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Abstract 

Pyracantha crenulata (Ghangaru), a perennial evergreen shrub native to the 

Himalayan region, produces nutrient-rich berries traditionally consumed for food 

and medicine but remains under-explored in scientific and commercial 

applications. This study examined the nutritional composition, phytochemical 

profile, antioxidant, antimicrobial activities, and pH-responsive properties of P. 

crenulata fruit juice. The fruit showed high moisture content (75.13%), and 

measurable levels of protein (0.47%), carbohydrate (1.82%), and fat (0.51%). 

Phytochemical analysis revealed substantial total phenolic content (25.05 mg 

GAE/mL) and flavonoid content (21.01 mg QE/mL). The extract demonstrated 

strong antioxidant activity with an IC₅₀ of 35.74 µg/mL and significant 

antimicrobial activity, particularly against Escherichia coli, Staphylococcus 

aureus, and Candida albicans. FTIR analysis confirmed the presence of 

phenolic and flavonoid functional groups. The extract showed distinct pH-

responsive color transitions from pinkish red to brown across acidic to alkaline 

ranges, highlighting its potential as a natural pH indicator. These findings 

establish P. crenulata as a rich source of bioactive compounds with notable 

antioxidant and antimicrobial efficacy, as well as promising applications in 

nutraceuticals, pharmaceuticals, and intelligent food packaging. Promoting its 

utilization could support both scientific advancement and economic 

opportunities for Himalayan communities. 
 

 

Introduction 

Pyracantha crenulata, belonging to the Rosaceae family, is a perennial evergreen shrub naturally found 

in the temperate Himalayan regions of Nepal, and also in areas of Bhutan and northern India [1]. 

Locally referred to as ‘Ghangaru,’ it is a thorny, densely branched plant. It blooms in April, with its 

small, red, nutrient-rich berries ripening around July [2]. These edible fruits are packed with bioactive 

compounds, making them a valuable source for functional foods, antioxidants, and nutraceutical 

applications. Rich in vitamins, minerals, phenolics, flavonoids, and anthocyanins, the berries are 

traditionally consumed raw an d are known for their nutritional and medicinal properties [1]. 

Traditionally, P. crenulata has been used to stimulate appetite, particularly in anorexia, and to address 

health issues such as anxiety, burns, and cardiovascular conditions [2]. The powdered roots are 
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regularly blended into bath water to aid in treating skin infections, reducing body pain, and managing 

various skin issues [3-5]. The fruits have long been a staple in Himalayan diets and are also used to 

produce value-added products like juice, squash, sauces, and jams [6].Despite its widespread presence 

and recognized edibility in Nepal’s hilly regions, the full potential of P. crenulata remains 

underexploited both in scientific research and commercial use. Many local communities are unaware of 

its medicinal and nutritional benefits. Promoting scientific studies on its therapeutic value and the pH-

sensitive properties of its anthocyanins could enhance public knowledge, boost demand, and drive the 

development of related products. This would open doors to economic opportunities through the 

commercialization of its value-added products. 

Phenolic compounds are secondary metabolites which are highly important bioactive molecules due to 

their notable medicinal benefits for humans. Their basic structure typically includes a phenolic ring 

(C₆H₅OH), along with carboxylic acid (-COOH) and hydroxyl (-OH) functional groups [7, 8]. Plant 

phenolics comprise a diverse group of compounds, including phenolic acids, flavonoids, tannins, 

stilbenes, and lignans. Among these, flavonoids are the most prevalent polyphenols in the human diet 

and are categorized into subgroups like flavones, flavanols, flavanones, isoflavones, and anthocyanins 

[9, 10]. Flavonoids are well-known for their antioxidant, anti-inflammatory, anti-mutagenic, and anti-

carcinogenic effects, making them essential ingredients in nutraceuticals, pharmaceuticals, cosmetics, 

and various medical applications [11].  

Phenolic compounds function as antioxidants through various mechanisms. These hydroxyl groups in 

flavonoids act as efficient hydrogen donors, allowing them to neutralize reactive oxygen and nitrogen 

species through a termination reaction that stops the propagation of new radicals [12].When the body 

lacks sufficient antioxidant, it can rely on external sources from food, dietary supplements, or 

medications. Key exogenous antioxidant include phenolic compounds, carotenoids, vitamin C, and 

certain minerals such as selenium and zinc [13]. These include neutralizing oxidative agents, enhancing 

immune function, regulating genes involved in cell growth and death, controlling hormone levels, and 

displaying antibacterial and antiviral properties [14, 15]. The antihypertensive effect of its fruits has 

been scientifically proven and tested in several clinical trials, showing their ability to alter the 

progression of cardiovascular diseases and reduce the risk of related deaths [16]. Preclinical studies 

have demonstrated that P. crenulata exhibits antiurolithiatic activity, along with strong antimicrobial 

and antioxidant properties in vitro [17-19]. Anthocyanins, the most common water-soluble pigments 

found in plants, are responsible for the vivid hues seen in flowers, fruits, and leaves [20, 21]. The 

intensity and shade of color in anthocyanins are affected by the quantity and arrangement of hydroxyl 

and methoxyl groups within their molecular structure [22].  Being polar, anthocyanins dissolve easily 

in polar solvents like methanol, ethanol, and water. Their color varies with the pH of the solution, due 

to their ionic structure. In acidic conditions, some anthocyanins appear red, and they are more stable in 

lower pH solutions [13, 14]. Anthocyanins from various plants have been explored for pH responsive 

colour variation; however, the anthocyanins from P. crenulata still remained unexplored for their pH 

responsive sensing properties.  

This research seeks to address that knowledge gap by examining the fruit extract of P. crenulata, 

specifically focusing on its pH-sensitive color-changing properties, total flavonoid and phenolic 
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content, as well as its antioxidant and antimicrobial activities. By examining these properties in 

methanol and ethanol extracts, this research enhances our understanding of the plant’s phytochemical 

and pharmacological value. The findings support its potential application in food intelligent food 

packaging functional foods, nutraceuticals, and therapeutic products, contributing to its broader 

recognition and utilization in both scientific and commercial arenas. 

Materials and methods 

Chemicals and reagents 

Disodium hydrogen phosphate and 2,2-diphenyl-1-picrylhydrazyl (DPPH), Quercetin were acquired 

from Glentham Life Sciences. Disodium hydrogen phosphate (Na2HPO4) were used to prepare various 

buffer solutions with a pH range of 2.0 to 12.0. The Folin-Ciocalteu reagent was obtained from 

Research Lab Fine Chem Industry, and ascorbic acid from Central Drug House. Gallic acid was 

sourced from Loba Chemie, while sodium carbonate, hydrochloric acid, and citric acid were provided 

by Fischer Scientific. Ethanol was sourced from Changshu Hongsheng Fine Chemical Co. Ltd. Citric 

acid (C₆H₈O₇). 

Sample collection, identification and juice preparation 

P. crenulata berries were harvested from Chhuwala, Ward No. 10, Dullu Municipality, Dailekh, Nepal. 

The plant was verified by National Herbarium and Plant Laboratories, Godawari, Nepal. The harvested 

berries were cleaned with tap water then distilled water. The freshly collected fruits were ground with 

mechanical grinder and filtered with muslin cloth. The resulting juice was stored at 4 °C under 

refrigeration for further analysis. 

FTIR spectroscopy 

FTIR spectra were recorded using an infrared spectrometer (Shimadzu, Japan), recorded from 4000 to 

400 cm⁻¹ at a resolution of 1 cm⁻¹. 

pH responsive color sensing activity  

A series of buffer solutions covering the pH range from 2 to 12 were prepared, and 3 mL of each was 

transferred into separate vials. Subsequently, 100 µL of the pyracantha fruit juice was added to each 

buffer solution, and the resulting color changes were recorded through photographic documentation. 

Proximate analysis 

Total fat content, protein content and carbohydrate content  

The total fat content in the juice was assessed using the separating funnel extraction techniques [23]. 

Protein quantification was conducted following the method outlined by Bradford [185]. Briefly, 100 µL 

of the juice sample, Bovine Serum Albumin (BSA) standard solution, and control (water) were 

dispensed into separate 1.5 mL micro centrifuge tubes. Subsequently, 1000 µL of freshly prepared 

Bradford reagent, at a 1:10 dilution ratio, was added to each tube. All samples and controls were 

analyzed in triplicate, thoroughly vortexed, and incubated at room temperature for a minimum of 5 

minutes and no longer than 30 minutes. Absorbance was then measured at 595 nm using a 

spectrophotometer.  

The phenol–sulfuric acid assay is a commonly used method for quantifying carbohydrate content in 

liquid samples [24]. In this method, 1 mL of 5% aqueous phenol solution is mixed with 1 mL of the 

test sample, followed by the immediate addition of 5 mL of concentrated sulfuric acid. The mixture is 
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allowed to stand for 10 minutes, then vortexed for 30 seconds, and subsequently incubated in a water 

bath for 20 minutes to allow color development. Glucose is used as the reference standard, and the 

absorbance of the resulting solution is recorded at 480 nm using a spectrophotometer. 

Phytochemical analysis 

Total phenolic content  

The total phenolic content (TPC) of juice sample was determined using a modified version of the 

Folin–Ciocalteu colorimetric method, based on the protocol by Cliff et al [25] In this procedure, 0.5 

mL of the juice sample was mixed with 0.25 mL of Folin–Ciocalteu reagent and 4.25 mL of distilled 

water to obtain a final volume of 5 mL. After a 5-minute reaction period, 5 mL of 20% sodium 

carbonate solution was added, and the mixture was thoroughly blended. The solution was then 

incubated at 37 °C for 90 minutes to allow for color development. Absorbance was measured at 750 nm 

using a Multiskan SkyHigh microplate spectrophotometer, with gallic acid serving as the calibration 

standard 

Total flavonoid content  

The total flavonoid content (TFC) of the juice sample was determined following the 

spectrophotometric method outlined by Hosu et al. [26]. One milliliter of the sample was diluted with 4 

mL of distilled water, followed by the addition of 0.3 mL of 5% sodium nitrite solution. After standing 

for 5 minutes, 0.3 mL of 10% aluminum chloride solution was added, and the mixture was incubated 

for an additional 5 minutes. Subsequently, 2 mL of 1 N sodium hydroxide was added, and the final 

volume was adjusted to 10 mL by adding 2.4 mL of distilled water. The absorbance was then measured 

at 510 nm using a spectrophotometer, with quercetin employed as the standard reference compound. 

Antioxidant assay (DPPH assay)  

The antioxidant activity of the juice was evaluated using a modified version of the DPPH assay as 

described by Patel et al.[27].In this method, 1 mL of the sample was mixed with 3 mL of 0.1 mM 

DPPH solution prepared in methanol. The reaction mixture was incubated in the dark for 30 minutes to 

allow for radical scavenging activity(RSA), after which the absorbance was recorded at 517 nm. 

RSA(%) =
ADPPH − AS

ADPPH

X100 

where AS is the absorbance of the sample-containing solution and ADPPH is the absorbance of the DPPH 

control. The concentration of the extract required to achieve 50% scavenging activity (EC₅₀) was 

derived from the plot of RSA percentage versus extract concentration. Ascorbic acid was used as the 

reference standard, and a blank consisting of 1:3 ratio of solvent to DPPH solution was employed for 

baseline correction. 

Total moisture content  

The moisture content was determined by direct drying method [28]. Clean 3 g sample was taken in a 

crucible and heated in hot air oven maintained at 110oC. The crucible was weighted at one-hour 

interval until the constant weight was achieved, indicating complete removal of moisture. The moisture 

content was determined as: 

Moisture content (%) =
W1 − W2

W1

𝑋100 

Where, 
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W1= Weight of sample before heating and 

W2= Constant weight of sample after heating 

Total ash content 

The total ash content was determined by dry ashing method [29]. A muffle furnace was used to burn 

the sample. Clean 3 g sample was taken in a crucible and heated up to 600 oC until yellowish grey ash 

was obtained. The remained inorganic residue was weighted after cooling the crucible in desiccator. 

Antimicrobial activity  

The antimicrobial potential of the fruit juice was evaluated using the agar well diffusion technique. The 

assay was performed against seven microbial strains, comprising two Gram-positive bacteria 

(Enterococcus faecalis, Staphylococcus aureus), four Gram-negative bacteria (Escherichia coli, 

Salmonella typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa), and one fungal strain (Candida 

albicans). The bacterial cultures were maintained in nutrient broth, while C. albicans was propagated 

in potato dextrose broth. Fresh microbial suspensions were adjusted to the 0.5 McFarland turbidity 

standard and uniformly inoculated onto Mueller–Hinton agar (for bacteria) and potato dextrose agar 

(for C. albicans) using the spread plate technique. Wells of 6 mm diameter were aseptically bored into 

the agar plates, properly labeled, and filled with 50 µL of fruit juice samples at concentrations ranging 

from 50 to 100 mg/mL. The plates were kept at ambient temperature to facilitate diffusion of the 

extract and subsequently incubated at 37 °C for 24 hours. Antimicrobial efficacy was determined by 

measuring the diameters of inhibition zones surrounding each well, while standard antibiotic discs 

corresponding to each test organism served as positive controls. 

Statistical analysis 

The data presented are the averages of triplicate measurements. Origin 2018 and Microsoft Excel 2016 

were utilized for data analysis. 

Results and Discussion 

Spectroscopic analysis of extract 

 
Figure 1. FTIR spectra of P.crenulata fruit extract 

FTIR is a highly effective method employed for the analysis of various compounds, offering essential 

insights into the molecular structure found in the sample [30].FTIR spectra were used to identify the 

chemical bonds and functional groups in the fruit extract. The FTIR bands observed in the 4000–1500 
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cm−1 range indicate the presence of functional groups, while the strong absorption bands in the 1500–

500 cm−1 region correspond to the fingerprint region [31].FTIR spectrum of anthocyanin (Fig. 1) 

showed a strong peak at 3270cm−1 for O-H bond-stretching and the peak at 2940 cm−1 for C-H bond-

stretching [32, 33]. The OH group plays a significant role in antidiabetic, antioxidant, and antibacterial 

properties [34].The peak observed at 1710 cm⁻¹ corresponds to the stretching vibration of the carbonyl 

(C=O) group present in the compound [33].The peak at 1608 cm−1 indicated the C=C stretch of the 

aromatic hydrocarbon skeleton [35]. The band at 1020 cm−1 can be attributed to C-O-C stretching 

vibrations [36]. The IR peaks from 993 to 1149 cm−1 can be assigned to the typical pyranose ring of 

glucose [37]. Overall, the analysis revealed the presence of O-H, C=O, C=C, and C-O-C functional 

groups, which are characteristic of phenolic compounds such as flavonoids and anthocyanins, along 

with an additional peak below 800 cm⁻¹ indicating the presence of a benzene ring [32, 38]. 

pH responsive properties of P.crenulata fruit extract 

  
Figure 2. Variation of colors of fruit extract of  P.crenulata in different pH(2-12). 

Anthocyanins are responsible for the coloration found in various parts of plants and their derived 

products. The color they produce is influenced by several factors, including their molecular structure, 

the surrounding environment, physical conditions, and interactions with other substances [39].They are 

unstable molecules because of their conjugated double bonds and the associated electron resonance, 

making them highly sensitive to factors like pH, temperature, light, metal ions, and solvents. In acidic 

conditions, the flavylium cation is the dominant form. As the pH slightly increases, deprotonation 

occurs rapidly, leading to the formation of blue quinonoid structures. However, water can also react 

with anthocyanins, producing colorless hemiketal forms, which may further convert into chalcone 

structures under alkaline conditions [40]. Fig.2 displays the color variation of ghangaru fruit extract in 

buffer solutions of different pH(2-12). The color of the extract solution shifted from pinkish-red to 

brown as the pH of the buffer increased from 2 to 12. More specifically, it was orange-red at pH 2–3, 

turned yellow at pH 4–6, changed to greenish yellow at pH 7–9, and became brown at pH 10–12. 

Anthocyanin molecules experience structural transformations in response to changes in pH. 

Particularly, these color variations were due to structural transformations of the anthocyanin pigment, 

particularly involving the flavylium cation [21, 41]. Anthocyanins contribute to vibrant coloration of 

flowers, fruits, and vegetables,  attracting insects that facilitates pollination and seed dissemination 

[42]. In addition to their ecological function, anthocyanins protect DNA and the photosynthetic system 

from strong radiation exposure and exhibit strong antioxidant properties. Recently, anthocyanins 
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derived from various plant sources have gained considerable attention on natural food colorant and 

smart food packaging. Considering the widespread presence of P. crenulata in the hilly regions, 

exploring the pH-responsive properties of its fruit extract offers valuable opportunities for scientific 

advancement and potential benefits to local communities. 

Proximate analysis 

Its moisture content was measured at 75.13 %, while the ash content was found to be 0.78 %. The levels 

of fat, protein, and carbohydrates were 0.51 %, 0.47 %, and 1.82 %, respectively which is presented in 

Table 1.  

Table 1: Proximate analysis of juice (Data with ± standard Deviation). 

Parameters Moisture 

content (%)  

Ash content 

(%) 

Protein 

content (%)  

 

Carbohydrate 

content (%) 

 

Fat content 

(%) 

Value 75.13 ± 0.31 

 

0.78 ± 0.48 0.47 ± 0.1 

 

1.82 ± 0.15 0.51 ± 0.2 

 

Phytochemical analysis 

Total phenolic content, Total flavonoid content, and total anthocyanincontent 

The TPC of was determined using calibration curve of Gallic acid and was found to be 25.053±0.43 mg 

GAE /mL of juice. Phenolic compounds are essential plant components recognized for their redox 

properties, which play a key role in their antioxidant activity [43]. Previous studies reported that TPC is 

a key determinant to scavenge free radicals, directly influencing its antioxidant potential  [44]. As 

dietary antioxidants, plant polyphenols play a crucial role in mitigating oxidative damage, with broad 

implications for human health and disease prevention [8]. Due to their high phenolic content, many 

plants are of pharmacological interest, particularly for their potential in managing inflammatory 

conditions and promoting wound healing [45].   

The TFC was determined using standard calibration curve of quercetin solution and was found to be 

21.01 ±0.42mg QE/mL of juice. Flavonoids are a prominent group of polyphenolic compounds 

commonly found in fruits and vegetables. These bioactive phytochemicals possesses diverse chemical 

structure and are known for their strong antibacterial properties, enabling them to combat various 

microbial pathogens [44]. Phytochemicals, including flavonoids, interact synergistically with dietary 

fibers and essential minerals, playing crucial role in disease prevention [46]. In addition, to their 

antimicrobial effects, flavonoids offer various health benefits, including antiviral, anticancer, and 

antioxidant effects, as well as protective effects on the cardiovascular and nervous systems [47]. Their 

capacity to neutralize free radicals helps reduce oxidative stress, which is associated with different 

serious health problems. Given these extensive health benefits, incorporating flavonoid-rich fruits and 

vegetables into the daily diet is highly recommended to support overall well-being and disease 

prevention. 

Antioxidant property mineral content 

Antioxidant property of P.crenulata fruit juice extract was studied by determining the radical 

scavenging activity (RSA) from concentration 5 to 50 µg/mL and presented in Fig.3.The RSA (%) 

exhibited a linear increase with increasing the juice concentration, demonstrating strong antioxidant 
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potential. At 50 µg/mL, the extract achieved an RSA of 69.21 %. The IC50 value, which represents the 

amount of antioxidant activity required to reduce the initial DPPH concentration by 50 %, is a typical 

measure of antioxidant activity [48]. A lower IC50 value suggests greater antioxidant potency [49]. The 

study revealed P.crenulata fruit juice showed the greater antioxidant property with IC50 values of 

35.74±0.19μg/mL as compared with ascorbic acid (17.10 µg/mL), further confirming its strong 

antioxidant activity. Natural antioxidants present in fruits, vegetables, spices, leaves, cereals, flowers 

offer significant health benefits, particularly in healthcare. Their capacity to neutralize free radicals is 

essential in helping to prevent infectious diseases [50]. The antioxidant activity of phenolic compounds 

and flavonoids is strongly related to the number of hydroxyl (-OH) groups in the sample. Furthermore, 

the exact positioning of these hydroxyl groups is crucial in boosting their ability to scavenge free 

radicals [51, 52]. The hydroxyl groups in these compounds function as effective hydrogen donors, 

enabling them to neutralize reactive oxygen and nitrogen species. This process occurs through a 

termination reaction that halts the formation of new free radicals [12]. 

 

Figure 3: DPPH radical scavenging activity of P.crenulata fruit extract sample with different concentrations. 

Antimicrobial activity 

Phenolic compounds, due to their bioactive nature, exhibit antimicrobial properties by acting through 

multiple mechanisms, impacting various components of microbial structure and function. Their 

effectiveness is probably linked to their ability to interact with extracellular and soluble proteins, as 

well as bind to bacterial cell walls [53]. The juice extract exhibited a significant inhibitory effect on 

Escherichia coli at all tested concentrations (50–100 mg/mL) which is presented in Table.2 The fungal 

strain Candida albicans also responded well to the extract. Notably, at a concentration of 100 mg/mL, 

there was a substantial inhibition of E. coli, S. aureus and C. albicans growth. In contrast, the extract 

had limited effects on Enterococcus faecalis, Salmonella typhi, and Klebsiella pneumoniae, which 

displayed relatively small zones of inhibition. The largest zone of inhibition was recorded at 100 

mg/mL for E. coli (14mm) and C. albicans (13 mm). These results indicate that P. crenulata has 

promising antimicrobial properties, supporting its potential use in pharmaceutical applications. 
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Table 2: Antimicrobial activity with zone of inhibition (mm) of different concentration of extract(50-100mg/mL) 

S.N. Organism Zone of inhibition (mm) 

 50 mg/mL 75 mg/mL 100 mg/mL Control 

1 E. faecalis (ATCC 29212) 7 8 8 29 

2 S. aureus (ATCC 25923) 10 10 13 28 

3 E. coli (ATCC 25922) 11 12 14 24 

4 S. Typhi (ATCC 19430) 7 7 8 25 

5 K. pneumoniae (ATCC 6380) 8 8 8 32 

6 P. aeruginosa (ATCC 9027) 8 8 9 23 

7 C. albicans (ATCC 10231) 11 12 13 28 

Positive control: Tetracycline-30 µg (bacterial strain) and Itraconazole-10 µg (fungal strain), respectively. 

 

Conclusion 

This study investigated the proximate, phytochemical, antioxidant and antimicrobial activities of juice 

of Pyracantha crenulata (Ghangaru) fruit demonstrates significant nutritional and phytochemical 

richness and biological activities, positioning it as a valuable yet underutilized natural resource. Widely 

distributed in the temperate Himalayan region, the fruit is traditionally consumed and used for 

medicinal purposes, but scientific exploration has only recently begun to highlight its extensive 

potential. The juice of P. crenulata fruits revealed notable levels of TPC and TFC which cause 

antioxidant and antimicrobial activities. It also showed some level of carbohydrate, protein, fat content. 

Moreover, the fruit’s anthocyanins exhibit distinctive pH-responsive colorimetric behavior, making it a 

promising candidate for natural food colorant and intelligent food packaging and functional product 

development. The spectroscopic study and biological evaluations reinforce the fruit's pharmacological 

significance and underscore the need for further research and commercialization. Due to its abundant 

availability across the hilly and mountainous regions of Nepal, P. crenulata holds great potential for 

juice and fermented beverage production, offering a promising source of income for local communities 

and entrepreneurs. By advancing knowledge of P. crenulata’s bioactive compounds and their roles in 

health and environmental applications, this research not only adds to scientific literature but also opens 

up new avenues for local economic development through the production of nutraceuticals, therapeutic 

agents, and pH-sensitive packaging solutions. 
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