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Assessment of Hibiscus rosa-sinensis and Delonix regia Flower Extracts on the Quality Parameter of Buffalo Milk Paneer


ABSTRACT
The present study was undertaken to evaluate the effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on the quality and storage stability of buffalo milk paneer under refrigeration (4±1 °°C). Aqueous extracts of both flowers were incorporated individually and in combination into buffalo milk prior to coagulation. Physico-chemical, microbiological, and sensory attributes of treated paneer samples were assessed at regular intervals during storage. Paneer treated with combined extracts (T4) showed the highest total phenolic content and lowest TBARS values, indicating higher antioxidant activity. During storage, decrease in pH and increase in titratable acidity was noticed in all treatments. Microbial growth (SPC, psychrophilic, yeast & mould, and coliform counts) increased with progress of storage but remained within limits prescribed by FSSAI for a longer duration in treated samples than in control. Sensory scores for colour, flavour, texture, juiciness, and overall acceptability were significantly higher in the T4 group. The synergistic effect of both flower extracts effectively retarded lipid oxidation and microbial spoilage, extending the shelf life of paneer up to 15 days under refrigeration. The findings support the potential of natural flower extracts as promising natural preservatives for enhancing the quality and safety of dairy products.
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1. INTRODUCTION
Buffalo (Bubalus bubalis) is an imperative livestock species and is well known for its high milk quality, higher fat and high protein contents than cow milk (Raina et al., 2016). In India, out of the total milk production, 31.49% and 13.83% is contributed by indigenous buffaloes and non descript buffaloes, respectively to making it a total of 45.32% (BAHS, 2024). Out of the total milk produced, 46% is consumed as liquid milk and remaining is transformed into traditional Indian dairy products such as paneer, chhana, khoa, khoa-based sweets, and deseerts (Kapoor et al., 2021). The term “Paneer” referred to the product obtained from any variant of milk, with or without added milk solids, by precipitation with permitted acidulants and heating (FSSAI, 2023). The paneer market in India reached INR 570.8 Billion (Anonymus, 2024). Paneer is a great source of fat, vitamins, minerals, and high-quality animal protein. It is marbled  white in colour, with a cohesive and spongy body, a close-knit texture, and a mildly sweet, slightly acidic, and nutty flavour (Kapoor et al., 2021). Buffalo milk is more suitable than cows  milk for preparation of paneer due to its higher levels of fat, casein, calcium, and phosphorus. These components, along with larger fat globules and casein micelles impart a firm and rubbery texture and making it ideal for paneer production (Dongare and Syed, 2018; Ghodeker, 1989). 
Paneer is a perishable dairy product with a very short shelf life and remain only fresh for 2-3 days under refrigeration and less than a day at room temperature due to lipid peroxidation and microbial growth (Kumar et al., 2024). For the prevention of lipid peroxidation, synthetic antioxidants like butylated hydroxy anisole (BHA), butylated hydroxytoluene (BHT), and propyl gallate (PG) are used as a preservatives (Quansah and Saalia, 2024). Synthetic preservatives are linked to several health risks, including mutations, food poisoning, liver damage, cancer, and allergies (Batiha et al., 2021). Foods preserved using natural preservatives have gained popularity in recent years as a result of increased consumer awareness and concern about synthetic additive (Del Nobile, 2012). 
Natural food preservation involves using antimicrobial and antioxidant compounds from plants, animals, or microbes to inhibit microbial growth and extend food shelf life (Khadka, 2021). Certain flowers and their extracts have been shown to possess strong antibacterial and antioxidant properties (Popescu et al., 2025). Hibiscus rosa-sinensis contains phytoconstituents such as flavonoids, polyphenols, and anthocyanins, which have antioxidant properties that help prevent the oxidation of low-density lipoproteins (Garcia and Blesso, 2021). Hibiscus rosa-sinensis exhibits antibacterial activity against several pathogens, including Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae (Tiwari et al., 2017). Delonix regia contains flavonoids, carotenoids, anthocyanins, and polyphenols, which help prevent lipid peroxidation and provide potent antioxidant activity by scavenging free radicals (Ramakrishnan et al., 2018). It  also exhibits antibacterial activity against several pathogenic microorganisms, including Shigella flexneri, Staphylococcus epidermidis, and Escherichia coli (Bhokare et al., 2018).
This study aimed to develop buffalo milk paneer with desirable quality attributes and evaluate its refrigerated storage. The effect of Hibiscus rosa-sinensis flower extract, Delonix regia flower extract, and their combination in extending the shelf life of buffalo milk paneer was assessed. To our knowledge, no prior research has examined the impact of these natural extracts on the quality and storage stability of buffalo paneer.
2. MATERIALS AND METHODS
Buffalo milk for paneer preparation was purchased from the llocal market of Junagadh Ccity. Delonix regia flower was collected from the llocal area of Junagadh. After collection flowers were clean and with water to remove external material. After drying, flower powder was prepared in the llaboratory using a bblender. Hibiscus rosa-sinensis and Low-density polyethylene (LDPE  150 gauge) for packaging wasere also purchased from the local market in Junagadh.	Comment by Mouaïmine Mazou: At what temperature were the flowers dried? It is very important to mention this because it can influence the behavior of the flower's bioactive components.
	
2.1 Preparation of flower extracts
Aqueous extracts of Hibiscus rosa-sinensis and Delonix regia were prepared by weighing 20 g of dried powder and extracting it in 500 mL of distilled water with continuous stirring at 1100 rpm for 20 h at room temperature. The mixtures were centrifuged at 3000 × g for 6 min at 15 °C, and the supernatants were filtered through Whatman No.  41 paper to remove residual coarse particles. The filtrates were then freeze-dried using a lyophilizer at -55 °C under -105 kPa for 42 h. The resulting dried extracts were collected, stored in amber air-tight bottles, and kept at -12 °C to protect them from light-induced degradation until further use.
2.2 Preparation of paneer
Buffalo milk was heated to 95 °C for 5 min and then cooled to 85 °C for coagulation. For treatment preparation, extracts were added to the milk at 85 °C prior to coagulation. The control (T1) received 5 mL of distilled water per 100 mL of milk. T2 was prepared by adding 5 mL of Hibiscus rosa-sinensis aqueous extract (100  mg/mL) per 100 mL of milk, T3 was prepared by adding 5 mL of Delonix regia aqueous extract (100  mg/mL) per 100 mL of milk, and T4 by adding a combination of Hibiscus rosa-sinensis and Delonix regia extracts (1:1 ratio) per 100 mL of milk. Coagulation was induced using 1% (w/v) citric acid with gently stirring. Once clear whey formed, the coagulum was separated through sterile muslin cloth, placed in a circular hoop, and pressed for 15 min to remove excess whey and form a compact paneer block. The paneer was then immersed in chilled water for 2 h, drained on a tray, and packed in LDPE pouches for storage at 4 ± 1 °C. All samples were stored under refrigeration for 10 days, and evaluations were conducted every second day throughout the storage period.

Image  1: Comparison of samples of paneer with different plant extracts
[image: ]
2.3 Storage study
2.3.1 Thiobarbituric reacting substances (TBARS) value
The thiobarbituric acid reactive substances (TBARS) content of the paneer samples was evaluated following a  procedure described by Witte et al. (1970). Results are expressed as mg malonaldehyde/kg of a  sample, which serves as an indicator of the extent of oxidative rancidity in paneer.
2.3.2 Tyrosine Value
The tyrosine value of the paneer was estimated using the Tyrosine Colorimetric Assay (Umaraw et al., 2022).
2.3.3 Total phenolic content
The total phenolic content (TPC) of the Paneer was assessed using a colorimetric method involving the Folin-Ciocalteu reagent, with appropriate modifications. The extract of a  paneer sample for TPC determination was prepared following the procedure described by Verma et al. (2018).	Comment by Mouaïmine Mazou: It is important to describe the modified procedure.  
2.3.4 Titratable acidity (TA)
The acidity of the paneer sample was estimated according to BIS (1983) procedure specified for paneer under IS: 10484.
2.3.5 pH
The pH of the paneer samples was determined following the method described by Troutt et al. (1992), using a digital pH meter fitted with a glass electrode.
2.3.6 Microbiological Analysis 
Microbiological analysis (Standard Plate Counts, Coliform Counts, Yeast and Mould Counts, and Psychrophilic Counts) of the samples of Paneer was carried out by the pour plate method described by American Public Health Association (APHA, 1984). The total microbial count was calculated by multiplying the number of observed colonies by the reciprocal of the dilution factor, and the results were expressed as colony-forming units per gram (CFU/g).
2.3.7 Sensory Evaluation 
The product prepared was subjected to sensory evaluation by semi trained sensory panel using a 9-point hedonic scale, where 1 represented “dislike extremely” and 9 denoted “like extremely” (Yufang et al., 2022) with the following attributes:  
1) Colour and appearance 
2) Flavour 
3) Texture 
4) Juiciness 
5) Overall acceptability
2.4 Storage stability and shelf life of paneer 
Samples of different treatments and control group of paneer were packed in Low Density Polyethylene (LDPE) Pouches and stored in a refrigerated temperature (4±1º C). The quality changes in Paneer were evaluated (Sensory quality, Physico-chemicals,, and microbiological) as mentioned above after withdrawing samples periodically at three day intervals up to its acceptability tested by quality parameters.
2.4 Statistical analysis
The data were statistically analysed using standard methods (Snedecor and Cochran, 1989). All analyses were performed in duplicate, and each experiment was repeated three times, giving six observations (n = 6) for each parameter. Sensory evaluation was conducted by a seven-member trained panel on three occasions, yielding 21 observations (n = 21). Results were expressed as mean ± standard error (SE). Analysis of variance (ANOVA) followed by Duncan’s Multiple Range Test (DMRT) was applied to determine significant differences at the 5% level (p < 0.05).	
3. RESULTS AND DISCUSSION
3.1 TBARS (mg MDA/kg) value of flower extracts added buffalo milk paneer
The TBARS value of different treated paneer was assessed, and obtained results are presented in to figure 1. The TBARS value of all treatment groups were ranged from 0.22 ± 0.006 - 0.314 ± 0.010  mg MDA/kg at 0 day of the storage period. The highest TBARS value was found in the T1 sample forduring 12 days  of storage, followed by T3, T2, and T4 forduring 15 days of storage period. A certain amount of malondialdehyde (MDA) may already be present in freshly prepared paneer samples due to exposure of milk fat to heat and oxygen during processing. Several studies have reported the positive effect of plant extracts on TBARS values of dairy products during refrigerated storage. Mahajan et al. (2015) found that cheese with pomegranate rind extract had lower TBARS values than the control, attributed to its antioxidant activity. Wwhile Umaraw et al. (2022) found the lowest values in paneer fortified with aloe vera and turmeric extracts. Similar trends were noted with Paederia foetida and Houttuynia cordata (Saikia et al., 2020) and with Lycium barbarum and Delphinium denudatum. In contrast, Gunawardena et al. (2019) observed higher TBARS in anthocyanin-enriched sausages extracted from Hibiscus rosa-sinensis, suggesting TBARS may not reliably assess antioxidants  potential in such products.
3.2 Tyrosine value of flower extracts added buffalo milk paneer
The tyrosine value was non-significantly (p > 0.05) changed between treatment groups, except T4, that had a lower tyrosine value than the other treatment group at 0 day of storage shown in figure  2. Across all treatments, tyrosine content gradually increased throughout storage, mainly due to proteolytic degradation of milk proteins by microbial and enzymatic activities. Similarly, findings of Saikia et al. (2020) showed lower tyrosine values in paneer with Paederia foetida and Houttuynia cordata extracts, though values increased with storage. Yashvantha et al. (2020) reported that 0.8% lemon rind reduced tyrosine values in paneer during storage compared to control Umaraw et al. (2022) also noted the highest tyrosine content in control and the lowest in turmeric plus aloe vera extracts treated paneer. In contrast, Patel and Pinto (2023) observed significantly higher tyrosine values in tomato flavoured paneer, which further increased during storage.
3.3 TPC of flower extracts added buffalo milk paneer
TPC of various treatment groups were measured, and obtained results are presented in figure  3. The highest total phenolic content (TPC) was observed in the T4 group treated with Hibiscus rosa-sinensis and Delonix regia flower extracts, followed by T2 and T3, while the lowest value was recorded in T1. Paneer treated with the combined extracts (T4) showed higher TPC than those with individual extracts, which may be attributed to the synergistic effect of different phenolic constituents present in both flowers, resulting in a greater overall phenolic content compared to single-extract treatments. The TPC of all paneer group was significantly (p < 0.05) decreased as the advancement of storage period. Joseph and Rao (2019) reported higher TPC in paneer prepared with crushed lemongrass, followed by lemongrass extract and lemongrass oil. Ahmed et al. (2022) found that TPC decreased 


Figure  1: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on TBARS value of paneer at refrigeration storage (4±1º C)




Figure  2: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on Tyrosine value of paneer at refrigeration storage (4±1º C)







Figure  3: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on TPC value of paneer at refrigeration storage (4±1º C)


Figure  4: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on Titratable acidity of paneer at refrigeration storage (4±1º C)






Figure  5: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on the ppH of paneer at refrigeration storage (4±1º C)






significantly (p < 0.05) during storage, but fruit acidulate coagulated products retained higher TPC than controls, indicating greater oxidative stability. Similarly, Qureshi et al. (2024) observed higher TPC in lemon juice treated paneer during cold storage, with positive effects on antioxidant and radical scavenging activity, though TPC declined over time. In contrast, Suseno and Nizori (2021) reported an increase in TPC in hibiscus-based functional drinks. 
3.4 Titratable acidity of flower extracts added buffalo milk paneer
The titratable acidity of various treatment groups was measured forduring 15 days of storage and acquired results were given in figure  4. The values of titratable acidity of all paneer samples were non-significant (p > 0.05) each other at 0 day  of storage. T3 group exhibited the highest titratable acidity throughout the storage period. The higher titratable acidity in the flower extracts treated paneer group was due to the presence of natural acids (malic acid, citric acid, ascorbic acid, etc.). As the storage period increased, there was a significant (p < 0.05) increase was noticed in titratable acidity of all paneer samples. Similarly, Umaraw et al. (2022) reported that paneer prepared with turmeric and aloe vera extracts had significantly higher titratable acidity than the control, and acidity increased progressively with storage. Ali et al. (2023) also observed higher acidity in yoghurt fortified with Hibiscus rosa-sinensis flower extract compared to control. In contrast, Saikia et al. (2020) found significantly higher acidity in control paneer than in P. foetida and H. cordata treated paneer. Ahmed et al. (2023) further noted that lemon and amla coagulated paneer showed higher acidity than citric acid coagulated paneer, with values increasing over time.
3.5 pH of flower extracts added buffalo milk paneer
There was a significant (p < 0.05) difference in pH in all treatment groups at 0 day (figure  5). The highest pH was observed in the control group, while the lowest pH was recorded in T3 group. Treated samples generally had lower pH than control, likely due to the acidic nature of bioactive compounds in the flower extracts. By the end of storage, the lowest pH was recorded in T3, while T4 showed a slower decline compared to other groups. Similar to our findings, pH of all paneer samples decreased during storage due to lactic acid bacteria growth (Singh et al., 2022). Saikia et al. (2020), who also observed a decline in pH of both control and Paederia foetida or Houttuynia cordata treated paneer during storage. Tomar et al. (2021) similarly reported decreasing pH in Hibiscus sabdariffa incorporated yoghurt. Umaraw et al. (2022) found non significantly different pH in turmeric and aloe vera treated paneer prepared from the ggoat and buffalo milk admixture, except on the final day, when the control showed the lowest value. Suseno and Nizori (2021) noted decreasing pH with higher Hibiscus rosa-sinensis juice concentration in functional drinks.
3.6 Microbiological assessment
The SPC count of all paneer sample was increased as the storage days advanced (Table  1). T1 recorded significantly higher SPC values than T2 and T4, indicating that both flower extracts had a noticeable impact on the SPC of paneer. SPC of T3 group was significantly (p < 0.05) higher than T2 and T4 groups, while non-significantly (p > 0.05) lower than the T1 group. FSSAI (2023) specifies a maximum SPC limit of 5.17 log₁₀ CFU/g for paneer. The T1 group reached this limit on the 12th day, indicating spoilage due to the absence of antimicrobial compounds, while extract treated paneer spoiled on the 15th day. Yashvantha et al. (2020) reported higher SPC in control paneer than in lemon flavoured paneer. Similarly, Singh et al. (2022) found that periwinkle powder reduced microbial growth due to its phytochemicals, while Umaraw et al. (2022) observed significantly lower SPC in paneer treated with turmeric and aloe vera extracts compared to the control. Gunawardena et al. (2019) supported the present findings and reporting that incorporating Hibiscus rosa-sinensis anthocyanin in precooked chicken sausages reduced microbial growth, with 0.25% anthocyanin showing the lowest total viable count during storage. 
Table  1: Effect of Hibiscus rosa-sinensis and Delonix regia flower extract on microbial quality of paneer at refrigeration storage (4±1º C)
	[bookmark: _Hlk207307405]Days
	T1
	T2
	T3
	T4

	SPC Count

	0 day
	[bookmark: _Hlk207841338]3.44 ± 0.048aE
	3.15 ± 0.067bF
	3.39 ± 0.039aF
	[bookmark: _Hlk208091916][bookmark: _Hlk207841350]3.05 ± 0.050bF

	3 day
	4.01 ± 0.040aD
	3.83 ± 0.032bE
	3.91 ± 0.033abE
	3.82 ± 0.038bE

	6 day
	4.57 ± 0.022aC
	4.26 ± 0.023bD
	4.29 ± 0.020bD
	4.15 ± 0.021cD

	9 day
	4.99 ± 0.013aB
	4.91 ± 0.016bC
	4.90 ± 0.020bC
	4.85 ± 0.008cC

	12 day
	5.17 ± 0.005aA
	4.99 ± 0.007cB
	5.03 ± 0.005bB
	4.98 ± 0.009cB

	15 day
	NE
	5.15 ± 0.008aA
	5.17 ± 0.005aA
	5.15 ± 0.005aA

	Psychrophilic count

	0 day
	[bookmark: _Hlk207841285]2.80 ± 0.567aD
	2.05 ± 0.650aD
	2.10 ± 0.666aD
	[bookmark: _Hlk207841309]1.83 ± 0.601aD

	3 day
	4.21 ± 0.038aC
	3.75 ± 0.044bC
	3.74 ± 0.041bC
	3.72 ± 0.041bC

	6 day
	4.67 ± 0.012aBC
	4.14 ± 0.030bBC
	4.20 ± 0.032bBC
	4.12 ± 0.039bBC

	9 day
	4.91 ± 0.028aAB
	4.71 ± 0.013cAB
	4.76 ± 0.009bAB
	4.69 ± 0.020cAB

	12 day
	5.19 ± 0.008aA
	4.96 ± 0.013bA
	4.97 ± 0.015bAB
	4.94 ± 0.024bA

	15 day
	NE
	5.17 ± 0.009aA
	5.17 ± 0.014aA
	5.16 ± 0.010aA

	Y & M count

	0 day
	ND
	ND
	ND
	ND

	3 day
	ND
	ND
	ND
	ND

	6 day
	1.10 ± 0.130aC
	0.33 ± 0.216bD
	0.50 ± 0.220bD
	0.33 ± 0.211bD

	9 day
	1.42 ± 0.083aB
	1.25 ± 0.080bC
	1.23 ± 0.060bC
	1.10 ± 0.083bC

	12 day
	1.61 ± 0.044aA
	1.52 ± 0.071abB
	1.51 ± 0.063abB
	1.47 ± 0.061bB

	15 day
	NE
	1.63 ± 0.040aA
	1.65 ± 0.020aA
	1.61 ± 0.040aA

	Coliform count

	0 day
	ND
	ND
	ND
	ND

	3 day
	ND
	ND
	ND
	ND

	6 day
	ND
	ND
	ND
	ND

	9 day
	ND
	ND
	ND
	ND

	12 day
	0.984 ± 0.133
	ND
	ND
	ND

	15 day
	NE
	0.933 ± 0.211a
	0.963 ± 0.210a
	0.580 ± 0.260b


Note: Values are means ± SEM, n=6 per treatment group.
Means in a row without a common superscript small letter differ (p < 0.05) and Means in a column without a common superscript capital letter differ (p < 0.05). ND: Not Detectable NE: Not Estimated

No significant (p > 0.05) difference was observed between treated and control paneer on day  0, however significant differences was noticed as storage progressed. Psychrophilic counts were ranged from 2.8-1.83 log₁₀ CFU/g initially and increased significantly by day  3, and showed nonsignificant rise on days  6, 9, and 12 (Table  1). FSSAI (2023) specifies a maximum psychrophilic count of 5.17 log₁₀ CFU/g in paneer. The control group spoiled after 12 days, while flower extract treated samples spoiled after 15 days. Umaraw et al. (2022) reported no significant difference among treatments on day  0, but paneer with turmeric and aloe vera showed significantly lower psychrophilic counts during storage due to their combined effect. They also noted that psychrophilic counts increased in all samples. Mahajan et al. (2015) reported significantly higher psychrophilic counts in control samples than in treated ones. In contrast, Sharma et al. (2023) found that Lycium barbarum and Delphinium denudatum extract-incorporated chhana showed higher psychrophilic counts than the control after 14 days of storage.
Yeast and mould (Y&M) counts of all treatment groups were measured, and the results are shown in the Table  1. Y&M growth was absent until day  3 in all groups. By day  6, T1 showed the highest count, while T2 and T4 showed lowest, and T3 exhibited intermediate count. T1 paneer spoiled by day  12, exceeding the Y&M limit of 1.698 log₁₀ CFU/g, while treated groups spoiled by day  15 according to FSSAI (2023) limits. T4 consistently had the lowest Y&M counts, likely due to the synergistic antifungal effect of Hibiscus rosa-sinensis and Delonix regia extracts. Yashvantha et al. (2020) reported lower yeast and mold growth in lemon flavoured paneer than in the control, though counts increased in all groups with storage. In contrast, Ahmed et al. (2023) found amla paneer had the highest Y&M counts. Gunawardena et al. (2019) showed that the Hibiscus rosa-sinensis anthocyanins inhibited fungal growth Similarly, Singh et al. (2022) observed periwinkle powder decreased yeast and mold in paneer.
Coliforms were absent in all treatments until day  9. By day  12, only in T1 showed coliforms count, while remaining treatments did not show any coliform growth (Table  1). On day  15, coliforms appeared in T2, T3, and T4, with T4 showing significantly (p < 0.05) lower counts than T2 and T3, likely due to the antimicrobial effect of flower extracts. All treatment groups remained below the FSSAI (2023) limit of 1 log₁₀ CFU/g up to day  15, and the control stayed below the limit until day  12. Several studies support the antimicrobial effects of plant extracts in paneer. Singh et al. (2022) not reported coliforms in periwinkle incorporated or control paneer. Umaraw et al. (2022) observed coliforms on day  6 in the ccontrol paneer and day  8 in turmeric and aloe vera treated groups. Paul et al. (2018) not detected coliforms in basil, ginger, and mint-treated or control paneer. Saikia et al. (2020) found coliforms only in control paneer between days 8-10 (<25  CFU/plate), while in treated paneer coliforms was not detected.
3.7 Sensory Evaluation 
There was a significant difference (p < 0.05) found between the treatment group and control group of paneer for colour and appearance. T4 group had a highest colour and appearance score and it was decrease in all paneer group as the advancement of storage. Ali et al. (2023) supported the present findings, reporting the highest colour score in yoghurt with 1% Hibiscus rosa-sinensis extract, while control and 2% extract samples showed lower scores. Similarly, Ebada et al. (2023) observed comparable initial colour scores in control and Delonix regia pigment-added beverages, with a gradual decline during storage. Gunawardena et al. (2019) found higher colour scores in sausages with 0.05% anthocyanin than in controls. Flavour scores of all samples decreased significantly throughout storage. The flavour score of the T3 and T4 groups was significantly (p < 0.05) higher, while the T2 group was non-significantly (p > 0.05) higher than the control group. Ebada et al. (2023) reported no initial difference in flavour between control and Delonix regia-added beverages, but flavour declined over time. Similarly, Ali et al. (2023) found the highest flavour score in yoghurt with 2% Hibiscus rosa-sinensis extract. The T4 paneer showed the highest texture score, followed by T3 and T2, while T1 had the lowest score and it was also decrease as the storage days advance. Yashvantha et al. (2020) reported that lemon-treated paneer maintained better texture than the control throughout storage. Similarly, Singh et al. (2022) found the best texture in paneer with 1% periwinkle powder, followed by 2%, 3%, and control samples. The T4 group showed a non-significantly (p > 0.05) higher juiciness score than T3, while T1 had the lowest score, which was significantly lower than T2. Karunamay et al. (2020) found non significant change in the juiciness of paneer coated with oregano and clove essential oils during 10 days of refrigerated storage. Similarly, Gogineni et al. (2024) reported the highest juiciness in paneer coated with sago starch and garlic extract film, followed by sago starch with edible gum. 
Table  2: Effect of Hibiscus rosa-sinensis and Delonix regia flower extracts on Sensory quality of paneer
	
	T1
	T2
	T3
	T4

	Colour and appearance

	0 day
	[bookmark: OLE_LINK1]8.57 ± 0.111bA
	[bookmark: OLE_LINK6]8.71 ± 0.101abA
	[bookmark: OLE_LINK13]8.90 ± 0.065aA
	[bookmark: OLE_LINK19]8.95 ± 0.047aA

	3 day
	[bookmark: OLE_LINK2]8.38 ± 0.109bA
	[bookmark: OLE_LINK7]8.57 ± 0.111abAB
	8.71 ± 0.101aAB
	8.86 ± 0.078aA

	6 day
	[bookmark: OLE_LINK3]7.95 ± 0.109cB
	[bookmark: OLE_LINK8]8.24 ± 0.136bcB
	[bookmark: OLE_LINK15]8.48 ± 0.112abB
	[bookmark: OLE_LINK21]8.67 ± 0.105aA

	9 day
	[bookmark: OLE_LINK4]7.05 ± 0.129cC
	[bookmark: OLE_LINK9]7.43 ± 0.130bC
	[bookmark: OLE_LINK16]7.52 ± 0.112abC
	[bookmark: OLE_LINK22]7.81 ± 0.131aB

	12 day
	[bookmark: OLE_LINK5]6.29 ± 0.122bD
	6.43 ± 0.111bD
	6.67 ± 0.144abD
	[bookmark: OLE_LINK23]6.86 ± 0.186aC

	15 day
	NE
	[bookmark: OLE_LINK11]5.9 ± 0.153bE
	[bookmark: OLE_LINK18]6.10 ± 0.153abE
	[bookmark: OLE_LINK24]6.33 ± 0.105aD

	Flavour

	0 day
	[bookmark: OLE_LINK25]8.48 ± 0.112bA
	[bookmark: OLE_LINK30]8.67 ± 0.105abA
	[bookmark: OLE_LINK35]8.86 ± 0.078aA
	[bookmark: OLE_LINK42]8.9 ± 0.065aA

	3 day
	[bookmark: OLE_LINK26]8.24 ± 0.095cA
	[bookmark: OLE_LINK31]8.43 ± 0.111bcAB
	[bookmark: OLE_LINK36]8.62 ± 0.109abA
	[bookmark: OLE_LINK43]8.81 ± 0.087aAB

	6 day
	[bookmark: OLE_LINK27]7.86 ± 0.078cB
	[bookmark: OLE_LINK32]8.24 ± 0.095bB
	[bookmark: OLE_LINK37]8.52 ± 0.112aA
	[bookmark: OLE_LINK44]8.57 ± 0.111aB

	9 day
	[bookmark: OLE_LINK28]7.24 ± 0.118bC
	[bookmark: OLE_LINK33]7.43 ± 0.111abC
	[bookmark: OLE_LINK38]7.52 ± 0.131abB
	[bookmark: OLE_LINK45]7.76 ± 0.118aC

	12 day
	[bookmark: OLE_LINK29]6.24 ± 0.168bD 
	[bookmark: OLE_LINK34]6.33 ± 0.105bD
	[bookmark: OLE_LINK39]6.52 ± 0.164aC
	[bookmark: OLE_LINK46]6.71 ± 0.101aD

	15 day
	NE
	[bookmark: OLE_LINK41]5.95 ± 0.129aD
	[bookmark: OLE_LINK40]6.05 ± 0.146aD
	[bookmark: OLE_LINK47]6.24 ± 0.136aE

	Texture

	0 day
	[bookmark: OLE_LINK74]8.57 ± 0.111bA
	[bookmark: OLE_LINK79]8.76 ± 0.095abA
	[bookmark: OLE_LINK85]8.86 ± 0.078aA
	[bookmark: OLE_LINK91]8.95 ± 0.047aA

	3 day
	[bookmark: OLE_LINK75]8.29 ± 0.101bAB
	[bookmark: OLE_LINK80]8.48 ± 0.112abAB
	[bookmark: OLE_LINK86]8.62 ± 0.109aAB
	[bookmark: OLE_LINK92]8.76 ± 0.095aAB

	6 day
	[bookmark: OLE_LINK76]7.95 ± 0.109cB
	[bookmark: OLE_LINK81]8.14 ± 0.104bcB
	[bookmark: OLE_LINK87]8.29 ± 0.101abB
	[bookmark: OLE_LINK93]8.52 ± 0.112aB

	9 day
	[bookmark: OLE_LINK77]7.29 ± 0.101bC
	[bookmark: OLE_LINK82]7.48 ± 0.112abC
	[bookmark: OLE_LINK88]7.52 ± 0.131aC
	[bookmark: OLE_LINK94]7.62 ± 0.129aC

	12 day
	[bookmark: OLE_LINK78]6.38 ± 0.146bD
	[bookmark: OLE_LINK83]6.67 ± 0.159aD
	[bookmark: OLE_LINK89]6.86 ± 0.173aD
	[bookmark: OLE_LINK95]7.05 ± 0.212aD

	Juiciness

	0 day
	[bookmark: OLE_LINK48]8.33 ± 0.105cA
	[bookmark: OLE_LINK53]8.67 ± 0.105bA
	[bookmark: OLE_LINK59]8.86 ± 0.078abA
	[bookmark: OLE_LINK68]8.95 ± 0.047aA

	3 day
	[bookmark: OLE_LINK49]8.10 ± 0.095cAB
	[bookmark: OLE_LINK54]8.38 ± 0.109bcAB
	8.52 ± 0.112abAB
	[bookmark: OLE_LINK69]8.71 ± 0.101aAB

	6 day
	[bookmark: OLE_LINK50]7.86 ± 0.078cB
	[bookmark: OLE_LINK55]8.10 ± 0.118bcB
	[bookmark: OLE_LINK64]8.33 ± 0.105abB
	[bookmark: OLE_LINK70]8.57 ± 0.111aB

	9 day
	[bookmark: OLE_LINK51]6.76 ± 0.095bC
	[bookmark: OLE_LINK56]7.52 ± 0.112aC
	[bookmark: OLE_LINK65]7.76 ± 0.136aC
	[bookmark: OLE_LINK71]7.67 ± 0.126aC

	12 day
	[bookmark: OLE_LINK52]5.81 ± 0.164bD
	[bookmark: OLE_LINK57]6.52 ± 0.131aD
	[bookmark: OLE_LINK66]6.71 ± 0.184aD
	[bookmark: OLE_LINK72]6.95 ± 0.146aD

	15 day
	NE
	[bookmark: OLE_LINK58]5.81 ± 0.148aE
	[bookmark: OLE_LINK67]5.95 ± 0.146aE
	[bookmark: OLE_LINK73]6.05 ± 0.129aE

	Overall acceptability

	0 day
	[bookmark: OLE_LINK97]8.62 ± 0.109bA
	[bookmark: OLE_LINK102]8.71 ± 0.101abA
	[bookmark: OLE_LINK108]8.9 ± 0.065aA
	[bookmark: OLE_LINK114]8.95 ± 0.047aA

	3 day
	[bookmark: OLE_LINK98]8.43 ± 0.111bA
	[bookmark: OLE_LINK103]8.57 ± 0.111abA
	[bookmark: OLE_LINK109]8.71 ± 0.101aAB
	[bookmark: OLE_LINK115]8.81 ± 0.087aA

	6 day
	[bookmark: OLE_LINK99]8.24 ± 0.095bA
	[bookmark: OLE_LINK104]8.38 ± 0.109abA
	[bookmark: OLE_LINK110]8.52 ± 0.112abB
	[bookmark: OLE_LINK116]8.67 ± 0.105aA

	9 day
	[bookmark: OLE_LINK100]7.19 ± 0.087cB
	[bookmark: OLE_LINK105]7.38 ± 0.109bcB
	[bookmark: OLE_LINK111]7.52 ± 0.131abC
	[bookmark: OLE_LINK117]7.81 ± 0.087aB

	12 day
	[bookmark: OLE_LINK101]6.05 ± 0.161bC
	[bookmark: OLE_LINK106]6.57 ± 0.202aC
	[bookmark: OLE_LINK112]6.71 ± 0.171aD
	[bookmark: OLE_LINK118]6.95 ± 0.146aC

	15 day
	NE
	[bookmark: OLE_LINK107]5.86 ± 0.173abD
	[bookmark: OLE_LINK113]6.19 ± 0.164aE
	[bookmark: OLE_LINK119]6.33 ± 0.144aD


Note: Values are means ± SEM, n=6 per treatment group.
Means in a row without a common superscript small letter differ (p < 0.05) and Means in a column without a common superscript capital letter differ (p < 0.05). ND: Not Detectable NE: Not Estimated
There was a significant (p < 0.05) difference observed in the overall acceptability of treated paneer and control paneer. Overall acceptability of all paneer groups decreased with the progression of storage. Tomar et al. (2021) reported the highest overall acceptability in yoghurt treated with 0.1% Hibiscus sabdariffa compared to other plant extracts and control. Similarly, Ali et al. (2023) found 1% Hibiscus rosa-sinensis extract improved yoghurt acceptability, and Ebada et al. (2023) observed higher acceptability in Delonix regia extract treated beverages than in controls.
4. CONCLUSION
The incorporation of Hibiscus rosa-sinensis and Delonix regia flower extracts in buffalo milk paneer effectively improved its oxidative stability, microbial safety, and sensory characteristics. Paneer treated with combination extracts (T4) exhibited the lowest lipid oxidation, highest phenolic content, and better control of microbial counts compared to the control. During storage, pH decreased and acidity increased, reflecting normal biochemical changes. Extract-treated paneer retained acceptable sensory quality for up to 15 days, while the control spoiled earlier. The synergistic antioxidant and antimicrobial effects of these natural extracts contributed to prolonged freshness and improved acceptability. Therefore, the use of Hibiscus rosa-sinensis and Delonix regia extracts offers a natural, safe, and effective alternative to synthetic preservatives in dairy product preservation.
5. FURTHER RESEARCH
Future research may focus on isolating and characterizing the active compounds of Hibiscus rosa-sinensis and Delonix regia extracts and optimizing their use in various dairy products. Evaluating their stability, sensory impact, and large-scale applicability could help develop natural preservative systems for the dairy industry.
6. DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript.
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