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A B S T R A C T   

Sugarcane juice (Saccharum officinarum) is a proven nutritious beverage with high levels of antioxidants, poly
phenols, and other beneficial nutrients. It has recently gained consumer interest due to its high nutritional profile 
and alkaline nature. Still, high polyphenolic and sugar content start the fermentation in juice, resulting in dark 
coloration. Lately, some novel techniques have been introduced to extend shelf life and improve the nutritional 
value of sugarcane juice. The introduction of such processing technologies is beneficial over conventional pro
cesses and essential for producing chemical-free, high-quality, fresh juices. The synergistic impact of these novel 
technologies is also advantageous for preserving sugarcane juice. In literature, novel thermal, non-thermal and 
hurdle technologies have been executed to preserve sugarcane juice. These technologies include high hydrostatic 
pressure (HHP), ultrasound (US), pulsed electric field (PEF), ultraviolet irradiation (UV), ohmic heating (OH), 
microwave (MW), microfludization and ozone treatment. This review manifests the impact of novel thermal, 
non-thermal, and synergistic technologies on sugarcane juice processing and preservation characteristics. Non- 
thermal techniques have been successfully proved effective and showed better results than novel thermal 
treatments. Because they reduced microbial load and retained nutritional content, while thermal treatments 
degraded nutrients and flavor of sugarcane juice. Among non-thermal treatments, HHP is the most efficient 
technique for the preservation of sugarcane juice while OH is preferable in thermal techniques due to less 
nutritional loss.   

1. Introduction 

Sugarcane, a grass plant that may be found in 36 forms, contains no 
fats and is a 100 % natural drink. Sugarcane juice (SCJ) is extracted from 
the sugarcane culms with the help of mechanical compression, and it is 
consumed in the local market with few sanitary precautions. A single 8- 
ounce SCJ serving has 250 calories and 30 g of natural sugars without 
additives. It is fat-free, cholesterol-free, fiber-free, and protein-free, 
including sodium, potassium, calcium, magnesium, and iron. This sug
ary drink is a popular summer drink that keeps hydrated and provides 

many health advantages, as shown in Fig. 1. It provides anti-allergic, 
hepatoprotective, anti-inflammatory, and cardioprotective effects to 
our bodies [1]. Calcium-rich advantages promote the development of 
the skeletal system, bones, and teeth. In addition, as a natural low- 
cholesterol, low-sodium diet with no saturated fats, SCJ aids the kid
neys. However, diabetics might not want to drink SCJ because it has a lot 
of sugar. Since natural sugar has a low glycemic index, it does not cause 
blood glucose levels to jump as quickly as refined sugar. Hence, in 
moderation, SCJ may be beneficial to people with diabetes. Addition
ally, sugarcane juice’s potassium regulates the pH levels in the stomach, 
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aids in releasing digestive fluids, and keeps the system running 
smoothly. Therefore, it is very beneficial for persons who have digestive 
problems. SCJ is naturally alkaline due to its high content of calcium, 
magnesium, potassium, iron, and manganese. The presence of flavo
noids helps the body fight against malignant cells, notably prostate and 
breast cancer. Alkaline nature helps maintain electrolyte balance in the 
body. 

Regarding its benefits, SCJ has some limitations that affect its con
sumption rate. The main problems with fresh SCJ are its shorter shelf life 
(turns brown after some time) and sensitivity to flavors [2]. In SCJ, 
polyphenol oxidase (PPO), peroxidase (POD) enzymes acidity level (pH 
5.0–5.5), and high amounts of phenolic and sugars cause enzymatic 
degradation and microbial fermentation [3]. Moreover, SCJ contains a 
large amount of sucrose, providing a medium for microbial growth. 
Degradation leads to the loss of sucrose with the formation of organic 
acid and ethanol caused by microbes. They convert sucrose into poly
saccharides such as dextrins. Due to these microorganisms, fermentation 
occurs by interaction with carbohydrates that make juice unfavorable 
for human consumption [4]. SCJ cannot be sold as a fresh juice due to its 
high polyphenolic, sugar content and pH that turn it brown after some 
time. It is sold in bottles as a pasteurized beverage [2]. Therefore, it is 
important to ensure its quality and safety to meet the high demand. 

The maturity of sugarcane affects its quality and reduces PPO ac
tivity. Qudsieh et al. [5] studied the effects of maturation of SCJ on the 
chlorophyll, tannin, PPO, and color modification of SCJ. The results 
showed that chlorophyll, tannin, PPO, and color decreased with matu
rity. In early development, the color was dark brown and then became 
yellowish green in maturation. The green color is decreased due to the 
low level of chlorophyll at maturity. Moreover, the quality of SCJ is also 
affected by storage temperature and extends shelf life with the help of a 
suitable temperature for the storage of SCJ. Krishnakumar & Chella
muthu [6] demonstrated the quality of freshly prepared SCJ in stored 
cans. Results elaborated that cans stored at low temperatures (10 ◦C) 
maintained the quality of SCJ for 10 days, while low temperatures (5 ◦C) 
could maintain for only 4 days. Deterioration of SCJ stored at 30 ◦C 
occurred faster than that stored at 10 ◦C. Fresh SCJ spoiled within a day 
when stored at 30 ◦C. Microbial count especially lactic acid bacteria 
count was increased, during storage. According to Eissa et al. [7], the 
spoilage of fresh SCJ occurred due to the rapid increase of PPO enzymes. 
As a solution, different non-thermal and thermal techniques as well as a 
combination were studied for longer shelf life and preservation of fla
vors and nutrients in SCJ [8]. Thermal methods can reduce the action of 
oxidative enzymes, but due to high heat and energy, the product’s 
nutritional value is affected [9]. So, the industries require processing 
techniques to retain the product’s organoleptic attributes. Non-thermal 
techniques are not only applied to juices but also to many foods. Various 
thermal and non-thermal techniques that focus on the quality and safety 
of SCJ are present in literature such as pasteurization [10,11], ozonation 

[12], ohmic heating (OH) [13], gamma irradiation [14], thermosoni
cation [15], pulsed electric field (PEF) [16], high hydrostatic pressure 
(HHP) [17], and microfluidization (MF) [18]. 

This review illustrates the overall impact of novel thermal, non- 
thermal, and combination of techniques on SCJ. It can be valuable for 
researchers and industry to perceive the commercial implementation of 
these technologies from the perspective of SCJ processing. Moreover, 
the drawbacks of these techniques have also been explored to evaluate 
future needs in the industry. 

2. Novel thermal technologies 

2.1. Ohmic heating (OH) 

OH is a novel thermal technique where the alternating current passes 
through the food sample and heat passes without any transfer medium. 
This technique is preferable to conventional heating because it posi
tively affects the quality and maintains the nutritional content of food. 
The important factors of this treatment are the electrical conductivity of 
the product, applied voltage, frequency, treatment time, and tempera
ture [19]. OH reduced microbial load and inactivated deteriorating 
enzymes in juices [20,21]. For instance, OH was applied up to 80 ̊C to 
SCJ without affecting its phenolic antioxidant profile [13]. The 32 V/cm 
electric field strength and time duration of 1 min proved to be optimum 
conditions for SCJ preservation. The browning reaction was stopped due 
to enzyme inactivation. The total phenolic content (TPC) reduction was 
4.2 folds, no Yeast & Mold were detected, and PPO activity (10.07 ±
0.32 %) was reduced due to the combined effect of heat as well as 
electric current. Moreover, the vitamin C content decreased instantly 
after treatment by about 33.3 %. Organic acid reduction was associated 
with factors like oxygen, heat, light, storage temperature and time. 

In addition, titrable acidity (TA) and reducing sugar were slightly 
changed. Another research by Abhilasha & Pal [22] showed that OH of 
SCJ (at 70 C̊ for 3 min with 48 V/cm) caused no change in reducing 
sugar (0.462 ± 0.004) and in TA (0.136 ± 0.004) while total soluble 
solids (TSS) (19.7 ± 0.3 ̊ Brix) were increased. The slight change in 
reducing sugar and TA was associated with biochemical processes and 
TSS increased due to treatment temperature which evaporated the 
water. Besides, PPO level and total plate counts were significantly 
reduced (4.70 ± 0.009 log CFU/mL) and shelf life was extended to 10 
days at refrigeration temperature. OH (up to 80 ̊C) was applied to SCJ 
which inactivated thermolabile enzymes such as PPO (62.8 to 72.6 %) 
and reduced TPC and total flavonoid content (TFC) by 23 and 39 % [23]. 
Similarly, OH (at 75 ̊C for 25 min) inactivated 75 % POD which showed 
promising effects of this technique for the preservation of SCJ [24]. 

Fig. 1. Health advantages of sugarcane juice.  
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2.2. Microwave heating (MW) 

MW processing involves the non-ionizing radiation with frequency 
300 MHz to 300 GHz and wavelength changes 1 mm to 1 m according to 
frequency [25]. It is the best substitute for conventional heating with 
less compromise on nutritional and sensory properties. It also lowers the 
microbial and enzymatic content in food samples [26]. It successfully 
enhances the safety of juices without affecting nutritional content. For 
instance, Pradhan et al. [27] reported a reduction in total plate counts 
(2 × 105 CFU/mL) and yeast and mold (1.5 × 105 CFU/mL) at 3 min; 
however, MW-treated SCJ (MW for 1–4 min, pasteurized for 25 min) 
showed reduced TSS levels (from 20.5 to 16.5) during storage. 
Furthermore, MW treatment enhanced the shelf life of SCJ up to 56 days 
under refrigeration temperature. Similarly, MW (at 120–700 W for 5 
min) showed a significant increase in TSS (106.5 %) and TA (40.62 %) at 
700 W, and decreased pH (0.036 %) in SCJ [28]. The increase in TSS was 
caused by evaporation while TA and pH were most likely affected by the 
loss of temperature. The MW treatment illustrated a decrease in the L* 
value by 33.11 % as compared to untreated (71.99), the a* value showed 
an increasing pattern (118 %), while insignificant changes were recor
ded for the b* parameter. After MW application, there was no detection 
of total plate count and Y & M. This might be associated with the gen
eration of heating and irradiation which disorganized the DNA of mi
crobes. Moreover, the TPC (3.53) and antioxidant activity (21.58) of SCJ 
remained unchanged. Similarly, MW (at 490 W for 10 min) enhanced 
juice extraction with increased ⁰Brix (68 %), TSS (58 %), Pol (39 %), and 
juice purity (7 %) while a 58 % reduction was shown in diffusion time 
[29]. 

2.3. Thermal pasteurization (TP) 

Thermal pasteurization is a thermal process in which heat is applied 

at 80̊C for<30 s, most commonly utilized to treat juices and beverages 
[30]. In this treatment, heat is produced outside and transferred inside 
the food matrix by conduction and convection [31]. TP is considered a 
good technique for a microbial reduction but causes nutrient degrada
tion [32]. The effect of TP was evaluated at different temperatures (85, 
90, and 95 ̊C for 30 s) on SCJ samples. Results reported an increase in pH 
(3.96 to 4.19), TSS (19.7 to 20.1 ◦Brix) and TA (0.163 to 0.175 g/100 g 
citric acid); however, PPO and POD were completely inactivated at 95 
C̊/30 s. Moreover, the acceptance rate by sensory panelists was above 
60 %. The shelf life of 30, 40, and 50 days were obtained at 85, 90, and 
95 ◦C/30 s [33]. In another study, milk whey blended SCJ was prepared 
by the addition of whey, ginger, and lemon juice. Fresh SCJ was pre
served by pasteurization at 70 ◦C for 10 min. This treatment enhanced 
the shelf life of SCJ to 55 days. However, ginger and lemon juice addi
tion lowered the pH (to 4.1) and microbial growth [34]. In research by 
Karmakar et al. [35], SCJ samples were subjected to TP at various 
temperatures of 80, 85, 90 and 95 ◦C for 2 min. After that SCJ juice was 
stored at 4 ◦C. Vitamin C and microbial loads were 4.7 mg/mL and 50/1 
mL, respectively. According to the authors, TP at 90 ◦C and 2 min 
showed optimum conditions for the preservation of SCJ with high 
nutritional content and sample with biologically safe with improved 
quality. Table 1 explains about the impact of thermal techniques on SCJ. 

3. Non-thermal technologies 

Non-thermal techniques inactivate the microbes and enzyme’s action 
and retain juice’s nutritional and organoleptic qualities [41,42]. These 
novel techniques eliminate the limitations of conventional techniques 
by providing benefits like less consumption of energy, no use of chem
icals, reduced waste emission, enhanced reliability, production of by- 
products, economic, etc. [43]. The main aim of these technologies is 
to reduce microbial load and enzymes without affecting nutritional 

Table 1 
The impact of thermal techniques on SCJ.  

Methods Conditions Physiochemical Enzymatic Microbial Key findings Reference 

TP 95 ◦C, 30 s – – Y & M counts were 2.63 log 
CFU/mL 

Reduced Y & M [36] 

TP 90 ◦C, 5 min Vitamin C content was 4.7 
mg/mL 

– Microbial level reduced to 
50/1 mL 

Improved nutrient value and 
reduced microbes 

[35] 

TP 90 ◦C, 40 s Improved TSS and TA but no 
change in pH 

Decreased PPO (25.6 
and 89.5 %) and POD 
level (62.5 to 93.7 %) 

Mesophiles, Y & M count 
reductions were about 2.9 to 
3.2 logs and 2.9 to 4.6 logs 

Showed positive impact on the 
physiochemical value and 
negative impact on microbes +
enzymes 

[37] 

TP 90–110 ◦C, 
10–30 s 

Decreased sugar level and 
antioxidant activities 

Reduced PPO value 
(60–70 %) 

– Reduced sugar, antioxidant, 
and enzymatic level 

[38] 

TP 85–95 ◦C, 30 s Enhanced pH (3.96 to 4.19), 
TSS (19.7 to 20.1) ◦Brix, TA 
(0.163 to 0.175) g/100 g 

PPO (17.2 and 27.8) 
U/mL, and POD 
(107.9 and 163.4) U/ 
mL were reduced 

The coliform count below 10 
MPN/mL, Salmonella spp 
absent 

Improved pH, TSS, and TA 
inactivated enzymes and 
microorganisms 

[33] 

OH 700 ◦C, 3 min No change in reducing sugar, 
TA (0.136) and TSS (19.2 
B̊rix) were increased 

Decreased PPO level 
(P < 0.05) 

Total plate count 4.70 ±
0.009 log CFU/mL 

Overall improved 
physicochemical properties, 
reduced enzymes, and 
microorganisms 

[22] 

OH 75 ◦C, 7.8 V/ 
cm, 25 min 

– 78 % POD reduction – Decreased enzymes level in the 
SCJ sample 

[24] 

OH 75 ◦C, 25 min, 
10–105 Hz, 
20.5 V/cm 

TPC and TFC degradations 
were about 23 and 39 % 

PPO reduction (62.8 
to 72.6 %) 

– Reduced enzymes level, 
minimal changes showed in 
phenolic concentration 

[23] 

MW 120 W, 5 min Retained TPC (3.53), 
antioxidant activity (21.58), 
increased TSS (22.3 ̊Brix), 
reduced pH 4.2–4.3 

– Total plate count, Y & M at 
Refrigeration temperature 
after 56 days were 1.5 CFU/ 
mL & 2.3 CFU/mL 

Maintained nutrients, reduced 
bacterial growth 

[28] 

UHT sterilization 140 ◦C, 4 s Retained flavor, TSS 19.6 
B̊rix, decreased pH 5.0 

PPO reduced – Retained sensory and nutrients 
level, decreased PPO 

[39] 

Hydrodynamic 
cavitation 
treatment 

22 ◦C, 3.5 bars, 
17 orifices, 40 
min 

Reduced pH 4.64, TSS 13 ̊Brix – Maximum microbial load 3.3 
logs10 CFU/mL 

Enhanced level of microbes 
and decreased nutrients 

[40] 

TSS: Total soluble solids, PPO: Polyphenol oxidases, TA: Titratable acidity, POD: Peroxidase, TPC: Total phenolic content, TFC: Total flavonoid content, Y & M: Yeast & 
Mold, UHT: Ultrahigh temperature, MW: Microwave. 
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parameters and enhance shelf life [44]. These technologies include HHP, 
US, PEF, ozone treatment, cold plasma, UV, etc. Table 2 demonstrates 
the impact of such non-thermal techniques on SCJ. 

3.1. High hydrostatic pressure (HHP) 

HHP is a non-thermal processing technique that operated at 100 to 
800 MPa and has been widely used in food industries for different 

Table 2 
Impact of non-thermal techniques on SCJ.  

Methods Conditions Physiochemical Enzymatic Microbial Key finding Reference 

HHP 300 MPa, 2 min, 
and 5 min 

Maintained TSS, color, and pH Less impact on PPO 
activity (92.77) 

The total plate count was 
reduced by 6.32 logs 

Retained physiochemical 
parameters and reduced 
enzymes level 

[45] 

HHP 600 MPa, 6 min, 
60 ◦C 

– Greater reduction 
in POD than PPO 

Microbial load reduction 
(P < 0.05) 

Reduced enzymes and 
microbes 

[46] 

HHP 523 MPa, 50 ̊C, 
11 min 

The total color difference (2.8), total 
phenols (33 mg), and antioxidant 
value (95 %) 

62 % inactivation 
occurred in PPO 
and 59 % in POD 

5 log reduction in microbes Improved physicochemical 
properties and decreased 
enzymes and microbes 

[47] 

US 5, 15 min, 
40 ◦C, and 60 ◦C 

Moisture contents 93.50 to 92.85 %, 
TA 0.16 %, pH 5.92, TSS 12.50 ̊Brix 

– The microbial load was 
6.03 log CFU/10 mL 

Reduced microbial load 
and moisture 

[48] 

US 37 kHz, 10, 20, 
60 min, 40 ◦C 

No change in TSS, TPC, and pH – – Retained physicochemical 
properties 

[49] 

US 40 kHz, 240 W, 
40 min 

Retained pH and color, enhanced TSS, 
TPC (18 %), and TFC (16 %), reduced 
vitamin C by about 13 % 

– 1.95 log CFU/mL 
reduction in total aerobic 
mesophiles and 0.42 log 
CFU/mL in Y & M 

Maintained 
physiochemical 
parameters and reduced 
microbial load 

[50] 

UV treatment 30 min, 16.2 J/ 
mL 

Color change from 0 to 4.10 ± 0.3, 
slightly increased TA (0.131 ± 0.004), 
TSS (18.4 ± 0.2), reducing sugar 
(0.469 ± 0.009), TPC and 
acceptability score decreased about 
5.73 ± 0.07 and 6.96 ± 0.29 

PPO activity was 
reduced by 59 % 

The total plate count was 
5.5 CFU/mL 

Microbial and enzymatic 
inactivation with retaining 
maximum 
physicochemical content 

[22] 

UV irradiation 250 W, 3 min Reduced color 244.9 and ◦Brix 19.5, 
no impact on pH and turbidity 

– Decreased fungi, and 
bacterial load 5.42 logs 

Reduced microbes and 
physicochemical 
parameters 

[51] 

PEF 30 kV cm− 1 150 
pulses 

Reduced pH (3.98 ± 0.33) and vitamin 
C (81.54 ± 0.15 mg), increased TA 
(0.5 ± 0.10 %), retained TSS 

– 2.71 log CFU/mL 
reduction in total aerobic 
mesophilic count 

Reduced vitamin C, pH, 
and microbes 

[16] 

PEF 110 V, 30 s – – >1.42-log inactivation rate 
especially E. coli targeted 

Significant reduction in 
microbes 

[52] 

Dielectric barrier 
discharge (DBD) 
plasma 

45 V, 2 min No change in pH, color, increased TSS, 
TPC (25 %), TFC (21 %), vitamin C loss 
6 % 

– Reduction in total aerobic 
mesophilic (3.6 log CFU/ 
mL), Y & M (0.50 log CFU/ 
mL) 

Retained color, enhanced 
TSS, TFC, and TPC, 
reduced bacterial load 

[50] 

Ozone treatment 4.23 g/L dose, 
20 min, flow 
rate 5.6 l/min 

Reduced TSS (6.3 %), TPC (13.5 %), 
TFC (22.5 %), ascorbic acid content 
(81.46 %), and antioxidant capacity 
(30 %) 

67.8 % reduction in 
PPO, 75.3 % in POD 

TPC count reduction (3.72 
logs), Y & M reduction 
(2.50 %) 

Reduced all parameters [53] 

Ozone treatment 30 min, 0.199 
mg/L 

Retained TSS, TA, POD remained 
constant 

The total plate count 
remained constant 

No change in any 
parameter 

[22] 

Microfiltration 35, 69, 104, 
138 kPa, 0.123, 
0.246 and 
0.369 m/s 

Reduced TSS (9 %), velocity (21 %), 
color (80 %) 

– 5 log reduction Decreased physiochemical 
and microbial factors 

[54] 

Microfiltration 45 ◦C, 0.87 m/ 
s− 2 

Reduced TSS (19.37 ± 0.01 g⋅100 
mL− 1), protein (0.18 ± 0.01 g. 100 
mL− 1), and carbohydrate 18.86 ±
0.01 g/100 mL− 1, retained TSS 18.60 
± 0.14 ◦Brix and pH (4.13 ± 0.02) 

– – Decreased macromolecules 
and maintained TSS 

[55] 

Ultrafiltration 104 kPa, 30 l/h Recovered sucrose (98 %), polyphenol 
(80 %) 

Reduction of 3 folds 
in oxidative 
enzymes 

6 log reduction Maximum recovery of 
sucrose, polyphenols, and 
reduced enzymes plus 
microbes 

[56] 

MF 25 ◦C, 50–200 
MPa, 1–7 cycles 

Enhanced reducing sugars (1.2–1.4 
mg/mL), Chlorophyll content (0.513 
± 0.016 mg/mL), and decreased total 
sugars (11–54 %) 

Enhanced PPO level 
(39.4 to 64.7 %) 
POD level (16.4 to 
75.0 %) 

– Increased enzymes and 
sugar level 

[18] 

MF 100–150 MPa Reduced phenols (30–58 %), TFC 
(14–54 %), ferric reducing antioxidant 
power (24–65 %) 

– Decreased bacterial count 
6 log CFU/mL, APC range 
0–2.73 log CFU/mL, Yeast 
& Mold count was 0–3.47 
log CFU/mL 

Decreased phenolic profile 
but positive impact on the 
microbial count 

[4] 

MF 100, 120, 140 
MPa 

Reduced TSS (11 %), enhanced color 
value (8.5 ± 3.6) 

– Bacterial reduction 1.88 
logs 

Reduced physicochemical 
properties but positive 
impact on microbial load 
and color 

[57] 

POD: Peroxidase, PPO: Polyphenol oxidases, TA: Titratable acidity, Y & M: Yeast & Mold, TPC: Total phenolic content, TFC: Total flavonoid content, APC: Aerobic plate 
count, TSS: Total soluble solids, MF: Microfluidization. 
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purposes like shelf-life extension [58], microbial inactivation [59], 
deteriorating enzymes reduction [60], preservation of food, etc. 
[61,62]. According to Sehrawat, Kaur, Nema, Tiwari, & Kumar et al. 
[63], about 300–400 MPa pressure was effective to reduce>3 log bac
terial growth such as Salmonella enteritidis, Escherichia coli and Staphy
lococcus aureus. In this technique, a food sample is placed in a pressure 
vessel and a pump is used for compression. A wide range of pressure is 
used to break non-covalent bonds in dense compounds like proteins and 
lipids. Various critical parameters are pressure level and duration 
(milliseconds->20 min), initial temperature (0 to 90 ◦C), etc. [64]. Fig. 2 
shows the process layout of the juice sample by HHP. 

Huang et al. [65] discussed the impact of HHP on enzymatic, 
nutritional, and antioxidant parameters of SCJ at 200–600 MPa for 6 
min. They concluded that invertase enzyme activity on day 7 declined to 
87.69 and 82.86 % The TA maintained (0.057–0.088) during storage 
and no significant change in pH was shown at 400 and 600 MPa. At 400 
MPa, there was an increase in fructose and glucose content by about 
52.8 and 46.6 %. However, a decrease of 4.5 and 4.6 log CFU/mL was 
observed in APC at 400 and 600 MPa, respectively, while Yeast & Mold 
and coliform count were observed below the detection limit (<1.0 CFU/ 
mL). Similarly, HHP (at 600 MPa, 6 min and 60 ◦C) completely inacti
vated microbes, as well as completely stopped POD and PPO activities 
[47]. According to the authors, HHP damages the DNA of microbes and 
inactivates enzymes at a pressure that varies from 100 to 800 MPa, 
variations occur in their structure, and it causes the death of microbes. 
Microorganisms showed different behavior at various pressure and 
temperature resistance characteristics [66]. For instance, HHP (at 300 
and 400 MPa for 10 to 25 min) reduced 4.44, 5.31 and 6.30 logs10 cycles 
of total bacterial count, Yeast & Mold and coliforms, respectively. 
Furthermore, no remarkable effect (p > 0.05) on color and pH was 
observed, while 57 % PPO was inactivated at 400 MPa [67]. In another 
study, HHP (at 300 MPa for 2 and 5 min) on red SCJ variants decreased 
PPO activity (2.38 ΔAbs./min) and total plate count (6.00 log CFU/mL) 
at 5 min. Moreover, maximum values of TPC were retained at 5 min in 
all variants and antioxidant capacities were also increased with a high 
value observed in Ragnar (37.28 %). While TSS, pH and color remained 

constant. In conclusion, HHP is an efficient technology for the preser
vation of SCJ [68]. 

3.2. Microfluidization (MF) 

MF is another non-thermal emerging technique in the field of food 
technology. Recently, it has been gaining popularity in food research. It 
is also called high-pressure homogenization (HPH), which uses high 
shear force to break particles in the interaction chamber and modified 
their physicochemical properties [4]. In literature, the impact of 
microfluidization on physicochemical, microbial and enzymatic prop
erties of various juices has been recorded [69,70]. Fig. 3 shows the HPH 
set up for SCJ. 

MF on SCJ at pressure (100–140 MPa) and cycle (1–2) decreased TSS 
(11 %) and increased color values (8.5 ± 3.6) while total plate count was 
recorded as 1.88 logs [57]. Similarly, MF (at 50–200 MPa with 1–7 
processing cycles) decreased the PPO and POD levels by 39.4–64.7 % 
and 16.4–75.0 %, respectively in SCJ [17]. Moreover, reducing sugar 
enhanced by 1.33–6.74 mg/mL, total sugars reduced (11–54 %) while 
chlorophyll content changed from 0.361 ± 0.023 to 0.513 ± 0.016 mg/ 
mL. in another study, MF (at 50, 100, 150, and 200 MPa; and cycles, 1, 3, 
5, 7) reduced TSS from 18.8 ◦Brix to 10.15–15.7 ◦Brix. The pH remained 
unchanged while a significant reduction in TA (0.1–0.26 %) was 
observed. According to the authors, MF changed the electrical conduc
tivity from 4.45 to 5.12 mS and caused degradation in Mg (42.85 %), P 
(38.69 %), K (18.99 %), Ca (58.83 %), Mn (39.13 %), and Pb (46.42 %). 
While the sensory score was 7, showing the acceptability of SCJ [71]. 
The effect of MF on bioactive compounds and the microbial rate of SCJ 
was evaluated by Tarafdar, Kumar, Kaur, & Badgujar et al. [4] at 
different pressures (50, 100, 150, and 200 MPa) and processing cycles 
(1, 3, 5, and 7). There were a significant reduction in phenols (30 %− 58 
%), flavonoids (14 %− 54 %), ferric reducing antioxidant power (24 %−

65 %), and metal ion chelating activity (13 %− 64 %) was recorded. It 
increased hydroxyl radical scavenging activity (31 %− 33 %), while 
radical scavenging activity of 2, 2-diphenyl-1picryl hydrazil (DPPH) 
remained unchanged. APC and Yeast & Mold varied from 0 − 2.73 log 

Fig. 2. Mechanism of HHP for juice sample.  
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CFU/ml and 0–3.47 log CFU/ml, respectively. While at 7 processing 
cycle, no APC was detected in SCJ. According to sequential color palette 
analysis, 100–150 MPa pressure and 3 processing cycle were the best 
optimum parameters for SCJ. Hence, it results that MF is an effective 
technology for generating a minimum sedimentation rate in SCJ. Be
sides, MF is an effective processing tool to prevent sedimentation issues 
in fresh juices. Tarafdar & Kaur [18] subjected SCJ to 50–200 MPa 
pressures with 1–7 processing cycles to determine the particle size, 

viscosity, and its effect on the particles. At 50–150 MPa pressure and < 7 
processing cycles, decreased the particle size in SCJ. It was concluded 
that 150 MPa pressure and 5 cycles of processing were optimum con
ditions to produce the smallest size and minimal sedimentation rate of 
particles which was recorded as ~ 437 nm and 4.91 × 10− 2 mm/day, 
respectively. 

Fig. 3. A schematic representation of HPH juice processing.  

Fig. 4. PEF extractor machine.  
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3.3. Pulsed electric field (PEF) 

PEF is another technology in the field of juice preservation for 
reducing the microbial level and retaining nutritional attributes of juices 
[72,73] as well as inactivating spoilage enzymes. PEF has gained the 
industry’s interest because it has the same effect as a thermal technique 
without changing the nutritional and sensory properties of food [73]. In 
PEF treatment, electric pulses rupture the cell membranes of microbes 
and they lose the possibility to perform their actions [72]. Fig. 4 dem
onstrates the treatment chamber of the lab-scale PEF extractor machine. 

PEF treatment is efficient for vegetative cell inactivation but the 
bacteria are resistant to this treatment while yeasts are sensitive to PEF 
due to the thick cell wall of bacteria and the larger size of yeasts [74]. 
Trung et al. [52] reported a reduction in the microbial level with > 1.42- 
log inactivation rate, especially targeted E. coli in PEF-treated SCJ (at 
110 V, 30 s). It was observed that juice treated with PEF (30 kV cm− 1 

and 150 pulses, 4 ̊C) was stable, and shelf life was extended up to seven 
days compared to the untreated sample. Moreover, there was a little 
decrease in pH (5.10 ± 0.30 to 4.95 ± 0.30) and TSS (17 ± 0.00 to 19.0 
± 0.00 ◦Brix) while TA enhanced from 0.2 ± 0.10 to 5.7 ± 0.10 %. There 
was no change in vitamin C (87.5 ± 0.14 mg %), while the total aerobic 
mesophilic count was decreased (2.71 logs CFU mL− 1). There was 
decreasing trend in L* (25.9 ± 0.10) and b* (38.75) and increasing in a* 
(14.8 ± 0.18) values [16]. So, it is concluded that PEF is an effective 
approach for preserving nutrients and increasing the shelf life of SCJ. 

3.4. Ultrasound treatment (US) 

The US is being used as an alternative to thermal treatments for fruit 
juices, which is one of the recent developments in the food industry 
[75,76]. It operated at low frequencies and high pressure. Due to cavi
tation microbial load reduces, functionalities increases, as well as min
imum degradation, takes place [77]. Fig. 5 illustrates the general 
arrangement of US treatment. 

US treatment may produce unfavorable conditions for microbes, but 
this depends upon microbe type, food composition, and time duration of 
waves [78]. US treatment (for 15 min at 40 kHz frequency and 240 W 

powers) for inactivation of various types of microbes has been investi
gated, i.e. E. coli, Salmonella, Enterica serotypes, Listeria monocytogenes, 
Alicyclobacillus acidophilus, Alicyclobacillus acidoterrestris, and spoilage 
yeast species [79,80]. On the other hand, US-treated SCJ showed no 
significant changes in pH. The US significantly reduced the L* (43.49 ±
0.04) and a* (− 1.95 ± 0.04) values due to increasing treatment time 
while the b* (10.51 ± 0.10) value increased that indicates the color of 
sugarcane juice changed towards yellowish. There was an increase in 
TSS (16.30 ± 0.10 ◦brix), TPC (18 %), TFC (16 %), total sugars (16.5 ±
0.05), and reducing sugars (0.63 ± 0.02). These results have been 
attributed to a greater extraction ability of US treatment, an increase in 
sugars mainly associated with the conversion of disaccharides into 
monosaccharides. Ascorbic acid and aerobic microbes and Y & M were 
reduced to about 13 %, 1.95 log CFU/mL and 0.42 log CFU/mL 
respectively. Vitamin C reduction was associated with free radicle gen
eration during sonochemical reaction while microbial load reduction 
associated with cavitation-induced micro bubbles [50]. In another 
study, US-treated SCJ samples (20 kHz and 750 W) showed a 13 % in
crease in TPC, and 90 % reduction in POD activity at 36 min treatment, 
however, a slight color change was also observed and juice became 
yellower (higher b* parameter) and showed a distinguishable color (ΔE 
= 2.36) compared with fresh juice [81]. This increase in TPC may be a 
result of phenolic liberation from cell wall particles that remained in the 
non-filtered juice. In conclusion, US treatment is an efficient way to 
enhance the nutritional value of SCJ. 

3.5. Irradiation 

Irradiation is a non-thermal treatment used for food processing and 
consists of direct exposure to electromagnetic rays for enhancing shelf 
life through microbial inactivation. Electromagnetic rays involve spe
cific wavelength, frequency, and energy. X-rays, γ -rays, infrared irra
diation, UV rays, and radio waves are included in this treatment. Gamma 
(γ) and UV rays are most probably used in food processing industries for 
microbe inactivation in juices. Different rays are produced by various 
isotopes such as γ Rays produced by Co-60 and Ce-137. The interna
tional unit is Gray (Gy) which indicates the dose of rays applied to the 

Fig. 5. A block diagram of liquid processing using US.  
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sample. The dose of irradiation is an important parameter because 
preservation is achieved without compromising food quality. <1 kGy is 
sufficient for microbe inactivation, and shelf life enhancement of food 
samples requires 1 to 10 kGy [82]. About 10 to 50 kGy dose could be 
used for food sterilization completely but can adversely affect sensory 
properties. UV radiation works in the region from 200 to 280 nm, which 
adversely affects microbe structure and stops their action [83]. UV 
treated SCJ at 30 min, and 16.2 J/mL showed some modifications in 
color value from 0 to 4.10 ± 0.3, slightly increased TA (0.131 ± 0.004), 
TSS (18.4 ± 0.2), reducing sugar (0.469 ± 0.009), while TPC and 
acceptability score decreased about 5.73 ± 0.07 and 6.96 ± 0.29, 
respectively. Moreover, PPO activity (59 %) and total plate count value 
(5.5 log CFU/mL) were reduced. Hence, UV treatment is effective for 
microbial and enzymatic inactivation, retaining maximum physico
chemical content [22]. Fig. 6 illustrates the process of irradiation for 
SCJ. 

In another study, the impact of UV irradiation on SCJ was studied at 
the following conditions 250 W, and 3 min. It was concluded that color 
values (244.9) and TSS (19.5 ◦brix) reduced while no impact on pH (4.3) 
and turbidity (1133.5 NTU) values was shown. The bacterial count was 
5.42 log CFU/mL recorded. UV treatment successfully enhanced the 
preservation of SCJ [51]. 

3.6. Membrane technology 

Membrane technology is a non-thermal technique in which the 
nutritional and organoleptic profile of the treated sample remains un
affected. It gained great importance in the dairy and beverage industry. 
Major membrane processes involve electrodialysis, ultrafiltration, 
microfiltration, and reverse osmosis [84]. This technique involves low 
thermal damage, less consumption of energy, and less equipment cost is 
also less [85]. As a substitute to conventional preservation, membrane 
technology involves clarification stages, no chemical addition and re
tains the nutritional profile and sensory properties of the final product 
[86]. Fig. 7 shows the clarification of SCJ by microfiltration. 

In a study, SCJ was clarified by tubular ceramics membranes with 
various pore sizes. The SCJ sample could settle for one hour and the 
supernatant was further processed with microfiltration followed by ul
trafiltration with pore diameters of 0.3 and 0.1 μm and an area of 0.005 
m2. The result indicated the INCUMSA color reduction (44.8 %), high 
purity (2.74 units), and less turbidity (99.4 %) in the treated SCJ sample 
as compared to the fresh juice sample. There was a slight increase in pH 
(5.19 to 5.21) while Brix (13.6 %) and Pol (9.35 %) slightly decreased 
[87]. In another study, the effect of cross-flow microfiltration of SCJ was 

observed with a pore diameter of 0.4 µm and filtration area of 0.723 m2. 
The final permeate flux values were 7.05 to 17.84 l⋅h− 1⋅m− 2. There was 
a reduction in flux (50 %), pH (4.11), TSS (19.37), protein (0.18), 
vitamin C (5.32), carbohydrates (18.86) while the ash (0.32), moisture 
(18.64), and soluble solids (18.60) slightly changed [55]. Ultrafiltration 
was applied at 104 kPa, 30 l/h on SCJ to evaluate its impact on nutrient 
recovery, enzymes, and microbial inactivation. It successfully recovered 
a high value of sucrose (98 %) and polyphenol (80 %) from SCJ. 
Moreover, the oxidative enzymes and bacterial load reductions were 3 
folds and 6 log CFU/mL, respectively [56]. 

3.7. Ozone treatment 

Ozone treatment gained the food industry’s interest because of 
oxidative agents, rapid reduction of microbes and no residue content in 
samples, which make it more attractive. This treatment is suggested as 
safe to use as antimicrobial agents in food samples [88]. It is produced 
by an ozone generator and oxygen concentrator [89]. Fig. 8 demon
strates the ozone treatment of SCJ. 

Its main functions in the sugarcane industry are color stabilization 
and shelf-life improvement. The oxidation with carbonation has better 
results on the quality of SCJ. Lime carbonation with Fenton oxidation 
provides good quality juice [90]. Ozone treatment has a good ability to 
reduce impurities in SCJ samples [91]. Ozone (1.2 g/h for 10 min) 
treatment with pasteurization (85 ◦C for 15 min) and the preservative 
(lactic acid 0.5 %) resulted in a 4.3 log reduction in the microbial count 
and controlled 72 % activity of PPO and POD enzymes in SCJ. This 
treatment maintained the juice quality for 1 month [26]. In a study, the 
ozone-treated SCJ showed a positive result in clarification and preser
vation factors [11]. In another study, the ozone technique was applied to 
SCJ with ozone concentration (10, 20, and 30 % wt/wt), gas flow rate (3, 
6.5, and 10 l/min) and time (5, 12.5, and 20 min) to evaluate nutri
tional, biochemical, and microbiological parameters. The PPO inacti
vation rate was about 67.8 % and POD about 75 % while significant 
reductions in total phenolic content (13.5 %), TFC (22.5 %), vitamin C 
(81.46 %), and antioxidant capacity (30 %) were recorded. The reduc
tion in flavonoids and polyphenols was attributed to free radicles gen
eration and their ability to inhibit oxidation while the ascorbic acid 
reduction was associated with ozone interaction with enzyme ascorbate 
oxidase which promoted the degradation [92]. In addition, enzyme 
inactivation is attributed to active site alteration of sulfhydryl groups in 
cysteine residue as a result of oxidation [93]. The 3.72, and 2.84 log 
CFU/mL log reduction in a total plate and Y & M count occurred. The 
mineral and sensory attributes slightly decreased with calcium (16.13 

Fig. 6. Process of irradiation for SCJ.  
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Fig. 7. Clarification of SCJ by microfiltration.  

Fig. 8. A schematic representation of ozone treatment for SCJ.  
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mg/100 mL), magnesium (12.1 mg/100 mL), sodium (1.65 mg/100 
mL), iron (1.34 mg/100 mL), copper (0.077 mg/100 mL), zinc (0.188 
mg/100 mL), cobalt (0.016 mg/100 mL), manganese (0.183 mg/100 
mL), color (8.44), flavor (8.14), aroma (7.98), taste (8.26), and overall 
acceptability (7.82) were recorded [53]. 

4. Combined treatments for preservation of SCJ 

The main goal of the food industry focuses on enhancing the safety 
and quality of products with the minimization of nutrient degradation. 
To fulfill the requirement researchers developed a different combination 

Table 3 
Impact of combined treatments on SCJ.  

Treatments Conditions Physiochemical Enzymatic Microbial Key findings References 

TP + chemical 
preservatives 

70 ◦C, 10 min Citric acid (40 mg/ 
100 mL), ascorbic 
acid (150 ppm) 

Reduced the pH, stopped 
deterioration of TSS and 
total sugar 

– No detection of 
coliforms, 
Decreased the Y & 
M counts from 2.61 
to 2.04 CFU/10 mL 

Improved the overall 
quality by decreasing 
microbial rate and 
deterioration of 
nutrients 

[99] 

TP + chemical 
preservatives 

85 ◦C, 10 min Ascorbic acid 40 
ppm, potassium 
sorbate 120 ppm, 
sodium 
metabisulphite 120 
ppm 

Minimal reductions in pH 
(4.03), TSS (18.8), 
browning index (13.7), 
antioxidant capacity, color 

– Minimum decrease 
in total plate count 
(0.6 CFU/mL), Y & 
M count (3.2 CFU/ 
mL) 

Showed minor 
changes in 
physicochemical 
parameters and 
reduced microbial 
count 

[100] 

TP + ultra-clean 
filling 

95 ◦C, 30 s Peracetic acid 
solution 0.05 %,5 s, 
45 ◦C 

Reduced pH (5.55–4.35), 
TSS (20.7–19.4), TA 
(0.035–0.085) 

Decreased 
PPO (5.6–0.7) 
and POD 
(3.4–1.6) 
level 

<3 log reduction of 
aerobic mesophiles 

Reduced enzymes, 
and microbes 

[101] 

TP + sterilization 
+ irradiation 

80 ◦C,10 min 80 ̊C, 20 min 1.0 kGY Decreased ascorbic acid 
content (2.31 %), highest 
reducing sugar content 
(0.95 %), total sugar content 
reduction 

– TBC was (2 × 106 

CFU/mL), Y & M 
count (2 × 105 

CFU/mL) 

Decreased microbial 
count and showed a 
negative impact on 
nutrients 

[98] 

HHP + TP 600 MPa, 6 min 97 ◦C, 60 s No remarkable change in 
TA, TSS, and pH, color, 
antioxidant capacity value 
changed 

Invertase 
enzyme’s 
activity 
reduced 87.69 
and 82.86 % 

Decreased 
coliform, Y & M 
count below 1.0 log 
CFU/mL 

Improved the quality 
of SCJ by decreasing 
enzymes, microbes 
and retaining 
nutrients 

[65] 

Gamma radiation 
+ TP 

2.5 kGy 70 ◦C, 25 min Maintained TSS (22.52 ±
1.43), color, aroma 

Reduced PPO 
level by 50 % 

2.5 × 101FU/mL 
total aerobic 
mesophiles, <10 
CFU/mL TBC 

Reduced enzymes, 
microbes, and 
retained nutrients 

[102] 

Gamma radiation 
+ preservatives 

5 kGy Citric acid (0.3 %), 
sodium benzoate 
(0.015 %), 
potassium sorbate 
(0.025 %), sucrose 
(10 %) 

No impact on TSS, TFC, 
TPC, reducing sugars, 
reduced reducing power 
about 14 %, sugar content 
decreased 15 % 

– Decreased TBC, and 
Y & M below 
detection limit 

Reduced microbial 
level, minimal or no 
impact on 
physiochemical 
contents 

[103] 

Ozone + Lactic 
acid treatment 

Ozone 
concentration: 
1.2 g/h, 10 min 

Lactic acid 
concentration: 0.5 % 

No change in TSS, pH About 60 % 
loss in PPO 
72 % in POD 
level 

4.3 log reduction in 
TBC 

Reduced enzymes and 
microbes without 
affecting the 
nutritional value 

[104] 

MW + chemicals 70 ◦C, 1 min 0.5 mL lime juice, 
0.2 mL ginger 
extract, and sodium 
metabisulphite 125 
ppm 

The lowest decrease in TSS 
and pH was 19 ̊Brix and 
4.11, TA increases from 
0.04 to 0.05 

– Reduced Y & M 
counts by sodium 
metabisulphite 

Improved 
preservation of SCJ, 
degradation was 
reduced 

[105] 

MW + US 2450 MHz, 120 s 24 kHz, 20 ◦C, 20 
min 

Total phenolic compounds 
(from 3.04 to 4.8), and TFC 
(from 2.9 to 3.8) after 21 
days of storage, the 
maximum increase in 
ascorbic acid (from 0.3 to 
0.6), antioxidant value 
(84.1), increased pH and 
decreased TA 

– Microbes below the 
detection limit 

Decreasing 
enzymatic, microbial 
levels and remaining 
nutritional content 

[106] 

OH + US 80 ◦C, 85 g 
sample, 1250 
rpm 

20 kHz, 1.2 cm, 750 
W 

Remained exact TFC and 
total phenolic content, 
flavones (38–49 mg/L), 
dilignols (22–29 mg/L), and 
phenolic acid derivatives 
(17–30 mg/L) 

– – Maintained phenolic 
profile in SCJ 
synergistically 

[81] 

Thermosonication 50 ◦C 20 kHz, 2–10 min, 
750 W 

– – 5 log reductions in 
E. coli, B. cereus, 
and total aerobic 
mesophilic plate 
count 

A clear reduction in 
bacterial growth was 
observed by 
combining heat with 
the US 

[107] 

TFC: Total flavonoid content, Y & M: Yeast and mold count, PPO: Polyphenol oxidases, POD: Peroxidases, TA: Titratable acidity, TP: Thermal pasteurization, TBC: Total 
bacterial count, TPC: Total phenolic content. 
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of techniques for microbial inactivation and shelf life extension [94]. 
Hurdle processing techniques involve synergizing benefits of two or 
more treatments. For example, if the cost of HHP is neglected then its 
combination with cold plasma is best for the quality and shelf life of 
juices [3]. The combination of various techniques resulted in a reduction 
of microbial load and enzyme inactivation as well as improved quality of 
juices [95–97]. Sankhla et al. [98] applied the SCJ sample following 
processing pasteurization (80 ̊C for 10 min) with irradiation (1.0 kGy) 
and sterilization (80 ̊ C for 20 min). Their combinations decreased 
ascorbic acid content (2.31 %), and total sugar content (P˃0.05). The 
ascorbic acid reduction occurred due to its sensitivity to heat while the 
total sugar content decrease was due to the breakdown of total sugars 
into reducing and other sugars. The maximum reducing sugar content 
was detected at about 0.95 %. The increase may be due to the hydrolysis 
of sugars by acids or due to the degradation of disaccharides to mono
saccharides. The reductions in TBC (2 × 106 CFU/mL), and Yeast & 
Mold count (2 × 105 CFU/mL) were recorded. There were no changes in 
TSS and antioxidant activity while minerals showed a slight reduction at 
the end of the storage period with 1.23 mg/100 mL of iron, 14.07 mg/ 
100 mL of calcium and 6.8 mg/100 mL of phosphorus. Flavor and taste 
reduction were observed during the storage at room and low tempera
ture. This decrease could be due to the loss of volatile aromatic sub
stances responsible for taste. Overall, the shelf life of juice was increased 
up to 60 days at room temperature and up to 90 days at low temperature. 
Table 3 describes the impact of various technological combinations on 
SCJ. 

The combined impact of US (24 kHz, 20 ◦C, and 20 min) and MW 
(2450 MHz, 120 s) on SCJ increased TPC (from 3.04 to 4.8) and TFC 
(from 2.9 to 3.8) after 21 days of storage, while the maximum increase in 
ascorbic acid (from 0.3 to 0.6), and antioxidant value (84.1) was also 
recorded [106]. This higher content was due to the inactivation of PPO 
enzymes since this enzyme utilizes these compounds as substrates and 
causes the degradation of these compounds during storage and due to 
the removal of oxygen during sonication and inactivation [108]. 
Moreover, MW and US combination increased the pH and decreased the 
TA of SCJ, as well as microbes were below the detection limit. This in
crease in pH and decrease in acidity was due to the acidic hydrolysis of 
polysaccharides where non-reducing sugars converted to reducing 
sugars. MW-US-processed juice samples exhibited more retention of 
natural color pigments, suggesting less enzymatic and non-enzymatic 
browning reactions took place. This color retention might be due to 
the inactivation of PPO and POD that cause degradation of color pig
ments during storage [109]. In another research, SCJ was applied to 
pasteurization (80 ◦C for 10 min) with preservatives (potassium meta
bisulphite 150 ppm and citric acid 0.05 %), sterilization (80 ◦C for 20 
min), and irradiation (0.25, 0.5, 1 kGy) at various temperatures. There 
was a decrease in mineral values of about 1.23 mg/100 mL of iron, 
14.07 mg/100 mL of calcium, and 6.8 mg/100 mL of phosphorus. The 
highest microbial count (4.88 × 106 CFU/mL) was observed after 
storage. The moisture content, ascorbic acid, and Y & M decreased 
significantly (P > 0.05) while reducing sugars and total sugar remained 
unaffected [110]. 

Ozone (1.2 g.h− 1 for 10 min) with lactic acid (0.5 %) was applied to 
the SCJ samples. The result indicated that enzymes and microbes were 
inactivated significantly, and color reduction also occurred. Further
more, PPO was reduced to about 60 % and POD reduction was 72 %. 
Hence the shelf life of SCJ was enhanced for about 1 month [104]. On 
the other hand, ozone with heat (17 mg/min for 20 min) caused no 
significant changes in color, reducing sugar and sucrose content. Thus it 
showed that this combination has no negative impact on the SCJ sample 
[111]. 

In a study, PEF with lemon and ginger as a preservative was applied 
to the SCJ sample at 20 kV/cm− 1 and 150 pulse numbers. The results 
indicated that the shelf life of SCJ was extended to about 14 days [16]. 
Similarly, MF and natural polypeptides (niacin and polylysine) were 
compared with pasteurization and potassium metabisulfite. All the 

samples were stored at 5 ̊ C. The results concluded that both these 
treatments caused a complete reduction in POD (100 %). Minimal 
physicochemical changes (P < 0.05) occurred in pasteurization while 
they remained unaffected in MF. Using non-thermal hurdles 100 % 
microbial reduction and shelf life extension of 56 days were observed 
[10]. SCJ was treated with gamma radiation (5 kGy) in combination 
with preservatives (sodium benzoate, potassium sorbate and sucrose) at 
a low storage temperature (10 ̊C). The results showed that total bacterial 
count and Y & M were eliminated until day 35 at 10 ◦C storage while the 
coliform and the Staphylococcus count were found to be below the 
detection limit. The flavonoids (0.20 mg CE/mL), total phenolic (0.88 
mg GAE/mL), reducing sugar (68 mg/mL) DPPH scavenging activity 
(95 %), nitrite scavenging activity (51 %) and reducing power (0.34 %) 
remained unaffected due to the addition of preservatives. However, total 
sugar content decreased by about 15 % that was due to enzymatic and 
chemical oxidation reactions of sugar compounds naturally taking place 
during storage [103]. The sensory evaluation demonstrated that the 
juice was highly acceptable for consumers. Besides, the effect of ultra
filtration at 104 kPa and 30 l/h using 30 kDa hollow fiber membranes 
followed by ozonation at 4.58 l/min, 3.12 ppm and 8.2 min on SCJ was 
observed. Combined treatment caused 38.52 % reduction in phenolic 
degradation, 25.43 % less increase in browning and 83.5 % reduction in 
PPO activity. Moreover, they reduced sucrose loss by 35.7 % and 
decreased dextran and ethanol formation by 78 % and 95.8 %, respec
tively [112]. Hence it proved that the combination of techniques is the 
best way to reduce microbes and enzymes without impacting the 
nutritional value of SCJ [103]. 

5. Limitation of thermal and non-thermal technologies 
regarding SCJ 

SCJ is a highly nutritious, low-cost, flavorful, and refreshing drink 
that provides the necessary nutrients to humans. Thus, this is the major 
cause of its massive consumption. Reducing sugar deterioration like 
sucrose is affected by the maturity of sugarcane and environmental 
conditions. The main challenge is controlling this deterioration and 
supplying good quality juice on the commercial level. In this review, 
thermal, non-thermal and their combination is discussed to preserve 
SCJ. Thermal treatments are effective methods for reducing deteriora
tion and spoilage rate in SCJ juice but they cause undesirable changes 
like reduction of nutrients, loss of natural flavor, aroma and change in 
color, etc. [9]. Non-thermal techniques also have limitations like US 
treatment affected physicochemical properties such as bitter flavor, 
color changes, and bioactive compound destructions in SCJ [113]. 
Irradiation faces problems in regulation and hurdles in consumer 
perception of radioactivity [114]. PEF involves a high initial cost and 
does not impact enzymes and microbial spores [115,116]. UV treatment 
is effective if the sample turbidity is high [117]. In HHP costs and 
expensive equipment limited its applications in the food industry [118]. 
In OH, monitoring and control of the process are hard [119]. Membrane 
processing has drawbacks of foul-smelling and low yield of juice prod
ucts [120]. Ozone processing has the toxicity of ozone gas at a higher 
level and instability of the process [121]. More research is needed to 
address these issues. 

6. Conclusion 

Consumer requirements for fresh fruits resulted in the applications of 
thermal, non-thermal, and a combination of techniques to ensure the 
safety and quality of fresh fruit juices. Although the safety of sugarcane 
is a major concern due to its microbial load and high deterioration rates, 
there is a need arises for novel processing technologies to reduce mi
crobial load, retain nutritional profile, and extend shelf life. The effect of 
thermal, non-thermal, and combination of technologies has been 
reviewed in this paper. Thermal techniques inactivate the enzyme but 
affect the nutritional profile negatively. The non-thermal technologies 
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and their synergistic impact positively resulted in enzyme inactivation 
and nutritional content. There is a lack of compliance in some of these 
juice processing processes as they are still at the laboratory level. A basic 
understanding of these processes and their mode of action is essential to 
improve process structure and ensure desirable standard products. Most 
of these heat-efficient processes are currently used in the laboratory or 
on a testing scale, thereby reducing production costs higher than large 
industrial thermal equipment. Researchers should focus on the basic 
mechanisms of inactivity and the parameters needed to achieve the best 
quality juice shortly. Although the ability of heat-efficient processes to 
reduce foodborne pathogens, and improve nutritional value and shelf 
life, their high costs limit their applications in juice processing in
dustries. The inability to handle large amounts of juice is another reason 
for its limited use and lack of in-depth knowledge of processes. More 
research is needed for improving the cost and scope of these processes 
according to consumer demands. 

7. Data availability 

Data will be made available on request. 
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[20] A. Demirdöven, T. Baysal, Optimization of ohmic heating applications for pectin 
methylesterase inactivation in orange juice, J. Food Sci. Technol. 51 (2014) 
1817–1826, https://doi.org/10.1007/S13197-012-0700-5. 

[21] P. Abhilasha, U.S. Pal, Effect of Ohmic Heating on Quality and Storability of 
Sugarcane Juice, Int. J. Curr. Microbiol. Appl. Sci. 7 (2018) 2856–2868. 
10.20546/IJCMAS.2018.701.340. 

[22] B. Brochier, G.D. Mercali, L.D.F. Marczak, Effect of ohmic heating parameters on 
peroxidase inactivation, phenolic compounds degradation and color changes of 
sugarcane juice, Food Bioprod. Process. 111 (2018) 62–71, https://doi.org/ 
10.1016/j.fbp.2018.07.003. 

[23] B. Brochier, P.F. Hertz, L.D.F. Marczak, G.D. Mercali, Influence of ohmic heating 
on commercial peroxidase and sugarcane juice peroxidase inactivation, J. Food 
Eng. 284 (2020), https://doi.org/10.1016/J.JFOODENG.2020.110066. 

[24] B.K. Aghdase Sadeghi, V. Hakimzadeh, Microwave Assisted Extraction of 
Bioactive Compounds from Food, A Review, Int. J. Food Sci. Nutr. Eng. (2017) 
19–27. 
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