
Quality assessment, sensory evaluation, and radical scavenging activity (RSA) of 
orange (Citrus auranthium) pulp

 M. K. Saeed*, N. Zahra, I. Ahmad and Q. Syed

Food and Biotechnology Research Centre, PCSIR Laboratories Complex, Lahore, Pakistan

Abstract

Oxidative stress is a significant source of the pathogenesis of many chronic diseases; that is why 
antioxidant behavior is one of the most commonly identified biological activities in citrus fruits. The 
pulp of citrus fruits is the sticky substance of the fruit's endocarp and contains the fruit's juice. This 
study scrutinizes the quality assessment, sensory evaluation, and free radical scavenging activity 
(RSA) of orange (Citrus auranthium) pulp. Free radical scavenging activity was examined by 2, 
2-diphenyl-1-picrylhydrazyl assay. The quality assessment parameters results showed that the ºBrix 
of orange pulp was 64.50, pH 3.70, acidity 5.12, ratio 12.58, pulp 9.70%, and SO2 were not detected. 
On analyzing the sensory evaluation, it was found that orange pulp juice has the score of appearance 
(7.07 ± 0.146), color (7.27 ± 0.163), flavor (7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165). The results of free radical scavenging showed that the percentage 
inhibition was 9.55-54.80 at concentrations of 0.2-1.0 mg/ml. The antioxidant activity of orange 
pulp may be due to presence of polyphenols, flavonoids and possibly other compounds in orange 
pulp that are responsible for this activity.
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Introduction

In the food industry, quality always remains the first 
preference. Due to various food-related issues, it is 
increasingly raised as an essential element. The demand for 
quality food is rising day by day. To compete with this claim 
for quality food products has distributed the use of 
high-quality management tools. Food technologists have 
been working to meet the expectations of the market and 
customers throughout the world. They are also working to 
produce safe food products, reducing costs, improving 
quality and production losses (Dias et al., 2010). The demand 
for fresh fruits is rapidly increasing. It has also imitated 
changes in customer preferences for healthier and safe foods, 
which should be manufactured through environmentally 
friendly methods. Various diseases are closely associated 
with eating habits. These diseases include diabetes, 
atherosclerosis, high blood pressure, cancer etc. In recent 

times, functional foods have extended popularity because 
they can eliminate such kind of diet-related diseases 
(Jayaprakasha et al., 2008; Sipho et al., 2020).

Citrus fruits and citrus juices are vital sources of bioactive 
compounds. These bioactive compounds include various 
antioxidants such as flavonoids, ascorbic acid, some phenolic 
compounds and pectin are important source of nutrition for 
humans. (Jayaprakasha and Patil, 2007; Kamaran et al., 
2009). Oranges are consumed globally as a good source of 
these polyphenolic compounds and Vitamin C (Klimczak et 
al., 2007; Sumit and Satya, 2018), which positively impact 
human health. Therefore, it is beneficial to consume citrus 
fruits and products derived from these fruits. Orange is a 
citrus, a high-yielding citrus hybrid widely grown in Punjab, 
Pakistan. Harvest and post-harvest losses for orange range 
from 25-30% (Singh et al., 2016).

The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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Fig. 1. Orange (Citrus auranthium) and its pulp
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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Table I. Quality assessment parameters of Orange pulp

Data are represented ± Standard deviation

Sr. 
No. 

Para meters  Sample 1  Sample 2  Sample 3  Mean  

1 pH 3.70 ± 0.02 3.68 ± 0.03 3.72 ± 0.01 3.70 ± 0.02 

2 Brix 64.50 ± 2.30 64.40± 2.28 64.60± 2.32 64.50 ± 2.30 

3 Acidity (%) 5.10 ± 0.15 5.23 ± 0.13 5.05 ± 0.11 5.12 ± 0.13 

4 Ratio 
(Brix/acid) 

12.64± 0.94 12.31± 0.90 12.79± 0.86 12.58 ± 0.9 

5 Pulp (%) 9.64 ± 0.73 9.71 ± 0.70 9.76 ± 0.67 9.70 ± 0.70 

6 SO2 ND ND ND ND 
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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1 7.20 ± 0.152 6.90 ± 0.140 7.90 ± 0.181 7.30 ± 0.140 7.37 ± 0.210 
2 6.80 ± 0.143 7.10 ± 0.175 7.50 ± 0.171 7.20 ± 0.162 7.26 ± 0.202 
3 7.00 ± 0.125 7.50 ± 0.168 6.40 ± 0.201 6.60 ± 0.174 8.10 ±0.182 
4 6.90 ± 0.120 6.50 ± 0.183 7.90 ± 0.178 7.00 ± 0.192 7.22 ± 0.212 
5 7.30 ± 0.142 7.20 ± 0.168 7.45 ± 0.221 6.30 ± 0.156 6.98 ± 0.183 
6 6.80 ± 0.152 6.70 ± 0.161 8.10 ± 0.191 7.50 ± 0.168 7.43 ± 0.176 
7 7.10 ± 0.135 7.00 ± 0.165 7.80 ± 0.180 6.80 ± 0.148 8. 20 ± 0.165 
8 6.85 ± 0.150 8.75 ± 0.150 7.50 ± 0.265 7.20 ± 0.142 7.58 ± 0.187 
9 7.35 ± 0.163 7.15 ± 0.178 7.30 ± 0.152 6.75 ± 0.185 8.06 ± 0.220 
10 7.40 ± 0.150 7.95 ± 0.188 7.50 ± 0.208 7.10 ± 0.146 7.52± 0.245 

Mean 
Score  

7.07 ± 0.146 7.27 ± 0.163 7.52 ± 0.172 6.87 ± 0.156 7.60 ± 0.165 

Fig. 2. Radical scavenging activity (RSA) of orange pulp samples
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.

References

Aande TM, Agbidye IG and Adah CA (2020), Formulation, 
Proximate Analysis and Sensory Evaluation of Mumu 
from Pearl Millet, Irish Potato and Sesame Seed Blend, 
Agricultural Sciences 11: 235-246. DOI: 10.4236/as. 
2020.113015  

Arora M and Kaur P (2013), Antimicrobial and Antioxidant 
Activity of Orange Pulp and Peel, Int. J.of Sci.and Res. 
2(11): 412-415.

Babbar N, Oberoi HS, Uppal DS and Patil RT (2011), Total 
phenolic content and antioxidant capacity of extracts 
obtained from six important fruit residues, Food Res 
Int 44: 391-396. DOI: org/10.1016/j. foodres. 
2010.10.001

Bairy PS, Bora NS, Kakoti BB, Das A, Nainwal LM and 
Gogoi B (2016), Preliminary phytochemical screening, 
in vitro antioxidant activity, total polyphenolic and 
flavonoid content of Garcinia lanceifolia Roxb and 
Citrus maxima (Burm.) Merr, J App Pharm Sci. 6(9): 
133-139. DOI: 10.7324/JAPS.2016.60920

Bajwa EE, Naeem Z, Anjum J and Nazir A (2002), 
Development, standardization and storage studies on 
watermelon-lemon, Pak. J. Food Sci. 12: 21-24.

Bourhia M, Elmahdaoui H, Ullah R, Bari A and Benbacer L 
(2019), Promising physical, physicochemical and 
biochemical background contained in peels of prickly 
pear fruit growing under challenging ecological 
conditions in the Mediterranean countries, Bio. 
Medical Res. Int. 1: 1-8. DOI: org/10.1155/ 
2019/9873146

Bourhia M, Hamza E, Riaz Ullah, Samir I and Shahat AA 
(2020), Physicochemical evaluation of the fruit pulp of 
Opuntia spp growing in the Mediterranean under 
challenging climate conditions, Open Chemistry 18: 
565-575. DOI: org/10.1515/chem-2020-0097

Carlos EFS and Ana Karla de SA (2017), Tropical Fruit 
Pulps: Processing, Product Standardization and Main 
Control Parameters for Quality Assurance, Food/Feed 
Science and Technology Braz, arch. biol. technol. 60: 
1-9. DOI: org/10.1590/1678-4324-2017160209  

Cheong MW, Liu SQ, Zhou W, Curran P and Yu B (2012), 
Chemical composition and sensory profile of pomelo 
(Citrus grandis (L.) Osbeck) juice, Food Chem. 
135(4): 2505–2513. DOI: org/10.1016/ j.foodchem. 
2012.07.012

Curvelo-Garcia AS (2005), Práticas enológicas 
internacionalmente reconhecidas, Ciência e Técnica 
Vitivinícola 20(2): 105-130.

Dias SS, Barbosa VC and Costa SRR (2010), Utilização do 
APPCC como ferramenta da qualidade em indústrias 
de alimentos, Rev. Ciênc Vida, Seropédica 30(2): 
99-111.

Djenidi H, Khennouf S and Bouaziz A (2020), Antioxidant 
activity and phenolic content of commonly consumed 
fruits and vegetables in Algeria, Progress in Nutrition 
22(1): 224-235. DOI: 10.23751/pn.v22i1.7701

Esteve MJ, Frígola A, Rodrigo C and Rodrigo D (2005), The 
effect of storage period under variable conditions on 
the chemical and physical composition and color of 
Spanish refrigerated orange juices, Food Chem Toxicol 
43(9): 1413-22. DOI: org/10.1016/j.fct.2005.03.016

Faheem IP, Gopalakrishna B, Mohsina FP and Sarah Priya 
(2021), Antioxidant activity of leaves and bark extracts 
of Crataeva Magna plant, World Journal of Biology 
Pharmacy and Health Sciences 5(1): 1-8. DOI: 
10.30574/wjbphs.2021.5.1.0106

Hazbavi I, Khoshtaghaza MH, Mostaan A and Banakar A 
(2013), Effect of post-harvest hot-water and heat 
treatment, J Saudi Soc Agric Sci. 4(1): 5-11. DOI: 
org/10.1016/j.jssas.2013.10.003

Hegazy AE and Ibrahim MI (2012), Antioxidant Activities of 
Orange Peel Extracts, World Applied Sciences Journal 
18(5): 684-688.

Hussain I, Zeb A, Shakir I and Shah AS (2008), Combined 
effect of potassium sorbate and sodium benzoate on 
individual and blended juices of apricot and apple 
fruits are grown in Azad Jammu and Kashmir, Pak. J. 
Nutr. 7(1): 181-185.

Jayaprakasha GK and Patil BS (2007), In vitro evaluation of 
the antioxidant activities in citron and blood orange 
fruit extracts, Food Chem. 101: 410-418. DOI: 
org/10.1016/j.foodchem.2005.12.038

Jayaprakasha GK, Girennavar B and Patil BS (2008), 
Antioxidant capacity of pummelo and navel oranges: 
extraction efficiency of solvents in sequence, LWT−
Food Sci Technol 41: 376-384. DOI: org/10. 
1016/j.lwt.2007.03.017

Josi-Noelline S,  Gonnety JT,  Kouassi-Koffi JD,  Dan CG,  
Ouattara DN and Bakayoko A (2017), Nutritive 
Assessment of the Fruit Pulp of Coelocaryon 
oxycarpum, an Aromatic Plant Consumed as Spice, 
International Journal of Food Science and Nutrition 
Engineering 7(5): 119-124.

Jothi JS, Karmoker  P and Sarower K (2014), Quality 
assessment of mixed fruit squash: Physico-chemical 
analysis, sensory evaluation, and storage studies, J. 
Bangladesh Agril Univ. 12(1): 195–201. DOI: 
http://dx.doi.org/10.3329/jbau.v12i1.21412

Kamran G, Yosef G and Ebrahimzadeh MA (2009), 
Antioxidant activity, phenol and flavonoid contents of 
13 citrus species peels and tissues, Pak. J. Pharm. Sci. 
22(3): 277-281.

Klimczak I, Małecka M, Szlachta M and 
Gliszczyńska-Świgło A (2007), Effect of storage on 
the content of polyphenols, vitamin C and the 
antioxidant activity of orange juices, J Food Compos 
Anal 20: 313-322. DOI: org/10.1016/ 
j.jfca.2006.02.012

Konan MK, Koffi EN, Cisse I, Adima AA, and Bekro YA 
(2016), Phytochemical, nutritional and antioxidant 
capacity of five Ivorian edible leaves aqueous extracts, 
J App Pharm Sci. 6(9): 82-86. DOI: 10.7324/ 
JAPS.2016.60912

Mathur A, Satish KV, Purohit R, Gupta V, Dua VK, 
Prasad GBKS, Mathu D, Santosh K. and Singh S 
(2011), Evaluation of in vitro antimicrobial and 
antioxidant activities of peel and pulp of some citrus 
fruits, IJPI's Journal of Biotechnology and 
Biotherapeutics 1(2): 1-17.

Nandhakumar EPI (2013), In vitro Antioxidant Activities of 

Methanol and Aqueous Extract of Annona squamosa 
(L.) Fruit Pulp, Journal of Acupuncture and Meridian 
Studies 6: 142. DOI: org/10.1016/j.jams.2012.09.002

Nataša I, Janja K, Tadeja KŠ and Anton I (2021), Antioxidant 
Activity of Elderberry Fruits during Maturation, 
Agriculture 11(6): 555-558. 

Okokon EJ and Otobong EO (2019), Proximate analysis and 
sensory evaluation of freshly produced apple juice 
stored, Global journal of pure and applied sciences 25: 
31-37. DOI: 10.4314/gjpas.v25i1.5

Oliveira de AMF, Pinheiro LS, Pereira CKS, Matias WN, 
Gomes RA, Chaves OS, de Souza MFV, de Almeida 
RN AND de Assis TS (2012), Total phenolic content 
and antioxidant activity of some Malvaceae family 
species, Antioxidants 1: 33-43. DOI: org/10.3390/ 
antiox1010033

Park JH, Lee M and Park E (2014), Antioxidant Activity 
of Orange Flesh and Peel Extracted with Various 
Solvents, Preventive Nutr. Food Sci. 19(4): 
291-298.  DOI:  10.3746/pnf.2014.19.4.291

Rangana S (1986), Handbook of analysis and quality control 
for fruit and vegetable products, New York: Tata 
McGraw-Hill education. 

Rao AL, Bharani M and Pallavi V (2006), Role of 
antioxidants and free radicals in health and disease, 
Adv. Pharmacol. Toxicol. 7: 29-38.

Saeed MK, Ahmad I, Khan M and Syed Q (2014), 
Polyphenolic content, antioxidant activity and 
organoleptic evaluation of bitter gourd (Momordica 
charantia l.) Tea, Am. J. Pharm Health Res: 2(10): 
50-60. 

Saeed MK, Zahra N, Abidi SH, Syed Q, Firdous S and Riaz 
A (2022), In vitro Assessment of the free radical 
scavenging activity, proximate and GC-MS analyses 
of the essential and fixed oil of Nigella sativa from 
Pakistan, J Biotech Biores. 3(3)565: 1-5.

Selma BB, Ülger I, Kaliber M and Konca Y (2018), 
Determination of Chemical, Nutritional and 
Fermentation Properties of Citrus Pulp Silages, 
Turkish Journal of Agriculture-Food Science and 
Technology 6(12): 1833-1837. DOI: org/10.24925/ 
turjaf.v6i12.1833-1837.2229

Senevirathne M, Kim SH, Siriwardhana N, Ha JH, Lee KW 
and Jeon YJ (2006), Antioxidant potential of Ecklonia 
cava on reactive oxygen species scavenging, metal 
chelating, reducing power and lipid peroxidation 
inhibition, Food Sci Technol Int. 12: 27-38. DOI: 
org/10.1177/1082013206062422

Shan S, Huang X, Shah MH and Abbasi AM (2019), 
Evaluation of polyphenolics content and antioxidant 
activity in edible wild fruits, Biomed Res Int 11. DOI: 
org/10.1155/2019/1381989 

Sharma H, Poja R and Verma R (2006), Organoleptic and 
chemical evaluation of osmotically processed apricot 
wholes and halves, Natural Products Radiance  5(5): 
350-356. 

Singh SV, Jain RK and Gupta AK (2016), Adsorptive 
reduction of naringin from kinnow mandarin juice with 
non-ionic macroporous adsorbent resin, Indian Chem 
Eng. 58(2): 136–156. DOI: org/10.1080/ 00194506. 
2015.1006144

Sipho T,  Kunle O, Heinrich H, Leonard VM, Uchechukwu 
UN and Anthony IO (2020), Chemical constituents, 
antioxidant and cytotoxicity properties of Leonotis 

leonurus used in the folklore management of 
neurological disorders in the Eastern Cape, South 
Africa, Biotech. 10(141): 1-14.

Susmit AI and Satya VS (2018), Physico-chemical properties 
of ultrafiltered kinnow (mandarin) fruit juice, J. Food 
Sci. Technol. 55(6): 2189–2196.

Tang Z, Zhou C, Cai Y, Tang Y, Sun W, Yao H, Zheng T, 
Chen H, Xiao Y, Shan Z, Bu T, Wang X, Huang L and 
Gou L (2020), Purification, characterization and 
antioxidant activities in vitro of polysaccharides from 
Amaranthus hybridus L, Peer J 8: e9077, 1-22. DOI: 
org/10.7717/peerj.9077

Vinson JA, Su X, Zubik L and Bose P (2001), Phenol 
antioxidant quantity and quality in foods: fruits, J 
Agric Food Chem. 49: 5315-5321. DOI: org/ 
10.1021/jf0009293

Yi Z, Yu Y, Liang Y and Zeng B (2008), In vitro antioxidant 
and antimicrobial activities of the extract of 
Pericarpium Citri Reticulate of a new Citrus cultivar 
and its main flavonoids, LWT-Food Science and 
Technology 41: 597-603. DOI: org/10.1016/ 
j.lwt.2007.04.008



Saeed, Zahra, Ahmad and Syed 129

The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.
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The fruit needs to be processed to reduce these losses, and 
the main processed product of citrus fruit is the fruit pulp, 
which is generally extracted from the juice by filtration. 
Fruit pulp juiciness is determined by several factors, 
including the variety, species, and season in which the 
fruits are grown.

Free radicals are the atoms or groups of atoms with one or 
more unpaired electrons (Konan et al., 2016). The 
excessive production of these molecules causes oxidative 
stress, which leads to many diseases such as 
hypertension, diabetes, various types of cancer and 
neurodegenerative diseases (Bairy et al., 2016). The 
study of Epidemiology intensely suggests that consuming 
fruits and vegetables that have antioxidant properties are 
protective against these diseases and prevent 
degenerative processes caused by oxidative stress 
(Senevirathne et al., 2006; Vinson et al., 2001; Tang et 
al., 2020). Moreover, the human body can also produce 
some natural antioxidants such as catalase, superoxide 
and peroxidase, which deactivate free radicals, but 
unfortunately, these antioxidants are not enough for our 
body's needs (Rao et al., 2006; Faheem et al., 2021). 
Therefore, it is essential to provide natural antioxidants to 
humans at a low cost. Therefore, this study endeavored to 
determine orange pulp's quality assessment and free 
radical scavenging activity (RSA).

Materials and methods

Chemicals and reagents

DPPH, BHT, Iodine, starch, and NaOH were purchased from 

Merck and Fluka companies. All other chemicals and 
reagents used in this research were analytical grade. 

Sample preparation

Orange fruit (Citrus auranthium) was purchased from a 
native market in Lahore, Pakistan. It was peeled and the pulp 
and seeds were removed. The pulp and seeds were carefully 
separated. The pulp was sealed in plastic bags and kept at 
-18°C until it was analyzed.

pH, ºBrix, total acidity, ºBrix/acidity ratio and % pulp

The pH was measured at 25°C using a (InoLab pH Level 
1, Germany) pH meter (Crison Inst. S.A., Barcelona, 
  Spain) calibrated with a pH 7 buffer solution. Total 
soluble solids were measured with a digital refractometer 
(HANNA, Instruments, Romania), and the results are 
reported in °Brix. The acidity of crushed pulp was 
assessed using a protocol by titrating 100 mL of orange 
pulp with NaOH (0.1 N) solution to pH 8.1. The Results 
were taken in grams of citric acid per 100 g (% w/v) citric 
acid. The ºBrix/acidity ratio was measured by dividing 
the brix by pulp acidity. A total of 11.0 g of pulp was 
mixed with water to make °Brix 12 (18.6 g pulp up to 100 
ml), then centrifuged at 3,000 rpm by using a centrifuge 
machine (Centurarian Scientific (3000 System), for 30 
minutes. After that, the residue was measured as pulp 
percentage and reported in (% w/v) pulp (Bourhia et al., 
2019). All assays were performed at 25°C, and values   are 
the average of three replicates.

Total and free sulfur dioxide (SO2) 

Based on the discharge of free SO2 in the occurrence of 
H2SO4, it was titrated with 0.2 N iodine solution. A strong 
base (1% starch solution) was used as an indicator to 
examine the SO2,  

Sensory evaluation of pulp

Sensory analysis was performed on a 9-point hedonic 
scale (Rangana, 1986) by a test panel consisting of 10 
panelists and students and staff from the Food FBRC, 
PCSIR Integrative Laboratory, Lahore. The °Brix 12 juice 
is first created by adding water, then served in a coded 
glass. The samples were distributed to the group in 
random order. Between assessments, group participants 
were given drinking water to rinse their lips. Instructed 
panelists to rate the coded samples by indicating their 
similarity in flavor, taste, color, and overall acceptability 
on a 9-point Hedonic scale where 9 = extremely like; 8 = 
very much like; 7= moderately like; 6 = slightly like; 5 = 
neither like nor dislike; 4 = slightly dislike; 3 = 
moderately dislike; 2 = very much dislike and 1 = 
extremely dislike.

Radical scavenging activity (RSA)

The influence of orange pulp extract on 
2,2-diphenyl-1-picrylhydrazine (DPPH) free radicals 
was measured by the method as described by (Yi et al., 
2008) with some modifications (Saeed et al., 2022). 
Mixed 0.1 mL of extraction solution (0.2-1.0 mg/mL) 
with 2.9 mL of DPPH (0.004% in methanol). The 
reaction mixture was incubated at room temperature for 
30 minutes. Using a spectrophotometer (UV-Vis - 1700 
Shimazdu, Japan), the resulting solution's absorbance 
was measured at 517nm. The assay was performed 
similarly, but water was used as a substitute for sample 
solution to control the experiment. The radical 
scavenging activity of the test sample was measured as 
the decrease in absorbance and calculated using the 
following equation:

Scavenging activity (%) = Ac-As / Ac ×100

While Ac and As, are the absorbance at 517 nm of the control 
and sample, respectively.

Statistical analysis

For the quality assessment and free radical scavenging 

activity of orange pulp, the calculation of mean, standard 
deviation, and coefficient of variation was used. Analysis of 
variance (ANOVA) was performed on pulp chemistry 
monitoring and sensory evaluation data.

Results and discussion

Total soluble solids (ºBrix) and pH 

The orange pulp's total soluble solids (ºBrix) value was 64.50 
± 2.30 (Table I). There is a significant parameter determining 
total solubility (Nandhakumar, 2013). The ºBrix scale 
measures the percentage of soluble dry matter in the pulp. 
The results show that this pulp is of excellent quality and 
prevents the pulp from growing bacteria and mold (Mathur et 
al., 2011). The parameter of the pH defines the microbial 
stability of fruit during the whole process of storage (Hazbavi 
et al., 2013). It also affects the taste of the fruit. The pH of 
orange pulp is 3.70 ± 0.01 (weakly acidic). The pH of orange 
pulp reported in our work is slightly higher than that 
described by Selma et al., (2018) (3.61 ± 0.02) and also other 
fruits, such as grapefruit (3.67 ± 0.03) (Table I) (Cheong et 
al., 2012). pH plays a dual role in pulp juice as both a flavor 
promoting and preservative factor. Several researchers have 
demonstrated that a decrease in pH in pulp samples is 
proportional to an increase in acidity, which may be 
attributed to the presence of pulp samples (Bajwa et al., 
2002; Hussain et al., 2008). 

Total titratable acidity and ºBrix/acidity ratio

The total titratable acidity is the sum of the free-acid 
functions of the sample and the total titratable acidity 
value is inversely proportional to the ºBrix value (negative 
correlation Table I). The average acidity of orange pulp is 
5.12 ± 0.13 g citric acid/100 g. The results of the acidity 
present in the orange pulp of the current study are reliable 
to those that are reported in the previous literature (Esteve 
et al., 2005).

The Brix/Acidity ratio is an essential indicator for 
determining the taste and quality of fruit. It is also used to 
determine fruit ripeness (Bourhia et al., 2020). Orange 
pulp exhibited the highest ºBrix/acidity ratio with 12.58 ± 
0.90 (Table I). Therefore, these fruits are considered the 
best edible fruits due to their taste qualities. Our results 
are partially equivalent to those of other studies (Susmit 
and Satya, 2018).

Percentage of pulp and total SO2

The fruit pulp is a non-concentrated, unfermented, and with 
no added water product obtained from pulpy fruits by 
applying a technical process. It contains minimum total solid 
content from raw edible fruit portions (Josi-Noelline et al., 
2017). Table I showed that the mean pulp % was 9.70 ± 0.5, 
indicating that it contains a good quantity of fruit and it has 
enjoyable effects on nutritional facts. It is the primary food 
product obtained from the processing of fresh fruits. The pulp 
of fruits can be cold easily and stored for long times. It can 
also be used to formulate juices and additional food products 
(Carlos and Ana Karla, 2017). The result of total and free 
sulfur dioxide determination showed that the SO2 was not 
detected. Sulfate of the products consists of added gaseous 
sulfuration showed dioxide in the form of aqueous sodium 
metabisulfite solution. It is the primary process that aims to 
initiate alcoholic fermentation. This reaction blocks the 
bacterial activity and inhibits the oxidation of the product 
(Curvelo-Garcia, 2005).

Sensory evaluation of orange pulp

Sensory evaluation of ready-to-serve orange drinks 
prepared from the orange pulp was assessed for flavors, 
taste, color, and complete acceptability. It is clear that the 
addition of chemical preservatives significantly affects 
these properties, with a slight loss in pulp quality (Aande 

et al., 2020). One-way ANOVA showed that panelists 
accepted the entire sample with varying degrees of 
acceptability. Sensory evaluation of food products plays a 
vital role in judging sensory acceptance or rejection of 
food products on the market (Sharma et al., 2006; Saeed 
et al., 2014). Quality is the ultimate criterion for all food 
products, influenced by sensory qualities such as 
appearance, color, texture, flavor, and taste (Jothi et al., 
2014). Table II presents the results of the study on 
appearance (7.07 ± 0.146), color (7.27 ± 0.163), flavor 
(7.52 ± 0.172), taste (6.87 ± 0.156), and overall 
acceptability (7.60 ± 0.165) and found that orange juice 
had the excellent overall acceptability certified by the 
judge. Sensory evaluation is a unique source of product 
information and involves measuring people's responses to 
a product in terms of appearance, aroma, taste, texture, 
and aftertaste, independent of labeling, pricing, or other 
imagery (Okokon and Otobong, 2019).

Radical scavenging activity (RSA)

DPPH is a stable organic radical with an absorption band 
around 515-528 nm and is commonly used as a reagent to 
measure the free radical scavenging activity of antioxidants 
(Shan et al., 2019; Natasa et al., 2021). Figure 2 showed that 
in orange pulp extracted with water and its antioxidant 
activity was determined by DPPH, which ranges from 9.75 ± 

0.45 - 58.76 ± 0.76 % at concentrations (0.2-1.0 mg/ml). 
The orange pulp water extract showed the highest 
antioxidant activity (% DPPH scavenging activity), 
possibly due to the high yield of phenolic compounds 
(Hegazy and Ibrahium, 2012; Djenidi et al., 2020). It is 
also suggested that these non-phenolic substances can also 
contribute to the antioxidant activity of the various 

samples (Oliveira et al., 2012). Synergistic effects and 
other constituents, such as vitamin C, carotenoids, and 
pigments, can also contribute to orange pulp extract's 
DPPH free radical scavenging activity (Babbar et al., 
2011). Our findings are also identical to those described 
by Arora and Kaur (2013) and Park et al., 2014.

Conclusion

The study showed that orange pulp had suitable quality 
parameters with good overall acceptability without any 
preservatives. The antioxidant activity of the water extract of 
orange pulp might be due to the presence of polyphenols, 
flavonoids and other antioxidant compounds in the pulp 
extract.

References

Aande TM, Agbidye IG and Adah CA (2020), Formulation, 
Proximate Analysis and Sensory Evaluation of Mumu 
from Pearl Millet, Irish Potato and Sesame Seed Blend, 
Agricultural Sciences 11: 235-246. DOI: 10.4236/as. 
2020.113015  

Arora M and Kaur P (2013), Antimicrobial and Antioxidant 
Activity of Orange Pulp and Peel, Int. J.of Sci.and Res. 
2(11): 412-415.

Babbar N, Oberoi HS, Uppal DS and Patil RT (2011), Total 
phenolic content and antioxidant capacity of extracts 
obtained from six important fruit residues, Food Res 
Int 44: 391-396. DOI: org/10.1016/j. foodres. 
2010.10.001

Bairy PS, Bora NS, Kakoti BB, Das A, Nainwal LM and 
Gogoi B (2016), Preliminary phytochemical screening, 
in vitro antioxidant activity, total polyphenolic and 
flavonoid content of Garcinia lanceifolia Roxb and 
Citrus maxima (Burm.) Merr, J App Pharm Sci. 6(9): 
133-139. DOI: 10.7324/JAPS.2016.60920

Bajwa EE, Naeem Z, Anjum J and Nazir A (2002), 
Development, standardization and storage studies on 
watermelon-lemon, Pak. J. Food Sci. 12: 21-24.

Bourhia M, Elmahdaoui H, Ullah R, Bari A and Benbacer L 
(2019), Promising physical, physicochemical and 
biochemical background contained in peels of prickly 
pear fruit growing under challenging ecological 
conditions in the Mediterranean countries, Bio. 
Medical Res. Int. 1: 1-8. DOI: org/10.1155/ 
2019/9873146

Bourhia M, Hamza E, Riaz Ullah, Samir I and Shahat AA 
(2020), Physicochemical evaluation of the fruit pulp of 
Opuntia spp growing in the Mediterranean under 
challenging climate conditions, Open Chemistry 18: 
565-575. DOI: org/10.1515/chem-2020-0097

Carlos EFS and Ana Karla de SA (2017), Tropical Fruit 
Pulps: Processing, Product Standardization and Main 
Control Parameters for Quality Assurance, Food/Feed 
Science and Technology Braz, arch. biol. technol. 60: 
1-9. DOI: org/10.1590/1678-4324-2017160209  

Cheong MW, Liu SQ, Zhou W, Curran P and Yu B (2012), 
Chemical composition and sensory profile of pomelo 
(Citrus grandis (L.) Osbeck) juice, Food Chem. 
135(4): 2505–2513. DOI: org/10.1016/ j.foodchem. 
2012.07.012

Curvelo-Garcia AS (2005), Práticas enológicas 
internacionalmente reconhecidas, Ciência e Técnica 
Vitivinícola 20(2): 105-130.

Dias SS, Barbosa VC and Costa SRR (2010), Utilização do 
APPCC como ferramenta da qualidade em indústrias 
de alimentos, Rev. Ciênc Vida, Seropédica 30(2): 
99-111.

Djenidi H, Khennouf S and Bouaziz A (2020), Antioxidant 
activity and phenolic content of commonly consumed 
fruits and vegetables in Algeria, Progress in Nutrition 
22(1): 224-235. DOI: 10.23751/pn.v22i1.7701

Esteve MJ, Frígola A, Rodrigo C and Rodrigo D (2005), The 
effect of storage period under variable conditions on 
the chemical and physical composition and color of 
Spanish refrigerated orange juices, Food Chem Toxicol 
43(9): 1413-22. DOI: org/10.1016/j.fct.2005.03.016

Faheem IP, Gopalakrishna B, Mohsina FP and Sarah Priya 
(2021), Antioxidant activity of leaves and bark extracts 
of Crataeva Magna plant, World Journal of Biology 
Pharmacy and Health Sciences 5(1): 1-8. DOI: 
10.30574/wjbphs.2021.5.1.0106

Hazbavi I, Khoshtaghaza MH, Mostaan A and Banakar A 
(2013), Effect of post-harvest hot-water and heat 
treatment, J Saudi Soc Agric Sci. 4(1): 5-11. DOI: 
org/10.1016/j.jssas.2013.10.003

Hegazy AE and Ibrahim MI (2012), Antioxidant Activities of 
Orange Peel Extracts, World Applied Sciences Journal 
18(5): 684-688.

Hussain I, Zeb A, Shakir I and Shah AS (2008), Combined 
effect of potassium sorbate and sodium benzoate on 
individual and blended juices of apricot and apple 
fruits are grown in Azad Jammu and Kashmir, Pak. J. 
Nutr. 7(1): 181-185.

Jayaprakasha GK and Patil BS (2007), In vitro evaluation of 
the antioxidant activities in citron and blood orange 
fruit extracts, Food Chem. 101: 410-418. DOI: 
org/10.1016/j.foodchem.2005.12.038

Jayaprakasha GK, Girennavar B and Patil BS (2008), 
Antioxidant capacity of pummelo and navel oranges: 
extraction efficiency of solvents in sequence, LWT−
Food Sci Technol 41: 376-384. DOI: org/10. 
1016/j.lwt.2007.03.017

Josi-Noelline S,  Gonnety JT,  Kouassi-Koffi JD,  Dan CG,  
Ouattara DN and Bakayoko A (2017), Nutritive 
Assessment of the Fruit Pulp of Coelocaryon 
oxycarpum, an Aromatic Plant Consumed as Spice, 
International Journal of Food Science and Nutrition 
Engineering 7(5): 119-124.

Jothi JS, Karmoker  P and Sarower K (2014), Quality 
assessment of mixed fruit squash: Physico-chemical 
analysis, sensory evaluation, and storage studies, J. 
Bangladesh Agril Univ. 12(1): 195–201. DOI: 
http://dx.doi.org/10.3329/jbau.v12i1.21412

Kamran G, Yosef G and Ebrahimzadeh MA (2009), 
Antioxidant activity, phenol and flavonoid contents of 
13 citrus species peels and tissues, Pak. J. Pharm. Sci. 
22(3): 277-281.

Klimczak I, Małecka M, Szlachta M and 
Gliszczyńska-Świgło A (2007), Effect of storage on 
the content of polyphenols, vitamin C and the 
antioxidant activity of orange juices, J Food Compos 
Anal 20: 313-322. DOI: org/10.1016/ 
j.jfca.2006.02.012

Konan MK, Koffi EN, Cisse I, Adima AA, and Bekro YA 
(2016), Phytochemical, nutritional and antioxidant 
capacity of five Ivorian edible leaves aqueous extracts, 
J App Pharm Sci. 6(9): 82-86. DOI: 10.7324/ 
JAPS.2016.60912

Mathur A, Satish KV, Purohit R, Gupta V, Dua VK, 
Prasad GBKS, Mathu D, Santosh K. and Singh S 
(2011), Evaluation of in vitro antimicrobial and 
antioxidant activities of peel and pulp of some citrus 
fruits, IJPI's Journal of Biotechnology and 
Biotherapeutics 1(2): 1-17.

Nandhakumar EPI (2013), In vitro Antioxidant Activities of 

Methanol and Aqueous Extract of Annona squamosa 
(L.) Fruit Pulp, Journal of Acupuncture and Meridian 
Studies 6: 142. DOI: org/10.1016/j.jams.2012.09.002

Nataša I, Janja K, Tadeja KŠ and Anton I (2021), Antioxidant 
Activity of Elderberry Fruits during Maturation, 
Agriculture 11(6): 555-558. 

Okokon EJ and Otobong EO (2019), Proximate analysis and 
sensory evaluation of freshly produced apple juice 
stored, Global journal of pure and applied sciences 25: 
31-37. DOI: 10.4314/gjpas.v25i1.5

Oliveira de AMF, Pinheiro LS, Pereira CKS, Matias WN, 
Gomes RA, Chaves OS, de Souza MFV, de Almeida 
RN AND de Assis TS (2012), Total phenolic content 
and antioxidant activity of some Malvaceae family 
species, Antioxidants 1: 33-43. DOI: org/10.3390/ 
antiox1010033

Park JH, Lee M and Park E (2014), Antioxidant Activity 
of Orange Flesh and Peel Extracted with Various 
Solvents, Preventive Nutr. Food Sci. 19(4): 
291-298.  DOI:  10.3746/pnf.2014.19.4.291

Rangana S (1986), Handbook of analysis and quality control 
for fruit and vegetable products, New York: Tata 
McGraw-Hill education. 

Rao AL, Bharani M and Pallavi V (2006), Role of 
antioxidants and free radicals in health and disease, 
Adv. Pharmacol. Toxicol. 7: 29-38.

Saeed MK, Ahmad I, Khan M and Syed Q (2014), 
Polyphenolic content, antioxidant activity and 
organoleptic evaluation of bitter gourd (Momordica 
charantia l.) Tea, Am. J. Pharm Health Res: 2(10): 
50-60. 

Saeed MK, Zahra N, Abidi SH, Syed Q, Firdous S and Riaz 
A (2022), In vitro Assessment of the free radical 
scavenging activity, proximate and GC-MS analyses 
of the essential and fixed oil of Nigella sativa from 
Pakistan, J Biotech Biores. 3(3)565: 1-5.

Selma BB, Ülger I, Kaliber M and Konca Y (2018), 
Determination of Chemical, Nutritional and 
Fermentation Properties of Citrus Pulp Silages, 
Turkish Journal of Agriculture-Food Science and 
Technology 6(12): 1833-1837. DOI: org/10.24925/ 
turjaf.v6i12.1833-1837.2229

Senevirathne M, Kim SH, Siriwardhana N, Ha JH, Lee KW 
and Jeon YJ (2006), Antioxidant potential of Ecklonia 
cava on reactive oxygen species scavenging, metal 
chelating, reducing power and lipid peroxidation 
inhibition, Food Sci Technol Int. 12: 27-38. DOI: 
org/10.1177/1082013206062422

Shan S, Huang X, Shah MH and Abbasi AM (2019), 
Evaluation of polyphenolics content and antioxidant 
activity in edible wild fruits, Biomed Res Int 11. DOI: 
org/10.1155/2019/1381989 

Sharma H, Poja R and Verma R (2006), Organoleptic and 
chemical evaluation of osmotically processed apricot 
wholes and halves, Natural Products Radiance  5(5): 
350-356. 

Singh SV, Jain RK and Gupta AK (2016), Adsorptive 
reduction of naringin from kinnow mandarin juice with 
non-ionic macroporous adsorbent resin, Indian Chem 
Eng. 58(2): 136–156. DOI: org/10.1080/ 00194506. 
2015.1006144

Sipho T,  Kunle O, Heinrich H, Leonard VM, Uchechukwu 
UN and Anthony IO (2020), Chemical constituents, 
antioxidant and cytotoxicity properties of Leonotis 

leonurus used in the folklore management of 
neurological disorders in the Eastern Cape, South 
Africa, Biotech. 10(141): 1-14.

Susmit AI and Satya VS (2018), Physico-chemical properties 
of ultrafiltered kinnow (mandarin) fruit juice, J. Food 
Sci. Technol. 55(6): 2189–2196.

Tang Z, Zhou C, Cai Y, Tang Y, Sun W, Yao H, Zheng T, 
Chen H, Xiao Y, Shan Z, Bu T, Wang X, Huang L and 
Gou L (2020), Purification, characterization and 
antioxidant activities in vitro of polysaccharides from 
Amaranthus hybridus L, Peer J 8: e9077, 1-22. DOI: 
org/10.7717/peerj.9077

Vinson JA, Su X, Zubik L and Bose P (2001), Phenol 
antioxidant quantity and quality in foods: fruits, J 
Agric Food Chem. 49: 5315-5321. DOI: org/ 
10.1021/jf0009293

Yi Z, Yu Y, Liang Y and Zeng B (2008), In vitro antioxidant 
and antimicrobial activities of the extract of 
Pericarpium Citri Reticulate of a new Citrus cultivar 
and its main flavonoids, LWT-Food Science and 
Technology 41: 597-603. DOI: org/10.1016/ 
j.lwt.2007.04.008


