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ABSTRACT

Purpose: Kombucha tea, a fermented beverage, has recently become popular in the United States as part
of the functional food movement. This popularity is likely driven by its touted health benefits, coupled
with the recent scientific movement investigating the role of the microbiome on human health. The
purpose of this systematic review is to describe the literature related to empirical health benefits of
kombucha as identified from human subjects research.

Methods: In July 2018, we searched the term “kombucha” for all document types in the following da-
tabases across all available years: PubMed, Scopus, and Ovid. To identify federal research grants
related to kombucha, we searched the National Institutes of Health Research Portfolio Online Reporting
Tools. Finally, to identify ongoing human subjects research, we searched clinicaltrials.gov and
clinicaltrialsregister.eu. We reviewed a total of 310 articles.

Results: We found one study reporting the results of empirical research on kombucha in human subjects.
We found no results for kombucha in Research Portfolio Online Reporting Tools, clinicaltrials.gov, or
clinicaltrialsregister.eu.

Conclusions: The nonhuman subjects literature claims numerous health benefits of kombucha; it is

critical that these assertions are tested in human clinical trials. Research opportunities are discussed.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Although fermented foods have been a staple of cultures
internationally for thousands of years, kombucha has only
recently become popular in the United States. Kombucha is re-
ported to have originated in northeast China about 220 B.C,
disseminated to Japan in 414 A.D. as a medicine, and spread
through trade routes to Russia and eastern Europe [1,2]. Kom-
bucha's worldwide popularity has fluctuated since World War Il
[1]. Recognizing the growing market, in 2016, PepsiCo purchased
KeVita, a popular functional probiotic and kombucha beverage
maker. In 2017, retail sales of kombucha and other fermented
beverages increased 37.4% [3], and in 2018, kombucha showed
a +49% dollar growth over the past 52 weeks [4]|. Kombucha is
reportedly the fastest growing product in the functional beverage
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market [5] and one of the most popular low-alcoholic fermented
beverages in the world [6].

“Kombucha” is a beverage made by fermenting tea (generally
black tea or sometimes green and oolong tea) and sugar, with a
Symbiotic Culture Of Bacteria and Yeast (SCOBY) [7], generally for
7—10 days. The SCOBY is a biofilm of microorganisms resembling
a mushroom cap, which becomes a starter for subsequent brews.
The SCOBY comprises various acetic acid bacteria (e.g. Aceto-
bacter xylinum [8,9], Acetobacter aceti [9,10], Acetobacter pas-
teurianus [9,10], and Gluconobacter oxydans [8,10]) and yeasts
(e.g. Saccharomyces sp. [10], Zygosaccharomyces kombuchaensis
[10], Torulopsis sp. [10], Pichia spp.[9,10], Brettanomyces sp. [10],
and Zygosaccharomyces bailii [8,9]). Several lactic acid bacteria
have also been isolated [10]. After fermentation, kombucha is a
cocktail of chemical components [11,12], including sugars; tea
polyphenols; organic food acids; fiber; ethanol; amino acids
including lysine; essential elements such as Cu, Fe, Mn, Ni, and
Zn; water-soluble vitamins such as vitamin C, and several B vi-
tamins; carbon dioxide; antibiotic substances; and hydrolytic
enzymes [1].

1047-2797/© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Kombucha's popularity as a functional food [8,13] is driven by its
purported health benefits, which include “multiple functional
properties such as anti-inflammatory potential and antioxidant
activity,” [14] and “the reduction of cholesterol levels and blood
pressure, reduction of cancer propagation, the improvement of
liver, the immune system, and gastrointestinal functions [7].” This
popularity developed in parallel with the scientific movement
investigating the role of the microbiome on health [15—17].

Direct evidence supporting kombucha's benefits for human
health is lacking. A systematic review published in 2003 found no
clinical studies related to kombucha [18]. The purpose of our sys-
tematic review is to identify the empirical health benefits of
kombucha from human subjects research and characterize oppor-
tunities for future research.

Methods
Data sources and search strategy

In July 2018, we searched the term “kombucha” for all document
types in the following databases across all available years: PubMed,

Scopus, and Ovid (Fig. 1). When the search engine allowed, we
restricted the search to English language articles and human
subjects.

To identify federal research grants related to kombucha, we
searched the National Institutes of Health (NIH) Research Portfolio
Online Reporting Tools (report.nih.gov) using a text search for
“kombucha” spanning all fiscal years.

To identify ongoing human subjects research, we searched
clinicaltrials.gov. and EU clinical trials register (www.
clinicaltrialsregister.eu) for “kombucha” using the widest possible
search.

Finally, we checked the supporting references of select articles
for human studies.

Eligibility criteria and article selection

We reviewed article titles and abstracts for duplication across
search engines. Authors then independently reviewed article titles
and abstracts to exclude studies not conducted on human subjects,
that is, examining mechanisms of disease or the properties of the
kombucha. When we noted discrepancies in article selection

Articles Articles identified Articles identified
identified through [* through Ovid “— » through Scopus
PubMed (n=24) (n=262)
(n=24)
100% duplication ‘ I 100% duplication
Articles excluded because
of erratum, retractions, v
duplicates, or reprints Titles and
(n=9) abstracts
reviewed
Articles excluded because (n=262)*
not human subjects
research (n=227)

Full text of
articles reviewed
(n=26)

Empirical human
subjects research
examining the
effects of
kombucha on
health or health-
related outcomes
(n=0)

* One human subjects study was discovered from the references of a microbiology study.

Fig. 1. Flow diagram of 310 kombucha articles identified through a search and selection process. “One human subjects study was discovered from the references of a microbiology

study.
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between authors, we retrieved the full texts. Inclusion criteria
consisted of empirical research testing the effects of kombucha on
any human health or health-related outcome.

Results

We reviewed a total of 310 articles (Fig. 1). The PubMed search
restricted to “humans” and “English” language identified 24 articles
published between 1994 and 2017. The Ovid Medline search (1946
to present) restricted to “humans” and “English” language also
identified 24 articles, published between 1994 and 2017. We
compared these two lists, identifying 100% duplication. The Scopus
search restricted to “English” language identified 262 articles
published between 1945 and 2018. We compared the Scopus list to
the 24 Ovid/PubMed articles, identifying 100% duplication.

We reviewed the abstracts of the remaining 262 articles. Two
articles were retraction statements by the publishers regarding the
validity of the research, excluding four articles total [19—22]. Two
articles duplicated other articles. An erratum and its associated
article were excluded [23,24]. One article [25] was a reprint of an
article published elsewhere [26]. Of the remaining 253 articles, 227
were excluded as not relating to human subjects research. We
reviewed the full text of the remaining 26 articles for the following
reasons: no abstract was available [27—33] (n = 7); it was a relevant
chapter, review, or article and we reviewed the references for
additional human subjects studies [1,2,6—10,14,18,34—40] (n = 16);
or the title and abstract left ambiguity [12,41,42] (n = 3).

When reviewing the references of the full texts, we identified
several articles for further review. Dufresne et al [2] referenced
medical studies conducted between 1925 and 1950 by doctors and
physicians that “confirmed” kombucha's health benefits (“anti-
biotic properties, regulation of gastric, intestinal, and glandular
activities, relief of joint rheumatism, gout and haemorrhoids, pos-
itive influence on the cholesterol level, arteriosclerosis, toxin
excretion and blood cleansing, diabetes, nervousness, and aging
problems”); however, the primary reference of Allen (1998)
revealed a website [43] that lists anecdotal information collected
from individuals on a mailing list, with a warning that the contents
are unverified. We found additional reference to the 1925—1950
studies in Kaczmarczyk and Lochynski [ 12]; however, their primary
reference was Dufresne et al [2]. Because the 1925—1950 studies
cannot be confirmed, and additionally predate the modern Insti-
tutional Review Board (IRB), they were excluded. Dufresne et al [2]
referenced six other studies we explored: four were websites no
longer working [44—47]; one was an article published in another
language and predated the modern IRB [48]; and one [49] appeared
to be a private website blog written in collaboration with Allen [43].
Finally, we could not retrieve the full text of Ishida [30]; however,
Scopus identified this as a letter and not original research.

Separately, from a 2013 report [50] exploring SCOBY microbi-
ology, we found a citation suggesting a human subjects study
[51,52]. The full text [51] reported that daily consumption of 60 mL
of kombucha for 90 days was associated with normalized blood
sugar values in 24 subjects aged 45—55 years with non—insulin-
dependent diabetes mellitus. The lead author's dissertation [53]
also describes improvements associated with the same interven-
tion in individuals with mild hypertension or diverse medical
problems. Neither report describes a control group.

Our systematic literature review found no articles on the
empirical health benefits of kombucha as identified from human
subjects research. One study was identified through the references
of a microbiology study.

Our search found no results for “kombucha” in Research Port-
folio Online Reporting Tools, clinicaltrials.gov, nor www.
clinicaltrialsregister.eu.

Discussion

Evidence of Kombucha's health benefit from human subjects
research

Our literature search identified no controlled studies of human
subjects, only one study [51,53] examining any health benefits of
kombucha from human subjects research and no studies in the
15 years since Ernst's [18] review. Nonetheless, significant com-
mercial shelf space is now dedicated to kombucha products, and
there is widespread belief that the products promote health [8].

Touted health benefits from in vitro and animal studies

The nonhuman subjects literature suggests that kombucha's
health benefits are derived from the tea and the products of
fermentation, including glucuronic acid, acetic acid, polyphenols,
phenols, and B-complex vitamins, including folic acid [6]. Health
benefits reported from in vitro and in vivo studies include antimi-
crobial benefits, liver and gastrointestinal functions, immune
stimulation, detoxification, antioxidant, anti-tumor properties,
health prophylactic and recovery effects through immune stimu-
lation; inhibiting the development and progression of cancer, car-
diovascular disease, diabetes, and neurodegenerative diseases; and
normal central nervous system function [6]. To date, biological
activities of kombucha have been studied in rats [10,53], mice [10],
rabbits [10,54], ducks [10], dogs [10], pigs [55], cattle [55], broiler
chickens [56], and human peripheral blood lymphocytes [1,8,10].

Potential health risks to humans

Kombucha has been implicated (but not necessarily confirmed)
in a number of case reports, including hyponatremia [57]; lactic
acidosis [58]; toxic hepatitis after consuming kombucha tea daily
for two years [59]; a patient newly diagnosed with human immu-
nodeficiency virus who presented with a case of hyperthermia,
lactic acidosis, and acute renal failure within 15 hours of ingesting
kombucha [60]; anti-Jo1 antibody-positive myositis [61]; symp-
tomatic lead poisoning from brewing kombucha in a ceramic pot
[62]; an outbreak of cutaneous anthrax reportedly from applying
the kombucha mushroom to the skin as a painkiller [31]; pellagra
[63]; an allergic reaction, jaundice, and nausea, vomiting, head and
neck pain [64]; metabolic acidosis [26]; hepatotoxicity [32]; and
cholestatic hepatitis [65].

Kombucha contains small amounts of alcohol. In a Food and
Drug Administration investigation, the alcohol content of samples
ranged from 0.7% to 1.3%; no methanol was detected [26]. Kom-
bucha is contraindicated in pregnant women [7] and likely people
with significant renal, pulmonary, or liver disease.

Despite these implications, kombucha is not considered harmful
if about 4 oz per day is consumed by healthy individuals; potential
risks are associated with a low pH brew leaching heavy metals from
containers, excessive consumption of highly acidic kombucha, or
consumption by individuals with pre-existing health conditions
[26,66]. Proper brewing methods are described in detail [66].

Envisioned human subjects research opportunities

As first steps, scientists might examine associations in food
consumption trends with population health outcomes. For thou-
sands of years, fermented foods contributed to food security [6] by
extending the shelf life of fresh produce past the harvest season.
The availability of off-season produce negates the need for tradi-
tional food security practices. Although yogurt, cheese, and cottage
cheese are widely available, the current U.S. culture is largely absent
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of traditionally prepared fermented foods, including kimchi [34],
kefir [34], clabbered milk [34], sauerkraut [34], and switchel,
among others [6]. Population-level assessment of historical and
geographic trends could help answer the questions: Are U.S. pop-
ulation health outcome trends (such as diabetes and obesity
[67,68]) inversely correlated with consumption trends of fermented
foods? Are there ecological-level correlations between kombucha
and fermented food consumption and population health outcomes
across cultures and countries?

Cross-sectional and cohort studies are practical next steps to
explore associations. These observational studies should attempt to
control for the likelihood that kombucha drinkers are a subpopu-
lation with different lifestyle habits, socioeconomic status, health
insurance or health care access than the general population. Well-
designed observational studies could help address the question: Is
the use of kombucha associated with improved human health or
health-related outcomes?

The human health benefits of kombucha need to be tested in
clinical trials [6]. Several reviews [1,2,6—10] describe potential
health benefits of kombucha that warrant testing. Also warranted is
replication of kombucha's health benefits on blood sugar and hy-
pertension [51,53] in a controlled study. This would add to the
emerging scientific movement investigating the role of the micro-
biome on health [15—17]; the NIH human microbiome project in-
vestigators published over 650 scientific articles by the end of 2017
[69]. Other fermented foods, including fermented milk [34] and
other probiotics [6] are being studied in humans. Fermented milk is
shown to prevent diet-induced insulin resistance in humans [70].
Clinical trials should address health topics for which observational
or animal studies suggest benefit to answer the question: Does
kombucha improve health or health-related outcomes in humans?

If kombucha has health benefits, important subsequent studies
will need to address the following: At what dosage, frequency, and
duration? In what populations and subpopulations? To facilitate
comparison across studies, a standardized process flow is recom-
mended for brewing [66]; other considerations include the role of
the weather, geographic location, and medium on the brewing
process.

Finally, mechanisms to explain human health outcomes will
need to be studied. How might kombucha improve health or
health-related outcomes in humans? The exact microbial compo-
sition of kombucha varies [1,39], the underlying mechanisms of
action are not well understood [39], and SCOBY biology and
byproducts are complex and dynamic mixtures [39].

Limitations

Our findings are limited to the published English language
literature and to the described methodology used to identify arti-
cles, although we made every effort in reviewing article references
to identify additional studies.

Conclusions

Our systematic literature review identified one uncontrolled
empirical human subjects study examining the effects of kombucha
on health or health-related outcomes. The opportunities to
examine the potential health benefits of kombucha in humans are
vast and potentially important for U.S. population health.
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