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ABSTRACT
Aim: The purpose of this research is to develop a new ap-
ple vinegar based on Podophyllum peltatum and analyze 
the fermentation process using a new methodology. Ma-
terials and Methods: The vinegar-making process began 
with the addition of Saccharomyces cerevisiae (yeast) and 
l (acetic bacteria) with apple. Chemical titration method is 
used to find out the apple juice microbial and compared 
to the microbial in vinegar. The microorganisms Saccharo-
myces cerevisiae and Acetobacter pasteurianus were found 
respectively. Fermentation began with fewer Saccharomy-
ces cerevisiae and Acetobacter pasteurianus, but they were 
present throughout the alcoholic and acetic phases. Both 
microbial strains produced ethanol and acetic acid using ap-
ple as a substrate. The vinegar also produced acetate, vol-
atile alcohols, and aldehydes. Two groups are taken with 9 
sample size per group, G power 80%, coincidence intervals 
will be 95%. Results and Discussion: The innovative ap-
ple vinegars had an acetic acid yield of 8.1%. In the sensory 
evaluation, apple vinegar was well received. The technology 
proposed here is innovative in that it employs mixed inocula 
instead of separate ones (p=0.001). It also uses cell biomass 
instead of centrifugation at the end of the fermentative pro-
cess. When compared to commercial vinegar (5%), apple 
vinegar has a high acetic acid concentration (8.1%). Conclu-
sion: Reduce the working time and also be less expensive. 
Higher acetic acid concentration in vinegar is helpful to im-
prove the taste of the food. 
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INTRODUCTION
A favorite of millions of people around the world, 

the apple (Podophyllum peltatum) is mankind’s earliest 
fruit. Trcek et.al reported that the apple vinegar pro-
cess (Trček, Mahnič, and Rupnik 2016). However, in 
Asia, only a small percentage of these apple fruits are 
consumed by locals because of the large yield per tree, 
the short shelf life of fresh fruit, and the lack of us-
age as processed items. Fao et.al reported on the fruits’ 
post-harvest (Fao 2007) and Rolle et.al reported on 
asia’s post-harvest management (Rolle 2006). Making 
fruit wine or vinegar, which allows items to be stored 
in alcohol or acetic acid, could be a viable solution. 
Viana et.al reported the microbiological and chemi-
cal analysis in the fermentation process (Viana et al. 
2017). Apple vinegar has never been the subject of a 
study despite an increase in fruit wine and vinegar re-
search in recent years. Roman-Camacho et.al reported 
that the alcohol wine and vinegar (Román-Camacho 
et al. 2020).

In past five years, the total number of articles pub-
lished by google scholars is 692 articles and science di-
rect published by 550 articles. Almost any fermentable 
carbohydrate can be used to make vinegar: apples, 
sorghum, molasses, wine, dates, grapes, pears, melons, 
coconut oil, berries and honey are just a few examples. 
Morales et.al reported that the fermentable carbohy-
drates (Morales et al. 2002). Vinegar can also be made 
from other fermentable carbohydrate sources like po-
tatoes and beets. Swain et.al reported that the fruits 
and vegetables that have been fermented (Swain et 
al. 2014). Yeasts begin by turning natural food sugars 
into ethanol. As a next step, Acetobacter bacteria (Ac-
etobacter) convert alcohol to acetic acid. Gomes et.al 
reported the systematics characterization and applica-
tions of the acetic acid bacteria (Gomes et al. 2018). 
Fermentation processes used to make commercial 
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vinegar are either fast or slow. The liquid is oxygenat-
ed by agitation in the quick methods, and the bacteria 
culture is submerged, allowing for quick fermentation 
to take place. Bhat et.al reported that the fermentation 
process of the vinegar (Bhat, Akhtar, and Amin 2014). 
Traditional wine vinegars are manufactured slowly, 
with a culture of acetic acid bacteria growing on the 
liquid’s surface and the fermentation taking weeks or 
months to complete. Empire et.al reported that the 
traditional fermentation methods (Emire 2012). The 
mother of vinegar, a harmless slime made of yeast and 
acetic acid bacteria, might accumulate as a result of the 
longer fermentation time. Vinegar eels eat organisms 
like this and are found in vinegar that has naturally 
fermented. These microorganisms are usually avoid-
ed by filtering and pasteurizing the product before 
bottling. Johnston et.al reported that the antiglycemic 
effect (Johnston and Gaas 2006). If you store vine-
gar after opening, mother may form; it’s considered 
benign and can be removed by filtering it out. Many 
people recommend keeping the mother for a variety 
of health reasons that have yet to be proven.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make apple vinegar. Vinegar products sold in 
the United States must have a minimum acidity of 4% 
to be legal. The vinegar produced or sold in a region 
has regional standards in European countries. Cider 
and wine vinegars have an acetic acid content between 
5 and 6 %, whereas white distilled vinegars have an 
acetic acid content between 4 and 7%. Herbal and fruit 
vinegars are subcategories of specialty vinegars. A va-
riety of herbs and spices can be used in the production 
of vinegars such as white wine vinegar or white dis-
tilled vinegar that are seasoned with herbs like basil 
and tarragon as well as garlic, clove and cinnamon. 
Sweetened with fruit or fruit juice, wine and white vin-
egars give off a distinctive sweet-sour flavor known as 
fruit vinegar. Vinegars made with traditional methods 
are made from locally sourced ingredients and follow 
long standing traditions. The study’s aim was to create 

innovative apple vinegar based on apple juice and in-
vestigate the fermentation process using an innovative 
method for evaluating microbial activity.

MATERIALS AND METHODS
The study was conducted at the Saveetha School 

of Engineering’s Microbiology Lab at the Saveetha In-
stitute of Medical and Technical Sciences in Chennai. 
Number of groups is 2 (Commercial vinegar and Ap-
ple vinegar). The sample size is 18, G Power at 80% 
and Coincidence interval at 95% (Emire 2012).

Fruit: This research employed the Apple fruit, 
which is a native group variety. Apples weighing be-
tween 250 and 500 g were obtained at the Saveetha 
fruit stall at Saveetha University’s Saveetha School of 
Engineering in Chennai.

Microbial strain: The Saveetha University Labo-
ratory of Microbiology gave the yeast strain saccharo-
myces cerevisiae (Baker’s yeast) for alcoholic fermen-
tation. After being exposed to ambient temperature, 
Rice water was used to isolate the acetic bacteria strain 
for alcoholic fermentation. In fact, 250 ml of rice wa-
ter was left out in the open for 72 hours at room tem-
perature. After a 24 hour incubation in an incubator at 
30°C, acetic bacteria were extracted from pure single 
colonies. Biochemical profiles like gram staining, re-
spiratory metabolism, and acid generation from eth-
anol, as well as catalase and oxidase assays, were used 
to make the identification. A single drop of hydrogen 
peroxide (H2O2) was used to perform a catalase test on 
a pure microbial colony. Adding ethanol to a mixture 
of yeast extract and phenol red resulted in the synthe-
sis of acetic acid from ethanol. The oxidase and cata-
lase tests completed the gender identification process.

Production of Apple vinegar: According to the 
flowchart representation in Fig. 1, the production of 
apple vinegar was assessed.

Two stages of the procedure were completed in 
succession. This study utilized two microbial strains: 
Saccharomyces cerevisiae for alcohol fermentation and 
acetic bacteria from rice water for acetic acid fermen-
tation, both at 30°C, for a total of 144 hours. To sum-
marize, the dirt was washed out of the apple fruit and 
mechanical pressure was used to extract apple juice.

To avoid microbiological contamination, concen-
trate sugar until it reaches a temperature of 20°Bx, the 
juice is heated at 80°C. The juice was packaged in sterile 
bottles with a capacity of 200 ml after cooling at room 
temperature. To check for bacterial contamination in 
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the environment, one bottle was used as a control. The 
rest of the bottles were seeded with 2 mL of 106 CFU 
yeast suspension and fermented at 30°C for 144 hours. 
One of these seeded bottles was utilized to determine 
yeast biomass and alcohol concentration at any mo-
ment throughout the fermentation. After 72 hours, 2 
ml of 106 CFU acetic bacteria were added to the culture 
for acetic fermentation. To make apple vinegar, the fer-
mentation was carried out at 30°C for a total of 15 days. 

Determination of acetic acid: Every 24 hours, 
acetic acid production was determined by titrating a 
1 ml sample with sodium hydroxide 0.1 N and phe-
nolphthalein as an indicator. The acidity of vinegar in 
degrees of acetic acid was calculated using the mass in 
grams of acetic acid in 100 g pure vinegar.

Statistical analysis 
The SPSS software version 26 was used to do a 

statistical comparison of acetic acid concentration be-
tween Apple vinegar and commercial vinegar. There 
are no dependent variables, and the standard devia-
tions and mean differences are independent variables 
(Emire 2012).

RESULTS
Acetic acid concentration in vinegar was analyzed 

and shown in Table 1 with the parameters like pH, Tem-
perature, Acetic acid concentration and Ethanol concen-
tration for both Apple vinegar and commercial vinegar 
(Brewvin vinegar). The mean potential difference be-
tween the acetic acid concentration of both apple vinegar 
(8.1%) and commercial vinegar (5%) is 3.1%.

Comparison of innovative apple vinegar acetic 
acid concentration and commercial vinegar acetic 

acid concentration are shown in Table 2. The acetic 
acid concentration is slightly higher in apple vinegar 
(8.1%) when compared to commercial vinegar (5%).

Table 1
Acetic acid concentration in vinegar was analyzed and shown 
 S.NO  Vinegar  pH  Tempera-

ture
Acetic acid 

% 
 1. Apple vinegar  2 30ºC  8.1
 2. Commercial 

vinegar
 2.4 30ºC  5

Table 2
Comparison of Apple vinegar acetic acid concentration and 
commercial vinegar acetic acid concentration
 S.NO  Vinegar Acetic acid concentration

 1.  Apple vinegar  8.1%
 2.  Commercial vinegar  5%

In Table 3, compared the mean value, standard 
deviation and standard error mean for commercial 
vinegar and apple vinegar. Independent sample test 
shows the statistical significance (P=0.001) for acetic 
acid concentration between the apple vinegar and the 
commercial vinegar (Table 4).

Table 3
Illustrate the mean value, standard deviation and standard error 
mean for commercial vinegar and apple vinegar.

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic 
acid per-
centage

Commercial 
vinegar

9 5.0000 0.00000 0.00000

Apple vinegar 9 8.1000 0.08660 0.02887

Table 4
Independent sample test shows the statistical significance (P=0.001) for acetic acid concentration between the Apple vinegar and 
the commercial vinegar

 Independent Sample Test
Levene’s Test for 

Equality of variances
T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

Acetic 
acid per-
centage

Equal 
variances 
assumed

16.000 0.001 -107.387 16 0.000 -3.10000 0.02887 -3.16120 -3.03880

Equal 
variances 
not as-
sumed

-107.387 8.000 0.000 -3.10000 0.02887 -3.16657 -3.03343
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Fig. 1. Production process of apple vinegar

Fig. 2. Acetic acid concentration between apple and commercial vinegar. X axis:Commercial Vinegar and Apple vinegar; Y axis: 
Mean Acetic Acid Percentage. SD+-2.
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Bar chart represents the acetic acid concentration 
of the apple vinegar and commercial vinegar in Fig. 
2.They showing acetic acid concentration is less in 
commercial vinegar (5%) and more in Apple vinegar 
(8.1%).

DISCUSSION
Innovative apple vinegar has better quality than 

commercial vinegar with a statistical significance of 
p=0.001. The acetic acid concentration is high in apple 
vinegar (8.1%) when compared to commercial vine-
gar (5%). Higher acetic acid concentration in vinegar 
is helpful to improve the taste of the food. 

The acetic acid concentration in apple vinegar is 
slightly high when compared to commercial vinegar. 
Song et.al reported that the apple vinegar fermentation 
process (Song et al. 2019). Increasing the acetic acid 
concentration in apple vinegar because of food preser-
vatives, marination process and they maintain the qual-
ity of the food. Admas et.al reported the quality of the 
food (Adams 2013). Marination adds flavours to food 
and makes them tenderization by beginning the break-
down process of tissues of the meat. Madhusankha et.al 
reported that the meat tenderization mechanism (Mad-
husankha, Madhusankha, and Thilakarathna 2021). It 
helps in tenderising the chicken and makes it juicier. It 
acts as a preservatives and it helps to reduce the time of 
cooking. Matsumoto et.al reported that the tenderiza-
tion process (Matsumoto 2012). 

The limitations of the apple vinegar is reducing the 
time consuming for the production process. In less 
time we can highly produce apple vinegar. The future 
scope is due to genetically modified organisms pro-
ducing acetic acid concentration in a shorter period 
of time.

CONCLUSION
This study shows innovative apple vinegar has bet-

ter quality than commercial vinegar with a statistical 
significance of p=0.001. The acetic acid concentration 
is high in apple vinegar (8.1%) when compared to 
commercial vinegar (5%). Higher acetic acid concen-
tration in vinegar is helpful to improve the taste of the 
food. 
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