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Effect of heat treatment on the quality of citrus juices

Abstract

The current study was designed to estimate the effect of heat treatment conditions on the quality
of the pomelo and kinnow juice. The different temperature-time combination was selected to treat
the juices. The quality of the juice was determined based on TSS, acidity, ascorbic acid content,
total phenolic content, reducing sugar, antioxidant activity,and sweetness. After the heat treatment
to both the juice, the samples showed a significant decrease in total phenolic content, reducing
sugars, ascorbic acidity and antioxidant activity of juices as the duration and temperature of the
treatment increases. The acidity of the product increases, while sweetness decreases with an
increase in the time of treatment. It was also found that there is no significant change in the
properties with an increase in the temperature of treatment. It was revealed that low-temperature
low time can be used to get a good final quality in terms of ascorbic acid, antioxidant, and total
phenolic content of both juices.
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Introduction

Juices and whole fruits are consumed all over the world since they are a wonderful source of
minerals, vitamins, and fiber. Citrus juices contain intricate combinations of volatile aromatics and
non-volatile substances. Aromatic volatile includes aldehydes, alcohols, esters, and ketones, on
the other hand non-volatile includes sugars and organic acid (Kader, 2008). The citrus fruit variety
known as Kinnow mandarin (Citrus reticulate L) is a hybrid of Willow leaf and King and is
widely grown in India. Kinnow fruits that are fully mature have a rich appealing color and compact
skin. It is a plentiful source of nutrients such as vitamin B, B-carotene, vitamin C, phosphorous,
and calcium (Purewal and Sandhu, 2020). It is also cherished due to its good natural antioxidant,
sensory quality, and physicochemical properties. These plant metabolites help with iron and zinc
absorption and improve immunity against various infections, cancer, and coronary heart diseases
(Shah et al., 2015). Citrus maxima which is commonly known as pomelo has the appearance of a

big grapefruit. It is sweet and slightly acidic with a hint of bitterness. It is a rich source of naringin,




which is bitter in flavor, which is responsible for the bitterness of juice, and hence its low
commercial value. It contains flavonoids, coumarins, limonoids, antioxidants, and ascorbic acid.
It also contains high amount of polyphenolic compound like naringin, hesperidin, P-Coumaric
acid, caffeic acid, vanillic acid, and ferulic acid. It has antioxidant activity, analgesic, anti-

inflammatory activity, anti-diabetic activity, anti-bacterial activity, and anti-tumor activity (Visakh

etal. 2022).

The fruit juice may contain pathogenic microorganisms, or it may be contaminated during the
process lines. One of the most used methods to limit microbial risk is heat treatment or
pasteurization to kill these microorganisms. This will increase the shelf-life of the juice by
increasing the microbial quality and safety. The main target of the heat treatment is to inactivate
enzymes and reduce the number of micro-organisms (Y1ildiz et al., 2022). The quality of the food
can be changed after the heat treatment, so proper selection of temperature-time combination is
very much important. By using the pasteurization process, the juice-producing sectors seek to
preserve juices without sacrificing their nutritional and organoleptic quality (Kumar et al., 2017).
A few researchers investigated processing's impact on product quality of juices such as mango
juice (Santhirasegaram et al., 2013), tomato juice (Jafari et al., 2017), start fruit juice (Shourove et
al., 2020), barberry juice (Farhadi et al., 2017), pineapple (Rattanathanalerk et al., 2005), and
orange juice (Scalzo et al., 2004).

The present study aims to treat the extracted juice of kinnow and pomelo in different temperature-

time combinations and evaluate the impact of heat treatment on a fruit juice's nutritional value.
Material and methods
Materials

Kinnow and pomelo fruit were procured from the local market of Dehradun, Uttarakhand, India.
These were selected based on the visual inspection for any defects and maturity and it is then
washed with water to remove any adhering substance. It was then stored in arefrigerator for further
usage. All the chemicals used in the study for analysis were procured from Himedia, India It
includes 22-diphenyl-1-picryl-hydrazyl-hydrate, gallic acid, ascorbic acid, 3,5-Dinitrosalicylic

acid, , sodium sulphite, NaOH, Potassium sodium tartarate. and Folin Ciocalteau reagent,




Extraction of juice

Fruits were first peeled and then the segments of the selected citrus fruits were separated. After
that, the juice was extracted using the juicer, filtered using a muslin cloth of 1.5-2.0 mm pore size

to remove any suspended particles, and stored at 7+1 °C till further usage (Char et al., 2010).
Heat treatment of juice

The heat treatment was given to the extracted juice by using the water bath at different temperature-
time combinations. The juices were treated at temperatures 70 °C, 80 °C, 90 °C, and 100 °C for

15,30, and 45 minutes. The sample without any heat treatment was considered a controlled sample.
Physicochemical properties of juice

The quality of the treated kinnow and pomelo juice was determined based on the change in
different physicochemical properties. The titrable acidity of all the samples was estimated by the
method explained by Kumar et al. (2019). The total soluble solids (TSS) in the juices were
determined by using a hand refractometer as described by Ranganna (1986) and represented in
Brix. The sweetness of the juice was determined by calculating the ratio of TSS and titrable acidity
and represented in percentage. The reducing sugar was calculated by the DNS method (Srivastava,
etal.,2019) and represented in mg/mL of glucose. The total phenolic content (in mg/mL equivalent
to gallic acid), antioxidant (in mg/mL equivalent to gallic acid, Himedia, India ), and ascorbic acid
(in mg/mL equivalent to ascorbic acid, Himedia, India) content of juices were determined by Folin-
ciocalteu reagent (Himedia, India) method, DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate,
Himedia, India) method, and direct colorimetric method respectively (Ranganna, 1986; Srivastava

etal., 2019).
Statistical analysis

All the readings were measured in triplicates and statistical analysis of the data was carried out in
Origin 6.0 (Origin Lab Corporation, USA) and values are represented as the mean and bar

represents the standard deviations.

Results and Discussion




Effect of heat treatment on total soluble solids (TSS)

One of the most crucial criteria for assessing the quality of a citrus juice is Brix, which is used to
represent the percentage of soluble solids in juices (Kohli et al., 2018). Fig | represents the changes
in total soluble solids after heat treatment in pomelo and kinnow juice. The TSS of fresh pomelo
juice is lower than fresh kinnow juices, which was found to be 9 °Brix and 14 °Brix, respectively.
From Fig 1(a), it can be observed that the TSS of the pomelo juice increases with an increase in
the time of treatment from 15 to 45 min for all temperatures, while it doesn’t show any significant
effect with an increase in the temperature of treatment at a particular time. The increase in TSS of
the juice is may be due to the high evaporation of moisture, which may concentrate the juice by
heat treatment for a longer time (Sabanci and Icier, 2017). On the other hand, it can be observed
from Fig 1(b) that the TSS of kinnow juice decreases with an increase in the time for the treatment
at a particular temperature. Similar to the pomelo juice, its TSS changes considerably with rise in
temperature of treatment. Although, Shourove et al. (2020) noticed that there is no significant

change in TSS of star fruit juice after heat treatment.
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Fig 1. Changes in TSS after heat treatment in (a) pomelo juice (b) kinnow juice




Effect of heat treatment on titrable acidity

Titrable acidity of fruit beverages is a crucial factor to determine the sourness and maturity of the
fruit (Kohli et al.,2019). Fig 2 shows the effect of heat treatment on the titrable acidity of pomelo
and kinnow juice. The titrable acidity of fresh pomelo juice (1.28) was found to be higher than
kinnow juice (1.03). From Fig 2(a), the titrable acidity of pomelo juice increases with an increase
in the treatment time from 15 to 45 min for all temperatures and decreases with an increase in
treatment temperature. On the other hand, it can be seen from Fig 2(b) that the titrable acidity of
kinnow juice decreases with an increase in the time for the treatment and increases with an increase
in treatment temperature. The titrable acidity of fruit juice is very much affected by the method
and condition of pasteurization. It also changes during the storage and condition of the storage

(Lagnika et al., 2017).
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Fig 2. Changes in titrable acidity after heat treatment in (a) pomelo juice (b) kinnow juice
Effect of heat treatment on Sweetness

According to Colaric et al. (2005), the acid and sugar to acid ratio have an impact on sweetness.
The changes in the sweetness of fruit juice with heat treatment are shown in Fig 3. The kinnow
fruit juice (13.59 %) is found to be sweeter in comparison to the pomelo (7.43 %). From Fig 3(a),
sweetness of the pomelo juice was found to be higher for the juice treated for 15 min at all

temperature ranges as compared to the control. Thereafter, the sweetness was found to be




decreased with an increase in the time of heat treatment of the pomelo juice. In continuation, the
decrease in sweetness with an increase in the time of treatment may be due to the increase in the
acidity of the juice. On the other hand, it was found that there was no significant change in the

sweetness of the kinnow juice after heat treatment (Fig 3(b)).
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Fig 3. Changes in the sweetness after heat treatment in (a) pomelo juice (b kinnow juice

Effect of heat treatment on reducing sugar

The variations in reducing sugar with heat treatment conditions are shown in Fig 4. It was found
that the reduced sugar of pomelo juice (33.31 mg/mL) is almost the same as the kinnow juice (33.6
mg/mL). It can be observed from Fig 4(a), that the reducing sugars in the pomelo juice was
increases with the increase of temperature and time. So, the highest reducing sugar (85.84 mg/mL)
of pomelo juice was found for treated samples at 1000C for 45 mins. Similar results were found
in the case of kinnow (Fig 4(b)). The reducing sugar of the kinnow juice was found to be increased
with the increase in temperature and time for treatment. Therefore, the higher reducing sugar was
observed at 83.3 mg/mL for kinnow juice treated at 1000C for 45 mins. The increase of reducing
sugar with the increase in temperature and time could result from the conversion of non-reducing
sugar to reducing sugar (Matias et al., 2015). Similar results were also found by other researchers

(Kumar et al., 2017; Mehmood et al., 2008; Ricca et al., 2009).
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Fig 4. Changes in reducing sugar after heat treatment in (a) pomelo juice (b) kinnow juice
Effect of heat treatment on Total Phenol Content

Fig 5 denotes the variations in total phenolic content in pomelo and kinnow juice after heat
treatment. The phenolic content of pomelo (0.96 mg/mL) and kinnow (1.00 mg/mL) is found to
be almost similar. From Fig 5(a), it was observed that the total phenolic content of pomelo juice
reduces with an increase in treatment temperature as well as the treatment time. The time of
treatment has a greater influence on the phenolic content in the pomelo juices. The change is
minimum upto the 30 mins of treatment time, while for 45 mins of treatment time, there is a sudden
decrease in the values. Therefore, minimum phenols (0.35 mg/mL) in pomelo were obtained in the
juice treated at 100°C for 45 mins. On the other hand, from Fig 5(b) the phenolic content of the
kinnow juice reduces with an increase in temperature and time of treatment, but treatment time has
a greater influence. The reduction in the value of phenolic content in the kinnow juice is negligible
or minimum up to the treatment time of 15 min, but after that, there is a drastic decrease in the
values. However, Su et al. (2019) suggested that after being heat-treated at higher temperatures,
the total phenolic content (TPC) of the lychee juice increases as compared to the juices treated at

lower temperatures.
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Fig 5. Changes in total phenolic content after heat treatment in (a) pomelo juice (b) kinnow juice

Effect of heat treatment on Ascorbic acid

Vitamin C plays a significant character in antioxidant properties and the browning of juice (Mena,
2013). The changes in ascorbic acid in the pomelo and kinnow juice after the heat treatment is
represented in Fig 6. The ascorbic content in the pomelo juice (0.44 mg/mL) is found to be higher
than the kinnow juice (0.30 mg/mL). From Fig 6(a), it can be seen that treatment time and
temperature significantly affect the ascorbic acid content in the pomelo juice. The value of the
ascorbic acid in pomelo juice decreases with an increase in treatment temperature and time. Similar
results were also found for the kinnow juice (Fig 6(b)). Therefore, the minimum value of the
ascorbic content in the pomelo (0.07 mg/mL) and kinnow (0.03 mg/mL) juices was found in
samples treated at 100°C for 45 min. Some researchers suggested that the kind of juice
significantly affects the degradation of vitamin C during pasteurization, not the temperature

treatment (Mena et al., 2013).
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Fig 6. Changes in ascorbic acid after heat treatment in (a) pomelo juice (b) kinnow juice
Effect of heat treatment on Antioxidant Activity

Fig 7 represents the changes in antioxidant activity in pomelo and kinnow juice after heat
treatment. The antioxidant activity of pomelo (4.81 mg/mL) and kinnow (4.82 mg/mL) is found to
be almost similar. From Fig 7(a), it was observed that the antioxidant activity of pomelo juice
reduces with an increase in treatment temperature as well as the treatment time. The maximum
change in the antioxidant values was found up to 15 min of treatment time and after that the change
in the values is minimal. Similar results were obtained in kinnow juices. Therefore, minimum
antioxidant activity in pomelo (0.299 mg/mL) and kinnow (2.82 mg/mL) juice were obtained in

the juice treated at 100°C for 45 mins.
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Fig 7. Changes in total antioxidants after heat treatment in (a) pomelo juice (b) kinnow juice
Conclusion

The findings of the study suggest that the selection of a proper temperature-time combination for
the heat treatment of citrus juice is a very much important factor in minimally affecting the quality
of the juices, as the higher temperature can deteriorate the quality of the juices. The heat sensitive
parameters like ascorbic acid, total phenolic content, and antioxidant activity should be considered
before selecting the temperature and time for the heat treatment of the product. Based on the results
from this study, the low-temperature low time is effective to preserve the heat-sensitive quality.
To make this fruit juice on a large scale commercially and for improvements in human health,
further study is needed on shelf life, quality enhancement employing stabilizers and packaging,
and clinical trials. In future, the effect on quality of the juices with storage and effect of different

storage conditions can be studied.
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