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ABSTRACT ARTICLE HISTORY
Kombucha is a beverage made by fermenting sugared tea using a symbiotic culture of bacteria and Received 14 August 2017
yeasts. Kombucha consumption has been associated with some health effects such as: the reduction Accepted 22 November

of cholesterol levels and blood pressure, reduction of cancer propagation, the improvement of liver, 2017
the immune system, and gastrointestinal functions. The beneficial effects of kombucha are attrib- KEYWORDS
uted to the presence of bioactive compounds that act synergistically. Bacteria contained in kom- Kombucha; glucuronic acid;

bucha beverage belongs to the genus Acetobacter, Gluconobacter, and the yeasts of the genus antioxidant activity; scoby
Saccharomyces along with glucuronic acid, contribute to health protection. This review focuses on

recent findings regarding beneficial effects of kombucha and discusses its chemical compounds, as ~ PALABRAS CLAVE

well as the metabolites resulted by the fermentation process. Besides, some contraindications of ~ Kombucha; acido

. . glucurdnico; actividad
kombucha consumption are also reviewed. antioxidante; SCOBY

Revision de los beneficios para la salud de los compuestos nutricionales y los
metabolitos de la kombucha

RESUMEN

La kombucha es una bebida hecha de té endulzado y fermentado utilizando un cultivo simbidtico
de bacterias y levaduras. El consumo del kombucha se ha asociado con algunos efectos benéficos
para la salud, entre ellos la reduccién de los niveles de colesterol y la presidn arterial, la disminucién
de la propagacion del cancer y el mejoramiento de las funciones hepatica, inmunolégica y gastro-
intestinal. Estos efectos benéficos han sido atribuidos a la presencia de compuestos bioactivos en la
kombucha, los cuales acttian sinérgicamente. Las bacterias contenidas en esta bebida pertenecen a
los géneros Acetobacter y Gluconobacter; a su vez, las levaduras del género Saccharomyces con-
tribuyen, junto con el acido glucurénico, a la proteccién de la salud. La presente revisidon discute
varios hallazgos recientes en torno a los efectos benéficos del kombucha, y examina sus compues-
tos quimicos y los metabolitos que se producen durante el proceso de fermentacion. Finalmente, se
revisan algunas contraindicaciones relativas al consumo de kombucha.

1. Introduction polyphenols, may be promising ingredients for the future
development of functional foods (Shimizu, 2012). However,
the bioavailability and efficacy of these compounds at levels
that are scientifically achievable in typical eating patterns
should be revised (Kaur & Singh, 2017). For a product to be
considered as a functional food, it must meet the following
requirements: being a food product, having scientific evi-
dence that supports the benefit of the product, having
measurable physiological effects and being consumed daily
as part of a normal diet (Tur & Bibiloni, 2016).

All foods are essentially functional to a certain level because
they provide the energy and nutrients needed to maintain
life. However, there is evidence of the existence of bioactive
food components that are not considered nutrients but can
provide beneficial health effects (Crowe & Francis, 2013; Kaur
& Singh, 2017; Shimizu, 2012; Tur & Bibiloni, 2016).
Functional foods are those that have scientifically proven
their beneficial effects in the organism, in one or more of
its functions, providing optimal health and well-being,
regardless of their nutritional value (Kaur & Singh, 2017).
These foods have a preventive function, due to the fact 2. Kombucha definition
that they reduce risk factors that cause diseases. Shimizu
(2012) refers to functional foods called FOSHU (Food for
Specified Health Uses), which were approved by Japan'’s
Consumer Affairs Agency, a leader in functional foods reg-
ulations. Some of these foods improve the intestinal micro-
biota, regulate nutrient absorption and/or reduce the risk of
chronic non-communicable diseases (Crowe & Francis, 2013).
It has been reported that certain dietary factors, such as
lactic acid bacteria, oligosaccharides, amino acids, and

Kombucha is the name of the beverage obtained from the
fermentation of tea, mainly black tea (there are also other
varieties that can be used as a base for its preparation, such
as green and oolong tea, also known as blue tea); with
added sugar as a substrate for fermentation. Although this
beverage has originally been prepared using tea, it is possi-
ble to find variations made with infusions like mint, lemon
balm or jasmine. The taste of the beverage is slightly acidic

CONTACT Anayansi Escalante-Aburto @ anayansi.escalante@udem.edu @ University of Monterrey, Department of Nutrition. Av. Ignacio Morones Prieto
4500 Pte, San Pedro Garza Garcia, Nuevo Ledn, 66238, México
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and slightly carbonated, which provides greater acceptance
among consumers. Some metabolic products of Symbiotic
Culture of Bacteria and Yeast (SCOBY), like acetic acid and
other organic acids, posses antibacterial activity and pre-
vents contamination of the drink by pathogenic bacteria
(Watawana, Jayawardena, Gunawardhana, & Waisundara,
2015).

3. Preparation of kombucha

This beverage is prepared by fermenting sugared tea with a
SCOBY (Jayabalan, Malbasa, Loncar, Vitas, & Sathishkumar,
2014). Its flavour is slightly sweet and sour at the same time,
plus it may contain traces of carbon dioxide (Nummer, 2013).
The typical production of kombucha beverage is based
on black, green or oolong tea. For its production, 5 g of tea
leaves per litre of water may be used, then, sugar is added,
which will serve as a substrate for tea fermenting bacteria
and yeasts. Approximately 50 g of sugar per litre of water is
enough. Before adding the SCOBY or a bit of prepared
kombucha, the beverage should be at a temperature close
to 20°C. It is extremely important to use sanitized utensils
and work in clean areas while making kombucha, in order to
have control over the growth of microorganisms and to
prevent unwanted contamination (Watawana et al., 2015).
Likewise, it is important to control pH levels during fermen-
tation of kombucha, and preferably stop this process when a
pH level of 4.2 is reached, since the overproduction of acetic
acid may be counterproductive (Kovacevic et al., 2014).
Other food safety methods include pasteurizing the final
product to prevent overproduction of alcohol and carbon
dioxide, as well as the addition of 0.1% of sodium benzoate
and 0.1% of potassium sorbate as food preservatives, and
finally, keeping it refrigerated (Watawana et al., 2015).

3.1. Fermentation

Kombucha fermentation period is typically known to require a
minimum of 3 days to a maximum of 60 days, depending on
cultural practices (Watawana et al., 2015). The fermentation of
kombucha is carried out at room temperature, optimizing
fermentation time. Sucrose is used as the main carbon source
in a concentration of 5-20%, providing the media and nutri-
ents necessary for microorganism development. A SCOBY or
the resulting liquid at a 10% concentration from a previous
fermentation may be used as starter culture for fermentation
(Vina, Semjonovs, Linde, & Patetko, 2013).

According to Vina et al. (2013), the variables of the fer-
mentation process, such as time, temperature and sucrose
concentration, will determine the final concentration of
organic substances such as acids and pH. Organic acids
produced during this fermentation process diminished the
tea’s pH value, which leads to a lack of oxygen induced by
the acidity. Due to this, the number of possible pathogenic
microbial cells, if any, diminishes, resulting in a safe bever-
age for consumption, despite having a microbial origin
(Watawana et al., 2015).

3.2. SCOBY growth

The culture used for the kombucha fermentation has a vari-
able microbiological composition according to its origin, the
weather, geographical location and medium used for the
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fermentation process (Watawana et al., 2015). In kombucha
beverage, “the most abundant prokaryotes in the symbiotic
culture belong to the Acetobacter and Gluconobacter bac-
teria genus” (Jayabalan et al., 2014). These genus belong to
the Acetobacteraceae family (Table 1), the bacteria are Gram-
negative aerobic bacilli (Stasiak & Blazejak, 2009). They can
be told apart by their ability to oxidize the acetate anion in
carbon dioxide. The strains of the genus Acetobacter produce
acetic acid from ethanol. This process is carried out by
alcohol dehydrogenase and aldehyde dehydrogenase,
enzymes that produce acetic acid, which enters the Krebs
cycle obtaining water and carbon dioxide as end products
(Teyssier & Hamdouche, 2016). The genus Gluconobacter is
not capable of oxidizing acetate through the Krebs cycle,
since it lacks the enzymes necessary for the oxidation pro-
cess, like succinate dehydrogenase and alpha-ketoglutarate
dehydrogenase, leading to accumulation of products, like
gluconate, in the medium (Zoecklein, Fugeslang, Gump, &
Nury, 1999).

Moreover, different yeast species can be found in kom-
bucha, which outnumbers the acetic acid bacteria (AAB)
(Jayabalan, Malini, Sathishkumar, Swaminathan, & Yun,
2010). The enzyme invertase, derived from yeasts, catalyses
the hydrolysis of sucrose to glucose and fructose, producing
ethanol through the glycolysis pathway. On the other hand,
Gluconobacter and Acetobacter bacteria use glucose to pro-
duce gluconic acid and ethanol to produce acetic acid
(Jayabalan et al., 2014). The production of ethanol and acetic
acid inhibits the growth of pathogenic bacteria in the kom-
bucha (Dufrense & Farnworth, 1999).

The osmophilic yeast and bacteria that are inoculated in
the beverage for fermentation are the ones responsible for
the growth of what is known as tea fungus, which has the
scientific name of Medusomyces gisevii. Using sucrose as a
carbon source, the acetic acid bacteria of the tea produce a
network of cellulose as a secondary metabolite of fermenta-
tion, mainly the bacteria Acetobacter xylinum. The symbiotic
mass of bacteria and yeast adheres to the biofilm, forming a
thick jelly-like membrane also called zooglea biofilm
(Jayabalan et al.,, 2014).

The biofilm of microorganisms remains floating on the
surface of the tea with an appearance very similar to a
mushroom cap, which is why it usually receives that name
(Watawana et al., 2015). lllana (2007) mentioned that the

Table 1. Microbiological compounds (bacteria and yeast species) contained in
kombucha.

Tabla 1. Compuestos microbioldgicos (especies de bacterias y levaduras)
contenidos en la kombucha. Referencias: Marsh et al. (2014); Vina,
Semjonovs, Linde, & Patetko (2013); Battikh, Chaieb, Bakhrouf and Ammar
(2011).

Bacteria

Yeasts

Acetobacter xylinum, Acetobacter
xylinoides, Bacterium gluconicum,
Acetobacter aceti, Acetobacter
pasteurianus and Gluconobacter
oxydans, Lactobacillus sp.,
Lactococcus sp., Leuconostoc sp.,
Bifidobacterium sp., Thermus sp.,
Allobacullum sp.,
Ruminococcaceae Incerate Sedis,
Propionilbacterium sp.,
Enterococcus sp.

Saccharomyces cerevisiae,
Zygosaccharomyces bailii,
Schizosaccharomyces pombe,
Saccharomyces ludwigii,
Zygosaccharomyces rouxii,
Torulaspora delbrueckii,
Brettanomyces bruxellensis,
Brettanomyces lambicus,
Brettanomyces custerii, Candida sp.,
Pichia membranaefaciens, Kloeckera
apiculata and Torulopsis sp.

References: Marsh et al. (2014); Vina, Semjonovs, Linde, & Patetko (2013);
Battikh, Chaieb, Bakhrouf, & Ammar (2011).
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growth of this consortium of bacteria and yeasts induces the
addition of new thicker membranes that take the shape of
their container and heightens the symbiotic effect between
bacteria and yeast (Table 1). The cellulose membrane keeps
the microorganisms on the surface, allowing enough oxygen
availability for its development and protecting the microor-
ganisms from UV rays (Suhartatik, Karyantina, Marsono,
Rahayu, & Kuswanto, 2011).

Several factors play an important role in the concentra-
tion of kombucha constituents, one of them is temperature.
According to the investigation by Fu, Yan, Cao, Xie, and Lin
(2014), keeping kombucha tea refrigerated at 4°C mildly
decreases the content of acetic acid bacteria, from 9.3 X
10° CFU/mL to 3.4 x 10° CFU/mL during 14 days of storage;
while the content of lactic acid bacteria decreases signifi-
cantly, from approximately 23.5 x 10° CFU/mL to 2.7 x 103
CFU/mL during 8 days of storage. It has been reported that
yeast has a positive impact on the survival of lactic acid
bacteria at 30°C, but not at 12°C (Suharja, Henriksson, &
Liu, 2012), which could mean that the low cooling tempera-
ture of 4°C may have limited the positive effect of yeasts
over lactic acid bacteria, reducing its survival rate (Fu et al,,
2014).

Marsh, O’Sullivan, Hill, Ross, and Cotter (2014) reported a
sequence analysis of multiple samples of kombucha, in order
to provide the most in depth study of microflora to date and
to observe the changes occurred in the microbial population
during kombucha production. They extracted DNA from
cellulosic pellicles from 5 different geographic locations at
two fermentation times. Different profiles were detected
among samples, however, the major bacteria genus present
was Gluconacetobacter (>85%) and a prominent Lactobacillus
population was also identified (up to 30%) with a number of
sub-dominant genera that have not been detected pre-
viously on kombucha. Zygosaccharomyces genus was the
yeast found at >95% in the fermented tea and other greater
fungal diversity not previously identified.

Jayabalan et al. (2010), analysed the microbiological and
chemical composition of the kombucha fungus. Three sam-
ples of the tea fungus were used to evaluate its composition
in different stages of fermentation, at 7, 14 and 21 days.
Fibre and protein were the main components of the SCOBY.
In regards to the proteins, a significantly large amount of
amino acids was determined, the highest in concentration
being the essential amino acids leucine and isoleucine
(Table 2). In addition, an increase in all the components
was observed over fermentation time. Likewise, minerals
like sodium, potassium, and magnesium were found.

4. Chemical components of black tea and green tea

Tea comes from a leafy perennial crop, from the family
Theaceae, known as Camellia sinensis, which was originally
harvested in China. The young and tender leaves are used to
make different varieties of tea, depending on the process to
which it is subjected, resulting in black tea, green tea or
oolong tea (Gonzélez, 2003). For the production of black tea,
the leaves are crushed and left exposed to high humidity,
which causes an enzymatic oxidation by polyphenol oxi-
dases (Valenzuela, 2004). To produce green tea, heating
methods that inactivate enzymes using steam are utilized,
which prevents fermentation (Gonzalez, 2003). The oolong
tea is produced by a partially fermented Chinese tea that is

Table 2. Amino acid content (mg/g dry weight) of tea fungus (SCOBY) at
different times of fermentation®.

Tabla 2. Contenido de aminoacidos (mg/g peso seco) de hongos de té
(SCOBY) en distintos momentos de la fermentacion. Referencia: Jayabalan
et al. (2010).

Fermentation time

Amino acids 7th day 14th day 21st day
Essential amino acids
Isoleucine 28.1 £ 0.51 35.2 £ 0.40 442 £ 0.36
Leucine 272 +£0.75 359 + 0.64 45.1 £ 0.60
Lysine 39.5 £ 0.50 48.0 + 0.36 53.1 £ 040
Methionine 6.3 £ 0.55 11.3 £ 0.80 202 £ 0.50
Phenylalanine 13.6 £ 0.55 223 +0.70 30.2 + 0.60
Threonine 7.7 £0.20 13.2 + 058 20.1 £ 0.65
Valine 15.1 + 0.26 22.3 £ 045 30.2 £ 0.61
Tryptophan 7.4 £0.26 12.3 £ 051 21.1 £ 045
Non-essential amino acids

Alanine 30.9 = 0.55 41.9 £ 040 53.0 = 0.50
Arginine 14.5 + 0.60 30.8 + 0.60 42.2 + 0.60
Aspartic acid 30.3 = 0.70 42.0 £ 0.65 53.2 = 0.60
Cysteine 10.3 £ 0.70 152 £ 035 244 = 047
Glutamic acid 322 + 0.61 423 £ 0.50 50.1 = 0.47
Glycine 9.5 + 0.55 17.2 £0.30 26.6 + 0.81
Histidine 6.0 = 0.50 10.6 £ 0.55 18.5 £ 0.60
Proline 28.5 + 045 35.2 £ 0.60 434 + 0.55
Serine 11.2 £ 0.36 22.2 + 0.51 31.7 £ 0.61
Tyrosine 9.9 £ 045 18.6 £ 0.40 27.0 £ 0.55

@ Values are mean = SD; n = 3
Reference: Jayabalan et al. (2010).

oxidized in the range from 10 to 70% (Chen et al., 2011) and
is made by wilting fresh leaves by sun, then slightly bruising
(Weerawatanakorn et al., 2015).

Tea has various components, like caffeine, alkaloids,
amino acids, carbohydrates, proteins, chlorophyll, fluoride,
aluminium, minerals and trace elements (National Cancer
Institute, 2010). When the leaves are fresh, its flavonol or
catechin content is very high. These flavonols, flavonoids
derivatives, are characterized by their monomeric structure,
and the ones commonly found in tea are epicatechin (EC),
epigallocatechin (EGC), epicatechin gallate (ECG) and epigal-
locatechin gallate (EGCG) (Valenzuela, 2004).

It is important to consider that the oxidation process to
which black tea is subjected induces a change in the mono-
meric structure of catechins, resulting in dimeric and poly-
meric flavonols, known as theaflavins and thearubigins.
Therefore, green tea has a lower content of theaflavins and
thearubigins due to the fact that it does not go through a
fermentation process. For this very reason, teas have a dif-
ferent composition and thus its effect on health varies from
one to another (Valenzuela, 2004). Table 3 presents the
flavonoid components of tea, both black and green tea.
The benefits that have been attributed to tea, both black
and green, are mainly due to its catechin content, which is
polyphenol derivative. These substances act as potent anti-
oxidants and protect against the development of diseases.
The beneficial effects of tea mentioned below have been
studied mainly in vitro, while others are based on clinical and
epidemiological evidence (Valenzuela, 2004).

Tea catechins act as antioxidants, due to the fact that
they are molecules with a high capacity to scavenge free
radicals and even metals, which is also known as redox
potential. This potential is measured by the capacity of a
molecule to donate electrons or hydrogen atoms. When
metals like iron and copper are found in a free state or not
bound to proteins, they possess a pro-oxidant effect, which
can damage lipids, proteins, and nucleic acids when they are



Table 3. Flavonoid components of black and green tea (dry weight, %).

Tabla 3. Componentes flavonoides de té negro y verde (peso seco, %).
Referencia: Gonzalez (2003).

Green tea Black tea

Catechins® 30-42 10-12
Theaflavins® - 3-6
Thearubigins - 12-18
Theogallin 2-3 -
Flavonols© 5-10 6-8
Methylxanthines 7-9 8-11
Amino Acids® 4-6 -
Organic Acids’ 2 -

? Epigallocatechin gallate, epicatechin gallate, gallocatechin gallate, epicate-
chin, epigallocatechin, gallocatechin, catechin

b Theaflavin-3-gallate, theaflavin-3'-gallate, theaflavin-3,3'-digallate
¢ Quercetin, kaempferol, rutin

d Caffeine, theobromine, theophylline

€ Theanine

f Caffeic acid, quinic acid, gallic acid.

Reference: Gonzalez (2003).

oxidized. The chelating property of the antioxidants in tea,
i.e. its combination with free metals, decreases their like-
lihood of damaging vital molecules that participate in phy-
siological processes (Valenzuela, 2004).

In addition, tea polyphenols have demonstrated great
potential in protecting against the development of some
types of cancer, by inhibiting enzymes and halting processes
that result in the growth of cancer cells. Apoptosis induction
of leukemic cells, and of stomach and colon cancer cells, has
been observed (lllana, 2007). ECG and EGCG are capable of
inhibiting kinase, methylase, and acetylase activity, deter-
mining processes in the appearance of tumour development
should they not be controlled in a cell with DNA damage, for
example by the action of an oxidant (Valenzuela, 2004).

The process where polyphenols of green tea assist in
Phase Il of liver detoxification of xenobiotics should be
noted. This process requires the tripeptide glutathione
(GSH), an endogenous antioxidant with the greatest poten-
tial, for the elimination of xenobiotics. GSH is conjugated by
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overexpressed due to green tea polyphenols. As a result,
GSH increases, helping the liver in the elimination of xeno-
biotics, mainly of those that are carcinogenic. Another activ-
ity of tea components is their involvement in the initial,
developmental, and progressive stages of cancerous dis-
eases (Figure 1) (Gonzélez, 2003).

Another relevant effect of tea polyphenols is their protec-
tion against the development of cardiovascular diseases
(CVDs). By inhibiting the oxidation of low-density lipopro-
teins (LDL), they assist in the prevention of the development
of atheroma. They may also be involved in cholesterol meta-
bolism by inhibiting pancreatic lipase, thus decreasing cho-
lesterol and triacylglycerol absorption. Finally, they promote
smooth muscle relaxation, preventing high blood pressure
induced by vasoconstrictors, such as thromboxanes
(Gonzalez, 2003).

5. Chemical components of kombucha and their
beneficial effects

Chemical assays of kombucha beverage have indicated the
presence of a variety of compounds, including organic acids,
mainly acetic, gluconic, and glucuronic acid (GIcUA),
although citric, L-lactic, malic, tartaric, malonic, oxalic, succi-
nic, pyruvic, and usnic acids may also be found; sugars
(sucrose, glucose, and fructose), water soluble vitamins (B,
B,, Bs, B2, C), amino acids, biogenic amines, purines, pig-
ments, lipids, proteins, hydrolytic enzymes, ethanol, acetic
acid bacteria and lactic acid bacteria, carbon dioxide, poly-
phenols, minerals (manganese, iron, nickel, copper, zinc,
plumb, cobalt, chromium, and cadmium), anions (fluoride,
chloride, bromide, iodide, nitrate, phosphate, and sulphate),
D-saccharic acid-1,4-lactone (DSL), and metabolic products
of yeasts and bacteria (Jayabalan, Malbasa, et al., 2014,
Jayabalan, Malini, et al. 2010).

The presence and quantity of the chemical components
are variable, mainly depending on the microorganisms of
the symbiotic culture used for fermentation of kombucha, as

enzymes glutathione-S-transferases  (GST), which are well as fermentation time and temperature, sucrose content,
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Figure 1. Protective effect of polyphenols on cancer initiation, promotion, and progression. Adapted from:(Valenzuela, 2004).

Figura 1. Efecto protector atribuido a los polifenoles en la iniciacion, promocion y progresion del cancer. Adaptado de: Valenzuela (2004).
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and type of tea used, in addition to the analysis methods
used for quantification. Beneficial metabolites produced in
kombucha are synthetized in Figure 2.

5.1. Vitamins

Regarding the vitamin content of this beverage, Bauer-
Petrovska and Petrushevska-Tozi (2000) analysed a brew of
kombucha beverage prepared with 70 g of sucrose and 5 g/
L of black tea, finding the following values of B vitamins:
74 mg/100 mL of vitamin B,;, 52 mg/100 mL of vitamin Bg
and 84 mg/100 mL of vitamin B;,. Meanwhile, Malbasa,
Lon¢ar, Vitas, and Canadanovi¢-Brunet (2011) reported that
the content of vitamin B, was 8.3 mg/100 mL, while the
concentration of vitamin C constantly increased, reaching
28.98 mg/L on the tenth day of fermentation.

5.2. Minerals

Minerals are inorganic substances needed in small amounts
for normal body functions and growth, as well as for the
maintenance of its tissues. According to Bauer-Petrovska and
Petrushevska-Tozi (2000), copper, iron, manganese, nickel,
and zinc are minerals that increased due to metabolic activ-
ity of kombucha. Mineral concentration was in a range of
0.004 pg/mL for cobalt and 0.462 pg/mL for manganese.
Besides, traces of lead (0.005 pug/mL) were detected. It is
worth noting that, according to the Agency for Toxic
Substances and Disease Registry (ATSDR, 2007), toxic blood
lead levels are 20 ug/dL for adults and 10 pg/dL for children,
which is equivalent to 0.2 and 0.1 pg/mL, respectively.
Kombucha tea has much lower concentrations, thus not
representing a potential health risk. Additionally, Markowitz
(2011) mentioned that small amounts of lead in the blood of
adults are not harmful.

Nevertheless, it is important to consider that because
children are more susceptible to the effects of lead than
adults, it would be advisable for children not to drink this
beverage on a regular basis, to prevent a chronic exposure
that could cause them lead poisoning. Meanwhile, Kumar,

Narayan, and Hassarajani (2008) established the presence of
fluoride, chloride, bromide, iodide, nitrate, phosphate, and
sulphate after seven days of fermentation of kombucha pre-
pared with 100 g of sucrose and 5 g/L of black tea; being
fluoride the anion with the highest concentration (3.2 mg/qg).

5.3. Polyphenols

Polyphenols are active substances with more than one phe-
nol structural unit per molecule. They represent the largest
group of phytochemicals and they are the most abundant
antioxidants present in the diet. Total intake of polyphenols
can be up to 1 g/day (Scalbert, Johnson, & Saltmarsh, 2005).
Moreover, they play a role in preventing several diseases
related to oxidative stress, such as cancer, CVDs, and neuro-
degenerative diseases (Manach, Scalbert, Morand, Rémésy, &
Jiménez, 2004). They modulate the activity of a variety of
enzymes and cell receptors as a means of defence against
oxidative stress caused by reactive oxygen species (Tsao,
2010). Main dietary polyphenol sources include fruits, vege-
tables, cereals, legumes, natural fruit juices, tea, coffee, and
red wine (Scalbert et al., 2005).

The protective effect of kombucha beverage is mainly
due to polyphenol activity, compounds produced during
fermentation, and the synergistic effect of the different
compounds found in the tea (Jayabalan, Subathradevi,
Marimuthu, Sathishkumar, & Swaminathan, 2008). Total poly-
phenol content in kombucha tea shows a linear increase
during fermentation time (Chu & Chen, 2006). As an exam-
ple, both epicatechin (EC) and epigallocatechin (EGC) are
found predominantly in the tea (Manach et al, 2004). A
higher level of EC (~150%) was found on day 12 of fermen-
tation of kombucha made with green tea, and of EGC
(~115%) on the same day of one made with black tea
(Jayabalan, Marimuthu, & Swaminathan, 2007).

A research conducted by Fu et al. (2014) used different
types of kombucha to compare free-radical scavenging abil-
ities against 2,2-diphenyl-picrylhydrazyl (DPPH), hydroxyl
radicals, and superoxide radicals. Different types of tea
were used to prepare kombucha: low-cost green tea, black
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Figura 2. Compuestos benéficos de la kombucha.



tea, and tea powder and fermentation process was 90 h. The
results showed that kombucha made with green tea had the
highest free-radical scavenging ability against DPPH, hydro-
xyl radicals, and superoxide anions. According to Chu and
Chen (2006), black tea reaches its maximum activity against
DPPH radicals until day 15 of fermentation. Tea powder had
greater antioxidant activity than black tea against DPPH and
hydroxyl radicals, but not against superoxide radicals, upon
which black tea had a greater activity than tea powder.

5.4. D-saccharic acid-1,4-lactone (DSL)

D-saccharic acid-1,4-lactone (DSL) is a component derived
from D-glucaric acid (product of the GIcUA pathway), which
has detoxifying and antioxidant properties (Bhattacharya,
Gachhui, & Sil, 2012; ZOtaszek, Hanausek, Kilianska, &
Walaszek, 2008). DSL content in kombucha has been found
to range between 57.99 and 132.72 pg/mL, depending on
the origin of the product. The highest DSL value was found
on the eighth day of fermentation and diminished afterward.
It was established that lactic acid bacteria had a positive
effect on DSL production, in symbiosis with Gluconobacter
genus bacteria (Yang et al., 2010).

5.5. Ethanol

According to Chen and Liu (2000), ethanol concentration in
kombucha increases with fermentation time, reaching an
approximate maximum value of 5.5 g/L on the 20th day of
fermentation, followed by a slow reduction.

The entire chemical composition of kombucha beverage,
including residual sugar concentration, carbon dioxide, and
organic acids, is what finally determines its flavour and
depending on the fermentation time, different flavours will
be obtained. It has been observed that kombucha tea with
higher acetic acid concentration produces a more acid and
astringent flavour, meanwhile, another with more gluconic
acid produces a milder flavour. Therefore, by controlling
fermentation conditions it is possible to obtain the desired
quality in kombucha tea (Chen & Liu, 2000).

The French paradox is the observation of low coronary
heart disease (CHD) death rates despite the high intake of
dietary cholesterol and saturated fat. It was proposed by
French epidemiologists in the 1980s, particularly for wine
drinking in France, where a high intake of dietary cholesterol
and saturated fat, daily consumption of wine, but low CHD
death rates were observed. The French paradox states that
moderate alcohol consumption has a protective effect
against CHD, since it raises high-density lipoprotein (HDL)
cholesterol concentrations (Ferrieres, 2004). Since the daily
consumption of ethanol in a lower concentration can protect
the human body from CVDs, the consumption of kombucha,
which has a low concentration of ethanol, could also have a
role in preventing CVDs.

5.6. Acetic acid

Acetic acid bacteria in kombucha produce acetic acid when
these act on ethanol from sucrose, which is metabolized into
glucose and fructose (Spedding, 2015). Acetic acid is the
chemical compound responsible for the acidic smell and
taste of vinegar. Its name comes from the Latin acetum,
which means vinegar (Bramforth, 2014). Acetic acid tends
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to slowly increase reaching 11 g/L at 30 days of fermenta-
tion, gradually diminishing until ending at 8 g/L at 60 days
of fermentation. This decrease is due to its later utilization as
a carbon source for bacteria when sugars in the tea are used
up, or because of the decrease in ethanol metabolism by
yeast due to low pH (Chen & Liu, 2000). If a different carbon
source is used, such as molasses, the amount of acetic acid
produced is considerably lower (Jayabalan et al., 2014).

Other important organic acids are contained in kombu-
cha depending on the tea basis. Profiles of organic acids
change during fermentation of green and black tea. Besides
of acetic acid, lactic and citric acid are produced (Jayabalan
et al.,, 2007). Gluconic acid, ethyl-gluconate, oxalic acid, sac-
charic acid, keto-gluconic, succinic and carbonic acids were
considered to be present in kombucha. Some of those acids
were proved to have in vitro antimicrobial activity and
improve sleep (Greenwalt, Steinkraus, & Ledford, 2000;
Sreeramulu, Zhu, & Knol, 2000). Kombucha is a high source
of glucuronic acid, which has a detoxifying effect against
drug, bilirubin, and chemicals, as well as pollutants and
excess of steroid hormones (Nguyen, Nguyen, Nguyen, &
Le, 2015). Knowing that glucuronic acid has specific benefits
some of its specific properties are described below.

5.7. Glucuronic acid (GlcUA)

GIcUA plays a role in xenobiotic liver detoxification, as it has
the ability to combine with toxin molecules to favour their
elimination from the organism, which makes it very impor-
tant as an auxiliary on liver functions. It is as well involved in
endobiotic elimination. One of this endobiotics is bilirubin,
which is how GIcUA (by means of glucuronidation) prevents
these pigment’s toxic effects and impedes inhibition of a
variety of enzymes involved in protein and carbohydrate
metabolism. Most of the bilirubin is excreted through bile
and only a small portion of conjugated bilirubin is excreted
through urine, which is why a high level of bilirubin in urine
is an indicator of damage somewhere along the process of
glucuronidation (Vina, Linde, Patetko, & Semjonovs, 2013).

GIcUA also takes part in polyphenols’ increased bioavail-
ability. Phenols conjugate with GIcUA, improving its trans-
port and bioavailability. The UGT1A isoform of the
glucuronosyltransferase family, located in the bowels, is the
one that takes part in polyphenol glucuronidation.
Polyphenols are secreted via bile into the duodenum,
where they are subjected to the activity of $-glucuronidase
(which promotes deglucuronidation, separating in this case
the polyphenol from GIcUA by hydrolysing its glycosidic
bond) and are then reabsorbed. This enterohepatic circula-
tion can lead to a longer presence of polyphenols in the
body, where they carry out its antioxidant activity prevent-
ing different diseases related to oxidative stress (Vina et al.,
2013).

Several steroid hormones and vitamin D derivatives, such
as estrogens, androgens, glucocorticoids, mineralocorticoids,
progestogens and cholecalciferol are essential for health.
They regulate immune functions, decrease inflammatory
response, balance extracellular fluid volume, among others
(Cutolo et al.,, 2014). Deficiencies and/or excesses of steroid
hormones have undesirable effects on health.
Glucuronidation can prevent both scenarios: it prevents defi-
ciencies by increasing steroid water solubility, therefore
improving its transport and bioavailability; and prevents
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excesses by facilitating the elimination of excess steroids
(Vina, Linde, et al., 2013, Vina, Semjonovs, et al., 2013).

As a constituent of glucuronidation, GIcUA is also impor-
tant for biotransformation and protection of fatty acids from
lipid peroxidation. Especially, polyunsaturated fatty acids,
which are essential compounds for the body, essential com-
ponents of cell membranes and precursors of eicosanoids.
Polyunsaturated fatty acids are susceptible to react with
reactive oxygen species, triggering chain reactions that
damage the fatty acid molecule. Peroxidation has been con-
sidered a risk factor for the development of certain pathol-
ogies, such as atherosclerosis, kidney damage and
Parkinson’s disease (Mylonas & Kouretas, 1999).

Kombucha consumption prevents polyunsaturated fatty
acid oxidation in the human body, due to its GIcCUA content
that takes part in glucuronidation, increasing polyphenol
bioavailability, which neutralizes free radicals that promote
lipid peroxidation (Jayabalan et al., 2008).

GIcUA is necessary for many body functions since it is a
constituent of various essential polysaccharides in the body,
glycosaminoglycans (GAGs). GAGs are a series of compounds
formed by dimers consisting of an amino sugar (D-
Glucosamine or D-Galactosamine) and a uronic acid (D-glu-
curonic acid or L-iduronic acid), except for keratan sulphate
which contains a galactose molecule instead of an acid. They
are bound to sulphate groups in variable proportions and
covalently bind to proteins, forming proteoglycans, except
for hyaluronic acid which is not sulphated (Mylonas &
Kouretas, 1999). Different GAGs are formed depending on
the constituents of the dimer.

Glycosaminoglycans molecules are part of the extracellu-
lar matrix of all the body organs and they have multiple
functions. GIcUA is part of the following GAGs: hyaluronic
acid, chondroitin sulphate, heparin and dermatan sulphate.
They all have structural functions, except for heparin, which
is a non-structural GAG. Hyaluronic acid serves as a lubricant
and shock absorber, and it is present in higher concentra-
tions in the vitreous fluid in the eye, conjunctive tissue,
synovial fluid of joints and cartilage (Frati-Munari, 2012;
Vina et al,, 2013).

Chondroitin sulphate is mostly present in bones and
cartilage, in the latter it binds to collagen and keeps fibres
in a strong network; it also helps to prevent joint problems,
being helpful in the relief of osteoarthritis. Heparin is an
intracellular compound and a potent anticoagulant pro-
duced by mast cells. Dermatan sulphate is present in higher
concentrations in the vascular endothelium, connective tis-
sue, cartilage, skin, cornea, and bones. L-iduronic acid is the
predominant uronic acid present in dermatan sulphate, and
it is an epimer of D-glucuronic acid, although a variable
amount of B-D-glucuronic acid is also present (Frati-Munari,
2012; Vina et al., 2013).

Moreover, GIcUA is a precursor of L-ascorbic acid (vitamin
C) in kombucha beverage, since it is synthesized from
L-gulonic acid, which is involved in the metabolic pathway
of GlcUA. Thus, GIcUA concentration in kombucha increases
its antioxidant activity as well (Vina et al., 2013).

Actually, there are published data describing the similar-
ity of GIcUA contained in kombucha and the acid produced
in the human body by metabolic pathways. Preliminary
studies carried out by Jayabalan et al. (personal communica-
tion) did not find similarity. As previously discussed, the
concentration and presence of GIcUA in kombucha tea is

basically determined by the strains and species that acts by
symbiosis. Meaning that the GIcUA concentration in kombu-
cha is exhibited due to the specific SCOBY microorganisms.

6. Other reported beneficial effects of kombucha

Researchers and testimonials of individuals, which mention
having consumed this drink, declare beneficial effects for
human health. Aloulou et al. (2012) evaluated the suppres-
sing effect of a-amylase enzyme (secreted by intestinal
epithelium and necessary for carbohydrate digestion) in
diabetic rats (aloxan induced), which were administered
5 mL/kg of kombucha or black tea daily during 30 days.
The results showed that the rats which drank kombucha
had a better suppressing effect of a-amylase enzyme in
pancreas and plasma, as well as postprandial glucose com-
pared to those of the rats which drank black tea. Besides
glucose metabolism disorders, pancreatic and plasma enzy-
matic changes were also evaluated.

These enzymes “act on triacylglycerol to metabolize it
into free fatty acids and monoacylglycerol”, an abnormal
increase can be caused by pancreatic damage (Sastre,
Sabater, & Aparisi, 2005). In the study, the rats administered
aloxan, presented damage in pancreatic structure, more
than that of the rats from the control group or those treated
with kombucha. Aloxan increases reactive oxygen species
(ROS), producing toxicity in pancreatic cells. An increase in
pancreatic and plasmatic lipase concentration causes an
increase in lipid absorption, which leads to an increase of
triacylglycerol and low density proteins. The group treated
with kombucha had a significant reduction of pancreatic and
plasmatic lipase. The group treated with black tea had a
decrease on both enzymes as well, but the decrease was
lower than in the group consuming kombucha.

One more scientific support carried out by Kabiri, Setorki,
and Ahangar (2013), a study which determines the protec-
tive effects of kombucha beverage and silymarin (milk this-
tle) in rats with liver damage induced by thioacetamide
(hepatic fibrosis related toxin). In the study, 36 rats were
divided into 6 groups, where group 1 was designated as
control group. Group 2 was integrated by rats injected with
thioacetamide; group 3 included the rats injected with thioa-
cetamide and later treated with kombucha (50 mL/during
3 weeks); group 4 included rats treated with kombucha
(50 mL/during 3 weeks) and later injected with thioaceta-
mide; group 5 included rats injected with thioacetamide and
later treated with silymarin (200 mg/kg during 3 weeks); and
group 6 included rats injected with thioacetamide and later
treated with kombucha (50 mL/per rat) and silymarin
(400 mg/kg) during 3 weeks.

The results showed that the group treated with silymarin
had a significant descent in the previously mentioned para-
meters with exempt of bilirubin. This same situation hap-
pened with the group treated with kombucha tea and
silymarin. The protective action of both foods is ought to
their polyphenol component, which protect the liver against
free radical formation which can produce hepatocyte mal-
function and liver damage.

Deghrigue, Chriaa, Battikh, Abid, and Bakhrouf (2013),
evaluated kombucha'’s antiproliferative properties, prepared
with black or green tea, fermented during 12 days, on two
human cancer cell lines (A549, lung cell carcinoma and Hep-
2, epidermoid cell carcinoma). The cells were incubated in 96



microtitre plates for 24 h, and later were added kombucha
beverage, previously centrifuged. Concentrations varied
from 50-400 pg/mL, in order to determine ICsy (unit of
measurement for a substance’s effectiveness to inhibit a
biological process a 50% or greater).

The results showed that kombucha elaborated with green
tea had a greater cytotoxic effect. The 50% of inhibition was
attained at concentrations from 200 to 250 pg/mL on the
cell lines A549 and Hep-2. On the other hand, kombucha
beverage elaborated with black tea showed a moderate
cytotoxic activity; the concentrations required to inhibit
50% of cellular growth were larger compared to that of
green tea based kombucha, 386 pg/mL, and it only had an
effect on Hep-2 cell lines.

Recently, Vazquez-Cabral et al. (2017) used oak leaves
infusions instead of black tea as a common substrate for
preparing kombucha. They reported a significantly reduction
on the levels of pro-inflammatory cytokines IL-6 and TNF-
alpha. Besides, phytochemical compounds contained in the
fermented beverage decreased oxidative stress.

Regarding on the increase in phenolic compounds and
antioxidant activities of kombucha, Sun, Li, and Chen (2015)
elaborated the beverage with mixes in various ratios of
sweetened black tea and wheatgrass juice. The highest anti-
oxidant activity was obtained using a 1:1 (v/v) black tea
decoction to wheat grass juice ratio and 3 days of fermenta-
tion. Under those processing conditions, this beverage pro-
duced various types of complementary phenolic acids with
antioxidant effect, fact that was considered by the authors as
an advantage over traditional kombucha beverage.

7. Contraindications of kombucha

Toxicity caused by kombucha has been suspected in several
cases, reporting dizziness and nausea after consumption.
Lead poisoning and gastrointestinal toxicity was found on
two individuals after drinking the fermented beverage dur-
ing a period of six months, however it was stated that the
contaminant came from the enamel pigment on the vase
containing the kombucha (Jayabalan et al., 2014).

Jayabalan et al. (2014) described a case of acute kidney
failure with lactic acidosis and hyperthermia after ingesting
the beverage, as well as the presence of Bacillus anthrax,
Penicillium and Aspergillus present in kombucha prepared
under unhygienic conditions. Two cases were reported
were metabolic acidosis was related to an excessive con-
sumption of kombucha beverage (>12 oz. daily). It was later
established that these cases suffered from certain conditions
which made them vulnerable to developing acidosis
(Nummer, 2013), as HIV and acute kidney failure (Sunghee
Kole, Jones, Christensen, & Gladstein, 2009). According to the
Centers for Disease Control and Prevention (CDC, 1994), the
daily consumption of 4 oz. of kombucha does not present a
risk for the consumer’s health.

As regards to pregnant women, it is contraindicated as a
security parameter due to the possible heparin content
(glycosaminoglycan component) in the tea, as it inhibits
blood clotting system'’s proteins and thins it, being harmful
during the third trimester of pregnancy. It must be men-
tioned that authors claim heparin presence has not been
proved in analysed samples; however, consuming the drink
may favour its production in the organism, which is why
caution must be taken (Rubio Delgado, 2015).

CYTA - JOURNAL OF FOOD (&) 397

On the other hand, it has been proved the tea has
potential to revert hepatic toxicity induced by CCl, (car-
bon tetrachloride), a liquid which transforms into gas at
room temperature. It comes from aerosol and certain
refrigerants production and can cause adverse health
effect and hepatic toxicity if recommended dose is
exceeded (Agency for Toxic Substances and Disease
Registry [ATSDR], 2005; Kovacevic et al., 2014). Four HIV
positive patients reported secondary effects related to its
consumption, such as allergic reaction, ictericia, nausea,
vomit, neck pain and headache. However, kombucha can-
not be declared toxic for human health due to the pre-
sented evidence not being substantial for the affirmation
of its toxicity or the disease occurrence in previous studies
(Jayabalan et al., 2014).

Some harmful effects of kombucha consumption have
been described by several authors (Greenwalt et al., 2000).
Organs internal lesions on rats after 12 weeks of kombucha
consumption were reported and it was concluded that the
susceptibility to toxicity depends on the specie (lbrahim,
Kwanashie, Njoku, & Olurinola, 1993). Developing of acidosis
was described in individuals having severe pre-existing condi-
tions. One of them increased the fermentation time from 7 to
14 days which produces a very acidic beverage (CDC, 1995).
High acidity and microbial contamination of kombucha was
reported as a warning for possible illness (Perry, 1995), and
mycotoxigenic substances (as secondary metabolites) have
health repercussions including toxic and carcinogenic effects.

6. Conclusions

Kombucha beverage is a source of bioactive components,
such as polyphenols and glucuronic acid. The beneficial out-
comes of kombucha consumption are attributed to the
synergistic effect between these components, making it a
drink with potential beneficial health properties (when ela-
borated under adequate sterile conditions). It is apparent
that its consumption can protect against the development
of CVDs, mainly due to its polyphenol content that inhibits
the oxidation of LDL, regulates cholesterol metabolism, and
prevents high blood pressure by promoting smooth muscle
relaxation. GIcUA, one of its main components, plays a role
in xenobiotic liver detoxification and endobiotic elimination,
thus potentially enhancing liver functions. It must be
emphasized that concentration of the drink’s active compo-
nents will vary depending on the scoby and elaboration
methods. Health effects on humans under controlled
research are merited, because some contraindications have
been reported.
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