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ABSTRACT

The present study aimed to find the effect of thermal (heat treatment) and non-thermal (sonication) processing on 
the naringin and ascorbic acid content of grapefruit juice. The three-level factorial experimental design was adopted, 
and a two-factor interaction model was fitted to assess the effect of variables on naringin and ascorbic acid content. 
The variables showed a significant (P < 0.05) linear and interaction effect on responses (naringin and ascorbic 
acid content) for thermal and non-thermal processed grapefruit juice. The naringin and ascorbic acid content of 
thermally processed juice varied from 561.50 to 612.20 ppm and 32.75 to 38.20 mg/100 mL, respectively. There was 
a significant (P < 0.05) decrease in the naringin and ascorbic acid content of grapefruit juice due to an increase in 
temperature and time. In case of sonication, the naringin and ascorbic acid content of sonication-treated juice varied 
from 690.30 to 737.50 ppm and 39.15 to 46.26 mg/100, respectively. The naringin and ascorbic acid content were 
increased significantly (P < 0.05) as a function of sonication frequency and time. The observations of the present 
study might be useful for citrus juice processing by adopting a suitable processing method.

1. INTRODUCTION

Grapefruit (Citrus paradisi) is a tropical citrus fruit belonging to the 
Rutaceae family that has a sour to semisweet and somewhat bitter 
taste [1]. Grapefruit juice includes flavonoids, a wide family of plant 
polyphenolic secondary metabolites with pigment and antibacterial 
properties that may be found in a variety of plants and vegetables [2]. 
Grapefruit is considered one of the nutritionally important fruits and 
is consumed by a sizable population due to its rich source of ascorbic 
acid, folic acid, β-carotene, and minerals [3-5]. Grapefruit contains 
active chemical compounds such as flavonoids, carotenoids, limonoids, 
lycopene, organic acids, pectin, and other phytochemicals [6]. These 
phytonutrients have been shown to have health-promoting properties 
and are useful to human health [7,8].

The most abundant grapefruit juice flavonoids are naringin, narirutin, 
quercetin, and naringenin [3]. One of the main issues of the citrus 
industry worldwide is the bitterness of some citrus fruit drinks, and 
this had a direct economic effect [9]. Bitterness is mostly attributed 
to the presence of limonin, nomilin, limonin glucoside, quercetin, and 
naringin in grapefruit juices. The initial bitterness in citrus juices is 
caused by the naringin, while the delayed bitterness is caused by the 
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limonin. Naringin has a bitter flavor, whereas limonin is tasteless and 
acquires bitterness during or after processing [10]. Naringin is the 
major component in grapefruit juice which imparts a bitter taste. Due 
to its bitter flavor, the consumption of preserved grapefruit juice has 
decreased dramatically [11]. Purewal and Sandhu [12] reported the 
naringin content in juice (30–75 mg/100 g), seeds (29–267 mg/100 g), 
pith (1328–1760 mg/100 g), albedo (130–1559 mg/100 g), and flavedo 
(270–431  mg/100  g) of grapefruit. Citrus fruit and their juices are 
commonly eaten around the world and have long been known to have 
health-promoting properties due to their ascorbic acid or vitamin C 
content [13]. Citrus fruits with more than 60  mg of vitamin C per 
240  mL of juice meet the recommended daily requirement [14]. 
Dumbravă et al. [15] observed that pink grapefruit juice is a rich source 
of ascorbic acid (81.612 mg/100 mL). Seleim et al. [16] reported that 
the ascorbic acid concentration of grapefruit juice from the white 
and pink varieties was 39.23  mg/100  mL and 38.82  mg/100  mL, 
respectively. The flavonols, carotenoids, polyphenols, anthocyanins, 
and vitamins are present abundantly in citrus fruit juices. Therefore, 
to avoid the loss of these functional components during storage and 
distribution, the fruit juices are subjected to some thermal and non-
thermal processing and preservation interventions. Many researchers 
have studied the effect of processing methods on these functional 
components of various types of fruit juice, juices blends, and value-
added products. [3,17,18]. The application of appropriate processing 
methods may preserve these components. The application of different 
juice processing methods may have a different impact on the 
functional component of grapefruit juice. Therefore, the present work 
was planned to study the effect of thermal (heat treatment) and non-
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thermal (sonication) processing methods on the naringin and ascorbic 
content of grapefruit juice.

2. MATERIALS AND METHODS

2.1. Grapefruit Juice Preparation
Grapefruits of the Star Ruby variety with equal degrees of maturity 
were procured from the Ch. Hira Singh Wholesale F&V Market, 
Azadpur, New Delhi. After washing, the grapefruits were peeled with 
the help of a knife and processed for juice extractor by a screw-type 
juice extraction machine (Kalsi, Bhajan Singh and Sons, Ludhiana, 
India). The obtained juice was collected in the glass beaker and filtered 
through a sieve for further thermal and non-thermal processing.

2.2. Thermal Processing of Grapefruit Juice
Grapefruit juice was subjected to heat treatment at three different 
levels of temperature and time [Table 1] in a water bath. Beakers of 
250 mL filled with 200 mL of juice were placed in a preheated water 
bath at the required temperatures and time.

2.3. Non-thermal Processing of Grapefruit Juice
Sonication as a non-thermal processing was done in a portable 
sonication machine (Powersonic 410, Hwashin Tech Co. Ltd., Seoul, 
Korea) at different levels of frequency (20, 30, and 40 kHz) and time 
(30, 60, and 90 min). Beakers of 250 mL filled with 200 mL of juice 
were placed in a sonication machine at the required frequency and 
time. Fresh juice was used for each experiment.

2.4. Experimental Design and Statistical Analysis
Variations in naringin and ascorbic acid content of thermal and 
non-thermal processed grapefruit juice were observed as dependent 
variables with respect to desired variable combinations of independent 
variables. The values of independent variables at three levels of 
factorial experimental design are presented in Table  1. There were 
13 experiments in experimental design as presented in coded levels 
[Table 2]. For both thermal and non-thermal processed juice, a two-
factor interaction model was fitted to assess the applicability of process 
variables on naringin and ascorbic acid content. To facilitate the visual 
presentation of responses with respect to variables, plots were obtained 
using the Design-Expert trial version (State-Ease, Minneapolis, MN).

2.5. Naringin and Ascorbic Acid Analysis
The naringin content of juice samples was estimated by the 
spectrophotometric method by Davis [19] with slight modifications. 
The absorbance was recorded at 420  nm against a blank in a UV 
spectrophotometer, and naringin content was calculated using a 
standard curve of naringin (10–200 µg). The ascorbic acid content 
was measured by titration against 2,6-dichloroindophenol dye till the 
emergence of the light pink color [20]. The ascorbic acid content was 
calculated as mg/100 mL of grapefruit juice.

3. RESULTS AND DISCUSSION

3.1. Effect of Thermal Processing on Naringin Content of 
Grapefruit Juice
The naringin content of thermally processed juice varied from 561.50 
to 612.20 ppm with an average value of 580.42 ppm [Table 2]. The 
higher naringin content in grapefruit juice was found at the combination 
of temperature and time at 70°C and 15 s. Whereas the lower naringin 
content in grapefruit juice was observed at the combination of 
temperature and time at 90°C and 45 s. The value of the predicted 
R2 (0.8259) is in acceptable agreement with the adjusted R2 of 0.9433 
[Table 3]. The visual presentation for naringin content is given in the 
3D surface plot [Figure  1] by comparing the effects of temperature 
and time by setting the reference point at the center point coded as 
0 for both temperature and time in the design space. In a study on 

Table 2: Three‑level factorial experimental design and response of thermal and non‑thermal processed grapefruit juice.

Experiment Thermal processing Non‑thermal processing (sonication)

Coded variables Responses Coded variables Responses

(A) Temperature (°C) (B) Time (s) Naringin (ppm) Ascorbic acid 
(mg/100mL)

Frequency 
(kHz)

(B) Time (s) Naringin (ppm) Ascorbic acid 
(mg/100mL)

1 −1 −1 612.20 38.20 −1 −1 690.30 39.15

2 0 −1 594.65 36.92 0 −1 693.22 40.35

3 1 −1 586.12 35.20 1 −1 696.80 41.05

4 −1 0 588.62 36.45 −1 0 702.52 40.28

5 0 0 579.85 35.16 0 0 708.12 42.15

6 1 0 570.40 34.04 1 0 714.60 43.38

7 −1 1 572.33 34.40 −1 1 720.42 42.08

8 0 1 568.92 33.52 0 1 727.15 44.66

9 1 1 561.50 32.75 1 1 737.50 46.26

10 0 0 577.50 35.15 0 0 709.35 42.96

11 0 0 575.50 35.36 0 0 705.12 42.78

12 0 0 578.27 34.95 0 0 710.10 42.15

13 0 0 579.60 34.70 0 0 706.80 42.12

Table 1: Values of variables at three‑level factorial experimental design for 
thermal and non‑thermal processing of grapefruit juice.

Processing method Independent 
variables

Code Levels of variables

−1 0 1

Thermal processing Temperature (°C) A 70 80 90

Time (s) B 15 30 45

Non‑thermal 
processing (sonication)

Frequency (kHz) A 20 30 40

Time (min) B 30 60 90
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Table 3: ANOVA of regression model for responses of thermal and 
non‑thermal processed grapefruit juice.

Source Thermal processed Non‑thermal processed 
(sonication)

Naringin Ascorbic 
acid

Naringin Ascorbic 
acid

Model 745.00 53.17 674.47 38.11

A −1.681* −0.19* 0.65* 0.39*

B −3.036* −0.29* 0.58* 0.069*

AB 0.025* 0.0023* 0.088* 0.019*

R‑squared 0.957 0.986 0.979 0.967

Adj R‑Squared 0.943 0.982 0.972 0.957

Adeq. precision 28.37 51.58 38.00 33.23

P‑values of model 0.0001 0.0001 0.0001 0.0001

Lack of fit P-value 0.080ns 0.894ns 0.375ns 0.566ns

Level of significance: *P<0.05, NS=Not significant

the effect of ultrasound processing of kiwifruit juice, Wang et al. [18] 
revealed that the flavonoids, total phenolics, and antioxidant capacity 
of ultrasound-processed juice samples significantly increased by 
105.56%, 108.65%, and 65.67%, respectively, compared to the control 
group. In a similar study, Igual et al. [3] reported a significant reduction 
in naringin content in pasteurized grapefruit juice.

3.2. Effect of Thermal Processing on Ascorbic Acid Content of 
Grapefruit Juice
The ascorbic acid content of thermally processed grapefruit juice 
varied from 32.75 to 38.20  mg/100  mL with an average value of 
35.14 mg/100 mL [Table 2]. The higher ascorbic acid content of grapefruit 
juice was found at the combination of temperature and time at 70°C and 
15 s. Whereas the lower ascorbic acid content of grapefruit juice was 
found at the combination of temperature and time at 90°C and 45 s. The 
value of the predicted R2  (0.979) is in acceptable agreement with the 
adjusted R2 of 0.982 [Table 3]. The visual presentation for ascorbic acid 
content is given in the 3D surface plot [Figure 2] by comparing the effects 
of temperature and time by setting the reference point at the center point 
coded as 0 for both temperature and time in the design space. Wurlitzer 
et al. [21] stated that the pasteurization process caused a significant 
depletion of the ascorbic acid content in the tropical juice blend. Igual 
et al. [17] supported the use of microwave treatment as an alternative to 
conventional pasteurization. They showed that thermal treatment at 95°C 
significantly decreased the ascorbic acid content in grapefruit juice, while 
microwave treatment preserved the ascorbic acid content. In a similar 
study on pear juice pasteurization, Saeeduddin et al. [22] reported that 
pasteurization at 95°C resulted in higher degradation of total phenols, 
ascorbic acid, and flavonoids than the ultrasound-pasteurized pear juice.

3.3. Effect of Sonication on Naringin Content of Grapefruit 
Juice
The naringin of sonication (non-thermal) processed juice varied from 
690.30 to 737.50 ppm with an average value of 709.38 ppm [Table 2]. 
The maximum naringin content of grapefruit juice was found at the 
combination of frequency and time at 40  kHz and 90  min. Whereas 
the minimum naringin content of grapefruit juice was found at the 
combination of frequency and time at 20 kHz and 30 min. The value 
of predicted R2  (0.9240) is in acceptable agreement with the adjusted 
R2 squared of 0.9720 [Table  3]. The visual presentation for naringin 
content is given in the 3D surface plot [Figure  3] by comparing the 

effects of frequency and time by setting the reference point at the 
center point coded as 0 for both frequency and time in the design space. 
Nadeem et al. [23] stated the higher total phenolics and flavonoids in 
the ultrasound-treated carrot-grape juice blend than in the control carrot-
grape juice blend. Results indicated that the increase in sonication time 
caused the increase in bioactive compounds of the carrot-grape juice 
blend. In a study, Ioannou et al. [24] reported the highest naringin content 
in the ultrasound-assisted extraction method. When an ultrasonic wave is 
generated, it propagates in the solvent and generates ultrasonic pressure 
waves. This creates a phenomenon known as acoustic cavitation, which 
produces bubbles. These break on contact with the cells, and they rupture 
the cell walls, allowing naringin to be released.

3.4. Effect of Sonication Processing on Ascorbic Acid Content 
of Grapefruit Juice
The ascorbic acid content of sonication (non-thermal)-processed 
grapefruit juice varied from 39.15 to 46.26 mg/100 mL with an average 

Figure 2: 3D surface plot of the effect of temperature (a) and time (b) on the 
ascorbic acid content of thermal-processed grapefruit juice.

Figure 1: 3D surface plot for the effect of temperature (a) and time (b) on the 
naringin content of thermal-processed grapefruit juice.
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value of 42.26 mg/100 mL [Table 2]. The higher ascorbic acid content in 
grapefruit juice was found at the combination of frequency and time at 
40 kHz and 90 min. Whereas the lower ascorbic acid content in grapefruit 
juice was found at the combination of frequency and time at 20 kHz and 
30 min. The value of the predicted R2 (0.9432) is in fair agreement with 
the adjusted R2 of 0.9569 [Table 3]. The visual presentation for ascorbic 
acid content is given in the 3D surface plot [Figure 4] by comparing the 
effects of frequency and time by setting the reference point at the center 
point coded as 0 for both frequency and time in the design space. Nguyen 
and Nguyen [25] reported a significantly higher (P < 0.05) ascorbic acid 
content in the sonicated mulberry juice compared to the non-ultrasonic 
one. Nadeem et al. [26] observed the increased antioxidant activity of 
citrus juice samples after sonication. In a study on apple juice, Abid et 
al. [27] reported an increased ascorbic acid content in apple juice after 
sonication at 20°C. During the orange juice storage at 20°C, Knorr et 
al. [28] reported less ascorbic acid degradation in ultrasound-processed 
orange juice than in heat-treated orange juice. Further, the effective 
removal of oxygen in ultrasound treatment favored the comparatively 
less degradation of ascorbic acid in the orange juice. A  similar study 
on ascorbic acid was also reported by Wang et al. [18] on mango juice 
and kiwi fruit juice sonication. Basumatary et al. [29] reported lower 

ascorbic acid levels in pomelo juice pasteurized at 90°C for 60 s in 
comparison to thermosonicated pomelo juice samples. Besides the 
thermal processing, further studies will be required on the non-thermal 
processing of grapefruit juice that can improve the nutritional and 
economic importance of grapefruit juice.

4. CONCLUSION

Thermal processing resulted in the partial reduction of naringin and 
ascorbic acid content of grapefruit juice. The linear and interaction 
effect was significant for the responses of naringin and ascorbic 
acid content. Whereas the sonication processing methods resulted in 
an increased level of naringin and ascorbic acid content. There was 
a significant effect of frequency and time on both the responses of 
naringin and ascorbic acid content. These observations on thermal 
and non-thermal processing of grapefruit juice may be useful in the 
selection of appropriate processing methods for citrus juice processing. 
Although further research would be necessary to study the processing 
methods for the citrus juice processing sector.
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