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Abstract

The production of pharmaceuticals, food and beverage processing, waste management, and biofuel
synthesis are just a few of the industrial processes that depend on enzymes. The manufacture of
microbial enzymes is environmentally benign, economical, scalable, and offers the potential to produce
enzymes with specific properties. The potential of a fungal polygalacturonase enzyme to improve fruit
juice processing was investigated in this study, along with its effects on juice acceptability and quality.
For the physicochemical parameters; pH of the juice was measured using a digital pH meter calibrated
with standard buffers (pH 4.0 and 7.0), temperature was measured using a calibrated digital
thermometer, , total soluble solids was determined using a handheld refractometer, 2,6-
dichlorophenolindophenol (DCPIP) titration method was used to determined ascorbic acid content and
viscosity was measured using a Brookfield viscometer. The physicochemical study of juices treated with
enzymes (orange, pineapple, guava, apple, and mango) revealed substantial increases in total solids and
decreases in viscosity (p <0.05), indicating improved juice clarity and texture, but minor increases
(p>0.05) in pH, vitamin C, and titratable acidity. Orange juice had considerably higher color and
appearance acceptability (p <0.05) than guava, apple, and mango juice, according to a sensory
evaluation utilizing a 9-point hedonic scale. Guava juice had the lowest color acceptability, as
determined by the Kruskal-Wallis and Mann-Whitney U Tests. The juices showed a significant
difference (x?> = 46.715, p = 0.000). Significant differences in juice appearance were validated by the
Kruskal-Wallis test, and the Mann-Whitney U test revealed that polygalacturonase treated juices
looked noticeably better because of the reduction of turbidity, brightness, and sedimentation. Juices
treated with polygalacturonase typically scored higher on appearance tests than untreated controls.
This study highlighted the polygalacturonase enzyme's usefulness in the fruit juice sector by
demonstrating its potential to enhance the physicochemical characteristics and sensory acceptance of
fruit juices, particularly orange juice.

Keywords: Polygalacturonase, 9-point hedonic Scale, Brookfield viscometer, handheld
refractometer
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INTRODUCTION

Microbial enzymes are widely recognized as efficient biocatalysts capable of generating
diverse products from a broad range of substrates under controlled conditions. Through
biodegradation and bioconversion processes, they can effectively transform harmful
compounds containing nitrites, amines, carboxylic groups, and phenolic groups into useful
and beneficial substances. Microbial enzymes dominate the global enzyme market due to their
economic viability and industrial relevance. Applications span food, beverages, textiles,
detergents, biofuels, paper, leather, pharmaceuticals, and more. The global industrial enzyme
market is projected to exceed $10 billion, with microbial enzymes leading the sector (Markets
and Markets, 2023).There is urgent need for sustainable, cost effective, and locally adaptable
enzyme production technologies in Nigeria by exploring indigenous microbial sources for
enzyme synthesis particularly polygalacturonase, which has wide industrial applications.
Nigeria could generate over $8 billion from enzymes for industrial use if the government
creates an enabling environment to boost the sector (Nwodo et al., 2022). Nigeria has the
potential to become a net exporter of enzymes, owing to its rich microbial biodiversity and
abundant agro-industrial waste that can serve as low-cost fermentation substrates
(Akinmolayan et al., 2021). Local production of industrial enzymes would contribute to
foreign exchange earnings, reduce dependence on imports, and create thousands of jobs in
biotechnology, manufacturing, and supply chains (Umeh and Emeka, 2023). The aim is to
evaluate some physicochemical parameters and visual acceptability of some fruit juices
treated with polygalacturonase.

Pectic enzymes, also known as pectinases, are among the most significant industrial enzymes
and make up around 25% of the world's food enzyme output (Kashyap et al., 2002). With a
variety of uses in the fruit, beverage, and textile processing industries, as well as in the
degumming of plant fibers, pulp and papermaking, coffee and tea fermentation, and the
treatment of pectin wastewaters, they are extremely important (Gummadi and Panda, 2003).
Pectinases are classified as either acidic or alkaline depending on how they are used (Kashyap
et al., 2002). The fruit and wine industries mostly use acidic pectinases, which are often isolated
from fungi, particularly Aspergillus niger (Kashyap et al., 2001; Tari ef al., 2008). Fungal
polygalacturonases play an important role in the extraction of vegetable oils and the clarifying
of fruit juices and wines (Jayani et al., 2005). Their importance in fruit juice clarity stems from
the fact that their ideal pH is more in line with that of many fruit juices (Kashyap et al., 2001).
Fruit juices with hazy conditions are stabilized by adding pectic enzymes with high
polygalacturonase activity (Hoondal et al., 2002). The primary applications of alkaline
pectinases include the degumming and retting of fiber crops, the processing of pectic
wastewater from the fruit juice industry, the manufacturing of pulp and paper, the extraction
of oil, and the fermentation of coffee and tea (Hoondal et al., 2002; Jayani et al., 2005).With a
quarter or more of the world's food enzyme sales, they are highly valuable commercially
(Kashyap et al, 2002). The most common pectin enzyme found seemed to be
polygalacturonase. By breaking a-1, 4-linkages, polygalacturonases (PGs), a crucial
component of pectinase, catalyze the hydrolysis of homogalacturonan or polygalacturonic
acid into galacturonic acid monomers (Plagiri et al., 2019). By dissolving pectic particles, it
improves juice clarity, flavor, texture, and extraction (Markets and Markets, 2025). Viscosity,
the internal resistance to flow, greatly affects juice texture and consumer acceptability. High
viscosity juices tend to be perceived as heavy, syrupy, or overly thick, less refreshing,
especially in hot climates and difficult to swallow or mix with other beverages. Consumers
often associate light, freeflowing juices with freshness and hydration. Excess viscosity may
result from high pectin content in unclarified juice and lack of enzymatic treatment. Clarity is
a crucial aesthetic factor in juice marketing. Cloudy or opaque juices are often mistaken as
spoiled or unfiltered, rejected by consumers seeking a clean or pure look and also viewed as
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less hygienic or of lower quality. Fruit juices are highly regarded globally for their refreshing
flavor, health advantages, and consumer appeal. According to Okwu (2004), they provide
vital vitamins, minerals, and bioactive substances such as carotenoids, polyphenols, and
vitamin C that support human health and wellbeing. However, newly extracted juices often
exhibit unfavorable physicochemical characteristics, including turbidity, excessive viscosity,
sedimentation, and uneven texture, which can negatively affect shelf stability and consumer
perception. Kashyap et al. (2001) noted that these challenges are primarily attributed to the
presence of pectic compounds, insoluble polysaccharides, and suspended particles that alter
the mouthfeel and clarity of juices. More recently, Palagiri et al. (2019) emphasized that
enzyme technology has become a cost-effective and widely adopted approach to improve
juice quality. Among the different enzymes used, polygalacturonase is particularly important
because it breaks down pectic materials, thereby improving filterability, reducing viscosity,
increasing brightness, and ultimately enhancing juice clarity (Jayani et al., 2005). Because it
can enhance physicochemical and sensory qualities without sacrificing nutritional value, this
enzymatic treatment has been extensively researched in the processing of citrus and tropical
fruit juices. The results will show how polygalacturonase treatment can improve fruit juices'
physicochemical quality and sensory acceptability. It will also emphasize the enzyme’s
application in the fruit juice sector, where consumer preference is greatly impacted by clarity,
appearance, and texture, and where natural processing aids are increasingly preferred over
synthetic clarifying agents.

MATERIALS AND METHODS

Sample Collection

Fresh samples were obtained from Naibawa Yanlemo market, Kano and taken to
Biochemistry Department Bayero University, Kano, Nigeria.

Sample Preparation

Fresh fruits were washed, peeled, cut, and homogenized to obtain pulp, and the juice was
extracted by pressing and filtration to remove coarse particles. Fruit juices that have been
freshly extracted and juices treated with polygalacturonase were filtered through muslin cloth
and kept at 4°C until analysis. To guarantee accuracy, every analysis is carried out three times.

pH

A digital pH meter HANNA pH 2-11 calibrated with standard buffers (pH 4.0 and 7.0) was
used to assess the juice's pH prior to usage (Sharma and Saini, 2021). The electrode was
submerged in the 50 mL of juice that was in a beaker. Prior to recording, the reading was given
time to settle.

Temperature

A calibrated digital thermometer was used to measure the temperature of the juice using the
Raj and Bhaskar (2020) method. The 50 mL juice sample is directly filled with the thermometer
probe, and recorded after the temperature was stable.

Total Soluble Solids (TSS)

According to Khan and Saini (2021) Total Soluble Solids was determined using a handheld
refractometer, expressed in °Brix. A few drops of the juice were placed on the prism of the
refractometer, and the readingwas taken directly.

Vitamin C (Ascorbic Acid) Content

2,6-dichlorophenolindophenol (DCPIP) titration method according to (Pathak and Zhao,
2020) was used to determine ascorbic acid content.10 mL of juice is mixed with 40 mL of 3%
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metaphosphoric acid. The mixture is titrated against standard DCPIP solution until a
persistent pink color appears. Vitamin C content is calculated using a standard ascorbic acid
curve and expressed as mg/100 mL juice.

Viscosity

Viscosity was measured according to Tang and Wang (2022), using a Brookfield viscometer
(e.g., DV-E model) at 25°C. 100 mL of juice was placed in a beaker. The spindle was rotated at
a defined speed (e.g., 60 rpm), and viscosity was recorded in centipoise (cP).

All measurements were expressed as mean + standard deviation. Statistical significance
(p<0.05) is determined by ANOVA using SPSS software.

Visual acceptability

Five juices were subjected to a visual acceptability test using the methodology outlined by
Tiencheu et al., (2021). Using a 9-point hedonic scale, the panelists evaluated the juices—
orange, pineapple, guava, apple, and mango (both control and enzyme treated) to determine
which were the best. 50 panelists, who were students and personnel from the North West
University campus, were asked to rate the color and appearance of the juices in order to
determine their acceptability. Informed consent was first obtained from each participant.
Before the visual acceptability test, the panelists received orientation. In order to avoid any
interactions amongst the panelists that might have influenced their answers, the juices were
tagged and given to each participant separately. A nine-point hedonic scale, with 1 being the
lowest score and 9 the highest, was used to assess the samples' color and appearance
acceptability. The panelists were chosen based on their prior experience with juice. Like very,
like very much, like moderately, like slightly, neither like nor dislike, dislike slightly, dislike
moderately, dislike very much, and dislike excessively were the scores that indicated how
much a product was liked, and they were 9; 8; 7; 6; 5; 4; 3; 2; and 1 points, respectively.
Throughout the testing period, the ambient temperature was kept at 25 °C.

Statistical Analysis

Analysis of variance (ANOVA) was used for analyzing experimental data obtained from
physicochemical analysis. For visual acceptability, the data was obtained using 9-point
hedonic scale and analysed using Kruskal-Wallis and Mann-Whitney U Tests.All experiments
were carried out in triplicate and the averages were taken as responses. The variables whose
confidence levels were higher than 95% were considered significant.

RESULTS

Physicochemical properties

Polygalacturonase treatment of orange, pineapple, guava, apple, and mango juices caused a
significant increase (p<0.05) in total soluble solids and a notable reduction in viscosity,
especially in mango and guava where viscosity decreased by more than 50% (Table 1). In
contrast, changes in pH, titratable acidity, and vitamin C content were minimal and
statistically insignificant (p<0.05).
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Table 1: Physicochemical parameters of Juices treated with Extracellular Polygalacturonase

. TTA vC VISCOSITY
Juices Treatment pH % TS (mg/100mL) (mg/100gmL) (mPa.s)
Orange Control 3.70+0.10 10.89 +0.20 3.28+0.18 47.93+0.15 8.74 £0.09
Enzyme treated 3.60+0.17  12.82+0.15* 3.44+0.17 48.07+0.12 3.69+ 0.06*
Pineapple Control 3.80+ 0.06 11.85+0.19 6.6610.02 24.23+0.47 7.52+0.03
Enzyme treated  3.77+0.10 13.07 £0.41* 6.70£0.01 24.00+0.40 3.06 £ 0.15*
Guava Control 3.67+0.06 13.72+0.12 3.38+0.04 23.01+0.36 15.02+0.37
Enzyme treated  3.63+ 0.06 14.21+£0.23* 3.59+0.04 22.83+0.49 4.60+0.10*
Apple Control 3.77+ 0.58 10.11+0.13 5.03+0.13 28.87+0.16 2.20+0.20
PP Enzyme treated 3.53£0.06  11.737+0.20*  5.34+0.08 28.47+0.31 1.33£0.15*
Control 4.27+0.12 12.40+0.02 8.97+007 28.23+0.25 19.73+£0.20
Mango

Enzyme treated  4.07+0.15 14.77 +0.48* 9.15+0.21 28.37+0.31 8.20+0.21*

Results are presented as mean * standard deviation. Values bearing the same “*” down the column are significantly
different p<0.05, when compared with control using analysis of variance (ANOVA). TTS: Total Titrable Acidity;
VC: Vitamin C: TS: Total Solids

Colour Acceptability

The Kruskal-Wallis test revealed a significant difference in colour acceptability among the five
juice samples (A-E) (Figure 1), as shown by the test statistic of 46.715 with a p-value of 0.000.
This suggests that not all samples were rated equally in terms of colour preference. Sample A
had the highest median rank, indicating it was most accepted in colour, while Sample C had
the lowest, confirming distinct consumer preferences across formulations. The pairwise
comparisons further clarified which samples differed significantly p<0.05, showing that
sample A (mean rank = 314.76) and Sample C (188.58) were far apart, confirming a major
contrast in acceptability. The Mann-Whitney U test which compared the control and enzyme-
treated groups and showed a significant P<0.05 improvement in the enzyme-treated group
(mean rank = 287.45) over the control (213.55), with a p-value = 0.000 (Figure 2).

INndependent-Samples Kruskal-Wallis Test

- | | |

8. 00— |

¥.00—]

Colour

.00 L=d
S 00— - E—
4 00 T T
o (=] L= D E

Sample

Total N =00
Test Statistic 465 . 715
Degrees of Freedom s
Asymptotic Sig. (2-sided test) jalelsl

1. The test statistic is adjusted for ties.
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Pairwise Comparisons of Sample
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Figure 1: The Kruskal-Wallis test shows a significant difference in colour acceptability among the five juices
(control and polygalacturonase treated) and pairwise comparisons clarified the samples that differed significantly
(p<0.05).

Independent-Samples Mann-Whitney U Test
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Figure 2: Mann-Whitney U test compared the color acceptability of juices (control and polygalacturonase treated
groups) and showed a significant improvement in the enzyme treated group.

Appearance Acceptability

Kruskal-Wallis test is a non-parametric test that compares appearance scores among the five
juice types (A: Orange, B: Pineapple, C: Guava, D: Apple, E: Mango) (Figure 3) as rated by a
9-point hedonic scale and there is statistically significant difference (p = 0.004 < 0.05) in
appearance acceptability across the five juice types. This implies that not all juices were rated
similarly in terms of appearance. Median scores were fairly high (around 7-8), indicating
overall good acceptability. Juices A (Orange) and E (Mango) show greater variability while
juice D (Apple) shows a slightly lower median and a few outliers, indicating mixed responses.
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Pairwise Comparisons of Sample shows the mean ranks of each juice for appearance. A
(Orange): 287.24, B (Pineapple): 266.73, C (Guava): 248.4, D (Apple): 231.72 and E (Mango):
218. Juice A has the highest mean rank for appearance, suggesting it was most preferred
visually while juice E (Mango) had the lowest rank, indicating it was least visually appealing.
The yellow lines indicate significant pairwise differences, such as between A and E. Mann-
Whitney U (non-parametric test) compares appearance acceptability between enzyme-treated
and control juices (Figure 4). Enzyme-treated juices were rated significantly higher in
appearance compared to untreated (control) p < 0.001. This suggests that enzyme treatment
improved visual quality, possibly through better clarity, color, or consistency.

Independent-Samples Kruskal-Wallis Test
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Figure 3: Kruskal-Wallis Test is a non-parametric test compares appearance scores among the five juices (control
and polygalacturonase treated) there is a statistically significant difference (p = 0.004 < 0.05) in appearance
acceptability across the five juices. Pairwise Comparisons of Sample shows the mean ranks of each juice for
appearance.
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Independent-Samples Mann-VWhitney U Test
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Figure 4: Mann-Whitney U (non-parametric test) compares appearance acceptability between
polygalacturonase treated and control juices

DISCUSSION

The physicochemical properties of five fruit juices (orange, pineapple, guava, apple, and
mango) were evaluated after treatment with polygalacturonase. The decrease in pH observed
in polygalacturonase treated juices is attributed to the release of galacturonic acid during pectin
degradation (Fadavi and Mohammadi, 2021; Jayani et al., 2005), such shifts can subtly
influence taste perception, especially in citrus-based juices. Polygalacturonase treated juices
showed a significant increase in TSS across all fruit types. This is likely due to cell wall
breakdown and solubilization of pectin into simpler sugars, enhancing °Brix values (Sulaiman
etal., 2021; Khan and Yadav, 2022). This increase contributes positively to perceived sweetness
and flavor intensity, both important components of consumer preference on the 9-point scale
(Alok et al., 2022). Slight increases in TTA were observed, this trend may be due to mild
organic acid release from pectin hydrolysis (Akubor and Badifu, 2020; Wang et al., 2020). A
balanced increase in acidity alongside TSS can enhance flavor harmony, supporting better
scores in taste and overall acceptability. Vitamin C levels remained relatively unchanged after
polygalacturonase treatment, indicating that PG does not degrade ascorbic acid (Oumer and
Abate, 2022; Chauhan et al., 2021). Since vitamin C contributes to the freshness and nutritional
perception of juice, its preservation supports consumer acceptance in hedonic evaluations.
Viscosity was significantly reduced in all polygalacturonase treated juices, particularly in
mango and guava, where it dropped by over 50%. This is due to PG-mediated hydrolysis of
pectin, reducing molecular size and juice thickness (Jayani et al., 2005; Kashyap et al., 2001).
Lower viscosity improves clarity, pourability, and mouthfeel, factors directly linked to higher
scores in texture and appearance on the 9-point hedonic scale (Meilgaard et al., 2015; Alok et
al., 2022).
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The Kruskal-Wallis test revealed a significant difference in colour acceptability among the five
juice samples and this suggests that not all samples were rated equally in terms of colour
preference. These findings suggest that natural juice colour, as well as changes due to
enzymatic treatment, influenced consumer perception as also reported by Lee et al., 2022.
According to Ogunbanwo et al., (2021) the visual distance between A and D also A and C
confirms that Orange juice’s colour was significantly more acceptable than others.
Polygalacturonase treatment improved juice clarity and brightness, making the juice more
visually appealing. This improvement is supported by literature showing that enzymes
degrade pectins and other suspended solids that cause turbidity, thus enhancing transparency
and colour brightness (Singh and Kaur, 2020; Zhao et al., 2021).

Not all juices were rated similarly in terms of appearance. The variability in appearance can
be attributed to inherent differences in color intensity, turbidity, and pulp content. This
finding is supported by Yusof et al. (2021), who reported that consumers often associate visual
clarity and brightness with freshness and quality in juices, particularly citrus and tropical
blends. The result obtained aligns with previous research that enzyme application particularly
polygalacturonase reduces turbidity, enhances clarity, and improves brightness in juices by
breaking down pectin and other suspended particles. According to Kashyap et al., (2001),
pectinolytic enzymes significantly enhance juice clarity by degrading pectic substances,
leading to improved appearance and consumer acceptability. Sulaiman et al., 2017 also
reported that polygalacturonase treatment reduces haziness and improves light transmission in
fruit juices, which directly enhances visual appeal. Pairwise comparisons revealed that,
Orange and pineapple juices had significantly better appearance scores compared to mango
and apple juices and mango juice, despite its flavor richness, tends to be more turbid and
dense, contributing to lower visual scores unless clarified enzymatically. The presence of
suspended solids and fibrous material in mango juice often results in reduced appearance
scores unless enzymatically treated (Terefe et al, 2012). Enzyme treatment using
polygalacturonase has been widely shown to enhance the visual quality of fruit juices. This
includes increased transparency, better color uniformity and reduced sedimentation and
improved shelf-life appearance. The findings is in agreement with Chauhan et al., (2021) who
reported that clarification of juice with polygalacturonase enzymes results in brighter, clearer
juice that is preferred by consumers. Also according to Nguyen and Savage, (2013) enzyme-
treated juices not only show enhanced clarity but also demonstrate improved consumer
ratings in sensory studies. The statistical analyses clearly showed that enzyme treatment
significantly enhances the appearance acceptability of fruit juices across all types tested. Juices
like orange and pineapple inherently scored higher due to their natural clarity and color, but
enzyme treatment brought notable improvements across the board, particularly for visually
dense juices like mango.

CONCLUSION

Polygalacturonase treatment on five fruit juices (orange, pineapple, guava, apple, mango)
significantly enhanced juice clarity, reduced viscosity, and improved sweetness perception
without compromising pH, vitamin C content, or acidity. These improvements translated into
higher sensory ratings across appearance, taste, and texture on the 9-point hedonic scale.
Statistical analysis (Kruskal-Wallis and Mann-Whitney U tests) confirmed significant
differences in consumer acceptability between treated and untreated juices, particularly for
mango and guava, which are naturally dense and fibrous. The study demonstrates that
polygalacturonase is a promising biocatalyst for industrial applications proven functional
benefits in fruit juice processing.
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