids and
stilbenes (such as resveratrol). Flavonoids include compounds such as anthocyanins and flavan-3ols. Flavan-3-ols are very important in wine and include catechin and epi-catechin, and especially
as polymeric procyanidins or condensed tannins (Robinson, 2006).
Extensive research has been done on the health benefits of resveratrol. It is a phenolic compound
typically found in skins of both red and white grapes. Resveratrol is produced in grape skins, due to
biotic (fungal attack) and abiotic (climatic conditions and ultraviolet exposure) stress situations in
vineyards. Two isomer forms, trans and cis of resveratrol exist in wine. Only trans-resveratrol has
been found in Vitis vinefera grapes with the cis isomer formed from the trans isomer during the
winemaking process (Geana et al. 2015). Red wine is produced with longer skin maceration and
therefore the resveratrol content is approximately ten times higher compared to white wines. It
belongs to a group of compounds called stilbenes (Robinson, 2006). This compound has radical
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scavenger and antioxidant properties and might possibly be linked to the French paradox
phenomenon (Weiskirchen & Weiskirchen, 2016). The French paradox concept is discussed in more
detail in section 2.4.2.
Catechin is a component mainly found in grape seeds, in stems, and to a lesser extent in berry skins.
Red wines typically contain higher levels due to the presence of grape seeds during skin maceration.
They are the constrictive units of tannins which are responsible for astringency and colour stability
in red wines. Catechins have strong antioxidant properties and can also contribute to the health
benefits associated with moderate red wine consumption (Robinson, 2006). Ellagic acid is a natural
polyphenol found in grapes and is also a strong antioxidant that has preventative properties against
lung cancer (Duan et al. 2019). Concentrations of catechin and ellagic acid found in wine is a lot
higher compared to resveratrol, and some believe that their importance as health contributors have
been unduly overshadowed by resveratrol. Resveratrol also has a relatively low bioavailability and
therefore it may be less important to health as originally thought (Guilford & Pezzuto, 2011).
Factors that influence the polyphenolic content of wine
Much interest has been devoted to optimize polyphenol extraction during the winemaking process,
because of the important contribution of these compounds to the taste and colour of especially red
wines. These techniques could also possibly increase health benefits.
Numerous factors influence the polyphenolic and resveratrol content of grapes, including the grape
variety, vine pruning and trellising system, bunch thinning, grape maturity at harvest, and
phytosanitary grape condition (Kammerer & Carle 2009).
Although grape variety, climatic conditions and viticultural practices contribute to the amount of
procyanidins or antioxidant content found in grapes, it is the winemaking process that will ultimately
determine the amount that will eventually be present in the final wine. Winemaking practices that can
influence the extraction of polyphenolic compounds (and possible antioxidant properties) in wine,
include fermentation temperature, grape freezing, thermovinification, carbonic maceration, whole
berry fermentation, pre-fermentation juice runoff (bleeding or saignée), use of pectolytic enzymes,
pump-overs, punch-downs, duration of skin maceration, and yeast selection. Other factors that can
modify the resveratrol content in wine, includes pH and the SO2 level. It is therefore possible for
winemakers to use various winemaking techniques to enhance the extraction of antioxidants during
the vinification process, and thus enhance the health benefits of wine (Kammerer & Carle, 2009).
The role of viticultural practices also plays a significant role in the total polyphenolic concentrations
in grapes. Removal of grape bunches, for example, impacts berry set and veraison. This promotes
better ripening conditions and results in the increased accumulation of some polyphenolic
compounds in grapes. Exposure of grape bunches to moderate sunlight and temperature, enhances
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the accumulation of skin tannins compared to those that are found in shaded and dense canopies
(Kammerer & Carle, 2009). Resveratrol concentration in grape skins increases considerably with
longer exposure of grape bunches to sunlight and ultraviolet light (Yaman et al. 2016).
The polyphenolic concentration of both red and white wines varies according to grape variety. It is a
proven fact that different grape varieties are significantly different in terms of their polyphenolic profile
and concentrations (Kammerer & Carle, 2009). It is also important to note that there is a stronger
correlation between the antioxidant activity and the total phenol content, compared to that of its
anthocyanin content. Therefore, the antioxidant activity of red grape varieties does not always
correlate with its anthocyanin content. Some studies suggest that anthocyanins may be less
significant when it comes to the antioxidant properties of wine. Gewurtztraminer, for example, has a
low anthocyanin content, but has a high phenolic content with high antioxidant activity (Orak, 2007).
In 1995 Goldberg et al. conducted a survey of the trans-resveratrol concentrations in commercial
wines from numerous wine-producing countries and regions. They found that Pinot Noir wines
consistently measured higher levels of resveratrol when compared to wines made from other grape
varieties, regardless of the wine-growing country and region. Cabernet Sauvignon wines had
significantly lower concentrations. Higher levels were found in wines produced from cool-climate
regions such as Bordeaux and Ontario and much lower levels were found in wines produced in
warmer climates such as Australia, California and South America. Another study looked at the
resveratrol content in 21 Italian red grape varieties. This was only done on the extraction thereof
from the grape skins and not in the wine. The highest concentrations of total stilbenes were found in
Barbera, Franconia, Negroamaro, Marzemino and Corvina (Vincenzi et al. 2013).
Roger Corder (2007) mentions in his book, The Red Wine Diet, that wines from different countries
have different procyanidin content. He expresses some views about red wines that are contrary to
the above, for example, that grapes with a darker colour are more likely to contain higher levels of
procyanidins. His summary regarding red wines from numerous countries and regions is as follows:


French wines differ considerably depending on the region. Bordeaux wines have moderate
levels, whereas Burgundy wines tend to be moderate to low. Wines from the Rhone and
Languedoc-Roussillon have moderate to high levels. Wines made from Malbec and Tannat
grape varieties seemed to contain the highest levels of antioxidant compounds.



Wines from Southern Italy have high levels of procyanidins and those from Northern Italy
have moderate levels.



Spanish, Australian and Chilean wines have moderate levels.



Cabernet sauvignon wines from the United States have significantly high levels of
procyanidin.
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Catechin concentrations also vary between grape varieties with Merlot and Pinot Noir having notably
higher levels and Syrah containing the lowest levels. Cool, damp climatic conditions look as if they
stimulate increased catechin synthesis when compared to dry, hot conditions (Robinson, 2006).
Geana et al. (2015) monitored the trans-resveratrol concentration in grape skins during ripening and
in the corresponding wines. They found that the trans-resveratrol levels increased as ripening
progressed, but only until a certain point, after which they started decreasing again. The harvesting
date can therefore influence the final level of resveratrol found in wines. They also noticed
differences in resveratrol levels between different grape varieties with highest concentrations found
in Pinot Noir and Fetească Neagră, both in the grape skins and in the resulting wines. Cabernet
sauvignon grapes and wine were also found to contain the lowest levels of trans-resveratrol. When
they compared the 2012 and 2013 vintage, they found that the favourable climatic conditions in 2012
increased the trans-resveratrol in red grapes. The climatic conditions in 2012 were warm and dry,
with more sunny days compared to the 2013 vintage. This encouraged better ripening and higher
quality wine in 2012, with significantly higher concentrations of trans-resveratrol in both grape skin
and the respective wine.
Yaman et al. (2016) studied the effect of vegetation time and climatic conditions on the resveratrol
concentrations in Merlot and Cabernet Sauvignon wines of different areas in Turkey. They found that
the resveratrol concentration was higher in Merlot compared to Cabernet Sauvignon, irrespective of
the other conditions that prevailed. The results showed a direct correlation between resveratrol
concentrations and the factors such as vegetation time, sunshine duration, and total effective
temperature during the ripening of grapes. They suggested that future studies should focus on the
correlations between resveratrol and viticultural practices such as irrigation, fertilization and pesticide
regimes.
According to various other studies, the following grape varieties were associated with high levels of
antioxidants: Tannat, Mourverdre, Gewurtztraminer, Cabernet Franc, Baco Noir, Malbec,
Sagrantino, Petit Syrah, Marselan and Nebbiolo (González-Neves et al. 2004; Orak, 2007; Yang et
al. 2009; Fanzone et al. 2010; Williams, 2018).
Usually grape stems are removed before grape crushing. Grape stems are very rich in polyphenolic
compounds and especially catechin. Some wines which are made with the presence of some grape
stems, exhibit higher concentrations of polyphenolic compounds and increased antioxidant
properties. This, however, is not the case with all grape varieties and this should be taken into
consideration when applying this technique as a possible way to increase the antioxidant properties
of wine. Maceration with grape stems, however, can also result in the extraction of polyphenols that
contribute to unwanted bitterness and astringency in wines (Kammerer & Carle, 2009).
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Pre-fermentation juice runoff or saignée, is a production technique to increase the overall quality of
red wines. It involves the removal of part of the grape juice from the skins before fermentation —
usually as early as possible after the crushing of grapes, to increase the skin to juice ratio of the
remaining juice. It is suggested that it mimics the result of smaller grape berries, as it increases the
skin-to-juice ratio, and therefore the potential to increase the total polyphenolic content in the final
wine. Numerous studies showed a significantly higher flavonoid and anthocyanin concentration in
the resulting wine where the saignée method was used. Some studies, however, did show that in
the case of the saignée treatments of between 10% and 20%, wines with higher polyphenols initially
became less significant over extended periods. This raised the question of what the long-term effect
of this treatment is on the total polyphenolic content during ageing of the wine (Sacchi et al. 2005).
Further studies are required, especially where higher saignee treatments of up to 30% are done.
The type of maceration (contact of grape skins and seeds) is the main factor determining the
polyphenolic content, and therefore the antioxidant potential of resulting wines (Kammerer & Carle,
2009). Red wines contain higher levels of polyphenols and resveratrol, due to the longer maceration
on the skins during the winemaking process. Rosé wines do not have as high levels as red wines,
but due to some skin contact during its production, it generally results in higher levels than white
wines (Geana et al. 2015).
Longer skin contact for both red and white grapes must increase the transfer and extraction of
polyphenols considerably, increasing the antioxidant capacity and health benefits of resulting wines.
Techniques used during skin maceration, such as mixing of the fermenting grape must, also
enhances the extraction of polyphenolic compounds. Regular punch down of skins or pumping of
fermenting grape must over skins, are examples of techniques used to enhance extraction
(Kammerer & Carle, 2009).
Poussier et al. (2003) studied the effect of different skin maceration techniques and microbial
enzymatic activities on wine stilbene content. The study included the following winemaking methods
for Merlot grapes:


More traditional method with 8-day fermentation on the skins, whilst keeping the temperature
between 25 and 28°C.



The traditional method with the addition of pectolytic enzymes (pectinases) at 2.5g/100kg.
Pectolytic enzymes breaks down pectins in grape berries and enhances the extraction of
polyphenolic compounds from grape skins.



Cold maceration on the skins at 7°C for 60 hours, followed by fermentation on the skins with
temperatures between 25 and 28°C until completion of fermentation.



Heat treatment on the skins at 50°C for 24 hours after the completion of fermentation on the
skins, with temperatures between 25 and 28°C.
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Although the extraction of cis- and trans-resveratrol was initially delayed during cold maceration, the
levels constantly increased throughout the fermentation process to reach the same maximum level
found in all the wines. The winemaking techniques investigated in this study did not note any
significant difference in the antioxidant properties of the wines.
Some studies have shown that red wines made with carbonic maceration like Beaujolais nouveau
made from Gamay Noir grapes, typically have lower polyphenolic content. This is due to the
extraction of less total polyphenolics during this process. However, contrasting results were found in
another study that showed carbonic maceration can increase the levels of catechin and other
procyanidins that contain strong antioxidant properties (Kammerer and Carle, 2009). The process of
carbonic maceration is when whole grape bunches are placed under anaerobic conditions, using
carbon dioxide to eliminate the presence of oxygen. Intracellular fermentation occurs and the wines
are generally brighter in colour with unique aroma, but significantly less tannic (Robinson, 2006).
After skin maceration of red wines, the mixture of must, skins and seeds generally undergoes a
pressing action to separate the skin and seeds and to retrieve as much of the wine as possible. The
force or pressure applied and the type of pressing equipment used, not only determine the quality of
the wines, but also impact the extraction of polyphenolic compounds. The more pressure applied,
the higher the extraction of polyphenols. However, over extraction due to very hard pressing action,
could result in the extraction of bitter components from skin and seeds (Niculescu et al. 2018).
During the fermentation of red grapes individual polyphenolic compounds are released at different
times. The extraction of flavan-3-ols such as catechin, that has high antioxidant properties, will
gradually increase with the progression of fermentation. The reason is that high levels of catechin
are located in seeds, and the extraction is enhanced by the presence of alcohol and increased
temperature prevailing during fermentation (Kammerer & Carle, 2009).
Red wines have higher antioxidants compared to white wines, and the reason is that red wines
receive longer skin and seed contact during production. There have been attempts to produce white
wine with a higher polyphenolic content, by extending the skin contact. The only significant increase
in antioxidant properties occurs when skin contact is done in conjunction with alcohol. It is therefore
suggested that skin macerated and fermented white wines could have higher health properties,
compared to conventional white wines that are made without or have very short periods of skin
contact (Lachman et al. 2009).
Thermovinification is a technique sometimes used as an alternative to skin maceration which
involves the flash heating of crushed grapes to a temperature of 85 °C. This induces the berries
rupture and the extraction of polyphenolic compounds is enhanced. This process is usually only used
for red wine production and generally by larger commercial producers, due to limited capacity and
timeframe for extraction of polyphenolic compounds. Studies have shown that wines made with
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several days of skin maceration (the usual production method for red wines), have higher
concentrations of antioxidants compared to wines produced with thermovinification (Kammerer &
Carle, 2009).
Freezing grapes before fermentation can potentially have a significant effect on the polyphenolic
composition. During freezing the berry cells burst, breaking the cell membranes and therefore
encouraging the release of polyphenolic compounds. In a study, Merlot grape must was frozen using
dry ice, and the resulting wines contained 52% more tannins compared to the control wine. Similar
results were noted in trials done with Cabernet sauvignon and Cabernet franc (Sacchi et al. 2005).
It seems as if the freezing process breaks the cells in seeds that contain tannins, and thus increases
their extractability (Sacchi et al. 2005).
The use of commercially available enzyme preparations such as pectolytic enzymes (pectinase),
enhance the release of polyphenolic compounds due the breakdown of pectin (Rankine, 2004). The
use of enzymes with β-glucosidase activity, indicated that the trans-resveratrol increased in some
Sicilian wines (Todaro et al. 2008). β-glucosidase hydrolyze glucose from resveratrol glucoside and
therefore increase the levels of free resveratrol (Kuo et al. 2018).
Yeast strains used for alcoholic fermentation may also affect significantly affect the polyphenolic
content in wine. Some studies showed that the yeast types used can affect the amount of cis- and
trans-resveratrol in wines. The difference could be due to absorption thereof onto the yeast surface
and hydrolysis by yeast glucosides. Further studies, however, are needed to determine the effect of
different yeast strains on resveratrol levels found in wine (Kammerer & Carle, 2009). Numerous
studies have shown that higher fermentation temperatures increase the extraction of polyphenolic
compounds. This is due to the increased solubility of these polyphenolic compounds (Sacchi et al.
2005).
During malolactic fermentation, the contents of catechin, epicatechin, cis- and trans-resveratrol
increases significantly. The increase of the resveratrol isomers has been attributed to the βglucosidase enzyme activity of LAB, but especially that of Oenococcus oeni. Therefore, it can be
suggested that the use of certain commercial LAB can increase the antioxidant properties of resulting
wines (Poussier et al. 2003).
The total antioxidant status of wine was also significantly influenced by the addition of SO2. SO2
additions at grape crushing can increase the transfer of polyphenols from skins to the must. Early
SO2 addition together with long maceration time, can increase the polyphenolic content in the final
wine significantly (Kammerer & Carle, 2009). The tannin extraction from skin and seeds increases
with an increase in alcohol, SO2, temperature and skin contact time, because these factors enhance
the solubility of tannins in wine (Sacchi et al. 2005).
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It has been suggested that clarification and fining may lower the polyphenolic contents and can
reduce beneficial antioxidant quality of a wine potentially (Kammerer & Carle, 2009).
During ageing and storing of wine the polyphenolic content also changes. Numerous studies have
found that the anthocyanin and antioxidant properties are higher in young red wines compared to
older wines. Storage temperature also plays a significant role in these changes. Wine ageing is
accelerated at higher temperatures and wines stored at higher temperatures may have less
antioxidant properties (Niculescu et al. 2018). The ideal storage temperature for maturation of red
wine is between 15-20°C (Agriopoulou & Stamatelopoulou, 2017).
Ageing or maturation of wine in wooden barrels could also have a significant influence on the
antioxidant compounds found in the resulting wine. Various phenolic compounds with antioxidant
properties can be extracted from wood into wine or spirit during the ageing process. A study
conducted by Sara Canas (2017), found that the origin of the oak plays an important role. Chestnut
wood (Castanea staiva) imparts the highest antioxidant properties into aged wine spirits, followed by
French (Quercus robur) and Mediterranean wood (Quercus pyrenaica). North American wood
(Quercus alba) imparted lower phenolic compounds to the aged wine spirits. During this study no
significant differences were found in the antioxidant properties of wood with different toasting levels.
Further studies should be done to determine if red and white wines aged in oak barrels have higher
antioxidant properties.
Nikfardjam et al. (2006) analysed the trans-resveratrol concentration in Hungarian (Tokay) and
German (Prädikat) wines made from grapes with noble rot or Botrytis cinerea. For both these styles
of wine the total resveratrol was higher compared to wines made without Botrytis grapes. The
resveratrol concentration was particularly high in Tokay wines, and Nikfradjam et al. (2006) ascribed
this to the unique production method used for making Tokay Aszú. The conclusion was that Tokay
Aszú wines were an excellent source of antioxidants.
With continued research and development of more sophisticated analytical tools, it might be possible
to better assess the health benefits of wine and even link this to specific compounds. This could then
enable winemakers to determine the best vinification techniques to obtain wines with the highest
possible health benefits (Kammerer & Carle, 2009).
2.4.1.3 Melatonin
Previously the health benefits of red wine were mainly attributed to the presence of alcohol and
polyphenolic compounds. However, it was found that dealcoholized red wines may still have
beneficial effects on cardiovascular function. This resulted in the notion that there could be other
components in wine that could have cardioprotective properties (Lamont et al. 2015).
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Melatonin is a hormone that plays an important role in regulating the circadian rhythm of humans,
and it is often referred to as the ‘sleep hormone’. The circadian rhythm is the 24-hour cycle of the
body’s physiological process controlled by the brain, and it can be described as your sleep/wake
cycle. Melatonin also has very strong antioxidant properties that can provide numerous health
benefits (Lamont et al. 2015). Although it was previously assumed that melatonin is produced only
in vertebrates, it was subsequently discovered that some invertebrates, plants and fungi also contain
melatonin, and that humans can ingest it via these sources (Gaffney 2006).
In a study by Iriti et al. (2006), they measured the melatonin levels in several red grape varieties,
including Sangiovese, Nebbiolo, Barbera, Marzemino, Croatina, Merlot, Cabernet sauvignon and
Cabernet franc. The highest levels were found in Nebbiolo (0.965 ng/g) and Croatina (0.87 ng/g).
However, the study was unable to demonstrate that the resulting wine would retain the melatonin,
but it was suggested that this was a possibility.
Lamont et al. (2015) looked at the cardioprotective effect of moderate red wine consumption, due to
the presence of melatonin, melatonin receptors and STAT3. This study showed that alcohol and
resveratrol were not the only components found in wine that offer cardioprotective properties and
demonstrated that. melatonin contributes to cardiovascular protection, due to the activation of the
powerful pro-survival pathway called the SAFE (Survivor Activator Factor Enhancement) pathway.
They also mentioned other health benefits of melatonin, including anti-cancer, anti-diabetic and antidepressive properties, although they are not sure if this will be true for low levels of melatonin intake
with moderate red wine consumption. These researchers expressed the view that chronic
consumption of melatonin (equal to 2-3 glasses of red wine per day), is a safe and inexpensive way
of protection against cardiovascular disease.
2.4.2

HEALTH BENEFITS OF MODERATE ALCOHOL CONSUMPTION

In 1926 almost a century ago, Raymond Pearl proposed a hypothesis that moderate alcohol
consumers live longer than abstainers and heavy drinkers. He studied a large date set and took into
consideration confounders and other influences that may cause interference. Individuals was divided
into groups including abstainers, moderate drinkers and those that drank to drunkenness regularly.
He also recorded the individual’s birthplace and date, social and ethical status. The study showed
that heavy-drinking had a damaging effect on longevity and mortality but, the live expectancy of
moderate drinkers was higher than that of abstainers (Raymond, 1926). Epidemiological studies can
be defined as the occurrence and distribution of disease and their causal factors (Goode 2014).
Numerous epidemiological studies have been done since, some have suggested a beneficial effect
of moderate consumption of alcohol in selected populations and other studies have not been able to
demonstrate the benefits of moderate wine consumption to health.
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The US Department of Agriculture defines a one-drink unit as a measure of a specific drink that
contains 17.5 ml of absolute ethanol. This is equal to approximately 145 ml of wine at 12% v/v, 350
ml of beer at 5% v/v or 45 ml of hard liquor at 40% v/v. According to these levels, people can be
divided into the following groups: non-drinkers, moderate drinkers consuming 1 to 3 drinks per day,
and heavy drinkers that consume more than 3 drinks per day (Margalit, 1997).
The relationship between alcohol consumption and mortality have been illustrated in a J-shaped
curve in numerous studies. At the lowest point of the curve (light to moderate drinkers) it shows the
optimum intake of alcohol and increased risk of abstainers shows the intake of the sub-optimum
amount of alcohol (Shaper & Wannamethee, 1998). In 2006 Di Castelnuovo et al. conducted a metaanalysis of prospective studies on alcohol dosing and the total mortality in men and women. They
searched PubMed for related studies up until the year 2005 and identified 34 suitable publications
on this topic. The data was combined with a weighted regression analysis of fractional polynomials.
From these publications they could confirmed the J-shaped relationship between alcohol and total
mortality for both men and women. The meta-analysis showed that moderate drinking increases an
individual’s life expectancy, due to the various beneficial health attributes of alcohol, but the risk of
death starts to increase at certain higher levels of consumption (defined as heavy drinking). Heavy
drinkers start to suffer from various conditions such as cirrhosis of the liver, stroke and certain
cancers, and also increase their risk in accidental or violent death. It was also found that the Jshaped curve is different between men and women. Figure 1 depicts the increased risk in relative
risk associated with increasing alcohol intake per day and all-cause mortality for men and women.
At low levels of alcohol consumption in women (1-2 drinks per day) and men (2-4 drinks per day)
are inversely correlated with total mortality. As soon as these levels of alcohol consumption are
exceeded, the rate of mortality increases. (Di Castelnuovo et al. 2006). It is important to note that
this study looked at the moderate consumption of alcohol in general, and not specifically wine.
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Figure 1: The relationship of daily alcohol consumption to the relative risk of total mortality in women
and men (Di Castelnuovo et al. 2006).

The French Paradox, a term coined in the 1980’s by French scientists, in a study examining heart
disease and fat intake, showed that despite consuming a diet high in saturated fats, French people
have relatively low levels of coronary heart disease (CHD) compared to people in Britain
(Ducimetiere et al. 1980). It was suggested that the moderate consumption of red wine was partially
responsible for this phenomenon (Renaud & de Lorgeril, 1992). Further studies supported this idea
and confirmed the associations, in particular the Mediterranean diet which consisted of mainly fruit
and vegetables, lean protein from fish and poultry with pulses and olive oil (Rossi et al. 2013). Other
epidemiological studies on a diverse population that focus specifically on the effect of moderate wine
consumption, showed a 20—30% decrease in all-cause mortality of those individuals, but mostly in
cardiovascular mortality (Guilford & Pezzuto, 2011).The mechanism or constituents of red wine that
in fact contributed to this phenomenon, was not established with any degree of certainty. This has
encouraged extensive and comprehensive research into the health benefits of moderate wine
consumption (Fragopoulou et al. 2018).
2.4.3

POSSIBLE MECHANISMS CONTRIBUTING TO HEALTH BENEFITS ASSOCIATED
WITH MODERATE WINE CONSUMPTION

There is currently no consensus as to precisely how wine consumption may protect against diseases.
Various theories have been advanced on how wine can influence health. The problem is that such
research is complex, difficult and expensive to conduct, requiring long term prospective follow up of
individuals to determine the effects on human health. There are also multiple confounders that may
bias the findings in prospective follow up of individuals over prolonged periods of time.
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Possible mechanisms based on current evidence that could contribute to the health effects
associated with moderate consumption of wine are discussed.
2.4.3.1 Effects on lipid metabolism
Fragopoulou et al. (2018) reviewed numerous clinical trials on wine and their metabolic effects and
concluded that most studies showed a beneficial result of wine consumption on lipid metabolism,
due to the presence of ethanol. Moderate wine consumption improves the control of glucose mostly
in diabetics. Other findings showed that minor wine constituents do play a role in haemostatic (lower
levels of fibrinogen) and inflammatory or endothelial systems. These constituents reduce the
adhesion molecules and increase the flow mediated dilation postprandial. This review did suggest
that more controlled intervention studies is needed to provide more concrete evidence of the effect
of moderate alcohol consumption on human health.
Numerous studies have focussed on the effect of alcohol intake on the high-density lipoprotein (HDL)
metabolism in humans. Wine consumption has been associated with an increase in HDL cholesterol
or typically referred to as ‘good’ cholesterol and it was also found that it decreased the low-density
lipoprotein (LDL) cholesterol. The health benefits of this is that it decreases the risk of
atherosclerosis, obesity, and type 2 diabetes. High levels of LDL are associated with diets rich in
saturated fats and consumption of wine with a meal is suggested to be beneficial, as it lowers the
LDL cholesterol before it is stored in unwanted places in the body (Guilford & Pezzuto, 2011). Some
studies, however, suggest that the beneficial attributes in wine are more likely attributable to the
alcohol content than to micro-constituents (Fragopoulou et al. 2018). While others found red wine
more effective in raising HDL levels when compared to white wine, leading these researchers to
conclude that polyphenols or perhaps other compounds found in red wines may play significant
beneficial role (Guilford & Pezzuto, 2011).
2.4.3.2 Antioxidant effects
Antioxidants may contribute to the French paradox phenomenon. Diets high in saturated fat can
result in increased oxidative damage or stress to plasma lipoproteins. Oxidative damage is
associated with chronic illness, such as atherosclerosis and cardiovascular disease. It is in this
oxidative state that LDL causes atherosclerosis which is the build-up of cholesterol and fats on the
artery walls which can eventually lead to the blockages and restriction of blood flow through the
arteries, but this can also act as a nidus to trigger the clotting cascade and result in the occurrence
of blood clots. Neurological disorders due to oxidative damage includes dementia, stroke and
Alzheimer’s disease. Cancer associated with oxidative damage includes colon, ovarian and prostate
cancer and basal cell carcinoma. Antioxidants found in red wines may prevent LDL from oxidising
(Guilford & Pezzuto, 2011).
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Alcohol and polyphenolic compounds working synergistically could be the reason for the overall
antioxidant potential of wine. Some studies have found strong antioxidant properties in dealcoholized wine, grapes and grape seed extract and it can be concluded that polyphenolic
compounds may have health benefits of their own even without the presence of alcohol. This synergy
between alcohol and polyphenolics compounds is important and the antioxidant properties of wine
with both alcohol and polyphenolic compounds is higher when compared to low alcohol wine
(Guilford & Pezzuto, 2011).
2.4.3.3 Effect on endothelial function
The endothelium lines the inside of blood and heart vessels and contains endothelial cells that
release substances that regulate vascular integrity well as contraction and relaxation of smooth
muscle in vessel walls. These cells regulates the synthesis and interaction between proteins that
promotes blood clotting and proteins that facilitate fibrinolysis. Endothelin-1 is produced by
endothelial cells and cases constricted blood vessels (vasoconstriction). Vasoconstriction is
associated with increased blood pressure and may be associated with blood clot development.
(Guilford & Pezzuto, 2011).
Corder et al. (2001) found that endothelin-1 formation is inhibited by the polyphenolic compounds
found in red wines and that consumption of red wine could accordingly play a role to cause
vasodilation, and be associated with preventing coronary heart disease. Polyphenols of red wine,
such as quercetin, catechin, resveratrol and procyanidins, stimulates the formation of endotheliumdependent vasorelaxant. These findings support the findings in other studies that also indicate that
red wine improves endothelial function and therefore it possibly reduces the risk of cardiovascular
disease (Guilford & Pezzuto, 2011).
2.4.3.4 Effect on platelet aggregation
There are numerous studies that have concluded that it is the alcohol in wine that is mostly
responsible for the antiplatelet properties thereof. Alcohol makes the platelets less prone to stick
together, therefore limiting the formation of blood clots. Therefore, it could decrease the occurrence
of heart attacks and strokes. The beneficial effect of moderate drinking on blood thinning is reportedly
similar to the effect of ingesting aspirin (Ruf, 2004).
Some studies showed that wine polyphenols, especially those found in red wines, may be
responsible for decreasing platelet aggregation. (Guilford & Pezzuto, 2011). Pignatelli et al. (2002)
found contradicting results where white wine consumption resulted in higher antiplatelet activity
compared to red wine. Later a study by de Lange et al. (2004) showed that alcohol, red wine and
polyphenolic grape extract all individually inhibit platelet aggregation. These confounding results
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between studies may be contributed to variables, such as inconsistent diets of individuals and assaytechniques used (De Lange et al. 2004).
2.4.3.5 Activation of sirtuins
Sirtuin are signalling proteins involved in metabolic regulation that influence aging, inflammation and
apoptosis of cells. Some reports have shown that resveratrol activates some sirtuins (SIRT1).
Although there is no clinical evidence to support this in humans, the lifespan of yeasts in experimental
conditions could be extended with 70% by increasing the Sir2 levels. The hypothesis behind this
theory is that if mammals undergo severe calorie restriction (at least one third less than usual) it
could extend their lifespan. In yeast it was proven that Sir2 mimics the effect of restriction of calorie
uptake. In humans, the influence of resveratrol on human SirT1 with resultant restriction of calorie
uptake and a possible increased lifespan, remains unproven. (Kaeberlein et al. 2005).
2.5 CONCLUSION
The literature that was reviewed in this chapter dealt with both the positive and negative effects of
wine. Research provides clear evidence that there are various components found in wine that
contribute to our health. There are, however, some components that may be harmful to human
health. The following needs to be borne in mind by winemakers seeking to produce healthier wines.
Excessive intake of alcohol can lead to AUD and may have serious negative health and socioeconomic implications. The consumption of large amounts of alcohol may lead to alcoholic liver
disease, obesity, malnutrition, depressive disorders, FAS and accidental death. Neurodegeneration,
weakening of bones, cardiomyopathy, hypertriglyceridemia, hypertension, stroke, and breast cancer
have also been associated with excessive alcohol intake. The production of wine with lower alcohol
has accordingly become important, both from a consumer and industry perspective. Techniques that
can be used to reduce alcohol levels in wine include nanofiltration, reverse osmosis and vacuum
evaporation. These techniques are cost effective and if used correctly will have a limited impact on
the sensory properties of wine. Future studies should focus on developing commercially available
yeast that converts less sugar to alcohol.
SO2 plays an important role in preserving wine and steps should be taken to optimise its use. Adverse
effects of SO2 in sensitive individuals include headaches, stomach or skin reactions, eczema, nausea
and diarrhoea. Research shows that the toxicity of SO2 is usually limited if used within legislative
dosages.
The ingestion of trace amounts of certain metals found in wine have nutritional value. These include
Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Ni and Zn. The excessive intake of certain metals can however
be extremely toxic and are associated with health risks such as Parkinson’s disease, chronic
inflammatory diseases, birth defects, hypertension, memory loss, learning difficulties and possibly
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even cancer. There are various measures that grape growers and winemakers can take to limit the
extent of toxic metals found in wine. These include the judicious use of fertilizers, pesticides,
fungicides in the vineyard and of suitable cellar materials and equipment.
One of the lesser known, but significant, toxic compounds that may occur in wine are biogenic
amines which can be formed at any stage during the production, storage and ageing of wines. The
amines that exhibit the most toxicity include histamine, tyramine and 2-phenylethylamine. Sensitive
individuals may experience headaches, respiratory distress, heart palpitation, hypo- or hypertension,
flushing, allergic reactions and anaphylaxis. The microorganisms that produce biogenic amines can
be controlled. An important step is to avoid poor sanitary conditions of both grapes and winery
equipment. The effective use of SO2 will lower the occurrence of biogenic amines due to it inhibiting
the growth of indigenous LAB and other spoilage microorganisms.
Fining agents used during wine production include egg whites, milk and fish products. Research
shows that these fining agents pose a very low risk to food allergic patients if used below the
maximum recommended dosages.
Ethyl carbamate is a known carcinogenic compound that may be present in wine. Urea is usually the
main contributor to the formation of ethyl carbamate. Most yeast and bacteria produce urea during
fermentation. Its presence in wine can be controlled by not using urea for fertilization in vineyards,
by selecting specific yeast and LAB strains, and controlling storage temperatures.
Although OTA is a common compound found in wine that may have serious health risks, a study
done by Stander & Steyn (2002) concluded that OTA levels poses no concern for the South African
wine industry. It is caused by the growth of undesirable fungi and controlling the sanitary status of
grapes is the main strategy to prevent OTA formation.
Toxic effects that have been linked to pesticide residue, include dermatological, neurological,
gastrointestinal, respiratory, carcinogenic, reproductive and endocrine health issues. These range
from mild symptoms such as a skin rash, to extremely dangerous cases that can even result in death.
It is accordingly important to follow the application instructions provided by suppliers.
It can accordingly be concluded that it is possible for grape growers and producers to control the
occurrence of components in wine that are harmful to human health. In order do so it is, however,
important for them to have a clear understanding of the components and the factors that influence
their occurrence.
There appears to be little doubt that wine is healthier than any other alcoholic beverage. The
moderate and regular consumption of wine has for a relatively long time been recognised as being
beneficial for human health. The recommended amount of consumption for women is one drink per
day and two drinks per day for men. In literature there is currently no consensus on the precise

68

mechanism whereby wine consumption contributes to human health. The possible mechanisms that
have been identified include: effect on lipid metabolism, endothelia function, platelet aggregation,
antioxidant effect and activation of sirtuins.
Some studies have found that the intake of alcohol increases the levels of HDL and decreases the
risk of atherosclerosis. Others have concluded that alcohol inhibits platelet aggregation and
decreases the occurrence of heart attacks and strokes.
Extensive research has been done on the health benefits of polyphenolic compounds found in wine.
These components have strong antioxidant properties that may contribute to the French paradox
phenomenon. They include resveratrol, catechin and ellagic acid. Some studies suggest that
antioxidants prevents LDL from oxidizing and decreases the risk of atherosclerosis, cardiovascular
disease, neurological disorders and cancer. Melatonin has only recently been considered for its
health-enhancing attributes.
There are numerous winemaking and viticultural techniques that can increase the antioxidant
properties found, especially in red wine. Viticultural techniques include: Choice of grape variety, vine
pruning and trellising, canopy management, leaf and bunch thinning, and optimum harvest date. The
following winemaking techniques are especially pertinent: Drawing off juice before fermentation
(saignee), extended skin maceration, regular pump overs or punch downs, increased fermentation
temperature, the use of pectolytic enzymes, applying more pressure during pressing of skins and
the ageing of wine in wood. Most of the winemaking techniques that can potentially increase the
antioxidant properties of wine, focus on enhancing the extraction of polyphenolic compounds.
Winemakers should bear in mind that over extraction of polyphenolic compounds can result in very
harsh and astringent wines and should be avoided.
It is important to understand that not all wines are produced in the same way and will differ in their
chemical composition. The way a wine is produced will therefore impact the effect it has on human
health. It can be concluded that wines can be produced to have more health benefits and the
occurrence of toxic substances can be easily controlled.
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3. CHAPTER 3: CONSUMER SURVEY ON WINE AND HEALTH

3.1 INTRODUCTION
During 2018, a three-month (August, June and July) electronic consumer survey was conducted
using ‘Survey Monkey’. The link to the survey was posted on Facebook and directed at the general
public. The questions was selected to gauge consumer preference and to try and establish what
they knew regarding the health benefits and risks associated with wine consumption.
A copy of the survey results are provided in Appendix 9. It provides the actual results in percentages.
There are also colour-coded bar charts with responses to each posed question that are annexed for
ease of reference. The results are not repeated here.
It is acknowledged at the outset, that consumer surveys such as these are of limited value, since
they could be influenced by many unforeseen circumstances and no control can be exercised
regarding who responds to the electronic questions that are posed. Invariably there are frequently
inexplicable anomalies. One of those solicited in this survey was the extremely high response that
was received from women as opposed to men. There are, nevertheless, some useful indicators and
trends that can be derived from this survey.
3.2 RESPONDENT DEMOGRAPHIC
This survey solicited 630 respondents of all races, with the majority between the ages of 25 and 44
years. 90% were women. A very large portion of the respondents came from urban areas.
Approximately two thirds had full time employment. More than three quarters indicated that they
purchased wine at least a few times a month, with a quarter of them doing so at least once per week.
Three quarters of the respondents had been consuming wine for periods ranging between six and
twenty years. Very few rated themselves as either wine novices or experts, with the majority falling
between these two extremes. It is not known how many people accessed the survey, but did not
respond.
3.3 CONCLUDING REMARKS ON CONSUMER SURVEY
As far as wine and health is concerned, the following conclusions can be drawn from a perusal of
this survey:
Respondents were asked to indicate what motivated their consumption of wine. A choice between a
number of possible factors was provided. Taste and food accompaniment received the best
response. Next in line were socializing and relaxation. Health benefits were relatively low down on
the list of motivating factors.

70

Three quarters of the respondents expressed the view that in general wine has more health
properties than other alcoholic beverages, and a similar number considered red wine healthier than
white wine.
Questions were then posed to establish the relative importance to consumers of specific
characteristics when selecting one wine over another. Nutritional factors and health implications did
not rate highly at all in this part of the survey, with ‘pleasant taste’ rated as the most important,
followed by ‘trusting the brand’ and ‘availability in retail outlets’, featuring prominently in that order
and before ‘the price of the wine’. When asked in another part of the survey (Question 16) whether
they would be prepared to pay more for a specific wine if they knew it was healthier for them, another
anomaly arose, since more than half of the respondents answered in the affirmative.
Thus it can be deduced, that whilst consumers may be prepared to pay more for a heathier wine,
taste remains of paramount importance. No matter how healthy a wine is, it seems that consumers
are unlikely to pay more for it, if it does not have a pleasant taste.
Almost half of the respondents indicated that they read the list of ingredients on packaging or labels,
with few of them saying that they were allergic to any of the allergens found in wine.
Respondents appear to have a general idea that wine can be healthy. However, a clear
understanding of the good and bad elements in wine was absent, for example:


Very few, only 8%, of the respondents were aware of the adverse health implications of
biogenic amines.



Most respondents were not aware of the fact that metal ions posed a health risk.



Very few respondents recognised health benefits associated with alcohol, with the majority
that saw only negative implications.



Only a tiny fraction (6.98%) of the respondents knew of the benefits associated with SO2,
with the rest in equal numbers either rating it a health risk, or having no idea at all of whether
it was harmful or not.



Almost three quarters of the respondents were aware that antioxidants contributed to health,
but hardly any had any idea about anthocyanins and polyphenols.

A surprisingly large percentage of respondents (35%) indicated that a doctor or healthcare
professional had recommended the consumption of red wine as part of a healthy lifestyle.
Consumers were asked to rate the importance to them of various factors that made one wine
healthier than another. Just over 50% placed production processes and organic wine as being more
important, with the age of the wine being of the least importance.
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As far as wine and health is concerned, the survey suggests that whilst consumers (included in this
survey) do have some idea of the health benefits of wine, detailed knowledge is absent. Save for
alcohol, a proper understanding of the adverse health implications of other toxic substances that can
be present in wine, is absent.
The consumer ignorance also extends to SO2. More education is thus necessary to apprise
consumers of the critical role that the judicious use of sulphur as an additive can play in preserving
the health benefits of wine.
Producers should note that in this survey the pleasant taste of wine is the most highly rated factor
influencing consumer choice when deciding which wine to buy. Producing wines without the addition
of any preservatives or additives may sound romantic, but in terms of consumer choice, they are
unlikely to oust well-made wines that continue to exhibit a pleasant taste for many years, because
of the judicious use of SO2 and other additives when they were manufactured.
There is a need for consumer education regarding factors that influence the healthiness of wine. A
substantial percentage of respondents read the information that is on labels, and which should be
used to educate consumers about the good and bad substances in wine. If this should happen,
consumers, in due course, will become more aware of the importance of the judicious use of
sulphites and other additives in order to make good wines that last.
Since consumers ingest their products, I feel that winemakers have a moral responsibility to make
wines that are as healthy as possible. Winemakers that can do so whilst at the same time preserving
the pleasant taste of their wines, will not only enjoy a market advantage, but will also be in a position
to charge higher prices for their products.
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4. CHAPTER 4: WINEMAKER FEEDBACK ON WINE AND HEALTH

4.1 INTRODUCTION AND METHODOLOGY
Between July 2018 and January 2019 an assessment was conducted with winemakers and
producers from the South African wine industry. Twenty six winemakers and producers was
approached. Unfortunately, the response was disappointing (26%), since not many winemakers
responded to the questionnaires that were sent to them. Whether this is attributable to their busy
programmes or the desire to protect their unique winemaking practices, is not known. The responses
that were received, fortunately came from a spectrum of winemakers including both large and small
wine producers. The respondents also represented both conventional and unconventional
winemakers. The views of a few French winemakers were also solicited. These winemakers were a
part of Oenobrands/Anchor Wine Yeast tour in 2017.
The questionnaire that was sent to winemakers appears in Appendix 10. The answers of each of the
winemakers to the questions posed, are summarised below.
4.2 WINEMAKER RESPONSES
KLEIN CONSTANTIA – MATTHEW DAY
5.1 Klein Constantia – Matthew Day
Matthew Day expressed the view that the most important health benefit of wine consumption is stress
relief. He regards the overindulgence of alcohol and the adverse effects on your liver as the most
harmful risks involved with wine consumption. Although he did not mention any changes in the South
African legislation regarding health concerns, he did say that they have noticed changes in Germany
and in the Scandinavian countries regarding the use of additives, especially those with allergenic
properties. They are in the process of considering other additives so that they can address these
concerns.
He thinks that consumers will not be willing to pay more for a wine if they perceive it as being healthier
than its counterpart. The factors that he thinks will have the most influence on the health aspects of
red wine, are the age of the wine and the viticultural practices.
JORDAN WINE ESTATE – GARY JORDAN
Gary Jordan feels that the most important health benefit from wine consumption is the general
improvement of life and well-being, especially the contribution of antioxidants such as resveratrol,
from the consumption of red wine. According to him the most adverse effects of excessive intake of
alcohol is the possibility of developing addiction, hypertension and strokes.
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Gary has found that the demand for sulphite-free wines is increasing and they are producing a
sulphite free wine for Woolworths. In general consumers are requesting more information on the
health effects of wine, such as the occurrence of biogenic amines and other allergens. Regarding
the mandatory labelling legislation, they currently include the government alcohol warning for the
wines produced by Jordan winery as well as which wines contain sulphites.
Jordan winery are using more natural winemaking methods and are very conscious of making wine
as healthy as possible for consumption. Gary believes that the consumer will be willing to pay more
for a specific wine if they thought it was healthier than another wine. He feels that the most important
factors that will determine the health aspects of a red wine are the winemaking practices followed by
the viticultural practices.
BLAAUKLIPPEN WINE ESTATE – NARINA CLOETE
Narina feels that the most important health benefit of wine consumption is the effect of the
antioxidants, especially the anthocyanins and flavonoids that protect your heart and cardiovascular
system by decreasing your cholesterol. She indicates that the most harmful effects of
overconsumption is damage to the liver and possible alcohol poisoning.
The feedback that they receive from consumers, is that they are mostly concerned about the SO2
levels in wines. Narina says that they have not yet used any alternative ways to protect their wines
against spoilage, and she believes that there is no other alternative currently that works as well as
SO2.
Regarding recent legislative changes in the South African wine industry, she is aware that they might
be limiting the amount of hazardous metals found in wines. To make sure they comply with this, they
have changed all the old steel valves in the winery to stainless steel valves.
Narina feels that if the consumer knows that a certain wine might be healthier than another, they
would be willing to pay more for such a wine. She indicated that the winemaking practices followed
by viticultural practices, have the most influence on the health properties of a wine.
AUDACIA WINES – MICHAEL VAN NIEKERK
Michael acknowledges that he is aware of the health benefits of antioxidants in red and white wine,
and the positive contribution thereof to decrease cholesterol levels as well as the occurrence of heart
disease. He feels that the contribution of calories due to the alcohol in wine, is a notable health
concern. Allergens are another risk factor found in wine, and due to the increase of allergic
consumers, he regards this as a very important risk factor associated with wine consumption.
Audacia has noticed an ‘upward curve’ in the past 5 years, with an increase in the number of
consumers requesting no-sulphur-dioxide-added wines. Michael mentioned that Audacia led the
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movement in the production of the ‘healthier’ category for wine, due to no added SO2. According to
Audacia the antioxidants from the rooibos and honeybush substitutes the protective action of the
SO2 in their red wines.
Michael feels that the consumer will be willing to pay more for a healthier wine if they know or
understand the benefit or risk associated with specific compounds found in wines. At the moment
consumers are not well informed and it is therefore difficult for them to base their choice of wine on
its health aspects. According to Michael, the factors that mostly influence the health aspects of a
wine, are the viticultural practices, followed by the winemaking practices.
KWV – IZELE VAN BLERK
Izele stated that the most important thing to consider regarding the effect of wine on your health, is
not the quality, but the quantity that you consume. She feels that the influence of wine on your
sleeping pattern, heart disease, increased blood pressure, and irregular heartbeat, are some of the
most important health risks. Drinking during pregnancy and the lowering of testosterone levels in
men was mentioned. She feels that moderate consumption of wine will pose no health risks for the
consumer. Health benefits that Izele associated with wine consumption, include the effect of
antioxidants on your blood vessels, reduced risk of blood clots, lowering cholesterol, and antiinflammatory properties. Resveratrol can lower the risk of diabetes and boost brain activity. She also
mentions that regular wine consumption can assist in weight loss.
During tastings, Izele found that some consumers ask questions regarding the use of SO2 in wine
and the allergic reactions it provokes. She also mentions that consumers are becoming more aware
of their calorie intake.
Izele stated that they currently follow all the usual legal limits and legislative requirements. She is
not aware of any recent changes or proposed future changes. KWV adds the mandatory alcohol
warnings to their labels to encourage responsible drinking. Izele has not adapted any of the
winemaking practices recently, and she states that they have always been very careful when
selecting the additives to use during the production process.
STELLAR ORGANIC WINE CELLAR – KLAAS COETZEE
Klaas suggested that the most important health benefits associated with wine is the effect of
resveratrol and its antioxidant properties found in red wines. Wine can help to decrease cholesterol,
reduce the stickiness of blood and help to relieve stress. He also mentioned that it helps people to
socialize and with this interaction it can make them feel happier. For Klaas the most important health
risks associated with wine consumption are that it could possibly lead to addiction, and the allergic
effect of sulphites experienced by some consumers.
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The feedback that Klaas has received from consumers over the last couple of years is that there is
an increased demand for no-sulphur-added wines and also for vegan-friendly wines. They are one
of few producers in South Africa that have started to produce wines with no added sulphur. The
process that they use to prevent the occurrence of oxidation and microbiological spoilage, involves
various steps, but during the feedback from Klaas, he did not elaborate on these techniques. They
have proceeded in using vegan processing aids, for their wines to be suitable now for the
consumption by vegan consumers.
Klaas is aware of the changes in legislation in South African, and he also stays aware of any changes
in the legislation in other countries, since a large percentage of their wine is exported. He mentioned
the different health warnings that are applicable in various countries, and that natamycin is not
allowed to be used in wines intended for export. Before he labels his wine to be sold in a specific
country, he checks to make sure that all the required information is indicated on the label.
Klaas thinks most consumers will not be willing to pay more for a wine if they thought it was healthier
for them. Klaas reckons that the most important factor that will influence the health aspects of a wine,
is the grape variety, followed by the location of the vineyards, and the influence of terroir.
Winemaking practices are not as influential as the other factors.
TESTALONGA – CRAIG HAWKINS
Craig regards healthy wines as showing a purer expression of the vineyards and the grapes that
come from it. He feels that the use of naturally occurring yeast brings you closer to this goal. For him
the health risks associated with wine is due to the growth of unwanted bacteria that can cause
spoilage such as high VA and other instabilities.
Since they started producing wines, Craig has found an increasing demand from consumers for
healthier wines. Craig receives numerous requests from clients and markets for sulphur-free wines,
no filtration, and ‘funkier’ styles of wine that have a true expression of the grapes that they were
produced from. Craig feels that the consumer should decide what they want, based on the
information provided to them about the wine. He does not believe in telling the consumer what they
want to hear. He informs them about the way in which he produces his wine and if they like the taste,
they buy it. Therefore he believes that if a wine is faulty, he will not sell it to a consumer or export
the wine. He believes the consumers or importers buying his wine know and understand his
convictions and what he wants to achieve with his style of winemaking.
Craig states that if you do happen to get a very faulty ‘natural wine’ it will only leave you with a bad
taste in your mouth, but the health risks will be extremely low. He also mentioned that SO2 and heavy
metals in wine could pose a health risk.
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He reckons a consumer will pay more for a wine if they thought it is healthier than its counterpart:
“Yes, but within reason”. The consumer will buy the ‘healthier’ wine at a higher price, but if they do
not like the taste, they will not buy the wine again. Craig feels that winemaking and viticulture
practices have the most important impact on the health properties of a wine.
FRENCH WINEMAKERS
Christian Basile from the Languedoc Roussillon region suggests that the most important health
contribution of wine is the polyphenolic compounds found especially in red wines. Risk factors that
are the most important according to Christian, are the SO2 and other allergenic products used during
wine production. He indicates that consumers are becoming more aware of the risks associated with
allergens, SO2 and the possible residue of pesticides that could end up in the final wine. According
to the legislation of the INAO (Institut National des Appellations d’ Origine) they have to label wines
with the mandatory sticker that indicates that pregnant women should not be drinking alcohol. If they
use egg albumin or lysozyme as fining agents, they must indicate it on the label. In the winery that
Christian works, they have stopped using allergen-containing fining agents and moved to vegetable
protein products. They have also started using less SO2 — and using it more carefully.
Benoit Gisson wrote in his questionnaire that it is forbidden in France to communicate about the
health benefits of alcohol due to EVIN’s Law. According to Google the “loi Évin” is the French law
passed in 1991 on the advertising of alcohol and tobacco products. According to this law it is
prohibited to advertise alcohol on television or in cinemas. Very strict control is exercised over the
messages or images that may be included in advertisements, and warnings must be indicated on
the adverse effect of alcohol on your health. Benoit mentions that the most harmful risk associated
with wine consumption is the possibility of alcoholism, and the effect of sulphites on individuals that
might be allergic to this substance. Consumers are placing more pressure on them for organic wines
and wines without allergens or phytotoxic substances. He mentions that they have started looking at
the occurrence of phytotoxic substances (pesticide residue) in wine and to implement guidelines to
reduce or limit these. Benoit also changed to fining agents free of animal products and allergens
using mostly polyvinylpolypyrolidone (PVPP) and pea protein fining agents instead.
The other French winemakers did not include their names on the survey. Some general feedback
included that polyphenolic compounds have some health benefits, due to its effect on cardiovascular
disease. Most of the winemakers suggested that SO2 poses a risk for individuals that are allergic to
this substance. A few mentioned the biggest risks are the overconsumption of wine and the adverse
consequences associated with this, especially the concern for drinking and driving. Most of the
winemakers mentioned that their consumers showed an increase demand for organic wines, vegan
wines, lower or no-added-sulphur-dioxide wines and biodynamic wines. They also noticed an
increased concern from their consumers regarding the possible occurrence of pesticide residue in
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wines. One winemaker wrote that the government is placing increased pressure on French wine
producers, requiring them to have labels with a full list of ingredients. His words on this were: “It will
be a nightmare for us!”
4.3 CONCLUDING REMARKS ON WINEMAKER SURVEY
All the winemakers that responded, appear to agree regarding the health benefits of wine, although
they differed slightly regarding the reasons. The same can be said regarding the risks associated
with overindulgence of alcohol. Not all of the respondents have knowledge of all of the adverse
effects of certain of the constituents found in wine. None of them mentioned ethyl carbamate,
ochratoxin A, or phthalates. Only one mentioned that the presence of biogenic amines can have
adverse health effects. Most of the winemakers agree that winemaking techniques and viticultural
practices are the most important factors that influence the healthiness of wine.
Many of the producers mentioned SO2 as a health risk. The advantages of the judicious use of this
important preservative do not appear to be recognised. There was only one winemaker that
expressed the view that she would not substitute the use of SO2 as a preservative for her wines,
since no suitable alternative is available at present. Three of the respondents indicated that they
produce wines to which SO2 is not added. One of these acknowledged that this style tastes different
from conventional wines, and that it is for consumers to decide whether they like it or not. Not much
information was forthcoming on how to control the occurrence of adverse substances in these wines.
It would be interesting to know whether, and to what extent, the producers of wines with no-added
SO2 are preserving their wines, and what the shelf life of these wines are. It would also be interesting
to know whether and to what extent other unhealthy constituents that SO2 counters, are present in
these wines. Further research on these interesting questions is most certainly called for.
There are two important messages to be gleaned from the French winemakers that answered the
questionnaire. The first relates to consumer concerns associated with pesticide residue on grapes,
and the second relates to the possibility that it will become mandatory in France for labels to disclose
a full list of the ingredients in wines. Should this happen, South Africa is bound to follow suit.
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