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INTRODUCTION
Food demand and food supply is increasing parallel with the increase 

[1]in population . Agriculture has succeeded in combating the major 
problems related to food demand and food supply. Food demand is also 
inuenced by the local traditions, urbanization and the services such as 

[2]dining out and supermarket chains . The pattern of the food 
consumption is determined by the gender structure, physical activity 

[3]and metabolic requirements .

The increased food demand caused by the increased population is 
[4]responded by agriculture and succeeded . Food supply has increased 

[5]three times since the 1960s and has continued to rise  (FAO, 2011). 
Millets are small seeded grasses. Millets are highly tolerable to 

[6]extreme weather conditions and high drought ; hence it is largely 
produced. The 100 g of millets will provide 20% or more of the protein 
value that is consumed daily and is a rich source of various minerals 

[7]and vitamins . Millets are rich in dietary bers and hence help in the 
digestion process and generally, help in lowering blood cholesterol, 
maintaining blood glucose levels, boosts liver and kidney functions. 
The healthy life can be maintained by the inclusion of millets in our 

[8]daily diet .

In the present study four different species of millet has been used for 
the production of vinegar. The selection of millets was done based on 

[9]availability, nutritional composition and economical aspect .Proso 
millet is one of the most important millets grown in India. It has 
relatively low water requirements and hence is suitable for less water 
and dry land areas. Generally, 100 gm of Proso millet consists of 1.02 g 
of protein, 4.22 g of lipid fat, 6.6 g of ash, 73g of carbohydrate and 8.5g 

[10]of totally dietary ber .Second important millet used in vinegar 
[11]production is Finger millet, commonly called as Ragi . Finger millet 

contains 5–8% protein, 65–75% carbohydrates, 15–20% dietary ber 
and 2.5–3.5% minerals.100 grams of Finger millet have roughly on an 

[12]average of 336 kcal of energy . Little millet is one of the smallest 
millets. Typically, 100 gm of little millet contains around 67g of 
carbohydrate, 7.7g of protein, 4.7g of fat and around 341 kcal of energy 
[13]. Barnyard millet is also called as Japanese millet. It grows in cold 
areas and is not suitable for any other crops. Typically, 100g of this 
millet contains 65.5g carbohydrate, 6.2g of protein, 2.2g fat and 

[14]provides around 307 kcal of energy .

There are various health benets of these millets which can prevent 
[15]diseases and also serve as a remedy for many fast life diseases . Proso 

millet is effective against type 2 diabetes due to the rich content of 
magnesium. Magnesium reduces heart attacks and the rate of migraine 
headaches, and it is also helpful in heart related diseases and 
atherosclerosis. The rich content of ber plays important role in 
maintaining cholesterol level in the body. Finger millet consists of 
highest amount of potassium and calcium comparatively. The cereal 

[16]has very low-fat content and mainly contains unsaturated fat . Finger 

millet helps in strengthening of bones in aged people and growing 
children since it is an excellent source of calcium. It possesses an 
excellent antioxidant activity and helps in regulating the blood sugar 
level in diabetic patients. It also helps in the recovery of Anemia as it is 

[17]a very good source of natural Iron . Little millet is a low glycemic 
index food and contains large amount of ber which plays a signicant 
role in controlling the blood sugar level. It is also rich in magnesium 
that is important for the heart health. It has vitamin B3 that is useful in 
maintaining cholesterol level. It contains phosphorus that aids in 
weight loss and tissue repair, also detoxies body and is a protein rich 

[18]source which is highly digestible and is least caloric dense . The 
glycemic index of barnyard millet is low and hence can be used for 
cardiovascular patients. It is also gluten free and contains large amount 

[19]of dietary bers .

Vinegar is an aqueous solution of acetic acid (4-8%) and fewer other 
acids. Vinegar is produced in two step process; initially alcoholic 

[20]fermentation and then acetic acid fermentation .The following 
reactions represent the conversion of carbohydrate into ethanol and 
ethanol into acetic acid.

C H O → 2C H OH + 2CO  andC H OH + O → CH COOH + H O6 12 6 2 5 2 2 5 2 3 2

Acetic acid bacteria are commonly used for the production of vinegar. 
It is produced from different sources like Apple, Rice, Barley, Grapes 
etc. Vinegar is known for its health and therapeutic effects like 

[21]antimicrobial, anti-diabetic, antioxidant, antitumor effect etc. .

Apple cider vinegar is made from apple as a source. It is rich in various 
types of minerals and vitamins. It is useful in weight loss, to improve 

[22]heart health, helps to ght obesity and also helps in preventing cancer .

Those diseases in which the occurrence is primarily based on the 
regular and daily habits of people are characterized as lifestyle diseases 
[23]. Food habits, disturbed biological clock, physical inactivity are the 
main factors responsible for the lifestyle diseases. The ever-growing 
cases of diabetes can be attributed to unhealthy diets and busy 
lifestyles with no proper supplements available especially for middle 
and low-income population. According to the reports around 7-9% of 
the total population is suffering from coronary heart disease. All these 
can be attributed to unnourished food with no proper supplements. 
Food supplements are the dietary material whose purpose is to 
supplement the normal diet and is present as the concentrated form of 

[24]vitamins, minerals and other dietary bers .

MATERIALS AND METHODOLOGY
Materials
All four millets Finger millet (Eleusinecoracana), Barnyard millet 
(Echinochloa esculenta), Proso millet (Panicum miliaceum) and little 

Vinegar is a liquid obtained after alcoholic uid is exposed to oxygen in controlled conditions. Millet vinegar was 
produced basically to nd a replacement for the commonly used and less economical apple cider vinegar. Initially, four 

millets were selected as whole grains and heated with 5 folds of water at 90 to 100°C for 2 to 3 hours. Further the liquid obtained was used as 
reaction mixture for alcoholic and acetic acid fermentation. Vinegar so obtained after 7 days of alcoholic fermentation and 15 days of acetic acid 
fermentation is measured for its various physicochemical parameters. Vinegar showed signicant acidity of (5.5%) as acetic acid and various 
vitamins and minerals with low energy value. Vinegar also showed notable antimicrobial property with respect to selected bacterial species. 
Overall attempt for vinegar production using millets was successful. Further investigation on other properties and by improving vinegar 
production with controlled parameters could produce better vinegar.
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millet (Panicum sumatrense) were purchased from retailer.The 
botanical identities of millets were determined and authenticated at 
Taralabalu Krishi VignanaKendra (KVK), Davangere,nearto Bapuji 
Institute of Engineering and Technology,Davangere. Apollo apple 
cider vinegar which has been used as mother culture for vinegar 
production was bought from Apollo medical shop near BIET campus. 
Double distilled water, Sucrose, Dry yeast (Saccharomyces cerevisiae) 
from Hi Media was used.

Methodology
The basic protocol for the conversion of millets into vinegar is gured 
out based on the literature study. The juice extraction from raw 
materials with carbohydrate composition need to be done by powdered 
raw material, further inoculated with 10% S.cerevisiae of total volume 
wherein alcohol fermentation is carried out. The ethanol produced is 
subjected to acetic acid fermentation by inoculating with Acetobacter 
aceti culture to produce fermented vinegar as the nal product.

Extraction Of Millet Juice:
Initially 100g of each millet (Proso, Barnyard, Finger, Little millets) 
are grounded into coarse powder containing husk. This coarse powder 
is then mixed with distilled water in the ratio 1:5 and incubated in water 
bath at the temperature of 90˚C- 100˚C for2 to 3 hours. The obtained 
extract is ltered using muslin cloth and used for the further process of 

[25]fermentation .

Preparation Of Yeast Inoculum For Alcoholic Fermentation:
The sugar (sucrose) of 4g (4%) is dissolved in 100 ml of distilled water 
and the Dry yeast powder of 500mg (0.1%) are added to the solution 
and kept for incubation for 60minutes, this solution is used as 
inoculum for alcoholic fermentation.

Alcoholic Fermentation:
The extracted millet juice with inoculum of 10% of the total volume is 
added to the fermenter and all the other required controlled conditions 
such as temperature (27°C), pH (3.45), impeller rotation speed of 100 
rpm and anaerobic environment which is inevitable condition for 
fermentation needs to be maintained. Initially aerobic fermentation 
takes place where the yeast cells gets adapted to the fermentation 
conditions and multiplies in the limited supply of oxygen. Further the 
anaerobic fermentation takeover the process where the yeast cells 
utilize the carbohydrates and convert it into ethanol. The process is 
carried out in the fermenter for 5 to 7 days to convert complete reaction 

[25]mixture to alcohol .

Acetic Acid Fermentation:
The alcohol obtained from fermentation is used as reaction mixture for 
acetic acid fermentation. Further the Apollo apple cider vinegar is used 
as mother vinegar which is inoculated as starter culture. Before 
inoculation, Apollo Apple cider vinegar is used for culturing of 
Acetobacter aceti in laboratory by maintaining necessary culture 
conditions and same is conrmed by bacterial biochemical 
identication test. Diluted alcohol is inoculated with mother vinegar 

thby 1/10  of the total volume of alcohol. Excess oxygen is supplied 
externally along with other conditions like temperature (28°C), pH 
(3.45) and rotation of 100rpm is maintained. The process of 
acetication is carried out for 15 days. The process was carried out 
with regular monitoring of acetication process by recording and 

[26]analyzing pH and acidity values .

Antimicrobial Assay
For antimicrobial assay, the disc diffusion technique was followed; 
common pathogenic and strongly resistant bacteria species are 
selected such as (Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, Klebsiella pneumonia) for assay. Nutrient agar plates 
were prepared and the spread plate method was followed for the even 
distribution of bacterial culture samples on a solidied nutrient media. 
The discs of 6mm diameter were punched from a sheet of Whatman 
lter paper and sterilized. These were made to absorb millet vinegar 
and air dried at 37ºC for 48 h and thereafter, the discs were placed on 
the surface of inoculated nutrient agar plates. Further, the nutrient agar 
plates were incubated at 37 °C for 14 -24 hours to observe the 
formation of inhibition zones around the discs.

Determination Of pH Value And Total Acidity
pH was measured using Digital pH meter (Model Eutech-
GC7352901B). pH and acidity were recorded for 15 days with 
consecutive interval of 2 days each. Total acidity was determined by 4-
fold dilution of vinegar sample by using distilled water. Further 

titrating with 0.1 N NaOH, phenolphthalein as end point indicator and 
was expressed as the acetic acid equivalent.

The parameters such as carbohydrate, fats, protein, total energy, 
specic gravity, residual alcohol, total ash, total solid, total Soluble 
solid, Vitamin B3, Vitamin C, Minerals such as Sodium, Potassium 
and Calcium were calculated with reference to FSSAI and AOAC 

[27]standard methods .

 

Figure 1: Flow Chart Showing Step Wise Process Involved In Vinegar 
Production

RESULTS
Physicochemical Parameters Of Alcohol Obtained After Alcoholic 
Fermentation.
The physicochemical parameters were tested for the alcohol obtained 
after alcoholic fermentation at the end of 7th day. The pH was 
measured using digital pH meter which was recorded as (3.17). The 
specic gravity obtained was (1.07) at 27℃ which was measured using 
specic gravity bottle method and the Total acidity measured was 
0.8g/100ml (Table1).

pH and Acidity
The pH of acetic acid fermented millet juice was recorded for 15 days 
and found to be gradually decreasing each day and lowest reading of 
(2.97) was recorded on 15th day (Figure 2). The acidity of acetic acid 
fermented millet juice was recorded for 15 days and found to be 
gradually increasing each day with the highest of (5.5g/100ml) was 
recorded on 15th day (Figure 3)

Table 1: pH And Acidity Values For Every 2 Consecutive Days For 
Total Of 15days Of Analysis

Figure 2: Graph Showing pH Values Of Vinegar Sample For 15days
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`Para
meter

Day 1 Day 3 Day 5 Day 7 Day 9 Day 
11

Day 
13

Day 
15

pH 3.67+0
.1206

3.62+0.
0612

3.53+0
.0509

3.49+0
.0349

3.38+
0.0571

3.35+
0.0701

3.16+
0.0790

2.97+
0.0874

Acidit
y

0.83+0
.0380

1.24+0.
03807

2.41+0
.0384

3.23+0
.0412

4.31+
0.0349

4.82+
0.0414

5.17±
0.0514

5.53+
0.0796



Figure 3: Graph Showing Acidity Values For Vinegar Samples For 15 
Days

Table 2: Physico-chemical Parameters Of Millet Vinegar After 
15days Of Fermentation

Table3: Antibiotic Inhibition Zone For Vinegar Sample Tested For 
Selected Bacterial Species

DISCUSSION
The millet vinegar developed in present work showed signicant 
acidity calculated as acetic acid of (5.55%) and total ash content of 
(0.48%) (Table 2) which holds well with the brewed vinegar standards 
mentioned in FSSAI food standards regulations as minimum acidity 
calculated as acetic acid should be (3.75%) and minimum total ash 

[27]content is (0.18%) . various studies reported, the acidity was found to 
be 4 to 8%, same results were seen with respect to acidity values 
recorded for this product. Comparatively this was achieved with the 
short period of fermentation of 15 days where as studies from other 
research works reported signify that the normal time period of 3 to 4 

[28]weeks is needed to achieve acidity of 4 to 8% . The usage of millet as 
raw material in vinegar production is notably innovative where most of 
the research work is been reported by apple, fruits, malt and molasses 

[29,30]as the source . Vinegar produced showed good composition of 
various minerals and vitamins pose good probability of its constituents 
with elements of antioxidants which will aid in preventing and 
controlling heart related diseases and various kinds of cancers. 
Carbohydrate composition of vinegar obtained was 0.06g, which gives 
energy value of 0.24 Kcal for every 100ml of vinegar. This can be 
attributed to the overall hydrolysis of starch and sugars present in the 
millets and usage by alcoholic and acetic acid bacteria for production 
of vinegar. Low energy value of vinegar can also be attributed to its low 
glycemic index which further helps in controlling and reducing blood 

[31]lipid prole also with proper diet obesity can be reduced . Multiple 
[32,33]studies  have reported that continuous consumption of apple cider 

vinegar as part of diet could reduce HDL levels and improves the 
serum lipid prole by reducing plasma levels of total cholesterol and 

[34]other lipids . Vinegar obtained also showed notable amount of 
Vitamin-B3 (4.39 mg/Kg) and signicant amount of Vitamin-C (17.99 
mg/100gm). Vitamin B3 is an important nutrient it helps to boost the 

[35]brain functions and also helps in lowering the cholesterol . Niacin in 
vinegars plays a role in blood vessel expansion and cholesterol 

[36]excretion . Comparing Vitamin C content in vinegar of studies has 
been reported by that showed (217 ± 6.3 mg/L) relatively similar 
amount of vitamin C content was seen in vinegar produced in present 
study. Vitamin C is a strong antioxidant which can boost the blood 

[37]antioxidant levels and can also prevent and control the cancer . The 
obtained product comprises of 116 mg/Kg of Calcium. Calcium helps 
in building bones and keeping them healthy. It is also necessary for 
maintaining healthy communication between the brain and other parts 

[38]of the body . It also contains 72mg/Kg of Phosphorus which also 
helps in building of the strong bones. It lters out waste in kidneys and 
helps in growth, maintain, repair tissue and cells, it produces DNA and 

[39]RNA - the body's genetic building blocks . The product contains 
notable amount of sodium (36gm/Kg). Sodium is an essential 
electrolyte for the body to function normally and it also helps in 
maintaining uid and blood volume in the body. A low sodium diet has 

[40]numerous health benets . It also contains a very good amount of 
Potassium (860mg/Kg). It decreases the risk of stroke, preserves bone 

[41]mineral density, lowers blood pressure and reduces the kidney stones .

The results given under (Table 3) showed notable antimicrobial effect 
with respect to selected bacterial species comparatively vinegar 
showed better results with respect to Pseudomonas aeruginosa and 
Klebsiella pneumonia. Further concentration of vinegar and time of 
exposure can possibly enhance the antimicrobial property. Multiple 

[42]studies have  also attributed possible reasons for antimicrobial 
activity of vinegars would be, cause of microbes undergoing 
signicant impairment following vinegar treatment which damaged 
cell integrity, structural and metabolic proteins as well as nuclear 
material. Acetic acid is the dominant avour compound in vinegar and 
has a long history as an important direct food additive to acidulate food 

[43, 44]for preservation . Various other studies such as Bornemeier et al 
[45, 46, 47]and Lukasik et al.  also describe potential property of vinegar as 

antimicrobial agent in various other species of bacteria and fungi.

CONCLUSION
Vinegar is rich in acetic acid and various organic acids, with potent 
biological effects. Millets are benecial to health as it contains 
different nutrients such as carbohydrates, vitamins, minerals and etc. 
The nal product obtained contained 5.55% of acetic acid. It can be a 
very good replacement for the commercially available product as it is 
economical. The attempt to convert the millet water extract into 
vinegar was successful for initial stage. Further, it has a great scope of 
future work as a health drink which can solve many health-related 
issues which are acquired through fast moving life style. The millet 
vinegar might help in lowering blood sugar levels and ghts diabetes. 
It may also aid in losing weight and reducing belly fat. Further it might 
lower cholesterol and improves heart health and cancer related 
conditions.
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