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Abstract: While the use of vinegar to fight against infections and other crucial conditions dates back to Hippocrates, recent research has found
that vinegar consumption has a positive effect on biomarkers for diabetes, cancer, and heart diseases. Different types of vinegar have been
used in the world during different time periods. Vinegar is produced by a fermentation process. Foods with a high content of carbohydrates are
a good source of vinegar. Review of the results of different studies performed on vinegar components reveals that the daily use of these compo-
nents has a healthy impact on the physiological and chemical structure of the human body. During the era of Hippocrates, people used vinegar
as a medicine to treat wounds, which means that vinegar is one of the ancient foods used as folk medicine. The purpose of the current review
paper is to provide a detailed summary of the outcome of previous studies emphasizing the role of vinegar in treatment of different diseases
both in acute and chronic conditions, its in vivo mechanism and the active role of different bacteria.
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Introduction

Generally, vinegars are defined as fluids obtained by the
acetic maturation of any reasonable foodstuff. Vinegars
are legally characterized in many states of the world and
sometimes are subject to particular legislation. They nor-
mally have a minimum acidity level. Pure vinegars contain
5to 12 g of acetic acid per 100 ml, aside from wine vinegar,
which has at least 6 g; however, in the United States, the
core value is 4 grams [1], while rice vinegar in Japan has an
acetic content of 2-4 %, and vinegars used in pickling show
a stringent requirement of close to 18 % acetic acid content
[2]. The Ministry of Food and Drug Safety of Korea defines
vinegar as brewed vinegar that is formed by fermenting
fruits, grains or by ripening and mixing them with fruit
juices or grain, or as synthetic vinegar that is formed by
diluting acetic acid or glacial acetic acid together with
drinking water. The total acetic acid content should vary
between 4.0 and 29.0 % without detection of tar color. Ac-
cording to the Indian Food Safety and Standard Authority,
vinegar is produced by acetic acid and alcoholic fermenta-
tion of any reasonable source such as fruit, malt or molas-
ses, without or with the addition of spices and caramel and
not fortified with acetic acid. The acidity, total ash content
and total solids shall not be less than 3.75%, 0.18 % and
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1.5% (m/v), respectively [3]. The Codex Alimentarius
Commission stated that vinegar is a liquid produced from
the starch-rich compounds using alcoholic as well as acet-
ous fermentation processes. According to European law,
stabilizers are not allowed to be used in fermented vine-
gars, and the least permitted amount of alcohol is less than
0.5%. The Food and Drug Administration of the U.S. has
not developed any particular standards for the identity of
vinegar. However, the minimum recommended amount of
acetic acid is 40 g per liter (w/v) [3]. The European Union
regulations state that vinegar is produced through the dou-
ble fermentation, i.e., acetic and alcoholic, of agricultural
origin substances. Raw materials such as rice mesh, cider,
wine, malt, concentrated grape must, whey, and different
types of spirits are used [4].

Vinegar that is famous as a condiment is mostly used in
the treatment of different diseases (Table I). Vinegars are
liquid products formed from alcohol and following the
acetous fermentation of carbohydrate; this aging process
consists of fermentation of glucose in different foods such
as grapes, apples, dates and figs. In old times, vinegar was
used by a majority of the population because it was known
that it has various kinds of therapeutic effects and antimi-
crobial agents that enhance health [5, 6]. Vinegar has been
consumed to reduce obesity starting from the late 18th
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century. After World War I, many drugs such as ampheta-
mine were used to cure obesity, but these drugs were found
to have many unhealthy side effects [7]. Acetic acid is the
main constituent of vinegar. Vinegar acetic acid in liver
and the gastrointestinal tract changes the metabolic pro-
cesses and produces healthy outcomes. Some other com-
ponents include flavones such as catechin, epicatechin,
quercetin, and kaempferol [8], anthocyanins such as cyan-
idin-3-glucoside and minerals, amino acids, vitamins, and
non-volatile organic acids such as citric, malic and lactic
acids [6]. Different studies of vinegar have revealed nu-

Table I. Names of different types of vinegar with their health benefits

merous effects such as improvement of glycogen satiety
[9], hypertension reduction [10], enhanced consumption
of calcium [11] and reduction of cholesterol [12].
Numerous recent studies have shown that vinegar con-
sumption reduces the glucose reaction to carbohydrate
food both in diabetic and non-diabetic participants [13, 14].
Vinegar, which is basically a product of food, is produced
from alcohol and consequent acetic fermentation in which a
carbohydrate-rich material is used as a starting material.
The ultimate properties and organoleptic characteristics of
vinegar are determined by an effective chemical complex,

Type Model Dosage and duration Key Functions References
Kurosu Human squa- HSC cells were treated with Inhibited the proliferation of cancer cells (HSC-5) P <0.05. Baba et al.
vinegar mous cell lzumi or ordinary grainvinegar ~ **P<0.01 vs. control. (68)
carcinoma adjusted to 4.2 % acidity for
cellline 72 hours Trypan blue dye tests confirmed that the number of dead cells
HSC-5 were significantly greater after lzumi treatment
Male rats Seventy-six male F344 rats Enhanced programmed necrosis in cancer cells Shamoji et
were divided into 5 experimen- Possessed anticancer effect against human cells al. (69)
tal and control groups treated Group 4 treated with Kurosu vinegar had more protective effect
with drinking water containing ~ as compared to untreated group. P<0.05
extract of kurosu for 35 days
Nypa Adult male Single oral administration of Enhanced anti-glycemic effect compared to metformin up Yusoff et
palm sprague- Nypa palm vinegar 1g/kg for 7 10 56.6 % P <0.05 al.(110)
vinegar dawley rats hours Enhanced insulin level up to 79.8 %, percent
Aqueous extract showed significant anti-glycemic effect
due to presence of acetic acid (35.25 %),
Tomato 4 week old 7 mltomato vinegar/kg/day Decreased the body and visceral fat weight 63 % compared Leeetal.
vinegar male for 5 weeks to the HFD control group P <0.05 (74)
sprague- Reduced hepatic TG and cholesterol levels by 19.80 % and
dawley rats 22.68% compared to the HFD group p <0.05
Inhibited adipogenic 3T3-L1 cells differentiation compared
to control P<0.01
Increased fatty acid beta-oxidation carnitine transferase due
to high content of lycopene and carotenoid i: e, 3.19 and
6.45 mg/100 mL
Persim- Sprague- 2 mlof persimmon vinegar/kg Decreased hepatic triglycerides and total cholesterol Moon et al.
mon dawley rats of body weight for 8 weeks concentration P <0.05 (66)
vinegar Decreased ACC mRNA level with increasing doses of PV
Level of CPT-I mMRNA increased with increasing doses
Ginseng  ICRmouse 500 mg of ginseng/kg/day Increased insulin resistance up to 90 percent compared Yun et al.
radix model of for 8 weeks to HFD group p <0.0.5 (111)
vinegar metabolic Decreased fasting and postprandial glucose80 and 94 percent
syndrome respectively as compared to HFD group
Inhibited weight gain
Pome- 5 groups Treated with high fat diet Reduced TG level significantly compared to HFD control OKetal.
granate of rats and PV 0,6.5and 13 %w/w p <0.001 (75)
vinegar for 15 weeks Increased phosphorylation of AMP-activated protein kinase
Ninety One pouch of PV or placebo as compared to HFD group p <0.05
healthy for 8 weeks Increased lipolysis and fatty acid oxidation via increased of HSL
females mRNA and CPT- Ta mRNA in adipose tissue and live respectively.

Decreased sterol binding protein-1c and peroxisome
proliferator- activated receptor

© 2017 Hogrefe

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151



142

Z.Ali et al, Potential uses of vinegar as medicine

which is made as the final product and also depends on the
used raw material type and process. On the basis of the raw
material used as a substrate in the fermentation process,
vinegar can be classified as different types such alcohol vin-
egar, malt vinegar, wine vinegar and cider vinegar. Special
types may be specified within the wine vinegar category,
with vinegar from red and white wine, called “specialty vin-
egars”, manufactured from some particular kinds of grapes
or wine according to conventional procedures [15]. South-
ern Spain wine vinegar and Italy balsamic vinegar are most
famous and are highly ranked within this family of vital
commodities. Based on the production method, vinegar has
two types of different groups that are commonly known as
quick and slow method groups [16]. Alcoholic and acetous
fermentation are two fermentation processes that are used
for vinegar production. Alcoholic fermentation is a fast pro-
cess in which complex sugars are generally depleted within
three weeks. Conversion of fermentable sugars into ethanol
is done through the action of yeasts, usually strains of Sac-
charomyces cerevisiae. On the other hand, in acetous fer-
mentation, ethanol is further oxidized into acetic acid by
acetic acid bacteria that usually belong to the genus Aceto-
bacter. Alcoholic and acetous fermentations are carried out
under anaerobic and aerobic conditions, respectively [23].

Vinegar is mostly used for fruit and vegetable pickling,
along with manufacturing of salad, mustard and other food
condiments. Even though it is useful as a food element for
flavor and functional characteristics, the latent health ben-
efits of different types of vinegar require the researchers to
consider this food item in further research [17].

Regular intake of bioactive elements is encouraged by
many nutritional researchers, and the functional charac-
teristics of vinegar have been stated in different types of
scientific and general publications. Vinegar manufactur-
ing has been enhanced since the results of different stud-
ies showed the medicinal benefits of vinegar [18]. The ob-
served therapeutic characteristics of vinegar include
prevention of microbes, cardiovascular diseases, cancer,
obesity and diabetes. [19].

Search criteria and database

In this article, we summarize the use and effect of vine-
gar produced from different natural resources (Figure 1).
Selection of research articles was based on the production
of vinegar and significant results on different wide-spread
diseases from 1999 t0 2017.”

Vinegar as an Anti-microbial agent

Sung Tse, known as a pioneer Chinese forensic scientist,
utilized vinegar and sulfur as hand-washing agents to
counteract infections in the 10th century [20]. Acetic acid

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151

Figure 1. Effect of vinegar on different diseases.

is fabricated typically in over-ripe vegetables and fruits, ap-
parently to assist as a natural insecticide [21], and also ex-
ists as an antimicrobial element in human vaginal fluids
[22]. Vinegar has antimicrobial properties that make it use-
ful for a number of applications. Since the ancient Greece
era, vinegar has been commonly used as an antifungal and
anti-microbial element because of its very low pH and the
presence of acetic acid as a major component. The entry of
acetic acid into the microbe’s cell membrane causes their
cellsto die. The antibacterial activity of vinegar depends on
different aspects including the strain of bacteria, aggrega-
tion of acetic acid, ionic strength, pH and temperature.
Acetic acid was acknowledged as the chief organic acid in
deracinating Escherichia coli 0157:H7, a food-borne patho-
genic bacteria, in comparison with other organic acids such
as citric, malic and lactic acids [23]. Apple cider vinegar
produced through various techniques has significantly dif-
ferent pH and acidity values, and it is observed that vinegar
produced by the submersion method is more acidic [24].
Modern research results have shown that fruit vinegars
containing 0.1% acetic acid effectively inhibit the growth
of food-borne pathogens in vitro, including those of Es-
cherichia coli 0157:H7, Salmonella enteritidis, S. typhimuri-
um, Vibrio parahaemolyticus, Staphylococcus aureus, Aero-
monas hydrophila, and Bacillus cereus [25]. In fangled beef,
the efficacy of a 2% acetic acid treatment at curtailing Es-
cherichia coli and Salmonella typhimurium was support-
ed for a long time in refrigerated and frosted storage, and
this treatment did not produce any hostile sensory chang-
es as recognized by a consumer group [26]. In iceberg let-
tuce, a mixture of 35% vinegar with 1.9 % acetic acid con-
tent was efficient at decreasing bacteria levels including
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Escherichia coli, and additionally, since lettuce is remark-
ably sour in taste and its supply is languishing, consumer
access was maintained [27].

Wood vinegar is produced from waste wood. Wood vin-
egar shows antifungal action, but its efficacy depends on
the temperature during the pyrolysis procedure. When the
results of organic acids for the elimination of foodborne
pathogenic bacteria were collated, it was found that acetic
acid was the most fatal acid to Escherichia coli O157:H7,
followed by lactic, citric, and malic acids. Moreover, irriga-
tion of the ear canal with diluted vinegar was found to have
positive effects on otitis and myringitis [28].

Pathogenic bacteria were successfully eradicated from
vegetables upon dipping in either grain or fruit vinegars for
a short time. Grain vinegars can effectively destroy respir-
atory pathogens such as Micrococcus catarrhalis, Staphylo-
coccus albus, Diplodocus pneumonia, and Alpha streptococ-
cus, while on the other hand, apple vinegar strongly inhibits
the growth of pathogenic bacteria such as Staphylococcus
epidermidis, Pseudomonas aeruginosa, Proteus mirabilis, and
Klebsiella pneumonia [29, 30].

Vinegar as an anti-oxidant agent

Bioactive compounds modify physiological or cellular ac-
tions, which promotes health. Compared to nutrients and
nutritional supplements, bioactive compounds promote
more beneficial health effects. Bioactive compounds are
claimed to have the capability of altering the risk of dis-
ease rather than counteracting the disease. In addition,
there is great interest in polyphenolic compounds as qual-
ity determinants because, besides their antioxidant active-
ness, they also account for the color and astringency of

vinegar. Different types of reactive oxidants such as hydro-
gen peroxide, superoxide and hydroxyl radical have been
claimed to modify proteins, lipids and DNA with effects on
cancer, aging, and brain-related complications [31, 32].
Recent research has suggested that bioactive compounds
in foods may decrease the risk of these degenerative ail-
ments through antioxidant effects [33, 34].

Compared to balsamic and red wine vinegars, traditional
balsamic vinegar has a huge amount of catechin (Table II).
Investigations of conventional balsamic vinegars showed
that their antioxidant activity was basically due to melanoi-
dins. Further analysis indicated that conventional balsamic
vinegar melanoidins anticipate the assimilation and the
pro-oxidant and cytotoxic effects of heme during imitated
gastric ingestion of meat [35, 36]. The attained values in
the peroxidase assay were smaller than the total phenolic
aggravates values because decreasing levels of sugars such
as fructose and glucose will lead to a response for the total
phenolic compounds but will not show a response in the
peroxidase assay [37].

Kurusu is a Japanese rice vinegar with a high concentra-
tion of phenolic compounds, indicating that it is a power-
ful source of antioxidant activity [19]. The total anti-oxi-
dant activity and phenolic content of apple cider vinegar
produced with the submersion method were found to be
smaller than the total anti-oxidant activity and phenolic
content of apple cider vinegar produced with the surface
method [24].

The antioxidant effect of persimmon vinegar was greater
than those of the red and white wine vinegars; this higher
antioxidant activity is due to the specific type of yeast strain
used in persimmon vinegar production [38]. The salted
cherry blossom Sakura-cha is produced from Japanese plum
vinegar and is often served at festivals. In the Sakura-cha
making process, an extract is made by dipping cherry blos-

Table Il. Comparison of bioactive compounds between various types of vinegars.

Analysis of vinegars BV Ver- RWV  TBV  OVQui zv BV1 Su BV2 BV3  URVSa- PV SVUbe- TVLee

zelloniet [37] [37] etal. [112] etal. [113] [113] kanakaet (114) daetal. etal.
al.[37] [112] [113] al.[114] [115] [74]

Total phenolic compounds 1.99 0.71 3.72 5.29 4.18 - - - - - - -

catechin (mg/mL)

Total flavonoid content 0.33 0.23 0.58 2.04 1.10 - - - - - - -

(mg/mL)

Total anthocyanin (mg cyan- - - - - - 097+ 137+ 3.22+ - - - -

iding-3-glucoside)/100 mL) 0.06 0.09 0.13

Total phenolic compounds - - - - - 0.89+ 111+ 0.98+ 0.73 0.80 + 1.61 + 0.37 +

Gallic acid (mg/mL) 0.02 0.03 0.02 0.10 0.1 0.10 0.001

BV: Balsamic Vinegar; TBV: Traditional Balsamic Vinegar; OV: Oat Vinegar; ZV: Zhenjiang Vinegar; BV1: Blueberry Wine Vinegar (without skin contact); BV2: Blue-
berry Wine Vinegar (with skin contact); BV3: Blueberry Vinegar; URV: Unpolished Rice Vinegar; PV: Persimmon Vinegar; SV: Strawberry Vinegar; TV: Tomato Vinegar.
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soms in Japanese plum vinegar. This extract was claimed to
have noteworthy superoxide anion scavenging effective-
ness. Examination of the extract indicated the existence of
caffeic acid, cyanidin-3-glucoside and cyanidin-3-rutino-
side, as the strongest antioxidant elements [39] (Table II).

Vinegar and Diabetes

Diabetes mellitus is a complicated metabolic disorder of
the endocrine system with the symptom of hyperglycemia
due to defects in insulin secretion, insulin action, or both.
According to the W.H.O definition, diabetes is character-
ized as high blood glucose levels in both fasting and post-
prandial conditions. In type 1 diabetes, pancreatic cells are
destroyed, causing hyperglycemia due to insulin deficien-
cy. In type 2 diabetes, insulin exists but tissues are dissi-
dent to the insulin, and because of this, blood glucose con-
centrations escalate (WHO 2014). Insulin efficacy has
been enhanced by means of vinegar remedy in 19% of
subjects with type 2 diabetes and 34 % of subjects with pre-
diabetes [40]. Vinegar has been used as a diabetic remedy
for about a century. In the 1920s, an Indiana doctor,
Charles Kaadt, provided a “superb new remedy”, which
completely cured diabetes. Actually, potassium nitrate
mixed in vinegar produced a yellow brown medicine that
was declared to aminate digestion. Kaadt claimed that dia-
betics have a deficiency of hydrochloric acid in their abdo-
men, and that the acetic acid would aminate “those alka-
line glands that are vacant in the duodenum”[41].
Scientific data claiming the anti-glycemic impact of
vinegar ingestion at meal-time were first obtained in 1988.
Recent studies in humans and animals have demonstrat-
ed that vinegar may be consumed as diabetic treatment
[42]. In rats, the efficacy of vinegar on blood sugar has
been analyzed, and it has been claimed that reduced
blood glucose levels were correlated with routine diet af-
ter ingestion of a starch load co-administered with a 2%
acetic acid mixture [43]. In humans, the domain beneath
the curve of insulin retort declined 20 % after consump-
tion of sucrose given along with vinegar [44]. Many place-
bo-controlled investigations have reported the effective-
ness of vinegar at decreasing blood glucose levels [40,
45]. Various systems have been analyzed to demonstrate
the efficacy of vinegar for blood glucose absorption. Ace-
tic acid in vinegar may block the entire absorption of tan-
gled carbohydrates [46] by either accelerating gastric
purging [47] or by improving the absorption of glucose by
tissues resulting in decreased blood glucose levels [48,
49]. These are vital recommendations because reductions
in postprandial hyperglycemia may decrease pancreatic
problems and delay the progression of diabetes [50].

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151

Chronic hyperglycemia harms blood vessels and is a reli-
able indicator of cardiovascular disease in both type 2 dia-
betes and pre-diabetes [51]. Therefore, diabetes patients
may have the capability to ameliorate glycaemia at meal
time by adding vinegar as a condiment in the meal. Acetic
acid may interfere with the absorption of starch particles,
thereby decreasing the quantity of glucose ingestion into
the bloodstream following a meal [46]. This analysis was
conducted in cell culture, and because other dietary acids
such as lactic acid or citric acid were ineffectual, acidity
does not appear to play a role in this inhibition. Others sug-
gested that vinegar moderates the pace of gastric emptying,
which would delay the rate of glucose assimilation into the
bloodstream[47], or alternatively, acetic acid improves the
assimilation of glucose into tissues from the bloodstream so
that the blood glucose concentration remains low [9].

Prevention of
Cardiovascular Diseases

Hypercholesterolemia is considered to be a major risk fac-
tor for cardiovascular diseases [52]. Various factors, in-
cluding lifestyle, high cholesterol diet, anxiety and age,
have been shown to induce heart failure [53]. Elevated
cholesterol levels, specifically low-density lipoprotein cho-
lesterol levels, are essentially accountable for hypercholes-
terolemia [54]. The World Health Organization has antici-
pated that heart complications and stroke are becoming
more lethal, with an estimated total death of 24 million by
2030 [55]. More than half of the total deaths are caused by
cardiovascular diseases [56]. Cholesterol, smoking, dor-
mancy and high blood pressure are among the major risk
factors for cardiovascular diseases [57-59].

Numerous epidemiological reviews demonstrate that
foods with high concentrations of polyphenols provide a
defensive effect and decrease fatality from cardiovascular
ailments [60, 61]. Polyphenols such as chlorogenic acid
available in high concentration in apple cider vinegar could
decrease the oxidation of LDL and improve health by re-
ducing the risk of cardiovascular complications [62]. The
increase in HDL levels was prominent in a group consum-
ing only apple cider vinegar produced using the surface
method including maceration, and the enhancement in
LDL levels was significant in the apple cider vinegar pro-
duced using the submersion method including the macera-
tion along with surface and submersion methods. On the
other hand, the increase in total cholesterol levels was sig-
nificant in all groups of apple cider vinegar [24]. In sponta-
neously hypertensive rats given a basic laboratory regime
blended with a mixture of acetic acid or deionized water, a
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huge decrease in systolic blood pressure (20 mmHg) was
found for the spontaneously hypertensive rats that were
given acetic acid [10]. The reduction in systolic blood pres-
sure due to acetic acid was correlated with plasma aldoster-
one and plasma renin activity, factors combined with blood
vessel compression. Vinegar intake (0.57 mmol acetic acid)
additionally repressed the renin-angiotensin framework in
non-hypertensive, Sprague-Dawley rats[63].

Acetic acid, 0.3% (w/w), decreases the level of total
cholesterol and serum triglyceride in rats fed on a high
cholesterol diet [12]. Acetic acid treatment also decreases
liver ATP citrate lyase action, liver 3-hydroxy-3-methylglu-
taryl-CoA activity, liver mRNA grades of sterol prevailing
component compulsory protein-1, and production of fatty
acids; additionally, fecal bile acid matter was notably ele-
vated in rats fed acetic acid compared to controls. This
finding suggests that acetic acid treatment decreases the
levels of cholesterol and triacylglycerol through the hin-
drance of hepatic lipogenesis and improvement of the
elimination of fecal bile acid. Acetate, which is produced
from the acetic acid in the body, activates AMPK, which
plays a key role in homeostasis of lipid and which may
clarify the lipid-decreasing efficacy of consumed acetic
acid in animals [64]. The presence of acetic acid in vinegar
will suppress sterol regulatory element-binding protein
(SREBP) gene expression mRNA levels and also decreases
the activity of ATP citrate lyase (ATP-CL). This may de-
crease the levels of crucial substrates (HMGCoA and
acetyl-CoA) required for production of fatty acids and se-
rum cholesterol [65]. Acetic acid increases alternative oxi-
dase gene expression, thus increasing the oxidation of fat-
ty acids. The study showed that acetic acid does not merely
inhibit fatty acid and serum cholesterol synthesis in liver
but also increases lipolysis. Ingestion of persimmon vine-
gar will enhance lipid profiles through raising of the body
carnitine level and may enhance lipid oxidation [66].

Vinegar and cancer

Cancer is a disease in which anomalous cells escape from
control and can attack nearby tissues. These abnormal
cells can also escalate to different parts of the body via
lymph and blood systems. There are many types of cancer
such as carcinoma, sarcoma, leukemia, lymphoma and
malignancy. The antitumor elements in vinegar are still
not completely identified. The antitumor characteristics of
vinegar have been analyzed in animals and cultured cells.
Vinegar obtained from sugarcane incited apoptosis in hu-
man leukemia cells [67]. Vinegar obtained from sugar
cane (known as ‘Kibizu’), Kurosu, a vinegar derived from
rice, and Izumi, a Japanese black vinegar made from un-
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polished rice, show anticancer properties by obstructing
the differentiation of human cancer cells via necroptosis
and promotion of apoptosis [68].

Conventional Japanese rice vinegar known as Kurosu is
claimed to be a major essential source of phenolic amalgam
for decreasing the risk of cancer [69]. The ethyl acetate ex-
tract of Kurosu vinegar shows greater antioxidant activity
than the vinegars obtained from wine and apples [19, 70].
Kibizu is a vinegar manufactured from sugar cane in Japan.
Kibizu constrains the proliferation of indicative human leu-
kemia cells by its efficacious radical scavenging action [67].

Quantities of acetic acid and alcohol fermentations that
were manufactured during the apple vinegar production
were analyzed especially for the alpha-glycan essence,
which has an adverse effect on tumors in trial mice. It was
observed that medium-sized impartial alpha-glycan was
assembled specifically through fermentation of acetic acid,
but not via fermentation of alcohol [71]. Vinegars are also a
dietary source of polyphenols, produced via plants to pro-
tect from oxidative stress. Ingestion of polyphenols intensi-
fies in vivo antioxidant protection and decreases the cancer
risk [70]. Nevertheless, epidemiologic facts are rare and
evident. Research conducted in Lanzhou, China, showed
that vinegar intake was linked with reduced risk for ab-
dominal cancer (OR: 0.37). On the other hand, a significant
4.4-fold increase in the risk of bladder cancer was linked
with vinegar ingestion in a study conducted in Serbia [72].

Vinegar and Obesity

Obesity and overweight conditions are described as
anomalous or immoderate fat aggregation that gives rise
to a risk to health. Generally, the body mass index is used
to measure obesity. A person with a BMI of 30 or greater is
commonly medicated as obese. A person with a BMI equal
to or greater than 25 is considered overweight (WHO).
Numerous analyses have shown that vinegar consump-
tion is correlated with satiety and reduces the energy in-
take at meals; therefore, consistent vinegar intake may
decrease the quantity of food consumed at meals, adding
to weight reduction [73]. In one experiment, participants
ingested white bread (50 g of carbohydrate) only or with 3
parts of white vinegar with acetic acid contents of 1.1, 1.4,
or 1.7 grams and were asked about their hunger or satiety
feelings using a ranking varying from uttermost hunger
(10) to uttermost satiety (-10) before meal ingestion and
at 15-minute delays after the meal. Only bread ingestion
showed the lowest ranking of satiety (calculated as do-
main under the arc from 0-120 Minutes). Satiety sensa-
tions were enhanced when vinegar was consumed with
the bread, and a linear association was observed between
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the acetic acid content and satiety level of the trial meals
(r-0.41, p-0.004) [14].

Vinegar produced from tomatoes has potent anti-visceral
obesity properties in high fat diet incited obese rats. Intra-
abdominal (visceral) obesity is known as a common type of
obesity that is associated with different conditions such as
cardiovascular diseases, hypertension, type 2 diabetes mel-
litus and hyperlipidemia. Intake of tomato vinegar on a dai-
ly basis can decrease the visceral fat completely along with
epididymis adipocyte mass [74]. Vinegar extract from
pomegranate appears to be more famous for obesity treat-
ment because it has been reported to constrain lipogenesis
and boost fatty acid beta-oxidation [75, 76]. In addition to
this, consumption of pomegranate vinegar may encourage
the modulation of peroxisome proliferator-activated recep-
tor alpha (PPARa) [65] and carnitine palmitoyl transferees 1
alpha (CPT-1a) mRNA expression comprising phosphoryla-
tion of adenosine monophosphate-activated protein kinase
(AMPK) more effectively than acetic acid [75], showing that
PV is more powerful than acetic acid at decreasing obesity.
In an experimental trial, participants taking two table-
spoons of red raspberry vinegar everyday with free access to
water and food for 4 weeks lost weight, while the control
batch ingesting the same quantity of cranberry juice every
day for 4 weeks showed insignificant weight gain [77]. In
another experiment, healthy participants ingested three
different doses of vinegar (18, 23, and 28 mmol acetic acid)
along with a portion of wheat bread, while bread ingestion
with no vinegar intake was used as a control meal. When the
sensations of hunger and satiety were analyzed, it was
claimed that satiety was enhanced with increasing levels of
acetic acid [14]. In another study, three different situations
(control, ingestion of vinegar containing 1 g of acetic acid,
or ingestion of contiguous 1 ounce of peanuts for satiety)
were observed. In this experiment, subjects consuming vin-
egar or peanuts showed smaller subsequent food ingestion
of nearly 200-275 calories every day. Following the inges-
tion of a bagel meal, energy expenditure for the remaining
of the day was slightly enhanced by vinegar and peanut
treatments (a reduction of almost 200-275 kilocalories, P =
0.111). This daily reduction in calories was manifested in
the monthly weight reduction of 1-1.5 pounds [13].

Yamashita [78] analyzed the possible mechanisms of
vinegar in obesity reduction. A kinase enzyme known as
AMPK functions as a vital metabolic controller switch and
performs an important role in homeostasis of lipids that
increases with the AMP/ATP ratio and is enhanced due to
vinegar supplementation. AMPK phosphorylation will in-
cite PPAR-alpha gene expression [79] that moderates
mRNA expression of fatty acid oxidation enzymes such as
CPT-1a and acetyl-CoA (ACCA) oxidase, which may boost
fatty acid oxidation. Triggering of AMPK along with down-
regulation of SREBP-1c [76] and carbohydrate-responsive
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element binding protein (ChREBP) expression will hinder
lipid aggregation. AMPK also imparts a critical role in the
breakdown of lipid, as it provokes up-regulation of hor-
mone-sensitive lipase, causing a rise in lipid degradation
[75]. Therefore, the ability to enhance fatty acid oxidation,
hinder lipogenesis and consequently enhance lipolysis
suggests that vinegar can be used as a natural medicine
against excess weight or obesity [80].

Vinegar and Hypertension

Hypertension is described as elevated blood pressure in-
side the blood vessels. Blood pressure is the momentum of
blood pushing against the walls of arteries as it passes
through them. Arteries conduct oxygenated blood from
the heart to different body parts.

Different studies have examined the efficacy of vinegar
for decreasing blood pressure. These experiments have in-
vestigated the effects of oral ingestion of vinegar on the
renin-angiotensin framework by using spontaneously hy-
pertensive rats that are stroke-prone both in vitro and in
vivo [81-83]. The rats given a controlled laboratory diet
blended with an acetic acid mixture or deionized water
showed a noticeable decrease (20 mmHg) in systolic
blood pressure [10]. The reduction in systolic blood pres-
sure due to acetic acid was correlated with plasma aldos-
terone and plasma renin activity, factors associated with
blood vessel compression. Vinegar intake (0.57 mmol ace-
tic acid) also repressed the renin-angiotensin framework
in non-hypertensive Sprague-Dawley rats [63]. In induced
hypertension, acetic acid may constrain renin secretion
and decrease the angiotensin I concentration. Acetic acid
also constrains the angiotensin-converting enzyme (ACE)
[84], which decreases plasma angiotensin II levels [85].
Additionally, Nakamura and co-workers [86][110] have
claimed that acetic acid will increase vasodilation due to
the blockage of strong vaso-constrictive angiotensin II.

Although several studies showed that only minor com-
ponents are critical in inducing the anti- hypertensive ef-
fect, acetic acid also shows this effect [10, 54]. Melanoi-
dins, which are integrated in the last phase of the Maillard
reaction via the manufacturing of conventional balsamic
vinegar, disclose promising health advantages together
with antihypertensive activity [87].

Vinegar and Injuries

Injuries are damage or physical loss to the body caused by
an attack or accident. Hippocrates
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testifies that vinegar was utilized medicinally to treat
wounds. Mother of vinegar has been evaluated for its heal-
ing effect on burns because of its anti-bacterial properties
[88]. One study showed that 3.75 % apple cider vinegar pro-
duced same results comparable to cefotaxime (antibiotic)
in reducing bacteria load. However, using an admixture of
equitable amounts of apple cider vinegar and cefotaxime
resulted in better and rapid healing as compared to using
them separately. Another study reported that acetic acid
solutions at concentrations (< 0.0025%) nontoxic to ke-
ratinocytes and fibroblast were ineffective at reducing the
growth of Bacteroides fragilis bacteria, Escherichia coli, or
group D Enterococcus, however, it reduced the growth of Pseu-
domonas aeruginosa and Staphylococcus aureus [6]. Since
the Ancient Greece period, vinegar has been utilized widely
as an antifungal and antibacterial agent because of its ex-
traordinary low pH caused by the presence of acetic acid as
a major component. Oral administration of acetic acid bac-
teria was helpful at reducing muscle damage by inflamma-
tion after deliberate exercise. Additionally, it was claimed
that the extracellular configuration synthesized by Aceto-
bacter xylinum helped tissue healing in rats. xylinum is a
simple Gram-negative bacterium which has an ability to
synthesize a large quantity of high-quality cellulose organ-
ized as twisting ribbons of microfibrillar bundles [89].

Vinegar and the Nervous system

It has been proposed that vinegar utilization may enhance
cognitive function in humans, and research demonstrates
that acetic acid bacteria construct the precursors of critical
building blocks of brain tissues, which are known as sphin-
golipids. The term sphingolipid was first introduced by
Herbert Carter and colleagues in 1947. Sphingolipids in-
volve different complex varieties of lipids in which fatty
acids are associated through amide bonds to a long-chain
base or sphingoid. Sphingolipids are vital building blocks
for brain tissues.

Studies have demonstrated that acetic acid bacteria
generate precursors of sphingolipids, which are manifest-
ed as the alkali-stable lipids (ASL). One of the alkali-stable
lipids created by acetic acid bacteria is dihydroceramide.
The examination of the impact of ASL on dementia con-
firmed that after treatment for 10 days, dramatic changes
in the subjects’ capacity were observed. Further investiga-
tions demonstrated that ASL enhanced the growth of neu-
rites in dihydroceramide and pheochromocytoma (PC12)
cells, leading to a powerful effect. Fukami and others pos-
tulated that vinegar utilization may amend cognitive func-
tion in humans [90, 91]. Different studies revealed that
gangliosides along with ceramide were useful for amelio-
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rating Alzheimer’s patients’ symptoms [92]. Still, the exact
mechanisms of these effects are undetermined, and the
effects of vinegar on the brain are not known exactly, so
that more research on this phenomenon is needed.

Vinegar Effects on Warts, Otitis Media, Nail Fungus, and
Head Lice

While a wide variety of studies have demonstrated
many health benefits of vinegar, some claimed vinegar
benefits still require further investigations or are dubious.
Even though the efficiency of attenuated vinegar (2% ace-
tic acid mixture at the same pH) for the treatment of ear
conditions (otitis media, otitis externa and granular myrin-
gitis) has been demonstrated [93, 94], the low pH of these
mixtures may aggravate inflamed skin and harm cochlear
outer hair cells [95]. Considering that vinegar can deacti-
vate nematocysts, quick application of vinegar in the area
of jellyfish sting has been evaluated around the world [96,
97]. Nevertheless, hot water drenching was concluded to
be the best treatment for jellyfish envenomation, based on
the deactivation of the venom by heat [98, 99]. In conven-
tional media, vinegar is consistently advised for curing
head lice, nail fungus, and warts, even though further re-
search regarding these effects is needed. Takano-Lee and
colleagues [100] claimed that out of seven remedies ex-
amined, vinegar was the least useful for removing lice or
suppressing the incubating eggs. Unproven statements
have been made that the progressive topical utilization of
extremely congregated acetic acid mixtures (up to 99 %)
mitigated warts [101, 102], apparently because of the me-
chanical levigation of wart tissue. On the other hand, one
cure procedure required limited anesthesia, excision, and
brisk counteracting at the area of application, in this way
constraining its use by the lay public.

Despite the fact that it is not a cure methodology, vine-
gar washes are utilized by birthing specialists in distant,
ineffectively resourced areas (e.g., the Amazon wilderness
and Zimbabwe) to protect women from the human papil-
loma infection [103, 104]. Treatment with acetic acid pro-
duces prominent changes in viral injuries allowing for fast
localization of contamination with 77 % sensitivity and the
option for a prompt cure with cryotherapy [105].

Vinegar Safety And Tolerance

Vinegar has been used as a therapeutic agent and food ele-
ment for thousands of years and is free of harmful side ef-
fects. Oxymel, a famous old medicine that consists of vine-
gar and honey, was recommended for chronic coughs by
Hippocrates as well as by contemporary medicine. The
complete manufacturing process of oxymel was mentioned
in the British and German Pharmacopoeia (1872), and as
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per the French Codex (1898), the medicine was manufac-
tured by blending one portion white wine vinegar with four
portions of virgin nectar, consolidated with paper pulp.

However, when utilized for therapeutic purposes, a
large quantity of acetic acid may have harmful outcomes.
Acetic acid with a concentration of more than 20 % is con-
sidered to be a toxin and can bring about extreme damage
to the throat. Most of the vinegars used in the US have
4-7% acidity; and there are few reports in the literature
regarding the conflicting reactions to vinegar utilization.
Second-degree burns of the throat along with cardia and
inflammation of the oropharynx were observed in a
39-year-old woman who drank one tablespoon of rice vin-
egar[106], and the inadvertent consumption of vinegar
has been connected with laryngospasm and resulting vas-
ovagal syncope that appeared suddenly [107]. Hypoka-
lemia was diagnosed in a 28-year-old woman who had in-
gested 250 ml of apple cider vinegar for almost 6 years on
a daily basis [108]. As described by the Food Standard
Agency, intake of vinegar in huge amounts is not more ef-
fective than the intake of vinegar in dilute form of 5% ace-
tic acid. Vinegar intake in high amounts can produce a
negative health impact. There are diverse reported in-
stances of death that support this announcement. Paul By-
rne in 2014 reported that in Manchester, UK, a thirty-
eight-year-old pregnant mother of five babies died by
drinking %2 measure of vinegar to end her pregnancy. The
victim had read online that she could induce premature
birth by drinking concentrated vinegar[109].

Most studies of vinegar demonstrate that persistent vin-
egar consumption may affect glucose regulation in type 2
diabetes subjects and may also involve consequences on
liver function and digestive pathways in addition to glu-
cose digestion. Since liver enzymes and a rise in urine cor-
rosiveness can induce unexpected variations in metabo-
lism, more analysis is required to better identify these
vinegar-incited variations in metabolism along with other
related pathways and to evaluate the quantity of required
vinegar consumption.

Conclusions

Vinegar is produced worldwide from various types of start-
ing materials using a wide variety of manufacturing tech-
niques. A considerable amount of data suggest that vinegar
has remedial value, especially for control of blood glucose
in diabetic or pre-diabetic populations. As a medicinal
food, vinegar is bearable and engaging, but future studies
must better characterize the importance of vinegar for
health advancement. Operative therapeutic characteristics
of vinegar include reduction of blood pressure, reduction
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of the diabetes effects, prevention of cardiovascular dis-
eases, and antibacterial and antioxidant activities. Initial
information recommends that consuming vinegar, as a cor-
relate to its consumption as a condiment, may be associat-
ed with adverse reactions. Depending on the different
types of vinegar, total phenolic contents and inherent ace-
tic acid, regular ingestion of vinegar may modify human
metabolism and health. More research is required to deter-
mine the therapeutic role of vinegar in different diseases,
especially to determine the mechanism of its effects.

References

1.Adis, W. (2014) FDA's quality systems methodology at phar-
maceutical manufacturing sites, communications of the
[IMA. 11, 3.

.Gruber, J., Brooke-Taylor, S., Goodchap, J. and McCullum, D.
(2003) Regulation of food commodities in Australia and New
Zealand. Food Control. 14,367-373.
3.Ho, C.W., Lazim, A.M., Fazry, S., Zaki, U.K.H.H. and Lim, S.J.

(2017) Varieties, production, composition and health benefits
of vinegars: A review. Food Chem. 221, 1621-1630.

4.Macrae, R., Robinson, R.K. and Sadler, M.J. (1993) Encyclopa-
edia of food science, food technology and nutrition, 1st editi-
on. London, Academic Press; 567.

5.Tan, S.C. (2005) Vinegar fermentation, MSc dissertation, Uni-
versity of Louisiana Department of Food Science, pp. 125.

6.Johnston, C.S. and Gaas, C.A. (2006) Vinegar medicinal uses
and antiglycemic effect. Med General Med. 8, 61.

7.Bray, G.A. (2014) Medical treatment of obesity: the past, the
present and the future. Best Pract Res Cl Ga. 28, 665-684.

8.Shahidi, F., McDonald, J., Chandrasekara, A. and Zhong, Y.
(2008) Phytochemicals of foods, beverages and fruit vi-
negars: chemistry and health effects. Asia Pac J of Clin Nutr.
17,380-382.

9. Fushimi, T., Tayama, K., Fukaya, M., Kitakoshi, K., Nakai, N.,
Tsukamoto, Y.and Sato, Y.(2001) Acetic acid feeding enhances
glycogen repletion in liver and skeletal muscle of rats.J Nutr.
131,1973-1977.

10. Kondo, S., Tayama, K., Tsukamoto, Y., Ikeda, K. and Yamori, Y.
(2001) Antihypertensive effects of acetic acid and vinegar on
spontaneously hypertensive rats. Biosci Biotechnol Biochem.
65, 2690-2694.

11.Kishi, M., Fukaya, M., Tsukamoto, Y., Nagasawa, T., Takehana,
K. and Nishizawa, N. (1999) Enhancing effect of dietary vi-
negar on the intestinal absorption of calcium in ovariecto-
mized rats. Biosci Biotechnol Biochem.63, 905-910.

12.Fushimi, T., Suruga, K., Oshima, Y., Fukiharu, M., Tsukamoto, Y.
and Goda, T. (2006) Dietary acetic acid reduces serum choles-
terol and triacylglycerols in rats fed a cholesterol-rich diet.
BritJ Nutr. 95,916-924.

13.Johnston, C.S. and Buller, A.J. (2005) Vinegar and peanut pro-
ducts as complementary foods to reduce postprandial glyce-
mia.J Am Diet Assoc. 105, 1939-1942.

14.0stman, E., Granfeldt, Y., Persson, L. and Bjorck, I. (2005) Vi-
negar supplementation lowers glucose and insulin responses
and increases satiety after a bread meal in healthy subjects.
EurJ Clinl Nutr. 59, 983-988.

15.Pizarro, C., Esteban-Diez, |., Sdenz-Gonzalez, C. and Gonza-
lez-Saiz, J. (2008) Vinegar classification based on feature ex-
traction and selection from headspace solid-phase microext-

N

© 2017 Hogrefe



Z.Ali et al, Potential uses of vinegar as medicine

149

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

raction/gas chromatography volatile analyses: A feasibility
study. Anal Chim Acta. 608, 38-47.

.Tesfaye, W., Morales, M., Garcia-Parrilla, M. and Troncoso, A.

(2002) Wine vinegar: technology, authenticity and quality eva-
luation. Trends Food Sci Technol. 13, 12-21.

.Torri, L., Jeon, S.-Y., Piochi, M., Morini, G. and Kim, K.0. (2017)

Consumer perception of balsamic vinegar: A cross-cultural
study between Korea and Italy. Food Res Int. 91, 148-160.

.Mazza, S. and Murooka, Y. (2009) Vinegars through the ages.

In: Vinegars of the world. (Solieri, L., and Giudici, P, ed), pp.
17-39, Springer Milano, Milan.

.Nishidai, S., Nakamura, Y., Torikai, K., Yamamoto, M., Ishihara,

N., Mori, H. and Ohigashi, H. (2000) Kurosu, a traditional vi-
negar produced from unpolished rice, suppresses lipid per-
oxidation in vitro and in mouse skin. Biosci Biotechnol Bio-
chem. 64,1909-1914.

Chan, E., Ahmed, T., Wang, M. and Chan, J. (1994) History of
medicine and nephrology in Asia. AmJ Nephrol. 14, 295-301.
Montooth, K.L., Siebenthall, K.T. and Clark, A.G. (2006) Mem-
brane lipid physiology and toxin catabolism underlie ethanol
and acetic acid tolerance in Drosophila melanogaster. J Exp
Biol. 209, 3837-3850.

.Huggins, G.R. and Preti, G. (1976) Volatile constituents of

human vaginal secretions. Am J Obstet and Gynecol. 126,
129-136.

Budak, N.H., Aykin, E., Seydim, A.C., Greene, A.K. and Guzel
Seydim, Z.B. (2014) Functional properties of vinegar. J Food
Sci. 79, R757-R764.

Budak, N.H., Kumbul Doguc, D., Savas, C.M., Seydim, A.C., Kok
Tas, T., Ciris, M.l. and Guzel-Seydim, Z.B. (2011) Effects of
apple cider vinegars produced with different techniques on
blood lipids in high-cholesterol-fed rats. J Agric Food Chem.
59,6638-6644.

Entani, E., Asai, M., Tsujihata, S., Tsukamoto, Y. and Ohta, M.
(1998) Antibacterial action of vinegar against food-borne pa-
thogenic bacteria including Escherichia coli 0157: H7.J Food
Protect. 61, 953-959.

Harris, K., Miller, M., Loneragan, G. and Brashears, M. (2006)
Validation of the use of organic acids and acidified sodium
chlorite to reduce Escherichia coli 0157 and Salmonella Ty-
phimurium in beef trim and ground beef in a simulated pro-
cessing environment.J Food Protect. 69, 1802-1807.
Vijayakumar, C. and Wolf-Hall, C.E. (2002) Evaluation of
household sanitizers for reducing levels of Escherichia colion
iceberg lettuce.J Food Protect. 65, 1646-1650.

Oramahi, H.A. and Yoshimura, T. (2013) Antifungal and anti-
termitic activities of wood vinegar from Vitex Pubescens Vahl.
J Wood Sci. 59, 344-350.

Sengun, I.Y. and Karapinar, M. (2004) Effectiveness of lemon
juice, vinegar and their mixture in the elimination of Salmo-
nella typhimurium on carrots (Daucus carota L.). Int J Food
Microbiol. 96, 301-305.

Chang, J.M. and Fang, T.J. (2007) Survival of Escherichia coli
0157: H7 and Salmonella enterica serovars typhimurium in
iceberg lettuce and the antimicrobial effect of rice vinegar
against E. coli 0157: H7. Food Microbiol. 24, 745-751.
Buonocore, G., Perrone, S. and Tataranno, M.L. (2010). Oxygen
toxicity: chemistry and biology of reactive oxygen species. Se-
min Fetal Neonatal Med.15,186-190.

Maes, M., Galecki, P, Chang, Y.S. and Berk, M. (2011) A review
on the oxidative and nitrosative stress (O&NS) pathways in
major depression and their possible contribution to the (neu-
ro) degenerative processes in that illness.Prog Neuropsycho-
pharmacol Biol Psychiatry. 35, 676-692.

Iriti, M. and Faoro, F. (2010) Bioactive chemicals and health
benefits of grapevine products. In: Bioactive Foods in Pro-

© 2017 Hogrefe

34.

36.

36.

37.

38.

39.

40.

4

AN

42.

43.

44,

45.

46.

47.

48.

49.

50.

moting Health. (Watson, R.R., and Preed, R.V,, ed), pp.581,
Elsevier, London.

Fernandez-Mar, M., Mateos, R., Garcia-Parrilla, M., Puertas,
B. and Cantos-Villar, E. (2012) Bioactive compounds in wine:
Resveratrol, hydroxytyrosol and melatonin. A review, Food
Chem. 130, 797-813.

Xu, Q.P, Ao, Z.H. and Tao, W.Y. (2004) Antioxidative activity of
heng-shun aromatic vinegar extracts. J China Brewing. 7,
16-18.

Verzelloni, E., Tagliazucchi, D. and Conte, A. (2010) From bal-
samic to healthy: traditional balsamic vinegar melanoidins
inhibit lipid peroxidation during simulated gastric digestion of
meat. Food Chem Toxicol. 48, 2097-2102.

Verzelloni, E., Tagliazucchi, D. and Conte, A. (2007) Relation-
ship between the antioxidant properties and the phenolic and
flavonoid content in traditional balsamic vinegar. Food Chem.
105,564-571.

Ubeda, C., Hidalgo, C., Torija, M., Mas, A., Troncoso, A. and Mo-
rales, M. (2011) Evaluation of antioxidant activity and total
phenols index in persimmon vinegars produced by different
processes. LWT- Food Sci Technol. 44, 15691-1596.

Matsuura, R., Moriyama, H., Takeda, N., Yamamoto, K., Morita,
Y., Shimamura, T. and Ukeda, H. (2007) Determination of anti-
oxidant activity and characterization of antioxidant phenolics
in the plum vinegar extract of cherry blossom (Prunus lannes-
iana).J Agr Food Chem. 56, 544-549.

Johnston, C.S., Kim, C.M. and Buller, A.J. (2004) Vinegar im-
proves insulin sensitivity to a high-carbohydrate meal in sub-
jects with insulin resistance or type 2 diabetes. Diabetes
Care. 27,281-282.

.Johnston, C.S. (2011) Medicinal uses of vinegar. In: Comple-

mentary and alternative therapies in the aging population.
(Watson, R.R., ed) , pp. 433, Academic Press, London.

Salbe, A.D., Johnston, C.S., Buyukbese, M.A., Tsitouras, P.D.
and Harman, S.M. (2009) Vinegar lacks antiglycemic action
on enteral carbohydrate absorption in human subjects. Nutr
Res. 29, 846-849.

Ebihara, K. and Nakajima, A. (1988) Effect of acetic acid and
vinegar on blood glucose and insulin responses to orally admi-
nistered sucrose and starch. Agric Biol Chem. 52, 1311-1312.
Brighenti, F, Castellani, G., Benini, L., Casiraghi, M., Leopardi,
E., Crovetti, R.and Testolin, G. (1995) Effect of neutralized and
native vinegar on blood glucose and acetate responses to a
mixed meal in healthy subjects. EurJ Clin Nutr. 49, 242-247.
Leeman, M., Ostman, E. and Bjérck, I. (2005) Vinegar dressing
and cold storage of potatoes lowers postprandial glycaemic
and insulinaemic responses in healthy subjects. Eur J Clin
Nutr. 59, 1266-1271.

Ogawa, N., Satsu, H., Watanabe, H., Fukaya, M., Tsukamoto, Y.,
Miyamoto, Y. and Shimizu, M. (2000) Acetic acid suppresses
the increase in disaccharidase activity that occurs during
culture of caco-2 cells.J Nutr. 130, 507-518.

Liljeberg, H. and Bjorck, I. (1998) Delayed gastric emptying
rate may explain improved glycaemia in healthy subjects to
a starchy meal with added vinegar. Eur J Clin Nutr. 52,
368-371.

Fushimi, T., Tayama, K., Fukaya, M., Kitakoshi, K., Nakai, N.,
Tsukamoto, Y. and Sato, Y. (2002) The efficacy of acetic acid for
glycogen repletion in rat skeletal muscle after exercise. Int J
Sports Med. 23,218-222.

Fushimi, T.and Sato, Y. (2005) Effect of acetic acid feeding on
the circadian changes in glycogen and metabolites of gluco-
se and lipid in liver and skeletal muscle of rats. Brit J Nutr.
94,714-719.

Chiasson, J.L., Josse, R.G., Gomis, R., Hanefeld, M., Karasik,
A., Laakso, M. and Group, S.N.T.R. (2002) Acarbose for preven-

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151



150

Z.Ali et al, Potential uses of vinegar as medicine

51.

52.

53.

tion of type 2 diabetes mellitus: NIDDM randomised trial.
Lancet. 359, 2072-2077.

Bonora, E. and Muggeo, M. (2001) Postprandial blood glucose
as a risk factor for cardiovascular disease in type |l diabetes:
the epidemiological evidence. Diabetologia. 44, 2107-2114.
Wang, J., Lu, Z., Chi, J., Wang, W., Su, M., Kou, W., Yu, P, Yu, L.,
Chen, L. and Zhu, J.S. (1997) Multicenter clinical trial of the
serum lipid-lowering effects of a Monascus purpureus (red
yeast) rice preparation from traditional Chinese medicine.
CurrTher Res Clin Exp. 58,964-978.

Schaefer, E.J., Lichtenstein, A.H., Lamon-Fava, S., McNama-
ra,J.R.and Ordovas, J. M. (1995) Lipoproteins, nutrition, aging,
and atherosclerosis. Am J Clin Nutr. 61, 726S-740S.

54.Krieger, M. (1998) The “best” of cholesterols, the “worst” of

55.

56.

57.

58.

59.

60.

6

=

62.

63.

64.

65.

66.

67.

68.

69.

cholesterols: a tale of two receptors. Proc Natl Acad Sci. 95,
4077-4080.

Reinhardt, E. (2005) Health Watch: The atlas of heart disease
and stroke, UN chronicle online. 1-4.

Lee, M.K.,, Park, Y.B., Moon, S.S., Bok, S.H., Kim, D.J., Ha, T.Y.,
Jeong, T.S.,Jeong, K.S. and Choi, M.S. (2007) Hypocholestero-
lemic and antioxidant properties of 3-(4-hydroxyl) propanoic
acid derivatives in high-cholesterol fed rats. Chem Biol Inter-
act.170,9-19.

Beaglehole, R.(2001) Global cardiovascular disease preventi-
on:time to get serious. Lancet. 358, 661.

Ebrahim, S. and Smith, G.D. (2001) Exporting failure? Corona-
ry heart disease and stroke in developing countries. Int J Epi-
demiol. 30,201-205.

Critchley, J.A. and Capewell, S. (2003) Mortality risk reduction
associated with smoking cessation in patients with coronary
heart disease: A systematic review. JAMA. 290, 86-97.

Keys, A. (1995) Mediterranean diet and public health: perso-
nal reflections. AmJ Clin Nutr. 61, 13215-13238S.

.Giugliano, D. (2000) Dietary antioxidants for cardiovascular

prevention,nutrition, metabolism, and cardiovascular disea-
ses.NMCD. 10, 38-44.

Laranjinha, J.A., Almeida, L.M. and Madeira, V.M. (1994) Re-
activity of dietary phenolic acids with peroxyl radicals: anti-
oxidant activity upon low density lipoprotein peroxidation.
Biochem Pharmacol. 48, 487-494.

Honsho, S., Sugiyama, A., Takahara, A., Satoh, Y., Nakamura, Y.
and Hashimoto, K. (2005) A red wine vinegar beverage can in-
hibit the renin-angiotensin system: experimental evidence in
vivo. Biol Phram Bull. 28, 1208-1210.

Yamashita, H., Fujisawa, K., Erina, I, Seika, I., Kawaguchi, N.,
Kimoto, M., Hiemori, M. and Tsuji, H. (2007) Improvement of
obesity and glucose tolerance by acetate in Type 2 diabetic
otsuka long-evans tokushima fatty rats. Biosci Biotechnol
Biochem.71,1236-1243.

Kim,J.Y., Ok, E., Kim,Y.J., Choi, K.S.and Kwon, O. (2013) Oxida-
tion of fatty acid may be enhanced by a combination of pome-
granate fruit phytochemicals and acetic acid in HepG2 cells.
Nutr Res Pract. 7, 1563-159.

Moon, Y.J., Choi, D.S., Oh, S.H., Song, Y.S. and Cha, Y.S. (2010)
Effects of persimmon-vinegar on lipid and carnitine profiles
in mice. Food Sci Biotechnol. 19, 343-348.

Mimura, A., Suzuki, Y., Toshima, Y., Yazaki, S.1., Ohtsuki, T., Ui,S.
and Hyodoh, F. (2004) Induction of apoptosis in human leuke-
mia cells by naturally fermented sugar cane vinegar (kibizu)
of Amami Ohshima Island. Biofactors. 22,93-97.

Baba, N., Higashi, Y. and Kanekura, T. (2013) Japanese black
vinegar “lzumi” inhibits the proliferation of human squa-
mous cell carcinoma cells via necroptosis. Nutr Cancer. 65,
1093-1097.

Shimoji, Y., Kohno, H., Nanda, K., Nishikawa, Y., Ohigashi, H.,
Uenakai, K. and Tanaka, T. (2004) Extract of Kurosu, a vinegar

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151

70.

71

72.

73.

74.

75.

76.

77.

78

79.

80.

81.

82.

83.

84.

85.

86.

from unpolished rice, inhibits azoxymethane-induced colon
carcinogenesis in male F344 rats. Nutr Cancer. 49, 170-173.
Nishino, H., Murakoshi, M., Mou, X.Y., Wada, S., Masuda, M.,
Ohsaka, Y., Satomi, Y. and Jinno, K. (2005) Cancer prevention
by phytochemicals. Oncology. 69, 38-40.

.Abe, K., Kushibiki, T., Matsue, H., Furukawa, K.-I.and Motomu-

ra, S. (2007) Generation of antitumor active neutral medium-
sized a-glycan in apple vinegar fermentation.Biosci Biotech-
nol Biochem.71,2124-2129.

Radosavljevi¢, V., Jankovi¢, S., Marinkovi¢, J. and Doki¢, M.
(2003) Non-occupational risk factors for bladder cancer. A
case-control study, Tumori. 90, 175-180.

Mermel, V.L. (2004) Old paths new directions: the use of func-
tional foods in the treatment of obesity. Trends Food Sci Tech-
nol. 15, 532-540.

Lee,J.H., Cho, H.D., Jeong, J.H., Lee, M.K,, Jeong, Y.K., Shim,
K.H. and Seo, K.I. (2013) New vinegar produced by tomato
suppresses adipocyte differentiation and fat accumulation
in 3T3-L1 cells and obese rat model. Food Chem. 141,
3241-3249.

Ok, E., Do, G.-M., Lim, Y., Park, J.E., Park, Y.J. and Kwon, O.
(2013) Pomegranate vinegar attenuates adiposity in obese
rats through coordinated control of AMPK signaling in the
liver and adipose tissue. Lipids Health Dis. 12, 163.

Park,J.E., Kim,J.Y., Kim,J., Kim, Y.J., Kim, M.J., Kwon, S.W. and
Kwon, 0. (2014) Pomegranate vinegar beverage reduces vis-
ceral fat accumulation in association with AMPK activation in
overweight women: a double-blind, randomized, and place-
bo-controlled trial.J Funct Foods. 8, 274-281.

Johnston, C.S. (2005) Strategies for healthy weight loss:
from vitamin C to the glycemic response.J Am Coll Nutr. 24,
158-165.

.Yamashita, H. (2016) Biological function of acetic acid—im-

provement in obesity and glucose tolerance by acetic acid in
type 2 diabetic rats. Crit Rev Food Sci Nutr. 56, 5171-S175.
Kondo, T, Kishi, M., Fushimi, T. and Kaga, T. (2009) Acetic acid
upregulates the expression of genes for fatty acid oxidation
enzymes in liver to suppress body fat accumulation. J Agr
Food Chem.57,5982-5986.

Petsiou, E.I., Mitrou, PI., Raptis, S.A. and Dimitriadis, G.D.
(2014) Effect and mechanisms of action of vinegar on gluco-
se metabolism, lipid profile and body weight. Nutr Rev. 72,
651-661.

Ohnami, K., Matsuoka, E. and Okuda, T. (1985) Effects of Kuro-
su on the blood pressure of the spontaneously hypertension
rats. Kiso to Rinsho (in Japanese). 19, 237-241.

Tsuzuki, W., Kikuchi, Y., Shinohara, K. And Suzuki, T. (1992)
Fluorometric assay of angiotensin I-converting enzyme inhi-
bitory activity of vinegars. Nippon Shokuhin Kogyo Gakkaishi.
39,188-192.

Matsui, Y., Shimizu, M., Kyuki, K., Takahashi, T. and Takahashi,
K. (1998) Effects of ginseng vinegar (PANAHEALTH), on eryth-
rocyte deformability in stroke-prone spontaneously hyper-
tensive rats.Jap Pharmacol Ther. 26, 23-28.

Nandasiri, R. and Rupasinghe, H.V. (2013) Inhibition of low
density lipoprotein oxidation and angiotensin converting en-
zyme in vitro by functional fruit vinegar beverages. J Food
Process Preserv. 1, 1-5.

Kondo, T., Kishi, M., Fushimi, T., Ugajin, S. and Kaga, T. (2009)
Vinegar intake reduces body weight, body fat mass, and se-
rum triglyceride levels in obese Japanese subjects. Biosci
Biotechnol Biochem.73, 1837-1843.

Nakamura, K., Ogasawara, Y., Endou, K., Fujimori, S., Koyama,
M. and Akano, H. (2010) Phenolic compounds responsible for
the superoxide dismutase-like activity in high-Brix apple vi-
negar.Journal Agr Food Chem. 58, 10124-10132.

© 2017 Hogrefe



Z.Ali et al, Potential uses of vinegar as medicine

151

87.

88.

89.

90.

9

=

9

N

93

95.

96.

97.

98.

99.

100.

10

e

102.

103.

Rufian-Henares, J.A. and Morales, F.J. (2007) Functional pro-
perties of melanoidins: In vitro antioxidant, antimicrobial and
antihypertensive activities. Food Res Internat. 40,995-1002.
Krystynowicz, A., Czaja, W., Pomorski, L., Kolodziejczyk, M.
and Bielecki, S. (2000) The evaluation of usefulness of micro-
bial cellulose as a wound dressing material. Meded Rijksuniv
Gent Fak Landbouwkd Toegep Biol Wet. 65, 213-220.
Sugiyama, K., Sakakibara, R., Tachimoto, H., Kishi, M., Kaga, T.
and Tabata, |. (2009) Effects of acetic acid bacteria supple-
mentation on muscle damage after moderate-intensity exer-
cise.J Anti Aging Med. 7, 1-6.

Fukami, H., Tachimoto, H., Kishi, M., Kage, T., Tanaka, Y., Koga,
Y.and Shirasawa, T. (2009) Continuous ingestion of acetic acid
bacteria: effect on cognitive function in healthy middle-aged
and elderly persons.J Anti Aging Med. 6, 60-65.

.Fukami, H., Tachimoto, H., Kishi, M., Kaga, T. and Tanaka, Y.

(2010) Acetic acid bacterial lipids improve cognitive function
in dementia model rats.J Agr Food Chem. 58, 4084-4089.

.Svennerholm, L. (1994) Gangliosides-a new therapeutic

agent against stroke and Alzheimer’s disease. Life Sci J. 55,
2125-2134.

.Jung,H.H.,Cho,S.D.,Yoo,C.K., Lim,H.H.and Chae, S.W.(2002)

Vinegar treatment in the management of granular myringitis.
J Laryngol Otol. 116, 176-180.

.Aminifarshidmehr, N.(1996) The management of chronic sup-

purative otitis media with acid media solution. Am J Otol. 17,
24-25.

Dohar, J.E. (2003) Evolution of management approaches for
otitis externa. Pediatr Infect Dis J. 22, 299-305.

Macrokanis, C.J., Hall, N.L. and Mein, J.K. (2004) Irukandji
syndrome in northern western Australia: an emerging health
problem. Med J Aust. 181, 699.

Silfen, R., Vilan, A., Wohl, I. and Leviav, A. (2003) Mediterrane-
an jellyfish (Rhopilema nomadica) sting. Burns. 29, 868-870.
Perkins, R.A.and Morgan, S.S. (2004) Poisoning, envenomati-
on and trauma from marine creatures.Am Fam Physician. 69.
Nomura, J.T., Sato, R.L., Ahern, R.M., Snow, J.L., Kuwaye, T.T.
and Yamamoto, L.G. (2002) A randomized paired comparison
trial of cutaneous treatments for acute jellyfish (Carybdea
alata) stings. AmJ Emerg Med. 20, 624-626.

Takano-Lee, M., Edman, J.D., Mullens, B.A. and Clark, J.M.
(2004) Home remedies to control head lice: assessment of
home remedies to control the human head louse, pediculus
humanus capitis (Anoplura: Pediculidae). J Pediatr Nutr. 19,
393-398.

.Conzuelo-Quijada, A.E., Rodriguez-Cuevas, S.A. and Labasti-

da-Almendaro, S. (2003) Treatment of large lower genital tract
condylomata acuminata with local excision plus topical ace-
tic acid. A preliminary study.J Reprod Med. 48, 506-508.
Steele, K., Shirodaria, P, OHARE, M., Merrett, J., Irwin, W., Sim-
pson, D.and Pfister, H. (1988) Monochloroacetic acid and 60 %
salicylic acid as a treatment for simple plantar warts: effec-
tiveness and mode of action. BritJ Dermatol. 118, 537-544.
Stefanaki, I.M., Tosca, A.D., Themelis, G.C., Vazgiouraki, E.M.,
Dokianakis, D.N., Panayiotidis, J.G., Spandidos, D.A. and Ba-

© 2017 Hogrefe

104.

106.

106.

107.

108.

109.

110.

112.

113.

114.

116.

las, C.J. (2001) In vivo detection of human papilloma virus-in-
duced lesions of anogenital area after application of acetic
acid: a novel and accurate approach to a trivial method. J
Photochem Photobiol B Biol. 65, 115-121.

Shaw, T.(2003) Peru tries vinegar against cervical cancer. Bull
World Health Organ. 81, 73-74.

Zimbabwe, U. and Project,J.C.C. (1999) Visual inspection with
acetic acid for cervical-cancer screening: test qualities in a
primary-care setting. Lancet. 353, 869-873.

Chung, C. (2002) Corrosive oesophageal injury following vi-
negar ingestion. Hong Kong Med J. 8, 365-366.

Wrenn, K. (2006) The perils of vinegar and the Heimlich
maneuver. Ann Emerg Med. 47, 207-208.

Lhotta, K., Hofle, G., Gasser, R. and Finkenstedt, G. (1998)
Hypokalemia, hyperreninemia and osteoporosis in a patient
ingesting large amounts of cider vinegar. Nephron. 80,
242-243.

Shields, L.B., Rolf, C.M. and Hunsaker, J.C. (2016) Sudden
death due to forced ingestion of vinegar. Forensic Sci Int. 266,
e23-e26.

Yusoff, N.A., Yam, M.F.,, Beh, H.K., Razak, K.N.A., Widyawati,
T., Mahmud, R., Ahmad, M. and Asmawi, M.Z. (2015) Anti-
diabetic and antioxidant activities of Nypa fruticans wurmb.
vinegar sample from Malaysia. Asian Pac J Trop Med. 8,
595-605.

.Yun, S.N., Ko, S.K., Lee, K.H.and Chung, S.H. (2007) Vinegar-

processed ginseng radix improves metabolic syndrome in-
duced by a high fat diet in ICR mice. Arch Pharm Res. 30,
587-595.

Qiu,J.,Ren, C., Fan,J.and Li, Z.(2010) Antioxidant activities of
aged oat vinegar in vitro and in mouse serum and liver.J Sci-
ence Food Agric. 90, 1951-1958.

Su, M.S. and Chien, PJ. (2007) Antioxidant activity, anthocy-
anins, and phenolics of rabbiteye blueberry (Vaccinium as-
hei) fluid products as affected by fermentation. Food Chem.
104,182-187.

Sakanaka, S.and Ishihara, Y. (2008) Comparison of antioxidant
properties of persimmon vinegar and some other commercial
vinegars in radical-scavenging assays and on lipid oxidation in
tuna homogenates. Food Chem. 107, 739-744.

Ubeda, C., Callejon, R., Hidalgo, C., Torija, M., Troncoso, A. and
Morales, M. (2013) Employment of different processes for the
production of strawberry vinegars: Effects on antioxidant ac-
tivity, total phenols and monomeric anthocyanins. LWT- Food
SciTechnol. 52, 139-145.

Zeshan Ali

School of Food and Biological Engineering
Jiangsu University

Zhenjiang 212013

China

zeshan.ali4412@outlook.com

IntJ Vitam Nutr Res (2016), 86 (3-4), 140-151





