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Abstract
Sugarcane juice is a very popular drink and is extracted by crushing sugarcane between roller crushers. It
is excellent for replenishing energy because it is rich in water (75-85%), reducing sugar (0.3-3.0%), and
non-reducing sugar (10-21%), along with carbohydrates, minerals, enzymes, organic acids, and phenolic
compounds. Being a nutritious product, sugarcane juice has many medicinal properties, but its processing
and marketing are limited due to its rapid deterioration. Sugarcane juice is affected by several factors, such
as physical (light, heat), chemical (oxygen), biochemical (enzymes), and biological (microorganisms). It
is spoiled quickly after extraction due to the presence of simple sugars. The quality of sugarcane juice is
also affected by chemical and enzymatic inversion, where polyphenol oxidase (PPO) and peroxidase
(POD) are the major enzymes involved in the discoloration of juice. Furthermore, microbial fermentation
of the juice turns it sour within a few hours of extraction, rendering it dangerous to consume. The
polyphenol oxidase enzyme can be inhibited by heating. Traditionally, lime and ginger are used for short-
term inhibition of enzymatic activity. Moreover, antibrowning chemicals such as citric acid and ascorbic
acid are thus often utilized for short-term preservation in order to keep the juice's original taste. Therefore,
the development of effective treatments and procedures to maintain the quality of sugarcane juice would
allow a broader market and increase its quality and safety.

1. Introduction

Sugarcane (Saccharum officinarum L., Poaceae) is an important
industrial crop, cultivated in tropical and subtropical regions of the
world. It is a monocot plant and the principal raw material for the
sugar industry, which accounts for 80.00% of the world’s sugar.
Nearly 50.00 million people work as farmers or in agriculture in
some capacity; this makes it the second-largest agro based business.
It is a long-duration crop and requires 10 to 15 or even 18 months to
mature, depending on the geographical conditions. In north India, it
is harvested from October to March, while in the southern part of
the country, it is harvested from December to August. Sugarcane
requires a hot and humid climate with an average temperature of 21-
27oC and 75-150 cm of rainfall, where too much rainfall results in
low sugar content and a deficiency of rainfall results in fibrous crops.
India is known as the original home of sugarcane and is the second-
largest producer next to Brazil (Yadira et al., 2005). Sugarcane has
been utilized as a sweetening agent for thousands of years, and
currently, refined sugar is extensively employed to augment the
inherent sugar (fructose) present in fruits and vegetables. In India,
sugarcane is primarily cultivated for the production of sweeteners
including jaggery, khandasari, and sugar (Chauhan et al., 2002). Apart

from this, the most notable is sugarcane juice, which has a nutritional
and energy quotient. Sugarcane juice is widely accessible in India,
although its composition varies based on factors such as the variety,
region, cultural practices, maturity at harvest, and mechanical
treatment during harvesting and transit.

Sugarcane juice is very popular delicious drinks that enjoys wide
popularity in view of its pleasing taste, refreshing tingle, and
availability during the greater part of the year throughout the country.
Sugarcane juice is great for recharging energy because it is rich in
carbohydrates and minerals, especially iron (Karthikeyan and
Samipillai, 2010). Sugarcane juice is not produced commercially, and
it is only extracted and sold by roadside vendors, so the data on
production and consumption is not available. The flavonoids, phenolic
acids, and other phenolic components found in sugarcane contribute
to the antioxidant properties of its syrup and juices. It contains
natural sugars, numerous vitamins, minerals, organic acids, amino
acids, starch, polysaccharides, and phosphatides rendering it
exceptionally nutritious. In addition to its cooling effects (Parvathy,
1983), the juice is believed to have medicinal benefits in treating
ailments such as bleeding, dysuria, anuria, jaundice, cancer,
cardiovascular illnesses, and urinary infections (Karthikeyan and
Samipillai, 2010). Sugarcane is utilized in ancient Indian Ayurveda
both as an individual remedy and in combination with other botanical
and herbaceous substances. However, the marketing of sugarcane
juice is hindered by a rapid deterioration in quality soon after it is
extracted. Fresh sugarcane juice cannot be stored for more than 6 h,
and commercially, it has a short shelf-life. Due to its high sugar
content, fresh sugarcane juice ferments quickly after extraction, and
it also turns brown due to polyphenol oxidase activity. Enterobacter,
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Leuconostoc, Micrococcus, Lactobacillus, Flavobacterium, and
Actinomyces are the microbes that cause sugarcane juice to spoil.
Yeasts and molds such Aspergillus flavus, Cladosporium
cladosporioides, Monilla fructicola , Penicillium expansum,
Saccharomyces paradoxus, Candida albicans, Pichia pastoris, and
Torulopsis delbrueckii are mostly to blame for the deterioration
(Frazier and Westhoff, 2007). All these adverse alterations restrict
the processing and commercialization of sugarcane juice.
Conventional heat processing adversely affects the taste of fresh
sugarcane juice and imparts the taste of jaggery (Abhilasha and Pal,
2018). Therefore, the drink is mostly sold fresh by roadside vendors
and small eateries (Yasmin et al., 2010). Thus, most of the attempts
to preserve the sugarcane juice have focused on the use of refrigeration,
heat treatment, and preservatives. Effective treatments or procedures
to maintain the fresh quality of sugarcane juice are low-temperature

storage, irradiation, spray drying, ohmic heating, antimicrobial and
antioxidant agents, hurdle technology, freeze concentration, and heat
treatment. Among these, the hurdle technology (combined processing)
is widely employed in the food processing industry. Hurdles active
in stabilizing sugarcane juice include acidification (pH> 4.6), thermal
treatment followed by the aseptic filling of juice, and refrigerated
storage of the end product (Silva et al., 2016). Keeping the above
facts in mind, the review was undertaken to study the processing
and storage of sugarcane stalks and juice.

2. Chemical and characteristics of sugarcane juice

The composition of sugarcane juice varies according to variety,
geographical location, cultural practices, maturity at harvest, and
mechanical treatment during harvesting and transportation. The
chemical characteristics of fresh sugarcane juice are given in Table 1.

Table 1: Chemical characteristics of fresh sugarcane juice

Parameters Values [a1] [f2]  References

Moisture content: Moisture content is the  quantity of 75.00-85.00% Swaminathan (1995)
water contained in a material.

80.00-81.70% Sharma et al. (1979),

Bhupinder et al. (1991)

68.00-74.34% Sornpoon et al. (2014)

82.91% Saxena et al. (2016)

57.00-71.00% Rawat and Pokhriyal (2014),
Dias et al. (2010) and Franco et al. (2013).

81.05% Chew et al. (2018)

Titratable acidity: The most important function of acids 0.46% Chauhan et al. (2002)
in food is their contribution to sour taste. Besides, they 0.13% Khare et al. (2012)
also identify and modify the taste perception of other 0.13-0.18% Singh et al. (2012)
flavouring agents (Thomas and Corden, 1970). The titra- 0.24-0.39% Sangeeta and Khatkar et al. (2013)
table acidity of extracted sugarcane juice increased with 0.05-0.15% Krishnakumar et al. (2013),
storage and the increase was higher in juice samples stored Kunitake et al. (2014)
at room temperature as reported by Krishnakumar 0.09% Huang et al. (2015)
et al. (2013) and Abhilasha and Pal (2018). Of all the 0.16-0.21% Saxena et al. (2016)
organic acids, citric acid is the most prominent acid in 0.63-0.70% Abhilasha and Pal (2018),
sugarcane juice (Teng et al., 2009). Yasmin et al. (2010), Rajendran and

Bharathidasan (2018)

pH: The pH value of a food is a direct function of free 5.16-5.27 Chen and Chou (1993)
hydrogen ions present in the food. Acids present in food 5.00-6.85 Prasad and Nath (2002), Huang et al.
release these hydrogen ions, which give the food its 5.28-5.54 (2015), Chauhan et al. (2002)
distinct sour flavour. The increase in acidity caused a 4.40 Krishnakumar et al. (2013)
concomitant decrease in pH value (Krishnakumar 5.10-5.40 Singh et al. (2012)
et al., 2013). 5.32-5.36 Brochier et al. (2016)

4.67-5.76 Mathew et al. (2016), Saxena et al. (2016)
5.20-5.60 Ramachandran et al. (2017),  Teng et al.

(2009) and Garud et al. (2017)

Total soluble solids (TSS): In general, green type tro- 18.00-19.50ºB Sharma et al. (1979)
pical sugarcane is the sweetest and the juiciest variety 16.00-18.50ºB Krishnakumar et al. (2013)
(Yasmin et al., 2010). Increase in total soluble solids may 18.40ºB Andrade et al. (2014)
be attributed to the increase in soluble sugars, soluble pectin 17.50ºB Chew et al. (2018), Huang et al. (2015)
and soluble organic acids (Bhagwan and Awadhesh, 2014). 20.40-24.26ºB Yasmin et al. (2010), William et al. (2015),
During storage, the total soluble solids of sugarcane juice Silva et al. (2016), Kunitake et al. (2014),
decreased considerably at both room and refrigeration Kunitake et al. (2014),
temperature; however, the reduction was less pronounced Teng et al. (2009).
at refrigeration temperature. The decline is caused by the
conversion of carbohydrates to acids during storage as a



451

result of the action of microorganisms present in the juice
Chauhan et al., 2002 and Krishnakumar et al., 2013).

Sugars: Carbohydrates are a class of energy yielding Reducing sugar Total sugar
substances such as starch, glucose, cane sugars, etc., which 0.30-0.50% 16.32% Rawat and Pokhriyal (2014)
provide most of the energy in almost all human diets. 0.20-0.64% 17.60- Bhupinder et al., 1991)
Carbohydrates provide 4.00 kcal/g of energy and promote 19.10% Sangeeta and Khatkar
the utilization of fats and reduce the wastage of proteins et al. (2013)
(Solomos and Latles, 1973). The storage of canes resulted 4.36-5.43% - Chauhan et al. (2002),
in a reduction in the overall sugar concentration of the Sharma et al. (1979),
extracted juice, with a more noticeable effect at room Bhupinder et al. (1991),
temperature compared to low temperatures. The decrease Patil et al. (1994),
in total sugar content may be caused by the breakdown of Abhilasha and Pal (2018),
total sugar into reducing sugar and other sugars Swaminathan (1995),
(Krishnakumar et al., 2013; Shukla et al., 2018). Singh et al. (2012)

Ascorbic acid: Vitamin C, also known as ascorbic acid 1.25-1.98 mg /100 ml Chauhan et al. (2002),
varies  with the type of fruit, exposure to the sun and other Khare et al. (2012)
growing conditions (Franke et al., 2014; Reddy et al., 2.98 mg/100 ml Ramachandran et al. (2017)
2022). It is likely to be higher in early fruits than in late 3.35-3.39 mg /100 ml Rawat and Pokhriyal
fruit (Combes, 2001). The stability of ascorbic acid decrease (2014), Mthembu (2018),
with rise in temperature and pH as reported by Nagymate Sangeeta and Khatkar   et al.
and Fodor (2008). 3.18-4.44 mg/100 ml (2013)

Saxena et al. (2016)
6.05-6.16 mg/100 ml Singh et al. (2012).

Total phenols: Phenolic compounds are secondary 62.50-87.00 mg GAE/100 ml Sharma and Kanwar (1985)
metabolites which are important components of many 532.96 mg GAE/100 ml Duarte-almeida et al. (2006)
fruits and vegetables (Kumar and Choudhary, 2023). 271.00 mg GAE/100 ml Sreeramulu and Raghunath
They not only have a significant impact on the sensory (2011)
aspects of the fruit, but also for their antioxidant, anticarci- 460.00 mg GAE/100 ml Brochier et al. (2016)
nogenic, antibacterial, antiallergic, antimutagenic, and anti- 27.10 mg GAE/100 ml Rupinder (2018)
inflammatory characteristics (Eberhardt et al., 2000; 31.80 mg GAE/100 ml Sreedevi et al. (2018)
Joshipura et al., 2001; Juranic et al., 2005; Duthie, 2007
and Alesiani et al., 2010). The main phenolic compounds
present in sugarcane juice are apigenin, luteolin, tricin,
caffeic acid, hydroxycinnamic acids and sinapic acid
(Almeida et al., 2006).

Antioxidant activity: Natural antioxidants are of plant 16.35-23.64% Kadam et al. (2008)
origin which include vitamins, flavonoids and  phenolic 22.00% Sreeramulu and
compounds (Hudson, 1990; Goel et al., 2022). Antioxidants Raghunath (2011)
act as oxygen scavengers and prevents oxidative damage by 62.84% Kong et al. (2015)
interfering with the oxidation process thereby reacting 56.73-70.06% Noor et al. (2018)
with free radicals, chelating and catalytic metals (Shahid
and Wanasundara, 1992; Thakur et al., 2021 and Buyuko-
kuroglu et al., 2001).

Non-enzymatic browning (NEB): NEB is highly signifi- 0.12 Lo et al. (2007)
cant chemical reactions responsible for quality and colour 0.18 Azhari et al. (2018)
changes during heating or prolonged storage of products
(Buera  et al. 1987 and Rodriguez  et al. 1991). It is referred
as a Maillard reaction which it is triggered by the conden-
sation of the carbonyl group of reducing sugars with free
amino groups of amino acids and/or proteins which results
in the formation of brown colour in food where melanins
and other chemical compounds are responsible for the same.
It is generally understood that the degradation products of
L- ascorbic acid and/ or sugars, e.g. furfural, 5-hydroxy-
methyl furfural (HMF), and other carbonyl compounds
contribute to juice browning by polymerizing or reacting
with amino acids to produce browning material (Kacem
et al. 1987,; Kennedy  et al. 1990,; Robertson and Samaniego,
1986 and Clegg, 1964). The accumulation of 5-HMF
indicates severity of heating applied to fruit juices during
processing (Lee and Nagy, 1988).
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3.    Nutritional value of sugarcane juice
India and other nations that produce sugarcane often consume sugarcane
juice, a non-alcoholic energy drink. The juice contains a range of
organic and inorganic substances, including 75-85% water, 10-21%
sucrose (a non-reducing sugar), 10-15% fiber and 0.3-3% reducing sugars
(glucose and fructose), according to Swaminathan (1995). Raw sugarcane
juice and its byproducts have higher levels of flavonoids, glycosides,
and phenolic acids than refined sugarcane juice. When ingested by the
body, one hundred milliliters of sugarcane juice provides 40 calories, 10

milligrams of calcium, 1.1 milligrams of iron, and 6 micrograms of
carotene. Among all the carbohydrates, the most prevalent
monosaccharides were glucose and fructose, whereas the most prevalent
disaccharide was sucrose. The amount of polysaccharides and
oligosaccharides was influenced by age, harvest date, and degradation
during cane delays. The juice also contains small levels of vitamin A and
tiny amounts of vitamin D. Nelson and Jones (1930) discovered that
sugarcane juice’s vitamin C level dropped with time. Table 2 lists the
specific components of the sugarcane juice.

Table 2: Nutritional composition of sugarcane juice

Composition Parameters Concentration

Minerals (Bx%) Potassium (K2O)  0.77-1.31
Sodium (Na2O)  0.01-0.04
Calcium (CaO)  0.24-0.48
Magnesium (MgO)  0.10-0.39
Iron (Fe2O3)  0.006-0.04
Aluminum (Al2O3)  0.005-0.17
Copper (CuO)  0.002-0.003
Zinc (ZnO)  0.003-0.012
Manganese (MnO)  0.007
Cobalt (CoO)  0.00007
Silicon (SiO2)  0.016-0.101
Chloride (Cl)  0.16-0.27
Phosphate (P2O4)  0.14-0.40
Shulfate (SO4)  0.17-0.52

Carbohydrates (g) Fructose 0.55-1.00
Glucose 2.27-3.00
Sucrose 10.03-13.00
Raffinose 0.03-0.08

Organic acids (ppm/Bx) Oxalic  40-200
Citric  900-1800
Tartaric  10-180
Malic  1200-1800
Aconitic  5000-8000
Succinic  100-200
Glycolic  Trace-150
Lactic (Formed during processing)  250-670
Acetic (Formed during processing)  200-300

Amino acids (% dry solid protein) Aspartic  0.06
Glutamic  0.08
Alanine  0.05
Valine  0.04
Aminobutyric  0.03
Threonine  0.04
Isoleucine  0.03
Glycine  0.04
All others  <0.03

Vitamins (mg) Thiamine  0.03-0.09
Riboflavin 0.04-0.10
Niacin 0.14-0.20
Pantothenic acid 0.07-0.15
Pyridoxine 0.40-0.10
Total ascorbic acid 2.00-5.10

Source: Arif et al., 2019
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4. Therapeutic properties of sugarcane juice

Ayurveda, a system of traditional medicine used in ancient India,
makes use of sugarcane both alone and in conjunction with other
plant and herbaceous materials (Anis and Iqbal, 1986; Vedavathy et
al., 1991). Traditional medicine often prescribes sugarcane juice to
patients suffering from jaundice due to its high therapeutic value.
(Subbannaya et al., 2007; Karthikeyan and Samipillai, 2010). In
Indian medicine, chewing raw sugarcane is suggested for a healthy
physique. Sugarcane chewing promotes oral health and strengthens
teeth. Sugarcane juice from chewing can be beneficial for weak teeth
caused by a lack of exercise and a diet high in soft foods. The roots
and stems of sugarcane are used in Ayurvedic medicine to cure a
variety of illnesses (Kamad et al., 2008). Sugarcane juice generally
boosts the protein level in the body, thus maintaining the functioning
of the kidneys. It aids in cancer prevention as well. In addition to
alleviating fever, sugarcane juice helps with weak urine, enhances the
digestive system, cardiovascular system, kidneys, eyes, brain, and
sexual organs. Not only does it cure eye problems, but it also helps
prevent and cure colds, flu, and sore throats (Khare et al., 2012).

Glycolic acid, an important component of sugarcane juice, has several
beneficial effects on the skin. It keeps the skin nourished, prevents
aging, decreases blemishes, and combats acne (Singh et al., 2006). It
also contains a high concentration of phytonutrients, proteins, soluble
fiber, antioxidants, and many other compounds beneficial for health.
It also helps in weight loss and is important to cure health problems
like high acidity, gonorrhea, enlarged prostate, and cystitis (Parvathy,
1983). Its low glycemic index makes it safe for diabetics to consume,
and it aids the body’s hydration response to heat and prolonged
physical exertion (Rawat and Pokhriyal, 2014). It is helpful to the
lungs, purifies the blood, acts as an aphrodisiac, and is a diuretic,
according to Unani medicine. Consuming a significant quantity of
sugarcane juice is highly advised for fast treatment from jaundice,
since it is believed to have positive effects on the liver (Khare et al.,
2012). Sugarcane juice increases immunity against diseases brought
on by bacteria, viruses, and protozoa (Lo et al., 2005). Additionally,
those with hypotension should consider this treatment option. In
cases of infantile diarrhea, a decoction of stem is used (Nadkarni,
1976). As stated in Table 3, several of the therapeutic characteristics
are now being research.

Table 3: Medicinal properties of phytochemicals in sugarcane juice

Phytochemicals Medicinal properties References

Sucrose Antiophthalmic, antioxidant, atherogenic, flatugenic, Duke (2016)
hypercholesterolemic, preservative, triglycerigenic,
uricogenic, vulnerary, collyrium demulcent

Allyl acetate Fumigant activity Kalaiselvan et al. (2012)

Oleic acid Treatment of skin papillomas Gustafsson et al. (2004)

3-Deoxy-d-mannoic lactone Antifungal activity Moharram et al. (2012)

9-Octadecenoic acid Antiandrogenic, allergenic, hypocholesterolemic Omotoso et al. (2014)

2,5-Dimethyl-4-hydroxy-3(2H)-furanone Antimicrobial activity Sung et al. (2007)

Melamine Trypanocidal activity Stewart et al. (2004)

2-Methoxy-1,4-benzenediol Antibacterial, antidermatitic, antimutagenic, antioxidant, Sangeetha and
antiseptic, fungicide, etc. Vijayalakshmi (2011)

Syringol Antioxidant activities Zeng (2011)

5. Spoilage of sugarcane juice
The rate at which harvested cane deteriorates is influenced primarily
by temperature, humidity, cane variety, and the stalk (Lionnet, 1986).
After the harvesting of sugarcane, endogenous enzymes are activated
and cause the deterioration of sugarcane (Thulasimani and
Chidambaram, 2006). Sugarcane juice is a highly healthy and thirst-
quenching drink, but its preservation is quite challenging because it
quickly becomes dark after extraction and spoils due to fermentation
within hours (Sangeeta and Khatkar et al., 2013; Krishnakumar,
2003; Sachdeva et al., 2003). Sugarcane juice has high water activity,
low acidity, and high sugar content, hence it degrades rapidly even
when refrigerated. Poor sanitary conditions during extraction also
contribute to a fast deterioration of the product’s quality, resulting
in changes in appearance and flavor (Eissa et al., 2010). The major
loss of sugar occurs in raw sugarcane juice due to the inversion of
sucrose by the invertase enzyme and other types of degradation of
juice caused by bacterial activities, enzymes, and other biological
factors (Solomon, 2009). Sugarcane juice has simple sugars, because
of which it is highly fermentable, as it contains about 15.00-18.00%
sucrose, 0.5% reducing sugars, and an adequate amount of organic

nitrogen and mineral salts for microbial growth. Its pH ranges from
5.0 to 5.5, making it selective for acidophilic microorganisms,
especially yeast and lactic acid bacteria, where a large population of
yeast favors ethanol production at the expense of sucrose. The
microbial contamination of the juice is extremely high, with typical
viable counts of 108 to 109 cells per mL of juice. Thus, sugarcane
juice can become a popular and delicious drink if its shelf-life is
prolonged by preventing the spoilage of the juice using appropriate
methods of preservation.

Invertases are the primary enzymes involved in sucrose metabolism
in sugarcane plants. The sugarcane plants contain two types of
invertases: neutral invertase and acid invertase. They have a good
correlation with sucrose and lower sugar concentration during plant
growth (Siswoyoa et al., 2007). After the harvesting of sugarcane,
the invertase enzyme is activated and acts as a cause of deterioration.
These enzymes cause inversion in cane and milled juice (Sachdeva et
al., 2003). According to Solomon (2009), changes in invertase activity
in harvested cane are associated with the loss of moisture from the
cane and the hydrolysis of sucrose, which is converted into a mixture
of glucose and fructose.
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The quality of cane juice is also affected by chemical (acid) and
enzymatic inversion (Singh et al., 2006; Salleh Mack and Roberts,
1995), where polyphenol oxidase (PPO) is the major enzyme involved
in the discoloration of sugarcane juice (Abhilasha and Pal, 2018).
Extracted juice from canes quickly turns dark brown due to oxidation,
and significant sedimentation occurs during storage. Polyphenol
oxidases are copper-containing enzymes that, in the presence of
oxygen, catalyze the oxidation of phenolics to quinones (Mayer and
Harel, 1979). The highly reactive quinones can undergo secondary
reactions and polymerize to form the brown pigments associated
with the browning of juice (Mayer and Harel, 1991; Qudsieh et al.,
2002). Due to the oxidation of chlorophyll and polyphenols, the
juice turns brown. The browning of juice is also increased by the
action of bacteria (Prati et al., 2005). Traditional thermal processing
results in the introduction of jaggery flavor, which negatively impacts
the delicate flavor of juice (Yasmin et al., 2010).

Dry solids of sugarcane juice contain 0.5% protein. When the
sugarcane is crushed, all the proteins stored in it are released into the

raw sugarcane juice. The released protein becomes the source of
amino acids for microorganisms to entail their growth. They may
also be involved in the browning of juice when they react with
reducing sugar in the Maillard reaction (Sensidone et al., 1999). Further,
biodegradation of sugarcane juice is caused by microorganisms such
as Leuconostoc, Enterobacter, Flavobacterium, Micrococcus,
Lactobacillus, Actinomyces, Aspergillus, Cladosporium, Monilla,
Penicillum, Saccharomyces, Candida, and Pichia, which are
responsible for spoilage of sugarcane juice (Frazier and Westhoff,
2007; Kapur et al., 1978; Banerji et al., 1997). These organisms
convert sucrose into saccharides such as dextrans (Krishnakumar
and Devadas, 2006; Bashari et al., 2013). Besides the loss of sucrose,
the presence of dextran, even in small amounts, creates problems of
filtration, clarification, and crystallization and alters the shape of
sugar crystals, thereby affecting the quality of sugar (Khare et al.,
2012). The action of L. mesenteroides and yeasts on sucrose is
presented in Figure 1.

Figure 1: Major metabolites formed by L. mesenteroides and yeasts during the deterioration of sugarcane juice (Panigrahi et al.,
2021).

At last, enzymatic browning and spoilage by microorganisms due to
the presence of simple sugar after extraction are responsible for its
short shelf-life. So, preserving sugarcane juice for a long period of
time for trading with consumers is a great challenge.
6. Processing and storage of sugarcane juice

The primary challenges in preparing and preserving sugarcane juice
are browning and fast fermentation. Reducing chemicals inhibit

enzymatic browning by either reducing o-quinones to colorless
diphenols or interacting irreversibly with o-quinones to produce
stable colorless products. These chemicals are efficient in controlling
browning (Yoruk and Marshall, 2003). Ascorbic acid is an inhibitor
of enzyme activity by lowering the pH of juice (Whitaker, 1994;
Mao et al., 2007). Citric acid is also one of the most commonly used
acidulants, used to prevent browning in fruits and vegetables (at
concentrations ranging from 0.50 to 2.00%). It inhibits PPO by
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reducing the pH as well as by chelating the copper at the active site
of the enzyme (Pizzocaro et al., 1993).

Bobadilla and Preston (1981) reported that sodium benzoate at a
concentration of 0.05% was sufficient to delay fermentation for 2 to
3 days and 0.1% was enough to preserve the juice for 6 days, while
the aqueous ammonia concentration of 0.32% and 1.28% preserved
the juice for 2 days and 6 days, respectively. Likewise, Chauhan et
al. (2002) preserved the sugarcane juice samples by adding citric
acid (40 mg/100 ml), ascorbic acid (40 mg/100 ml), and potassium
metabisulphite (150 ppm) and pasteurizing at 700C for 10 min, both
at room temperature (30 ± 5oC) and refrigeration temperature (4 ±
2oC), for 90 days. Similarly, Kaur et al. (1995) observed that the
processing of cane juice at 80oC for 10 min with the addition of 70
ppm KMS (potassium metabisulphite), followed by hot boiling and
sterilization at 100oC, retained the quality of sugarcane juice. Further,
Rao (1990) developed a process for the bottling of sugarcane juice
comprising pasteurization for 10 min at 80oC with 125 ppm of
potassium metabisulfite in glass bottles that were shelf stable for up
to 10 to 12 weeks. Puspha et al. (2002) devised a method for
producing sugarcane juice concentrate using citric acid (0.5%) alone
and in combination with sodium benzoate (500 ppm), followed by
packaging in glass bottles with a shelf-life of up to eight months.
Kaur et al. (1995) reported the processing of cane juice at 80oC for
10 min with the addition of 70 ppm potassium metabisulphite (KMS),
followed by boiling and sterilization at 100oC, which retained the
quality of the sugarcane juice for more than 6 months. Mao et al.
(2007) worked on maintaining the quality of sugarcane juice by
blanching the stems before squeezing the juice and using ascorbic
acid (0.1%), which prevented degreening or browning and reduced
the activities of polyphenol oxidase in fresh sugarcane juice. Further
addition of ascorbic acid appeared to be more effective than blanching.
Yasmin et al. (2010) reported that sugarcane juice is pasteurized just
after extraction by maintaining a pH of 4.3 with the addition of citric
acid, followed by hot filling in pre-sterilized glass. These bottles,
which could be stored at room temperature for about four months.
The developed product had attractive color and flavor and was
refreshing with uniform consistency.

Agarkar (2017) reported that there is enrichment in nutritional and
phytochemical quality parameters by processing the blended
sugarcane juice at 82oC for 5 min, preserving it with sodium benzoate
(120 ppm), and storing it for more than 6 months. Garud et al.
(2017) and Sivasubramanian and Pal (1994) studied the efficacy of
ultrasonication in sugarcane juice for bacterial inactivation at two
different temperatures, i.e., 10oC and 50oC, and observed that a
higher log reduction was obtained at 50oC as compared to 10oC
ultrasonication.

Krishnakumar (2003) conducted experiments on the preservation
and storage of pasteurized sugarcane juices in both glass bottles and
flexible pouch packages (aluminium, polypropylene, and
polyethylene) in both room and refrigerated conditions. Manikantan
(2009) pasteurized the sugarcane juice at 80oC for 15 min, and the
pouched juice was stored at ambient temperature for two months.
Chauhan et al. (1997) formulated the sugarcane juice beverages with
ginger, mint, and lemon extracts and found that a maximum shelf-life
of 6 months was obtained using 2.58% lemon juice, ginger extract
(2.0%), and mint extract (0.4%) at room temperature with slight
changes in chemical composition, aroma, and flavor.

De Oliviera et al. (2007) found a reduction in the microbial load of
sugarcane juice blended with fresh lemon and pineapple juice by
subjecting it to heat treatment at 75ºC for 25 min with a dose of 2.5
KGy gamma radiation and packing it in density polyethylene bottles.
Bhucheli and Robinson (1994) and Kumar et al. (2013) reported that
the addition of lemon and ginger, followed by pasteurization and
preservation with KMS, reduced the physicochemical changes during
storage of ready-to-serve bottled sugarcane juice. Sujatha et al. (2007)
standardized the processing method for the preservation of sugarcane
juice blends with grape and pineapple juice with the addition of
KMS, which was found highly acceptable on sensory evaluation and
could be stored for a period of 120 days in glass bottles. Panwar
(2006) developed a sugarcane juice blend with amla juice comprising
of various blend ratios, adjusted the pH at 4.2, 4.5, and 4.8, added a
7.00% citric acid solution or a 5.00% KOH solution, and pasteurized
at 80oC for 10 min. He found no significant change in the organoleptic
quality of the blended juice for 2 months. Damane et al. (2015)
observed the reduction in spoilage and increase in shelf-life of milk
whey blended sugarcane juice, where lemon juice, ginger juice, and
milk whey were standardized in sugarcane juice and preserved by
pasteurizing at 70oC for 10 min, along with KMS at 225 ppm. Sattar
et al. (2016) standardized blended kinnow and sugarcane juice and
filled in glass bottles, crown corked, and pasteurized at 95oC for 8
min, which showed storage stability of 3 months.

The above review reveals that using sodium benzoate and aqueous
ammonia at different concentrations for 2 to 6 days can extend the
mean storage period of sugarcane juice. Similarly, with the use of
KMS along with pasteurization at different temperatures for different
times, the mean storage period of sugarcane juice recorded was 10 to
12 weeks. Further, by lowering the acidity with the addition of citric
acid along with ascorbic acid and preservatives at different
concentrations combined with heat processing, the juice can be stored
for 3 to 8 months. However, by blending sugarcane juice with other
juices, the mean storage period of blended sugarcane juice can be
extended up to 120 days.

7. Polyphenol oxidase (PPO) and peroxidase (POD) activity

The activity of natural occurring enzymes in sugarcane juice, such as
polyphenol oxidase (PPO) and peroxidase (POD), promotes
undesirable changes in color, texture, flavor, aroma, and nutritional
composition. POD is an enzyme inherently found in vegetables with
high thermal resistance and is therefore is utilized to establish
pasteurization conditions (Jakob et al., 2010). PPO is an
oxidoreductase enzyme that, in the presence of oxygen, catalyzes
the oxidation of o-phenolic to quinones substrates, which are
subsequently polymerized into dark-colored pigments (Icier et al.,
2008). Therefore, enzyme inactivation is desirable for the preservation
of sugarcane juice. Qudsieh et al. (2002) found a significant difference
(p<0.01) in PPO activity of cane juice during maturity, with high
activity at early development stage, decreasing during maturation,
and remaining relatively steady at the end of maturity. Zhao et al.
(2011) reported that the optimum temperature for PPO is substrate-
dependent, and the enzyme showed the highest activity at 40oC
with catechol, 30oC with 4-methycatechol and caffeic acid, and 25oC
with chlorogenic acid and ferulic acid. PPO activity was quite stable
between 20oC and 30oC and unstable at temperatures above 70oC.
Kunitake et al. (2014) studied that the PPO and POD activities in
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fresh sugarcane juice varied between 40.3 and 40.9 U ml-1 and 100.2
and 226.1 Uml-1, respectively. Bhucheli and Robinson (1994) studied
the contribution of polyphenol oxidase (PPO) and peroxidase (POD)
to enzymatic browning in sugarcane juice, where POD was found to
be more heat-stable than PPO, and inactivation of these enzymes
with heat resulted in juice of a lighter color. 

Mao et al. (2007) observed that the browning of sugarcane juice was
due to the activity of the PPO enzyme, which converts phenolic
compounds into brown-colored polymers. Blanching of stems and
the addition of ascorbic acid considerably decreased PPO activity in
fresh sugarcane juice, and the effect of blanching was much more
pronounced than the addition of ascorbic acid. The PPO activity of
fresh sugarcane juice from unblanched stems was approximately
seven times higher than that of blanched stems. On the other hand,
the addition of 0.1% ascorbic acid caused a 12.7% decrease in PPO
activity. Blanching treatment together with the addition of ascorbic
acid caused the lowest PPO activity, which was hardly detected
throughout the storage. Similarly, Eissa et al. (2010) reported that
the thermal and chemical pre-treatments of stems before squeezing
reduced the juice browning by 100.00%. Further thermal treatment
of stems and the addition of citric acid and SO2 had significant effects
on preventing color changes and reducing PPO activities. PPO activity
is markedly inhibited by metal ions (Cu2+, Al3+, and Mg2+) at
concentrations of 1 and 10 mmol/l, with NaHSO3 and ascorbic acid at
1 mmol/l being the most effective inhibitors, as reported by Zhao et
al. (2011). Manohar et al. (2014) reported that ascorbic acid alone
inhibited PPO activity by 35.00% and to an extent of 85.00%
combined with heating. Further, it was also observed that juice holding
time for 10-15 min increases enzymatic browning; hence, heating the
juice instantly on extraction could reduce the color formation to an
extent of 40.00%. The addition of passion fruit pulp reduced PPO
activity to between 17.20 and 27.80 Uml-1, while POD activity was
between 107.90 and 163.40 Uml-1. PPO was inactivated by all the
pasteurization temperatures (85, 90 and 95%) since no residual
activity was detected in the processed samples. On the other hand,
POD presented residual activities between 0.10 and 17.90 ml-1, as
studied by Kunitake et al. (2014). Abhilasha and Pal (2018) studied
that the residual PPO activity was less with less color change in
ohmic-heated samples treated with 70oC for 3 min of holding time.
Sreedevi et al. (2017) observed that the percentage decrease of PPO
activity was prominent with increasing pressure (300-400 MPa) and
time from 10 to 25 min.

8. Microbial studies

The quality of sugarcane juice was based on the number and type of
microorganisms present, which may be examined using serial dilution
and plating procedures for the differential enumeration of bacteria,
yeast, and fungi (Abhilasha and Pal, 2018). The microbial count of
different samples of sugarcane juice stored at room and refrigerated
temperatures was determined by the total plate count method (TPC)
(Sangeeta and Khatkar et al., 2013). The microbiological population
(total plate count, yeast count, and mould count) increased during
the storage of sugarcane juice. The extent of the increase in microbial
population was also higher at room temperature as compared to
refrigeration temperature (Chauhan et al., 2002). Raw sugarcane juice
was found to have 2.7 × 106 bacterial colonies per ml and 4.8 ×

105 yeast and mould counts per ml of sample, while E. coli counts
were found  to  be  4.99 × 104 cfu/ml, as reported by Nagalakshmi
(1995). Yasmin et al. (2010) observed that fresh sugarcane juice had
a total plate count of 3 × 103 cfu/ml. However, after pasteurization,
no growth of these microbes was found in the sample. Krishnakumar
and Devadas (2006) observed that the bacterial population in fresh
sugarcane juice was 4.5 × 106 cfu and increased during storage periods.
The maximum increase was noticed in juice samples stored at room
temperature (3.0 × 104 cfu’s) even after 10 days as compared to
refrigeration temperature (1.0 × 104 cfu’s) in fresh sugarcane juice.
Subbannayya et al. (2007) stated that the bacterial count in juice
ranged from 105 to 107 cfu/ml, where Salmonella, Shigella, and Vibrios
were not isolated. While the presence of E. coli, other coliforms, and
enterococci indicated faecal contamination of juice.

Raw sugarcane juice had 10 to 20 colonies of coliform per 10 ml.
Chauhan et al. (2002) observed that the addition of potassium
metabisulphite to sugarcane juice significantly decreased the numbers.
The coliforms disappeared completely after pasteurization.

Karmakar et al. (2011) reported that bacterial contamination may
occur at different stages of juice processing, such as by contamination
of sugarcane, roller, crusher, collecting vessels, hands of the personnel,
ice, and filter cloth. The low temperature of storage may have retarded
the growth of the organism. The growth of yeast and fungi in juice
stored at 30oC increased significantly after 6 days, but bacteria were
observed to decrease at the later stage of storage. Solomon (2009)
found that microbial contamination of the sugarcane juice is usually
extremely high, with typical viable counts being 108-109 cells/ml of
juice.

Summarizing, sugarcane juice is widely spoiled by bacteria such as
Leuconostoc, Enterobacter, Flavobacterium, Micrococcus,
Lactobacillus, and Actinomyces. Among yeasts and molds,
Aspergillus, Cladosporium, Monilla, Pencillium, Saccharomuces,
Candida, Pichia, and Torulopsis are responsible for spoilage.

9. Conclusion

Sugarcane juice possesses highly nutritious and medicinal value but
could not achieve commercial popularity due to inadequate
processing. The main objective of this review is to provide hygienic
sugarcane juice to the people and encourage them to start sugarcane
juice processing on a commercial scale. Moreover, to increase the
availability of sugarcane juice during the off-season. Therefore, heat
treatment, irradiation, the use of preservatives, and different
packaging materials were found to be good hurdles for the preservation
of sugarcane juice. Mostly, non-thermal processing with aseptic
packaging cannot affect the delicate flavor of the sugarcane juice and
also preserve the juice for longer durations with the retention of
bioactive compounds. Moreover, efforts should be undertaken on
the implementation of these approaches and, hence, the successful
commercialization of sugarcane juice by surmounting the
aforementioned challenges with the aim of supplying stable, clean,
and high-quality nutritious juice for human consumption.
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