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Abstract
Vinegar is a widely used condiment, consumed by all social classes and has great potential for health benefits,
which justifies the concern for their beneficial activity. The country is still a beginner in vinegar research,
concerning the verification of its health benefits, as the raw materials used and the production process. The
article aims to gather and discuss studies that show the vinegar beneficial effects for human health. In studies
conducted in Europe and Asia, it was observed that consumption of vinegar can be beneficial, as it showed
antitumor effect, reduced the blood glucose level, effects on the immune system, anti-hypertensive effect,
among others. Those responsible for the medicinal effects are acetic acid (at least 4% in vinegars, under
Brazilian law), but also other compounds resulting from the metabolism of microorganisms during the stages of
fermentation and/or aging. Despite these results, “in vivo” research as are still deficient concerning the
recommended daily doses that prove the medicinal efficacy of vinegar are unknown. However, in view of the
favorable results, the functional potential of these vinegars should not be ignored, then, more studies are
necessary in order to demonstrate their functional properties.
Additional keywords: antioxidant action; human health benefits; vinegar consumption.
Resumo
O vinagre é um condimento amplamente utilizado, consumido por todas as classes sociais e com grande
potencial para benefícios à saúde, o que justifica a preocupação com sua atividade benéfica. O País ainda é
principiante em pesquisas com vinagre, tanto na verificação de seu potencial para a saúde, quanto nas
matérias-primas utilizadas e no processo de produção. O artigo tem como objetivo reunir e discutir estudos
que comprovam a ação benéfica do vinagre para a saúde humana. Em estudos realizados na Europa e na
Ásia, observou-se que o consumo do vinagre pode trazer benefícios, pois apresentou efeito antitumoral,
redução do nível de glicose no sangue, efeitos no sistema imunitário, efeito anti-hipertensivo, dentre outros. Os
responsáveis pelos efeitos medicinais são o ácido acético (com teor mínimo de 4% nos vinagres, segundo a
legislação brasileira), e outros compostos resultantes do metabolismo dos microrganismos durante as etapas
de fermentação e/ou envelhecimento. Apesar destes resultados, ainda são deficientes pesquisas in vivo e,
portanto, as doses diárias recomendadas que comprovem a eficácia medicinal do vinagre são desconhecidas.
Desta forma, tendo em vista os resultados favoráveis, não se pode ignorar o potencial funcional deste
fermentado acético, sendo necessários estudos que evidenciem suas propriedades funcionais.
Palavras-chave adicionais: ação antioxidante; benefícios para a saúde humana; consumo de vinagre.
Introduction
According to the technical regulation for the
setting of identity and quality standards for vinegars,
by vinegar or acetic acid fermented it is understood
the product derived from the acetylation of the alcoholic fermentation of mash of fruits, cereals or other
vegetables, honey, mixed vegetables, or, still, from a
hydroalcoholic mixture, with the possibility of adding
vegetables, plant parts, aromatic plant extracts,

juices, natural flavors or seasonings. The maximum
value of 1.00% (v/v) ethanol at 20 °C and at least
4.00% of volatile acidity (Brasil, 2012) must be found.
The vinegar is a solution of diluted acetic acid
resulting from a double fermentation, alcoholic and
acetic, of any candied fermentable substrate (Solieri
& Giudici, 2008). It is widely used in a traditional food
in Brazil and easily accessible, but yet little is known
about its functional properties. This is one of the
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consequences of the tiny number of researches
conducted on this subject. Europe and Asia are
already ahead with studies in this area, and have
interesting results that prove the large number of
functional compounds present in vinegars from these
regions (Budak et al., 2014).
The consumption in Brazil is still low compared with the first world countries, considering that
each Brazilian consumes on average 0.8 liters of
vinegar per year, while in Europe and the United
States this average is 1.8 liters per year per capita
(Anav, 2013).
The vinegar has various purposes, being
used since ancient times in the human diet as food
flavoring and preservative, as well as on the basis of
single medicines for humans and animals (Solieri &
Giudici, 2009). This fermented product has been used
also in some countries as a drink for medicinal
purposes (Rainieri & Zambonelli, 2009).
For the food industry, the range of functionality of the vinegar is wide, due to its ability to reduce
the pH of foods, inhibiting the growth of bacteria. It
also prevents the growth of fungi, disinfects the
equipments and neutralizes unpleasant odor of some
foods (Vithlani & Patel, 2010).
The multiple features of vinegar are not
deriving from the modern world, as there are
approximately 5 thousand years that vinegar is produced and marketed. The Babylonians traded vinegar
flavored with fruit, honey and malt until the sixth
century. Records in the Old Testament indicated the
use of vinegar as a medicine for treatment of wounds
(Budak et al., 2014).
The Chinese also already knew it, as they
use vinegar for more than 3000 years; in addition to
flavoring and preservative, it has been used for
medicinal purposes in traditional Chinese medicine
(Fan et al., 2011).
The microorganisms responsible for vinegar
acetic fermentation produce, besides the acetic acid,
various metabolic compounds that modify the flavor of
the product. Some vinegars, such as rice, balsamic
and fruit, in general are known to contain
antioxidants, antitumor compounds and other bioactive metabolites that can be responsible for its beneficial health effects (Murooka et al., 2009; Giudici et
al., 2009; Vanin et al., 2012).
Foods or drinks that have beneficial properties to the human body can be classified as functional
foods. These foods are defined as any substance, or
constituent of a food, that provides health benefits,
and have adequate nutritional effects. It can only be
considered functional if its beneficial action is shown
to one or more target functions in the body, being
important both for the well-being and health as well
asreducing the risk of a disease (Siró et al., 2008;
Ordoudi et al., 2014).
According to resolution establishing the basic
guidelines for analysis and verification of functional
properties and/or of health alleged in labeling of
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foods, functional property claim is that the one which
shows the metabolic or physiological role that the
nutrient or non-nutrient plays in the growth,
development, maintenance and other normal functions of the human body (Brasil, 1999).
Since vinegar has been the subject of
researches that characterize it as a functional food,
mainly due to its antioxidant action, this article aims to
gather and discuss studies showing the beneficial
action of vinegar to human health.
Functional properties of vinegar
The phenolics and antioxidants present in
vegetables and beverages depend on the feedstock
used and on the processing and aging, because the
fermentation, for example, may change the chemical
nature and effectiveness of its phenolic constituents
(Shahidi et al., 2008; Cerezo et al., 2010). Fruit
vinegars are considered superior in sensory and
nutritional qualities, when compared to other types of
vinegar (Marques et al., 2010.)
The duration of the fermentation process of
the Brazilian vinegar is much smaller and can take a
few hours, and aging is not a usual practice, what
characterizes a product (vinegar) with lower functional
characteristics (Budak et al., 2014).
Many studies argue for the functional
properties of rice vinegar, the kurosu, traditional
Japanese vinegar, one of the most common traditional vinegars in Japan, with a high concentration of
amino acids and organic acids compared with other
vinegars. Kurozu is used in Japan as a healthy drink
to relieve hypertension, prevent cancer and improve
the symptoms of allergies. Many of these effects have
been shown in scientific studies (Shimoji et al., 2002;
Fukuyama et al., 2007; Hashimoto et al., 2013;
Miyoshi et al., 2014.).
White rice vinegar may have antiglycemic
function (Salbe et al., 2009; Gu et al., 2012), brown
rice vinegar (kurosu) has benefits across the immune
system (Hashimoto et al., 2013) and antitumor effect,
for example (Fukuyama et al., 2007).
Gu et al. (2012) found that the consumption
of Chinese white rice vinegar helped in controlling
blood glucose; Fan et al. (2011) obtained similar
results, verifying inhibitory activity of α-glucosidase,
which can be useful for diabetics. Other studies have
demonstrated benefits across the immune system
(Hashimoto et al., 2013) and anti-hypertensive effect
(Kondo et al., 2001).
Part of kurosu functional properties may be
explained by the production process, which is done
using slow or static process (Murooka et al., 2009).
This process is not used industrially, and the Brazilian
production uses, mostly, the submerged process
(Budak et al., 2014). The process of fermentation
lasts 6 months, followed by a year, at least, of aging.
During this process, the majority of micro-organisms
associated with fermentation loses its activity, and it is
expected the presence of microbial components
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responsible for some of the functional properties of
the vinegar (Hashimoto et al., 2013).
Besides the rice vinegar, the vinegar of other
raw materials are also featured in functional
properties, such as sherry wine vinegar with different
fruits (orange, strawberry, grape and lemon)
(Bastante et al., 2010); apple vinegar, with potential in
the prevention of tumors (Abe et al., 2007), in
lowering cholesterol and triglycerides level (Budak et
al., 2011); vinegar made from ginseng extracts with
antiglycemic and antidiabetic effect (Lim et al., 2009);
pomegranate vinegar, being classified as a functional
condiment due to phenolic compounds and
antioxidant activity with potential in reducing the
accumulation of visceral fat (Ordoudi et al., 2014;
Park et al., 2014). In Indian jujube vinegar (Zizyphus
mauritiana) - a little exploited Indian fruit - the authors
found a high antioxidant activity of the fermented, and
it may be defined as a functional vinegar (Vithlani &
Patel, 2010); and, in general, Salbe et al. (2009)
assessed the effects of vinegar on the regulation of
human glucose and possible mechanisms of action.
Antioxidant action
Antioxidants can be defined as stable molecules which can donate electrons to the free radicals
and thus neutralize them, reducing thereby their
ability harmful to the human body (Halliwell, 1995).
They can help to protect the body against damage
caused by reactive oxygen species (Halliwell et al.,
1995).
Free radicals are defined, in general, such as
organic and inorganic molecules and atoms
containing one or more unpaired electrons, with
independent existence (Halliwell, 1994). They can
attack important macromolecules causing oxidative
damage to cells and disruption of homeostasis. The
target of the free radicals includes all types of molecules of our body, but the most affected molecules
are lipids, nucleic acids and proteins, and therefore
they are involved in the development of some
degenerative diseases (Rao et al., 2011).
The source by which free radicals are formed
in our body can be endogenous or exogenous.
Endogenous sources originate from biological
processes that usually occur in the body, and exogenous sources include smoking, air pollution, organic
solvents, anesthetics, pesticides and radiation
(Machlin & Bendich, 1987; Soares, 2002).
Antioxidants are one of the compounds with
biological activity present in vinegars, which has great
ability to scavenge free radicals (Xu et al., 2007).
In a study developed with pomegranate
vinegar, it was compared the content of total and
individual polyphenols, anthocyanins and the antioxidant activity of vinegar and fresh pomegranate
juice. It was found that the alcoholic fermentation was
ten times lower in anthocyanins than the vinegar,
which in turn had the same concentration as the fresh
juice. It was concluded that this vinegar has potential
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as functional condiment based on its composition in
phenolic compounds and moderate antioxidant
activity (Ordoudi et al., 2014).
In India, the authors produced a jujube vinegar
(Zizyphus mauritiana) (traditional country fruit) and
rated physical (titratable acidity, pH, total sugars) and
biochemical (phenolic content and antioxidant activity)
parameters of the product. They found that the
phenolic content and antioxidant activity (using the
DPPH and ABTS methods) increased to vinegar
compared with fresh fruit juice. Thus, they concluded
that vinegar has a considerable amount of antioxidants
and antioxidant activity, and may be defined as a
functional vinegar (Vithlani& Patel, 2010).
Regarding the production of vinegar from
cereal, studies in Japan showed that the vinegar
made from brown rice (kurosu) has a high antioxidant
activity, especially for its phenolic content (Shahidi et
al., 2008). The rice bran, constituent of brown rice,
also has antioxidant potential and beneficial effects
for health due to the presence of phytic acid. The
bran, a by-product of the rice industry, is produced on
a large scale, being constituted by pericarp, aleurone,
and seed, with a phytic acid content of about 5.88 ±
0.09% (Canan et al., 2011).
The antioxidant activity of phytic acid is being
studied in several areas, for example, in food
preservation (Stodolak et al., 2007; Canan et al.,
2012), oxidation of metals (Gupta et al., 2013), and in
human health, with anticancer activity (Norazalina et
al., 2010; Norhaizan et al., 2011), in the treatment of
diabetes (Lee et al., 2006), renal calculus (Saw et al.,
2007), and Parkinson's disease (Xu et al., 2008).
In Brazil, a study conducted to evaluate the
antioxidant activity, in vitro, and determine the polyphenol content of different types of vinegars sold in the
south of the country, found that the vinegar samples
(23 in total) showed a great variation in the parameters
studied. The evaluated vinegars were of red wine,
white wine, red agrin, white agrin, balsamic, alcohol,
apple, rice and orange. The highlight for the antioxidant
activity was for balsamic vinegar (Vanin et al., 2012).
Antitumor effect
Research involving the antitumor effect are
linked mostly to kurozu vinegar. According to
Hashimoto et al. (2013), many microbial components have antitumor effect. Therefore, it is believed
that microbial components of kurosu can help in
preventing cancer and relieve allergies.
Shimoji et al. (2002) analyzed the antioxidant activity of kurosu, and found that the phenolic
compounds present in the product had antitumor
activity. The main compounds studied were the dihydroxyferulic acids (DFA), dihydroxysinaptic acids
(DSA), ferulic, synaptic, vanillin, and p-hydroxycinnamic acids, and the first two were the main contributors in inhibiting tumors. DFA and DSA are
homologous of ferulic acid and sinapic acid, which
are known as natural antioxidants occurring in rice,
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wheat, brown rice, and other grain. The antioxidant
activities of DFA and DSA were evaluated by scavenging activity method of DPPH radicals
(Yamaguchi et al., 1998).
In another study, in which tests in vitro and in
mice skin were performed, it was evidenced the
antitumor effect of the vinegar. An extract of kurosu
vinegar (1ml/100ml acetone) was used and applied to
rats for 15 days. A reduction of 36% in the average
number of tumors per mouse was presented. It was
also found that the kurosu (brown rice vinegar) had
higher levels of antioxidant activity than rice vinegars,
grain vinegars and wine vinegars. The antioxidant
and scavenging properties, and interference in the
formation of free radicals, were the explanations
found for this effect (Nishidai et al., 2000).
The antitumor effect was evaluated in rats
comparing kurozu and kurozu moromimatsu (solid
residue from the production of kurozu vinegar, after
aging). The volume of the tumors in the control group
and the group administered with kurozu were the
same, as for the group on which kurozu moromimatsu
was used, there was significant reduction in size,
indicating beneficial effects of vinegar sediment
(Fukuyama et al., 2007).
Antiglycemic effect
Studies that show the antiglycemic effect of
vinegar are known for over a century, being demonstrated both in animals and in humans, however the
exact mechanism of action is still unknown (Salbe et
al., 2009).
The antiglycemic effect of vinegar was
reported in 1988 by researchers Ebihara and
Nakajima (Ebihara & Nakajima, 1988). These authors
studied mice that were fed with a 25% casein-sucrose
purified diet for 2 weeks. The animals were divided
into two groups of 6 rats, fasted for 24 hours, and
then a corn starch solution was administered to 10%
(w/v), with or without 2% (v/v) acetic acid to provide
100 mg of starch in 100 g body weight. The rapid rise
and decline of glucose concentrations in blood were
inhibited in the group treated with acetic acid.
The same authors studied the effect on men,
by using a strawberry vinegar and no more acetic
acid. A sucrose solution which contained 50 g of
sucrose and 60 ml of commercial strawberry vinegar
was administered to a group, and 300 ml of a sucrose
solution containing 53.6 g of sucrose (control meal) to
another. The acetic acid content of this commercial
strawberry vinegar (Nakano Vinegar Co. Ltd.) was
5%, and the vinegar contained 6% sugar substance
(sucrose + glucose + fructose). One week after the
first trial a similar experiment was performed,
reversing meals for each group. The results for blood
glucose were akin for the two groups, the insulin
level, on the other hand, was 20% lower for the group
that consumed the vinegar. The authors state that
while further studies are necessary to investigate the
mechanism of action of the acetic acid, the vinegar
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can be applied to control the hyperglycemic response
after a meal.
One of the latest studies was held by Gu et
al. (2012), who investigated the antidiabetic effect of
white rice vinegar in diabetic rats induced by
streptozotocin (STZ) - diabetogenic substance used
to induce diabetes. The study was conducted with two
groups of 6 rats, in one of them was administered
white rice vinegar (2 ml/kg body weight/day) or with
an equal volume of potable water for 1 month. As a
result, it was verified the antidiabetic effect in
controlling blood glucose, in insulin deficiency, in
protecting the hepatocytes and beta cells. Given the
importance of beta cells and hepatocytes protection in
the development of diabetes and the importance of
glycemic control, vinegar can be considered a dietary
supplement promising for diabetics.
Fan et al. (2011) studied five different Chinese vinegars, in order to characterize their composition and determine the inhibitory activity of αglucosidase. On laboratory analysis, it was observed
a strong inhibitory activity of α-glucosidase, an
enzyme that slows carbohydrate digestion in the
intestinal tract, which indicates application to studies
on diabetics.
Shishehbor et al. (2008) studied the reduction
of lipid profile in rats, on which normal mice and
diabetic ones, induced by streptozotocin (STZ), were
fed with a diet containing 6% apple vinegar. The
apple vinegar administration occurred 8 hours after
STZ injection, for 4 weeks. In normal rats, there was
significant reduction of low density lipoprotein (LDL)
and significant increase in high density lipoprotein
(HDL). The apple vinegar also reduced serum
triglycerides and increased HDL in diabetic mice,
suggesting that the product may be used in the control of complications caused by diabetes.
Ginseng vinegar has been evaluated and,
with respect to the data gathered, it has potential for
clinical use in the treatment of obesity in patients with
diabetes mellitus type 2. The authors have used three
groups of rats, one as control and the others
administering 300 mg kg-1 and 500 mg kg-1 vinegar
per day (Lim et al., 2009).
Anti-hypertensive effect
In the study of Kondo et al. (2001), a significant reduction in blood pressure during the experimental period of rice vinegar administration to spontaneously hypertensive rats (SHR) was observed.
The rats were fed with a standard laboratory diet
mixed with vinegar or acetic acid solution (about
0.86 mmol of acetic acid/day for 8 weeks).
Another study reports that the ingestion of a
drink derived from a red wine vinegar and grape juice
(Budo-no-megumiTM) mixture, administering 3 ml kg-1
(recommended dosage of drink), inhibits the reninangiotensin system in nonhypertensive rats. The
management of the new drink supplied the activity of
angiotensin converting enzyme (ACE) in vivo, which
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may partly explain the hypotensive action. In addition,
the acetic fermentation can be useful for the prevention of various cardiovascular diseases, including
atherosclerosis, ventricular remodeling after myocardial, infarction, diabetic nephropathy and hypertension (Honsho et al., 2005).
Other benefits
Mimura et al. (2004) conducted a study with
kibizu, a sugar cane vinegar produced in Amami
Oshima, Japan. The fraction extracted with an
aqueous solution of 40% methanol showed high
scavenging potential of DPPH radical, in addition to
growth suppression of human leukemia cells (HL-60).
These results led the authors to believe that the active
components in sugarcane juice could be converted into
more lipophilic compounds by the alcoholic and acetic
fermentation, with activity to induce apoptosis in HL-60.
The first study to confirm the beneficial action
of apple vinegar was developed by Budak et al. (2011),
on which effects on blood lipid levels, liver function and
steatosis and body weight in rats were found, however
it is emphasized the need for further studies to clarify
the mechanisms of vinegar on the metabolism.
In a study by Lee et al. (2013), tomato vinegar
was produced and evaluated as to the efficacy of the
treatment of lipid accumulation in 3T3-L1 adipocytes
and in rats fed a high-fat diet. The rats were fed with a
dose of 7 ml/kg/day, for 5 weeks, corresponding to the
amount of drink per day in humans. It was concluded
that tomato vinegar can be considered beneficial to
prevent obesity and reduce visceral fat mass and
hepatic steatosis in the obese rats induced by high-fat
diet.
It was found that, in long-term, the kurosu
contains components that stimulate the innate immune
system, which are considered to be derived from
microorganisms involved in the fermentation process.
At a concentration of 1 mg/ml, kurozu stimulated the
production of cytokines, spleen cells of mice. This
indicates that the kurozu components are recognized
by TLR2, NOD1 and NOD2 (sensors of the innate
immune system that recognizes pathogens) in the
mouse immune system (Hashimoto et al., 2013).
One of the metabolites (alkali-stable lipid) of
acetic acid bacteria have demonstrated improvement
of cognitive functions in rats that had brain injury. It was
extracted the metabolite of acetic bacteria and
administered in mice in the ratio of 165 or 1650 mg/kg
per day for 14 days (Fukami et al., 2010).
The activation of protein kinase (AMPK) has
been recognized as promising in the treatment of obesity, the acetic acid consumed is absorbed by the the
intestine and metabolized in the liver resulting in activation of protein kinase. The study was conducted with
pomegranate vinegar, on 78 overweight women, who
were randomly assigned to receive either pomegranate
vinegar (1.5 g acetic acid per day) or placebo, for 8
weeks. Vinegar decreases visceral adipose tissue
(measured by computerized tomography), causing
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increased phosphorylation of AMPK in comparison
with the placebo group (Park et al., 2014).
Conclusions
The number of studies found about the topic
discussed is considerably high and current, for
although some studies have been done decades ago,
researchers continued to conduct scientific research,
with interesting results. There is a large concentration
of them in the east, investigating ancient traditional
vinegars. In Brazil the number of researches is still
limited.
Despite the studies conclude that vinegar can
provide health benefits, its behavior in the human body
is not known for sure. In vivo studies are still deficient,
and therefore the recommended daily allowances
proving the medicinal vinegar efficacy are unknown.
However, one cannot ignore the findings
regarding the proof of the existence of phenolic
compounds and the antioxidant property of
compounds from fermented acetic studied. In addition,
the growing concern of the population with the intake of
functional foods and the consumption of vinegar in all
social classes should arouse in the scientific team a
yearning to seek new findings on the subject,
especially in the quantification of a recommended daily
intake for to achieve the expected benefits, as well as
the development and improvement of fermentation
processes.
References
Abe K, Kushibiki T, Matsue H, Furukama K, Motomura
S (2007) Generation of antitumor active neutral
medium-sized α-glycan in apple vinegar fermentation.
Bioscience, Biotechnology, andBiochemistry9:21242129.
ANAV, Associação Nacional das Indústrias de Vinagre.
Disponível
em:
<http://www.anav.com.br/clipping_interna.php?id=26>;
Acesso em: 31 jul. 2013.
Bastante MJC, Guerreiro ED, Mejías R C, Marin RN,
Dodero MCR, Barroso CG (2010) Study of the
polyphenolic composition and antioxidant activity of the
new sherry vinegar-derived products by maceration
with fruits. Journal of Agricultural and Food Chemistry
58:11814-11820.
Brasil. Agência Nacional de Vigilância Sanitária (1999)
Resolução nº 18 de 30 de abril de 1999. Aprova o
Regulamento Técnicoque estabelece as diretrizes
básicas para análise e comprovação de propriedades
funcionais e ou de saúde alegadas em rotulagem de
alimentos, constante do anexo desta portaria. Diário
Oficial da União, Poder Executivo, Brasília, DF, 03 de
maio de 1999.

306

Científica, Jaboticabal, v.43, n.4, p.302-308, 2015
Brasil. Ministério da Agricultura, Pecuária e Abastecimento (2012) Instrução Normativa n. 6, de 03 de abril
de 2012. Aprova o regulamento técnico para fixação
dos padrões de identidade e qualidade para
fermentados acéticos. Diário Oficial da União, Poder
Executivo, Brasília, DF, 04 de abril de 2012.
Budak NH, Doguc DK, Savas CM, Seydim AC, Tas
TK, Ciris MI, Guzel-Seydim ZB (2011) Effects of apple
cider vinegars produced with different techniques on
blood lipids in high-cholesterol-fed rats. Journal of
Agricultural and Food Chemistry 59:6638-6644.

ISSN: 1984-5529
Gupta R, Mensah-Darkwa K, Sankar J, Kumar D
(2013) Enhanced corrosion resistance of phytic acid
coated magnesium by stearic acid treatment.
Transactions of Nonferrous Metals Society of China
23(5):1237-1244.
Halliwell B (1994) Free radicals and antioxidants: a
personal view. Nutrition Reviews, New York 52(8):253265.
Halliwell B (1995) How to characterize an antioxidantAn update.Biochemistry Society Symposium 61:73–101.

Budak NH, Aykin E, Seydim AC, Greene AK, GuzelSeydim ZB (2014) Functional properties of vinegar.
Journal of Food Science 79(5):757- 764.

Halliwell B, Aeschbach R, Loliger J, Aruoma OI (1995)
The characterization of antioxidants. Food and
Chemical Toxicology 33(7):601-617.

Canan C, Creuz FTL, Delaroza F, Casagrande R,
Sarmento CPM, Shimokomaki M, Ida EI (2011)
Studies on the extraction and purification of phytic acid
from rice bran. Journal of Food Composition and
Analysis 24(7):1057-1063.

Hashimoto M, Obara K, Ozono M, Furuyashiki M,
Ikeda T, Suda Y, Fukase K, Fujimoto Y, Shinehisa H
(2013) Separation and characterization of the immune
stimulatory components in unpolished rice black
vinegar (kurozu). Journal of Bioscience and
Bioengineering 116(6):688-696.

Canan C, Delaroza F, Casagrande R, Baracat MM,
Shimokomaki M, Ida EI (2012) Antioxidant capacity of
phityc acid and puriefied from rice bran. Acta
Scientiarum 34(4):457-463.
Cerezo AB, Tesfaye W, Soria-Diaz ME, Torija MJ,
Mateo E, Garcia-Parrilla MC, Troncoso AM (2010)
Effect of wood on the phenolic profile and sensory
properties of wine during ageing. Journal of Food
Compositoin and Analysis 23:175-184.
Ebihara K, Nakajima A (1988) Effect of acetic acid and
vinegar on blood glucose and insulin responses to
orally administered sucrose and starch. Agricultural
Biology Chemistry 52(5):1311-1312.
Fan J, Zhang Y, Zhou L, Li Z, Zhang B, Saito M, Wang
X (2011) Nutritional composition and α-glucosidase
inhibitory activity of five chinese vinegars. JARQ Japan Agricultural Research Quarterly 45(4):445−456.
Fukami H, Tachimoto H, Kishi M, Kaga T, Tanaka Y
(2010) Acetic acid bacterial lipids improve cognitive
function in dementia model rats. Journal of Agricultural
and Food Chemistry 58:4084-4089.
Fukuyama N, Jujo S, Shizuma T, Myojin K, Ishiwata
AK, Nagano M, Nakazawa H, Mori H (2007) Kurozu
moromimatsu inhibits tumor growth of Lovo cells in a
mouse model vivo. Nutrition 23(1):81-86.
Giudici P, Guloo M, Solieri L (2009) Traditional
balsamic vinegar. In: Solieri, L. and Giudici, P. (Eds.),
Vinegars of the world. Springer-Verlag, Milan, Italy.
p.157-177.
Gu X, Zhao H, Sui Y, Guan J, Chan JCN, Tong PCY
(2012) White rice vinegar improves pancreatic beta-cell
function and fatty liver in streptozotocin-induced
diabetic rats. Acta Diabetologica 49(3):185-191.

Honsho S, Sugiyama A, Takahara A, Satoh Y,
Nakamura Y, Hashimoto K (2005) A red wine vinegar
beverage can inhibit the renin-angiotensin system:
experimental evidence in vivo. Biological and
Pharmaceutical Bulletin 28(7):1208-1210.
Kondo S, Tayama K, Tsukamoto Y, Ykeda K, Yamori
Y (2001) Antihypertensive effects of acetic acid and
vinegar on spontaneously hypertensive rats.
Bioscience,
Biotechnology
and
Biochemistry
65(12):2690-2694.
Lee S, Park H, Chun H, Cho S, Cho S, Lillehoj H
(2006) Dietary phytic acid lowers the blood glucose
level in diabetic KK mice. Nutrition Research
26(9):474-479.
Lee J, Cho H, Jeong J, Lee M, Jeong Y, Shim K, Seo
K (2013) New vinegar produced by tomato suppresses
adipocyte differentiation and fat accumulation in 3T3L1 vells and obese rat model. Food Chemistry
141(3):3241-3249.
Lim S, Yoon JW, Choi SH, Cho BJ, Kim JT, Chang
HS, Park HS, Park KS, Lee HK, Kim Y, Jang HC
(2009) Effect of ginsam, a vinegar extract from Panax
ginseng, on body weight and glucose homeostasis in
an obese insulin-resistant rat model. Metabolism
Clinical and Experimental 58:8-15.
Marques FPP, Spinosa WA, Ferandes, KF, Castro
CFS, Calliari M (2010) Padrões de identidade e
qualidade de fermentados acéticos comercias de
frutas e vegetais. Ciência e Tecnologia de Alimentos
30:119-126.
Machlin LJ, Bendich A (1987) Free radical tissue
damage: protectiverole of antioxidant nutrients. Clinical
Nutrition 1(6):441-445.

307

Científica, Jaboticabal, v.43, n.4, p.302-308, 2015

ISSN: 1984-5529

Mimura A, Suzuki Y, Toshima Y, Yazaki S, Ohtsuki T,
Ui S, Hyodoh F (2004) Induction of apoptosis in human
leukemia cells by naturally fermented sugar cane
vinegar (kibizu) of Amami Ohshima island. BioFactors
22:93–97.

Shahidi F, Mcdonald J, Chandrasekara A, Zhong Y
(2008) Phytochemicals of foods, beverages and fruits
vinegars: chemistry and health effects. Asia Pacific
Journal of Clinical Nutrition 17:380-382.

Miyoshi Y, Nagano M, Ishigo S, Ito S, Hashiguchi K,
Hishida N, Mita M, Lindner W, Hamase K (2014) Chiral
amino acid analysis of Japanese traditional kurozu and
the developmental changes during earthenware jar
fermentation processes. Journal of Chromatography B
966:187-192.

Shimoji Y, Tamura Y, Nakamura Y, Nanda K, Nishidar
S, Nishikawa Y, Ishihara N, Uenakai K, Ohigashi H
(2002) Isolation and identification of dpph radical
scavenging compounds in kurosu (Japanese
unpolished rice vinegar). Journal of Agricultural and
Food Chemistry 50(22):6501-6503.

Murooka Y, Nanda K, Yamashita M (2009) Rice
vinegars. In: Solieri, L. and Giudici, P. (Eds.), Vinegars
of the world. Springer-Verlag, Milan, Italy. p.121-133.
Nishidai S, Nakamura Y, Torikai K, Yamamoto M,
Ishihara N, Mori H, Ohigashi H (2000) Kurosu, a
traditional vinegar produced from unpolished rice,
suppresses lipid peroxidation in vitro and in mouse
skin. Bioscience, Biotechnology and Biochemistry
64(9):1909-1914.
Norazalina S, Norhaizan ME, Hairuszah I,
Norashareena MS (2010) Anticarcinogenic Efficacy of
phytic acid extracted from rice bran on azoxymethane-induced colon carcinogenesis in rats. Experimental and
Toxicologic Pathology 62(3):259-268.
Norhaizan ME, Ng SK, Norashareena MS, Abdah MA
(2011) Antioxidant and cytotoxicity effect of rice bran
phytic acid as an anticancer agent on ovarian, breast
and liver cancer cell lines. Malaysian Journal of
Nutrition 17(3):367-375.
Ordoudi SA, Mantzouridou F, Daftsiou E, Malo C,
Hatzidomitriou E, Nenadis N, Tsimidou MZ (2014)
Pomegranatejuicefunciotnalconstituentsafteralcoholica
ndaceticacidfermentation. Journal of functional foods
8:161-168.
Park JE, Kim JY, Kim J, Kim YJ, Kim MJ, Kwon SW,
Know O (2014) Pomegranate vinegar beverage
reduces visceral fata accumulation in association with
AMPK activation in overweight women: a Double-blind,
radomized, and placebo-controlled Trial. Journal of
Functional Foods 8:274-281.
Rainieri S, Zambonelli C (2009) Organisms associated
with acetic acid bacteria in vinegar production. In:
Solieri, L. and Giudici, P. (Eds.), Vinegars of the world.
Springer-Verlag, Milan, Italy. p.73-95.
Rao PS, Kalva S, Yerramilli A, Mamidi S (2011) Free
radicals and tissue damage: role of antioxidants. Free
Radicals and Antioxidants 1(4):2-7.
Salbe AD, Johston CS, Buyukbese MA, Tsitouras PD,
Harman SM (2009) Vinegar lacks antiglycemic action
on enteral carbohydrate absorption in human subjects.
Nutrition Research 29:846-849.
Saw NK, Chow K, Rao PN, Kavanagh JP (2007)
Effects of inositol hexaphosphate (phytate) on
calcium binding, calcium oxalate crystallization and
in vitro stone growth. The Journal of Urology
177(6):2366-2370.

Shishehbor F, Mansoori A, Sarkaki AR, Jalali MT, Latifi
SM (2008) Apple cider vinegar attenuates lipid profile
in normal and diabetics rats. Pakistan Journal of
Biological Sciences 11(23):2634 – 2638.
Siró I, Kápolna E, Kálpona B, Lugasi A (2008) Functionalfood. Product development, marketing and
consumer acceptance – a review. Appetite 51:456-467.
Soares SE (2002) Ácidos fenólicos como antioxidantes. Revista de Nutrição 15(1):71-81.
Solieri L, Giudici P (2008) Yeasts associated to
traditional balsamic vinegar: ecological and technological features. International Journal of Food
Microbiology 125:36-45.
Solieri L, Giudici P (2009) Vinegars of the world. In:
Solieri, L. and Giudici, P. (Eds.), Vinegars of the world.
Springer-Verlag, Milan, Italy. p.1-16.
Stodolak B, Starzýnska A, Czyszczoń M, Żyła K (2007)
The Effect of phytic acid on antioxidant stability of raw
and cooked meat. Food Chemistry 101(3):1041-1045.
Vanin AM, Salvador M, Ricalde SR, Siviero J (2012)
Atividade antioxidante e perfil fenólico de diferentes
tipos de vinagres comercializados na região sul do
Brasil. Alimentos e Nutrição 23(2):251-257.
Vithlani VA, Pattel HV (2010) Production of functional
vinegar from Indian jujube (zizyphus mauritiana) and
its antioxidant properties. Journal of food technology
8(3):143-149.
Xu Q, Tao W, Ao Z (2007) Antioxidant activity of
vinegar melanoidins. Food Chemistry 102(3):841–849.
Xu Q, Kanthasamy AG, Reddy MB (2008)
Neuroprotective Effect of the natural iron chelator,
phytic acid in a cell culture model of parkinson’s
disease. Toxicology 245(1-2):101-108.
Yamaguchi T, Takamura H, Matoba T, Terao J (1998)
HPLC method for evaluation of the free radicalscavenging activity of foods by using 1,1-diphenyl-2picrylhydrazyl.
Bioscience.,
Biotechnology.,
Biochemistry 62:1201-1204.

308

