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Abstract

Sugarcane is one of the main crops worldwide, and it has an important impact on environmental issues. Sugarcane is used in daily routine life in many ways like as
vinegar, jiggery, juices etc. In India sugarcane crop is best cultivated in the west U.P. Sugarcane original vinegar drink with high nutritional quality was produced from fresh
sugarcane juice using the yeast culture and acetic acid bacteria by fermentation techniques such as submerged alcoholic fermentation followed by acetic fermentation at
room temperature. Refined sugarcane is the primary product of sugarcane juice, during its processing, various other valuable products are also obtained in an unrefined
form such as brown sugar, molasses, jaggery and vinegar. Sugarcane juice is widely used in the treatment of jaundice, hemorrhage, dysuria, and other urinary disease.
Nowadays sugarcane vinegar is also used in Indian kitchens commonly in pickles, salads, etc. Vinegar is extremely useful for human health including antimicrobial activity,
blood pressure reduction, antioxidant activity, reduction in the effects of diabetes, and prevention of cardiovascular disease. Phenolic acid in vinegar can scavenge
superoxide anion and free radicals in vivo resulting in a potent antioxidant activity.

[5], or by-products such as ethanol [6]; many publications
are not specific to sugarcane, that is they focus on comparing
sugarcane with other crop or products [7,8]. In other reviews,
the process [9,10], its applications [11] and its implications [12]
are discussed.

Introduction

Sugarcane (S. officinarum) is one of the most important crops
in the world. In 2016, a total of 26,774,304 ha was harvested
with 1.93% of the world’s harvested area, which places it as
the 12" most important crop globally [1]. For the same year,

sugarcane production was 1,890,661,751 tons, placing it as
the most important crop in the world in terms of volume and
representing 21.1% of the total world crop production. The
countries with the largest production volume in 2017 were:
Brazil (41% of world production), India (16%), China (6%) and
Thailand (6%). The remainder was produced by 100 countries
[2]. Sugarcane produced essential products such as sugar,
ethanol, jaggery and vinegar [3,4].

The literature regarding sugarcane is abundant. Most of
the previous reviews regarding this crop focus on products

The perennial grass, indigenous to tropical South Asia and
Southeast Asia is S. officinarum Linn. It has a thick longitudinal
stalk, which is generally three to five meters in height,
approximately 5cm in diameter, and is characterized by its
sweet taste due to its high sucrose content. It is renowned
for chewing and noble cane. Tropical and subtropical regions
are suitable for the growth of sugarcane. It will require well-
drained soil of pH 7.5- 8.5 and high organic matter, along with
a hot and humid environment [13]. Sugarcane has been used in
various parts of the world for curing various diseases. In the

008

Citation: Singh J, Bisht N, Garg AP (2023) Preparation, production and characteristics of sugarcane vinegar. J Biol Med 7(1): 008-016.

DOI: https://dx.doi.org/10.17352/jbm.000036



P PeertechzPublications

Ayurvedic system of medicine, sugarcane is used either as a
single drug or in combination with some other plant materials
(14,15].

Sugarcane crop and its products

In 2020, global production of sugarcane was 1.87 billion
tonnes, with Brazil producing 40% of the world’s total, India
20% and China producing 6% (Table 1).

Table 1: Sugarcane production 2020.

Country Millions of tons

Brazil 7571
India 370.5
China 108.1
Pakistan 81.0
Thailand 75.0
Mexico 54
United state 327
Australia 30.3
World 1869.7

Source: FAOSTAT, United Nations
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Worldwide, 26 million hectares were devoted to sugarcane
cultivation in 2020 (FAOSTT). The average worldwide, yield
of sugarcane crops in 2020 was 71 tonnes per hectare, led by
Peru with 132 tonnes per hectare (FAOSTT). The theoretically
possible yield for sugarcane is about 280 tonnes per year, and
small experimental plots in Brazil have demonstrated a yield of
236-280 tonnes of sugarcane per hectare [16,17].

From 2008 to 2016, the production of standards-compliant
sugarcane experienced a compound annual growth rate of
about 52%, while conventional sugarcane increased at less
than 1% [18]. Sugarcane crop is cultivated for the production
of sugar, but the processing of sugarcane yields various
valuable products such as bagasse [19], Brown sugar, molasses,
syrup, vinegar and jaggery along with sugar (table sugar).
The processing of sugarcane in a large-scale industry for the
production of sugar is shown in Figure 1. After refining vacuum-
concentrated cane juice, sugar is obtained. However, other
sugarcane products such as brown sugar, jaggery and molasses
are obtained in an unrefined form [20]. On account of the
unrefined form of these products, there must be the presence
of some phenolic compounds, which enhance their nutritional
and medicinal value [21]. Now a day’s sugarcane vinegar is a
wide use used product because of its nutritive value. In daily
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Figure 1: Processing of sugarcane products.
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routine sugarcane vinegar is used with different vegetables
like white radish, onion and green chili etc. Sugarcane vinegar
also showed antimicrobial activity against so many food-borne
bacteria. Natural vinegar is a fermented product involving
two successive biochemical processes firstly the conversion of
sugar to ethanol i.e. primary fermentation and finally to acetic
acid i.e. secondary fermentation. Sugarcane vinegar has a high
content of sugar and is a potential substrate for making vinegar
through alcoholic and acetous fermentation. Fermented
vinegar has massive antioxidant potential. However, its use in
our country is negligible, primarily due to a lack of awareness
of its benefits and the cost difference between fermented and
synthetic vinegar. The present industries dealing with the
production of natural vinegar still use the traditional batch
fermentation which generally spans 4-5 weeks [22,23].

One of the most commonly consumed fruit and vegetable
products, vinegar is typically made using modern food
processing methods or traditional fermentation methods. It is
becoming more and more popular due to its beneficial health
effects. Vinegar is the world’s oldest change of state ingredient
and food preservation methodology. To keep with Vinegar
Institute [24], vinegar’s use springs back over 10,000 years.
Traditionally vinegar is generated from raw products holding
starch additionally sugar. Figure 2 represents the production
of vinegar. In two-stage fermentation initially, ethanol is
produced and at that time ethanoic acid is produced. During
a traditional method, vinegar production takes an elongated
quantity for fermentation of nearly about 30 days yet because
it acts as starter culture in vinegar production at a commercial
platform, commercial production is completed in 24 hours.

The formation and chemical reaction of vinegar

Tan [25]; Bhat, et al. [26] proposed the combination
of acetic acid as well as yeast (produced due to longer
fermentation time having harmless slime) called as mother of
vinegar. For preservation purposes, most commercial vinegar
producers are pasteurized as well as filtration vinegar before
starting the packing operation to protect it from forming. The
chances of producing a mother are high while storing, which
is non-toxic. That tart flavor, overpowering smell as well as
sharp odor of vinegar is due to volatile natural acids present
within acetic acid results in such things [27]. This vinegar has
various constituents like vitamins, minerals, and amino acids,
as well as phenolic compounds and non-volatile natural acids
[28,29]. In 1822, Dobereier established the theory of producing
acid from alcohol [30] and the equation of the process is shown
below from Kehrer 1921 [30].

Vinegar production methods can range from traditional
methods employing wood casks (Orleans Process) and surface
culture (Generator Process) to submerged fermentation [31].
Vinegar is an important ingredient in many food products.
The need for large amounts of vinegar demands industrial
fermentation systems that are capable of producing volumes
that are reliably controlled [32]. Aerobic and anaerobic
fermentation of glucose represents in Figure 3. Many technical
devices have been developed to improve the industrial
production of vinegar. Generally, those improvements increase
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Figure 2: Production of vinegar.
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Figure 3: Aerobic and anaerobic fermentation of glucose.

the speed of the transformation of ethanol into acetic acid in
the presence of acidic acid bacteria [33].

The chemical reaction of vinegar

Processes method of vinegar: Vinegar is obtained from the
fermentation of ethanol by acetic acid bacteria, the product
is obtained as a result of the impartial oxidation of alcohol
in fermenting sugar-containing fruit or sugarcane juice,
molasses, a fermented mash of malted grain, honey, syrup, etc.

The three common methods used for vinegar production are
the generator or trickling method, the submerged fermentation
method, and the Orleans traditional method. Traditionally
natural spontaneous fermentation is also used. The Generator
method is the quicker method and it is commercially used for
the production of vinegar.

Orleans process

It is the traditional and slow method used in France since
1670, for the acetifying wine known as the French or Orleans
process. In this process, alcohol solutions less than 5% in wine
can’t be acetified easily. Below this strength, phosphates and
nitrogenous substances must be added to the mash and the

Citation: Singh J, Bisht N, Garg AP (2023) Preparation, production and characteristics of sugarcane vinegar. J Biol Med 7(1): 008-016.

DOI: https://dx.doi.org/10.17352/jbm.000036



P PeertechzPublications

products have to be sold under the name “spirit vinegar”. The
Orleans process was the only method of pure wine vinegar [34]
and was reported to be the best process to produce fine-quality
table vinegar (Hickey and Vaughn 1954). In these processes,
wood barrels from [35] are used and filled with alcohol
fermenting liquid to approximately 3/ full.

First, holes are drilled at the ends of the barrel a few inches
above the liquid surface, which is left open and covered with
a fine screen. Secondly, approximately 20% - 25% of fresh
vinegar is acidifying the liquid to the point of optimum growth
for the vinegar bacteria [35]. Vinegar bacteria settle into the
liquid from the air and form a gelatinous slime layer on top of
the liquid [36]. The liquid is fermented for about 1 to 3 months
at 70°F to 85°F (Hickey and Vaughn 1954). After this time, Y4 to
1/3 of the vinegar may then be drawn off for bottling purposes
and an equivalent amount of alcoholic liquid added [35].
Constantly alcohol is added to the vinegar or the oxidation of
acetic acid begins [35].

Generator fermentation

Early in the nineteenth century, a vinegar-making system
called the trickly method (now called generator fermentation or
quick process) was developed by German chemist Schutzenbach
in 1832 (Hickey and Vaughn 1954). In this method, a thick
coating of bacteria was formed around a non-compacting
material [36]. The non -compacting material was packed into
large upright wood tanks [35] of 2000 cubic feet capacity above
a perforated wood grating floor. The wood shavings from [36]
are generally made of air-dried beech wood sliced to form a coil
about 2 inches long and 1V inches in diameter.

Re-circulated fermenting or mash trickles over the packing
material toward the bottom while air moves from the bottom
through inlets toward the top. The rate of acetification is
dependent upon oxygen concentration [35]. A limited air
supply means limited acetic acid production and lower
generator temperature while an overabundant air supply
creates overproduction and higher generator temperatures.
The generators must be closely monitored to prevent over-
oxidation or unacceptable temperatures (Hassack 1922). The
process takes about 3 to 7 days. Final vinegar product i.e. 2/3%
withdrawn from the tank and followed by the addition of
fresh mash [35]. Replacement mash is slowly poured into the
tank until the working level for acetification of the solution
and a beginning temperature of 70°F (21.1°C) are reached. The
optimum temperature for generator operation is 85°F to 90°F
(30 °C to 32.2 °C) (Hickey and Vaughn 1954). Each gallon of
190-proof alcohol oxidized to acetic acid releases about 30000
to 35000 Btu (32000000 to 37000000 Joules) (Hickey and
Vaughn 1954). The optimized temperature is 86°F (30°C) for
Acetobacter from preventing overheating and the inactivation of
a bacterial temperature control system is necessary [36].

Submerged fermentation

Today, the most common production method is submerged
culture [32] which improves the general fermentation
conditions like aeration, stirring, heating, etc [37]. As generator
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culture systems are slow and expensive, submerged culture
fermenters have become widely used at industrial scales [37]. In
this process, the mash is stirred and aerated frequently (DeLey
and Swings 1984). The fermenters are usually fitted with a heat
exchanger for the maintenance of the optimum temperature
during the fermentation process [32]. The typical operation
mode in industrial submerged cultures [38] is semi-continuous
[39]. Successive discontinuous cycles of acetification develop
during the operation process. At the end of every cycle, a given
volume of acetic acid is discharged and refilled with mash
[40]. The best temperature for industrial production of 11% to
12% vinegar was 86 °F (30 °C) [38,41]. A temperature greater
than 86°F will damage the bacteria and finally affects the
concentration of acetic acid production (Fregapane, et al. 2001).

Vinegar bacteria

After stuff preparation, the alcoholic fermentation and
acetification processes play a key role in vinegar production.
Hoping on the environmental factors (temperature, pH, water
activity) or the nutrients (carbon sources) and additionally
the microbial diversity present inside the staple, totally
different bio-transformations might happen. Microbial species
concerned inside the fermentations could vary from yeast
and carboxylic acid bacteria (LAB) to molds and AAB. The
microorganisms concerned within the elaboration of vinegar
square measure primarily yeasts and AAB. The previous
being blame for alcoholic fermentation, and also the latter is
required for the acetification [42-44]). Transformation of alkyl
group alcohol towards carboxylic acid with the incorporation
of species of bacterium named Acetobacterit results in the
production of vinegar. Hence, any material that contains
saccharides having the potential to produce vinegar undergoes
fermentation treatment having a differential concentration
combination of alcohol and water.

The preparation of the raw material is one of the critical steps
in the production of vinegar, depending on the raw material
the processing differs [45]. When compared fruits require less
preparation as compared to seeds, which is easier for storage
as well as for preservation after the harvest. Fruits are rich in
water content, highly perishable, and need quick processing. To
prevent the growth of pathogenic microorganisms basic food
safety handling practices, storage, and processing are essential
steps. The quality of the final product could be altered due to the
growth of pathogenic microorganisms, and may even produce
dangerous toxins such as aflatoxin. The alcoholic fermentation
and acetification processes play a vital role in the production
of vinegar after raw materials. Various environmental factors
like temperature, pH, water activity, nutrients, and microbial
diversity present in raw material alter the bio-transformations
process. A wide range of fermentation microbial species are
involved which may vary from yeast and LAB (Lactic Acid
Bacteria) to molds and AAB (acetic acid bacteria). Mainly AAB
and yeasts are involved in the elaboration of vinegar.

Microorganisms involved in the vinegar production

Yeasts: One of the most important microorganisms during
fermentation influences the flavor, qualities, and speed of
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the whole process [46]. Yeasts are ‘unicellular Ascomycetous
or Basidiomycetous fungi, whose vegetative growth results
predominantly from budding or fission’. Yeasts do not form
their sexual states within or upon a fruiting body [47].
Optimization of alcoholic fermentation as a process where the
sugar as a substrate was converted into ethanol in the presence
of a yeast belonging to the Class Saccharomycetes; Phylum
Ascomycota and was responsible for fermentation [48]. Several
studies revealed that yeasts had a high tolerance to the acidity
that facilitated their survival and growth in fruit juices that
have pH values below the tolerance level for several other
microorganisms. Monosaccharides such as glucose, fructose,
and mannose substrate are used for yeast metabolism that
metabolized two molecules of pyruvate in the glycolysis which
is also called the Embden-Meyerhof-Parnas (EMP) pathway.
Pyruvate was further reduced to C,H,OH (ethanol) and CO,
(carbon dioxide) with the help of enzymes like pyruvate
decarboxylase and alcohol dehydrogenase. Theoretically,
the yield of ethanol was estimated to be about 65% (v/w)
with the initial glucose content but due to the loss of glucose
for the production of minor compounds and growth actual
conversion efficiency was reduced to about 60%. Fleet, et al.
[49] explored the Saccharomyces genus commonly used in the
beverage industry due to their high capacity to ferment sugars
which allowed them to colonize sugar-rich media amongst
other yeasts that were not tolerant to alcohol. Several studies
reported the imposition of Saccharomyces cerevisiae along
with AF was directly proportional to the presence of ethanol
in the anaerobic condition the use of sulfites and the high
concentration of sugar during harvesting in the must. Joshi,
et al. [50] stated that the species of Saccharomyces cerevisiae,
Saccharomyces bayanuscommonly used for cider production
and the choice of yeast strain as a mother culture have a high
impact on the profile of fermented beverages, especially its
flavor. The rate of ethanol production and its content sugars
content, tannins, esters, methanol, and volatile acids were
some of the quality characteristics affected by specific yeast
strains. Kocher, et al. [51] reported the conversion of sugarcane
juice to ethanol by Saccharomyces cerevisiae. Using adsorbents
like bagasse, corn cobs, and wood shavings this ethanol was
used for vinegar production and entrapped in calcium alginate
cells of Acetobacter aceti NRRL 746. All three adsorbed carrier
materials were statistically similar for the production of acetic
acid and produced acidity in the range of 5.9% - 6.7% in
submerged fermentation after 28 days.

Acetic Acid Bacteria (AAB)

The classification of Acetic Acid Bacteria (AAB) on the
basis of the ninth edition of Bergey’s Manual of Systematic
Bacteriology classified it in the family of Acetobacteriaceae and
Gluconobacter. They are Gram’s-negative, catalase-positive,
and oxidase negative with the morphologies of ellipsoidal
to rod-shaped, motile due to the presence of flagella that
could be either in polar or peritrichous position. They vary in
size between 0.4 pm - 1 pm wide and 0.8 pm - 4.5 pm long
observed as individual cells in pairs or in chains. AAB shows a
strict aerobic metabolism with a terminal electron acceptor as
oxygen [52].
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Gullo and Giudici [53] study reported the presence of AAB in
the environment as raw material cannot grow during alcoholic
fermentation because of its anaerobic conditions. When
alcoholic liquid is exposed to oxygen the growth of AAB started
on the surface. The growth of most of the AAB was observed
between pH 5.4 - 6.3, and can’t grow at pH lower than 4 but
some isolates at pH values of 2.0-2.3 in media containing
acetate and were aerated were also isolated [54]. The optimal
temperature was 25 °C - 30 °C, but their growth was also
observed between 38°C — 40 °C and poor growth at temperatures
lowers then 10°C. Yamada and Yukphan [55] reported that the
AAB was usually found in substrates that contain sugar and/or
ethanol. The substrates include flowers, food, fruits, and also
fermented beverages such as juices of fruits, wine, cider, beer,
cocoa, and vinegar. Gullo, et al. [56] reported clear differences
in the growth of AAB species isolated from different sources
like fruits, flowers, and various fermented foods with different
morphology characters in different culture media depending
on the available nutrients. Garcia-Garcia, et al. [57] conducted
studies on the acetous fermentation in which the conversion
of ethanol into acetic acid by acetic acid bacteria belonging
to the family Acetobacteriaceae and the genera Acetobacter and
Gluconobacter. The total chemical reaction was as follows:

Ethanol + Oxygen - Aceticacid + Water + 493KJ

CH,CH,0H 02 CH3COOH H20

The two steps involve the oxidation of ethanol to acetic
acid with the help of enzymes Alcohol Dehydrogenase (ADH)
and Aldehyde Dehydrogenase (ALDH). The initial steps involve
oxidation to acetaldehyde through ADH which is finally oxidized
to acetic acid by ALDH. The reaction was exothermic which
increase the temperature in the medium. Further oxidation of
acetic acid to carbon dioxide in the tri-carboxylic cycle which
was totally an unwanted process in the production of vinegar,
occur only when the concentration of ethanol was limited and
the process called over-oxidation which was caused by bacteria
belonging to Acetobacter with the help of enzymes that were
non-functional in species of Gluconobacter.

Several studies showed that the ethanol content is totally
affected by AAB at the beginning as well as the end of the
fermentation process Raspor and Goranovic [58]. Higher initial
ethanol concentration is inversely proportional to bacterial
growth, because of the antimicrobial effect of ethanol. When
the concentration of acetic acid increases during fermentation,
the pH decreased which reduces the bacterial activity, and also
limits the concentration of acetic acid.

Qualitative components of vinegar

Sugarcane is the foremost virtual important sugar crop
around the world because it stores 15% - 18% sucrose within
the juicy stalk. Also, to give sugar, sugarcane juice is extremely
salutary to mortal human health because it contains numerous
amino acids like aminoalkanoic acid, alanine and citric acid;
vitamins such as vitamin A, vitamin Bi, vitamin B2, vitamin
B3 and ascorbic acid, niacin, riboflavin; and essential nutrients
like calcium, phosphorus, manganese, zinc, especially iron (9
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mg/kg) [59]. Sugarcane vinegar is produced from sugarcane
juice through the processes of alcoholic turmoil and ethanolic
acid turmoil [8]. Literature has shown that total organic acids
[60] and total polyphenol content [61] in sugarcane vinegar are
3.65% and 132.08pg/mL, singly. Sugarcane vinegar, with its
own health-promoting promoting parcels, can be good volition
to apple cider vinegar. Additionally, to sugars, sugarcane juice
contains amino acids, vitamins like niacin and riboflavin, and
minerals like calcium, phosphorus, manganese, zinc, and
iron (> 9 mg/kg) [62]. The benefits of sugarcane vinegar are
summarized in Figure 4 and its logic model of related themes
in current vinegar research areas in Figure 5.
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Nutrients

Sugar: The Codex Standard for Sugars [63] describes
refined white sugar, intended for human consumption,
as purified and crystallized sucrose (saccharose) with a
polarisation note of less than 99.7%. Generally speaking,
refined white sugar contains about 99.93% sucrose, with
minor amounts of water, inverted or reducing sugars
(glucose and fructose), ash, color components pulse
other organic non-sugar components [64]. Although
these minor components typically make up less than
0.1% of sugar content, they may affect the quality of the

Antimicrobial &
Digestive

Smell remover
& air Purifier

Works as
skin toner
Softness
Benefits of e
Reduces / Vinegar
hypertension
" \ Rich in anti-
aging
Treats Works on properties
acne & rashes &
pimples itchiness

Figure 4: Benefits of sugarcane vinegar.

Production Technique
«  Optimizing & altering
mode to increase the

production

vinegar

Addition of microbes
to improve the
production and

quality of vinegar

of > To
mechanism the description
of microbial ecology

Microorganisms :
Culturable microorganisms

analyse fermentation

Substances

e Flavor

Vinegar

Vinegar Residue
Exploitation of vinegar
residue to reduce the by
product generated in
vinegar production

To modulate

medicines

Figure 5: A logic model of related themes in current vinegar research areas.

Adjuvant medicines

substance composition
andefficacy of herbal

substances
Functional
substance

Health function
the In vitro/vivo
evaluation of the
functions/health of the
vinegar

013

Citation: Singh J, Bisht N, Garg AP (2023) Preparation, production and characteristics of sugarcane vinegar. J Biol Med 7(1): 008-016.

DOI: https://dx.doi.org/10.17352/jbm.000036



P PeertechzPublications

sugar and its behavior during storage [65]. The sucrose
content of raw sugar varies but is mainly in the range of
97% to 99.5% sucrose.

2. Sugarcane juice: The sugar content is heavily influenced
by the maturity of the cane at harvest, with sucrose
content increasing with maturity and glucose and
fructose content generally decreasing [66]. The protein
content is negligible. In terms of the total amino acid
content, the most abundant are aspartic acid, glutamic
acid, and alanine [65].

3. Whole cane: The most important constituent in
sugarcane is sucrose, which is typically measured in
the plant stalk. Sucrose content can be quite variable,
typically ranging from 9% to 20% (fresh weight basis)
[67]. Sucrose content in the stalk reaches up to 60%, on
the basis of dry weight basis. Reported ranges for dry
matter sucrose content of verities grown in Australia
include 39.2% - 59.7% [67] and 30% - 55% [68].

4. Vinegar: Vinegar is a natural product rich in bioactive
compounds such as phenols, flavonoids, and organic
acids. Several factors are responsible for the quality
of vinegar such as origin, environmental conditions,
production methods, processing, and storage conditions.
We investigate the quality of different vinegar as well
as their phytochemical properties and antimicrobial
activity on selective food-borne pathogens. Vinegar is
commonly used in the pickling of fruits and vegetables
and in other food condiments. Although useful as a
food ingredient for flavor and functional properties,
the potential health benefits of vinegar varieties are
leading researchers to further consider this long-used
foodstuff [25,69]. The sugarcane vinegar is sweet for
slowing down the sugar absorption from blood and is
a superb source for diabetic patients. It also reduces
salt intake and helps in maintaining pressure. It also
improves gastrointestinal function and maintains the
gut microbiome.

Conclusion

Kinds of vinegar are extremely useful for human health
including antimicrobial activity, blood pressure reduction,
antioxidant activity, reduction in the effects of diabetes, and
prevention of cardiovascular disease. Used in the preservation
of a wide variety of products, due to low pH and acetic acid
content. It is also used for the preservation, or pickling, of a wide
variety of food such as vegetables, meat, fish production, and
spiced fruits. Phenolic acid in vinegar can scavenge superoxide
anion and free radicals in vivo resulting in a potent antioxidant
activity. According to my results that vinegar is more effective
with eatables. Other positive health effects of daily consuming
vinegar reported include improving blood glucose response
which would be beneficial to diabetic patients.
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