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ABSTRACT
Aim: The production of innovative Pineapple vinegar neces-
sitates the use of a low-cost raw material due to the com-
modity’s low price.The present investigation represents the 
use of pineapple waste as a new substrate. Materials and 
Methods: In this method, the juice and core of the pineap-
ple (Ananas comosus) can be used instead of being thrown 
away during processing or consumption. For 6-8 days at 
25°C, the waste was fermented with Saccharomyces cere-
visiae and a combination of physical and enzymatic treat-
ments to turn it into a sugar. Two groups are taken with 8 
sample size per group, G power 80%, coincidence interval 
will be 95%. Results: Acitric fermentation with Acetobacter 
aceti and the alcoholic medium took about 15 days at 30°C, 
and the final product had an acidity of 7.8%. Chemical titra-
tion was used to determine the amount of volatile and fixed 
compounds in the acetified samples, and the results showed 
that the concentration of acetic acid in the pineapple vinegar 
was significantly more than in the original wine (p=0.001). 
Conclusion: The metabolite profile of pineapple waste vin-
egar, which has a slight floral aroma, has never been studied 
before. It has also been shown that reusing pineapple fruits 
in food products with added nutritional value can significant-
ly reduce post-harvest losses. The final pineapple vinegar 
had a stronger aroma due to the presence of more alcohols, 
aldehydes, and ketones, while the off-flavors were signifi-
cantly reduced compared to the original. 
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INTRODUCTION
Wine and vinegar as a later derived product are in 

high demand for the future of value-added products. 
Bhat et.al reported the biological making process of 
vinegar (Bhat, Akhtar, and Amin 2014). To remain 
competitive, the wine market is now focusing on di-
versification through the creation of new products 
that are unique, novel, and enhanced using advanced 
technologies, cutting-edge formulas and alternative 
raw materials. Rudani et.al reported that the market-
ing management (Rudani 2010). Similarly, the issue 
of food waste has gotten a lot of attention lately from 
everyone from food producers to processors to retail-
ers to consumers. Goodman et.al reported that the al-
ternative food networks (Goodman, Melanie DuPuis, 
and Goodman 2012). Because it has an impact on the 
entire food supply chain’s profitability, food waste is 
seen as a sustainability and security issue as well as an 
economic one. Vagsholm et.al reported that the food 
security and sustainability (Vågsholm, Arzoomand, 
and Boqvist 2020). For this reason, food processors, 
farmers and government agencies must all be aware 
of the advantages of utilizing post harvest waste if 
they are to effectively manage food waste. Parfitt et.al 
reported that the food waste in food supply chains 
(Parfitt, Barthel, and Macnaughton 2010).

In past five years, the total number of articles pub-
lished by google scholar is 264 articles and science 
direct published by 199 articles. The extensive use 
of low-cost raw materials such as by-products from 
food processing and agricultural surpluses such fruit 
waste and substandard fruit keeps vinegar production 
cost low. Luzon-Quintana et.al reported that the vin-
egar production in biotechnological processes (Lu-
zón-Quintana, Castro, and Durán-Guerrero 2021). It 
is possible that the waste contains valuable substanc-
es such as colorants and sugars as well as antibacte-
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rial substances and fibres, as well as organic acids, 
tastes, and bioactive components such as enzymes 
and antioxidants that can be used in bioprocesses to 
create higher-value products. Ben-Othaman et.al re-
ported that the bioactives from the Agri-food waste 
(Ben-Othman, Jõudu, and Bhat 2020). It has been 
confirmed by the emergence and widespread con-
sumption of fruit and vegetable vinegars with distinct 
sensory characteristics. Vinegars made from a variety 
of raw materials, including pepper leaves and straw-
berries to those made from blueberry, persimmon 
and sweet potato. Mas et.al reported the different raw 
materials in vinegar production (Mas 2010). Bioactive 
substances like organic acids, amino acids or pheno-
lic compounds derived from vinegar’s raw materials 
may be responsible for these vinegar effects. Zhang 
et.al reported that the bioactive substances (Zhang et 
al. 2019). The total vinegar fermentation process can 
produce and/or increase the amount of these chem-
icals by converting phenolic compounds into new 
anti-oxidative molecules. Bakir et.al reported that the 
Antioxidant compounds (Bakir et al. 2016). vinegar’s 
aroma plays an important role in the raw materials 
utilized, the chemicals generated during fermentation, 
and the fermentation type used all influence customer 
acceptance and quality. Aroma also contributes sig-
nificantly to vinegar’s sensory character. Sharma et.al 
reported the quality of the fermented foods (Sharma 
et al. 2020).

Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (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; Malaikol-
undhan et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make pineapple vinegar. Recent studies using 
metabolomics-based approaches have shown that vin-
egar has significant health benefits and medical rem-
edies in its antibacterial and cleansing properties are 
well-known. Multiple factors, such as food composi-
tion, flavour, aroma, and food characteristics, can have 
a substantial impact on food quality and consumer 
approval, which can all be assessed using metabolo-
mics in conjunction with more traditional analytical 

approaches. To determine whether pineapple waste 
can be used as a raw ingredient for a processed culi-
nary product such as vinegar, we looked at how it can 
be used as a relatively low-cost material. The purpose 
of the research was to investigate if this method could 
be utilized to manufacture vinegar and to profile the 
chemical constituents in the wine and vinegar to un-
derstand more about the Pineapple vinegar’s quality.

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 in-
novative pineapple vinegar). The sample size is 16, G 
Power at 80% and Coincidence interval at 95% (Zhang 
et al. 2019)).

Fruit: This research employed the Pineapple 
fruit, which is a native group variety. Pineapple fruits 
weighing 250 to 500 grams were purchased from the 
Saveetha fruit kiosk 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 utilized to isolate the acetic bacteria 
strain used in alcoholic fermentation. In fact, 250 ml 
of rice water was left out in the open for 72 hours at 
room temperature. After a 24-hour incubation period 
at 30°C in an incubator, acetic bacteria were extracted 
from pure single colonies. Biochemical profiles such 
as gram staining, respiratory metabolism, and acid 
generation from ethanol, as well as catalase and oxi-
dase 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. The 
production of acetic acid from ethanol was achieved 
by adding ethanol to a mixture of yeast extract and 
phenol red. The oxidase and catalase tests completed 
the gender identification process.

Production of Pineapple vinegar: According to 
the flowchart representation in Fig. 1, the production 
of Pineapple vinegar was assessed.Two stages of the 
procedure were completed in succession. This study 
utilized two microbial strains: Saccharomyces cerevisi-
ae for alcohol fermentation and acetic bacteria from 
rice water for acetic acid fermentation, both at 30°C, 
for a total of 144 hours. To summarize, the dirt was 
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washed out of the Pineapple fruit and mechanical 
pressure was used to extract Pineapple juice.

The juice was heated to 80°C to prevent microbial 
contamination and concentrate sugar until it reached 
20°Bx. After cooling to room temperature, the juice 
was poured into 200 mL sterile bottles. To check for 
bacterial contamination in the environment, one bot-
tle 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. At any point during 
the fermentation, one of these seeded bottles was used 
to determine yeast biomass and alcohol concentration. 
After 72 hours, the culture was seeded with 2 ml of 106 
CFU acetic bacteria for acetic fermentation. To make 
Pineapple vinegar, the fermentation 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 make 

a statistical comparison of acetic acid concentrations 
in pineapple vinegar and commercial vinegar. There 
are no dependent variables, and the standard devia-
tions and mean differences are independent variables 
(Zhang et al. 2019).

RESULTS
Acetic acid concentration in vinegar was analyzed 

and shown in Table 1 with the parameters like pH, 
temperature, acetic acid concentration and ethanol 
concentration for both Pineapple vinegar and Com-
mercial vinegar (Brewvin vinegar). The mean poten-
tial difference between the acetic acid concentration 
of both pineapple vinegar (7.9%) and commercial vin-
egar (5%) is 2.9%.

Table 1
Acetic acid concentration in vinegar was analyzed and shown

 S.NO  Vinegar  pH  Tempera-
ture

Acetic 
acid % 

 1. Pineapple 
vinegar

 2.8  30ºC  7.9

 2. Commercial 
vinegar

 2.4  30ºC  5

Comparison of Pineapple vinegar acetic acid con-
centration and commercial vinegar acetic acid con-
centration in Table 2. The acetic acid concentration is 
slightly higher in pineapple vinegar (7.9%) when com-
pared to commercial vinegar (5%).

Table 2
Comparison of Pineapple vinegar acetic acid concentration and 
commercial vinegar acetic acid concentration

 S.NO  Vinegar Acetic acid concentration
 1.  Pineapple vinegar  7.9%
 2.  Commercial vinegar  5%

In Table 3, compared the mean value, standard de-
viation and standard error mean for commercial vin-
egar and pineapple vinegar. Independent sample test 
shows the statistical significance (P=0.001) for acetic 
acid concentration between the pineapple vinegar and 
the commercial vinegar in Table 4.

Table 3
Illustrate the mean value, standard deviation and standard error 
mean for commercial vinegar and pineapple vinegar. The acetic 
acid concentration is high in pineapple vinegar (7.9%) when 
compared to commercial vinegar (5%). 

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic 
acid 
percent-
age

Commercial 
vinegar

8 5.0000 0.00000 0.00000

Pineapple 
vinegar

8 7.9875 0.11260 0.03981

Flowchart representation in Fig. 1 shows the pro-
duction of innovative pineapple vinegar. Bar chart rep-
resents the acetic acid concentration of the pineapple 
vinegar and commercial vinegar in Fig. 2. They show-
ing acetic acid concentration is less in commercial vin-
egar (5%) and more in pineapple vinegar (7.9%).

DISCUSSION
The metabolite profile of pineapple waste vinegar, 

which has a slight floral aroma, has never been stud-
ied before. It has also been shown that reusing pine-
apple fruits in food products with added nutritional 
value can significantly reduce post-harvest losses. The 
final pineapple vinegar had a stronger aroma due to 
the presence of more alcohols, aldehydes, and ketones, 
while the off-flavors were significantly reduced com-
pared to the original. Acetic acid concentration in 
pineapple vinegar is slightly high when compared to 
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Table 4
Independent sample test shows the statistical significance (P=0.001) for acetic acid concentration between the Pineapple 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

19.956 0.001 -75.044 14 0.000 -2.98750 0.03981 -3.07288 -2.90212

Equal variances 
not assumed

-75.044 7.000 0.000 -2.98750 0.03981 -3.08164 -2.89336

Fig. 1. Production process of pineapple vinegar

Fig. 2. Acetic acid difference between commercial and pineapple vinegar. X axis: Commercial Vinegar and Pineapple vinegar; Y 
axis: Mean Acetic Acid Percentage. SD+-2.
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commercial vinegar. Raji et.al reported the pineapple 
vinegar is made from the peels of pineapples (Raji et 
al. 2012). 

They increase the acetic acid concentration because 
of food preservatives, the marination process and they 
maintain the quality of the food. Babic et.al reported 
that the acetic acid in the food (Babic 2013). Marina-
tion adds flavours to food and makes them tenderiza-
tion by beginning the breakdown process of tissues 
of the meat. Admas et.al reported the quality of the 
food (Adams 2013). It tells about the physicochemical 
properties in the fermentation process. Tanamool et.al 
described the process of physicochemical properties 
in vinegar fermentation. (Tanamool, Chantarangsee, 
and Soemphol 2020). It helps in tenderising the chick-
en and makes it juicier. It acts as a preservatives and it 
helps to reduce the time of cooking. Matsumoto et.al 
reported that the tenderization process (Matsumoto 
2012).

The limitations of the pineapple vinegar is reduc-
ing the time consuming for the production process. 
In less time we can highly produce grape vinegar. The 
future scope is due to genetically modified organisms 
producing acetic acid concentration in a shorter peri-
od of time.

CONCLUSION
This study shows pineapple vinegar has better 

quality than commercial vinegar with a statistical sig-
nificance of p=0.001. The acetic acid concentration is 
high in pineapple vinegar (7.9%) 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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