


Influence of Hibiscus Petals on the Physico-Chemical and Sensory Quality of Strawberry Jam

Abstract
Hibiscus Rosa-Sinensis commonly known as “China Rose”, presents a promising opportunity for enhancing the nutritional and sensory properties of fruit-based products. This study investigated the utilization of hibiscus petals as a supplement in strawberry jam to enhance its properties. Evaluating the effects on physicochemical, color, and sensory attributes during storage. Hibiscus petals were incorporated into strawberry jam at concentrations of 0%, 10%, 20%, and 30%, and samples were stored for 0, 10, 20, and 30 days. The pH, Total Soluble Solids (TSS), Titratable Acidity (TTA), and color values (L*, a*, b*) were monitored to assess the chemical changes. Sensory evaluation, including appearance, aroma, taste, texture, and overall acceptability, was conducted using a hedonic 9-point scale. The pH of the jam decreased significantly with increasing concentrations of hibiscus petals over storage time, ranging from 3.59±0.12 (0%) to 3.29±0.131 (30%) after 30 days. Total Soluble Solids (TSS) content increased slightly with higher hibiscus concentrations, with no significant variation over storage time, ranging from 63.9±2.14 to 67.3±2.69°Brix. Titratable Acidity (TTA) increased with higher concentrations, ranging from 0.69±0.02% (0%) to 0.910±0.04% (30%) after 30 days. Color values (L*, a*, b*) showed notable changes 0%-30% from 0days-10days. The addition of hibiscus petals darkened the jam (decreased L*) (11.76±0.39-9.98±0.37) and shifted it towards reddish hues (increased a*) (5.89±0.19 5.69±0.21) and more yellow tones (increased b*), (3.57±0.119-3.35±0.13) with significant differences observed in L* values and slight changes in a* and b* values between concentrations and storage durations. In sensory evaluation, jams with 0% and 10% hibiscus petals had the best aroma, taste, texture and overall acceptability. Whereas those with 20% and 30% had higher score due to acidity and color change. These findings show how hibiscus petals can enhance strawberry jam’s nutritional value and taste, giving customers a unique and appealing product with health benefits.
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1. Introduction
Among the essential elements of today's diet, fruits and vegetables stand out for their abundance of minerals and dietary fibers, which are essential for general health and wellbeing. Because of its exquisite flavor, appealing texture, and aroma, a combination known as their organoleptic fruit quality, strawberries are consumer’s favorite. It  have also several health benefits, according to epidemiological studies. Many bioactive compounds, such as the polyphenolic antioxidants, contribute to these benefits by improving the fruit's functional quality and raising consumer demand.
(Jung & Kang, 2012) studied that strawberries sensory qualities, especially their acidity and sweetness, result from the complex interaction of vitamin C with organic acids including malic, citric, and tartaric acids. Meanwhile, anthocyanin pigments, which also add to their health-promoting qualities, are mostly responsible for their pleasing hue and scent. It maintains their distinct flavor profile even after processing, including freezing or juicing, which makes them a flexible component for a wide range of culinary uses. In addition to being a great source of fiber and vitamin C, strawberries are also low in calories and carbs. (Khan et al.,2012) evaluated that, at roughly 64.0 mg per serving, they offer more vitamin C than oranges. Strawberries, scientifically known as (Fragaria x ananassa Duch), pose a challenge in terms of their perishability due to their soft texture, high softening rate, and susceptibility to fungal attack and mechanical injury. This inherent fragility limits their storage life, making it difficult to maintain their freshness for extended periods. However, processing offers a viable solution to extend their shelf life, ensure availability during off seasons, and reduce postharvest losses. (Rahman & Moshiur, 2018) suggested that as a fruit with significant commercial value, it can be processed into a wide range of goods, including purees, squash, juice, jams, preserves, candies, and alcoholic drinks. For example, to make jams, strawberry pulp is boiled with enough sugar until it becomes thick and solid enough to retain the fruit's tissues in place.	Comment by sinta arjuna: See previous comments	Comment by sinta arjuna: See previous comments
Alternatively, roselle hibiscus (Hibiscus Rosa Sinensis L.), commonly known as “China rose” or "Queen of tropics," belonging to the Malvaceous family, is a stunning flowering plant native to Southeast China and certain islands in the Pacific and Indian Ocean, emerges as a potent phytochemical agent, with its calyxes commonly utilized in various food products globally.(De Vilela Silva, Moura, Feitosa De Figueiredo, De Melo Queiroz, & Santos Moreira, 2019) found out that dried hibiscus calyxes serve as key ingredients in beverages, jellies, sauces, and preserves, offering natural food coloring due to their high anthocyanin content. Traditionally, Hibiscus flowers have been reputed for their antitumor properties and have been employed as analgesics, antipyretics, anti-asthmatics, and anti-inflammatory agents. Scientific studies have corroborated the presence of antioxidant, antifungal, and antimicrobial properties in Hibiscus Rosa-Sinensis flowers. Research on extracts from different parts of the plant has demonstrated their beneficial effects on human health, particularly in terms of antioxidant activity, which helps neutralize harmful free radicals that can damage DNA (Missoum, 2018). One such plant in the Malvaceous family is Hibiscus Rosa-Sinensis, which has both decorative and therapeutic value. Through in-depth research, scientists have identified and defined a number of phytochemical components found in this plant, such as flavonoids, alkaloids, saponins, tannins, and polyphenols. Traditionally, H. rosa-sinensis has been employed in treating various ailments, including alopecia and dandruff, owing to the presence of flavonoids like quercetin in its flowers. Quercetin, with reported anti-cancer properties, acts as a potent 5α-reductase inhibitor, crucial in testosterone metabolism and useful in addressing alopecia and prostate hyperplasia.
This research is therefore structured to develop a scientifically grounded and consumer preferred hibiscus-infused strawberry jam. The specific objectives are to first optimize the production process for superior sensory qualities and shelf life. Additionally, a detailed phytochemical profile of Hibiscus rosa-sinensis petals will be established to validate its nutritional benefits, focusing on pH activity, Total soluble solids, Titrable acidity and color measurement. Finally, the study will assess the product’s commercial viability by conducting sensory analysis to align with consumer preferences and by investigating critical factors such as the bioavailability of bioactive and the impact of processing on their stability.
2. METHODS AND MATERIALS
2.1 Preparation of strawberry jam
The procedure for the making of jam were carried out in accordance with the previously presented studies by (Ajai et al.,2022). (Khan et al., 2018)	Comment by sinta arjuna: See previous comments
Treatment Plan: The product development process involved using a traditional protocol to craft fruit jam by incorporating different ratios of hibiscus petals and strawberry to create standardized recipes. Through a series of systematic procedures, four unique variations of fruit jam were meticulously produced. 


Table 1: Treatment plan for Hibiscus-strawberry jam

	Treatment
	% Strawberry	Comment by sinta arjuna: It should be written like this Strawberry (%) and Hibiscus Petals (%)
	% Hibiscus Petals

	T0
	100
	0

	T1
	90
	10

	T2
	80
	20

	T3
	70
	30


2.1.1 Extract Preparation of Flower Petals
Firstly, 25g of hibiscus petals were completely cleaned under running water before making jam. Rinse the hibiscus petals and place them in a pot with 50ml of boiling water. Simmered the mixture for 20 to 30 minutes, until the water gave a deep crimson color. Then, sifted the hibiscus petals to extract the necessary amount. The amount of hibiscus extract was adjusted based on the desired ratio: used around 5 milliliters for a 10% ratio, about 10 milliliters for a 20% ratio, and about 15 milliliters for a 30% ratio.
2.1.2 Strawberry Puree Preparation
Washed and removed the stems from 225g of fresh strawberries. Cut into little pieces. Blended the strawberries until smooth to make approximately 200g of strawberry puree. Strawberry puree, 150g sugar, 1 tablespoon lemon juice, and sodium benzoate combined in a saucepan and heated over medium heat, stirring all the time. After the mixture reached a boiling point, lowered the heat and simmer it for 15 to 20 minutes while stirring now and again. Stirring constantly, gradually added the required amount of hibiscus flower extract to the strawberry mixture, adjusting the amount to achieve the desired ratio. Simmer the jam mixture until it thickens to the desired consistency, stirring from time to time to keep it from burning or sticking.(Rahman & Moshiur, 2018) suggested that if upon cooling, the jam solidifies and falls off in a sheet-like form rather than flowing easily in a single stream, it is interpreted as reaching the desired endpoint of consistency. This indicates that the product is now ready to be transferred into containers for storage. When the jam is done, removed it from the heat and poured it into sterilized jars, making sure to leave a little space at the top. Tightly seal the jars and allow them to cool at room temperature before putting them in the refrigerator.
2.2. Analysis of Physico-chemical attributes in hibiscus petals 
2.2.1. Proximate Analysis 
The proximate composition analysis of Hibiscus Petals was carried out following the methods outlined in the AOAC (2016) guidelines. To ensure accuracy and reliability, each test was performed in triplicate. The specific protocols used for conducting these tests are elaborated below:
2.2.1.1. Moisture Content Determination
The experiment began by accurately weighing an empty, clean, and dry crucible, denoted as W1. Subsequently, a 5 g sample of finely ground hibiscus petals powder was placed into the crucible. The sample underwent drying in an oven set at 105°C until reaching a constant weight. Following the drying process, the crucible, along with its contents, was allowed to cool within a desiccator before being weighed again, denoted as W2. Finally, the moisture content was calculated using the provided formula.
                           (1)
2.2.1.2 Ash Content Determination
 A dry, clean crucible was carefully weighed and designated as W3. The previously dried sample from the assessment of moisture content was then cautiously placed inside the crucible. The sample-filled crucible was then placed in a muffle furnace and allowed to ashed at 550°C until full combustion was achieved. The crucible (W4) was then weighed once more after being allowed to cool inside a desiccator. Lastly, the given formula was used to compute the ash content.

2.2.1.3 Crude Protein
The crude protein content was measured using the Kjeldahl method. In a digestion flask, 1 gram of sample was first combined with 10 milliliters of concentrated sulfuric acid (H2SO4). To help with the digestion process, a selenium catalyst tablet was included. Afterwards, the mixture was heated beneath a fume cabinet until a transparent solution was obtained. Each digest was then moved to a 100-millilitre volumetric flask and the appropriate amount of distilled water was added. 10 milliliters of each digest were combined with an equivalent volume of 45% sodium hydroxide (NaOH) solution in a Kjeldahl distilling machine for the distillation process. The resulting mixture was distilled into 10 milliliters of 4% boric acid solution containing three drops of a mixed indicator. A total of 50 milliliters of distillate was collected and titrated against 0.02N sulfuric acid (H2SO4) until a color change from green to deep red was observed, indicating the endpoint of the reaction. A reagent blank was also prepared by following the same digestion, distillation, and titration steps without the sample. The percentage of nitrogen (N2) in the sample was calculated using the formula:

Where, N stands for the titrant's normalcy, which is particularly H2SO4. Vf = Represents the digest's overall volume. Va= measure of the volume of digest distilled. T = Sample volume titrated during the analysis. B = Reagent blank's volume.
2.2.1.4 Crude Fat Determination
Extracted the fat from the hibiscus petal powdered sample using Soxhlet extraction with petroleum ether as the solvent. After that evaporated the solvent and weighed the extracted fat. Calculated the crude fat content using the formula:

Removed non-fibrous components from the sample using acid-base digestion. Washed and dried the fibrous residue, then ignited it to obtain the crude fiber content. 
2.2.1.5 Carbohydrate Determination
Calculated the carbohydrate content by difference using the formula:
Carbohydrate (%) = 100 × (Moisture% + Ash% + Protein% + Fat% + Fiber %)                   (5)    
These procedure were in compliance with the procedures carried out by (Philomena et al., 2020) for the proximate analysis of two varieties of Hibiscus Sabdariffa. These proximate analysis tests provided detailed insights into the nutritional composition of hibiscus petals, facilitating their potential utilization as a supplement in strawberry jam production.
2.3  Analysis of Physico-chemical attributes in hibiscus-strawberry jam 
2.3.1.  pH Measurement
A digital pH meter was used to measure the hibiscus-strawberry jam's pH in accordance with conventional protocols (Bekele, Satheesh, & J.A, 2020). To guarantee accurate readings, the pH meter was calibrated using pH buffer solutions with known acidities (pH 4.0 and pH 7.0) prior to analysis. To achieve an equal distribution of acids and other components, the jam samples were gently combined to homogenize their contents (Ranganna, 1986). The digital pH meter's electrode was submerged in the sample solution after a little aliquot of the jam was cautiously pipetted into a sterile, dry beaker. A stable pH value was achieved after a few seconds of electrode equilibration. To make sure that the results were reliable and consistent, each sample was examined three times. The hibiscus-strawberry jam's acidity or alkalinity can be determined by measuring the pH, which has a significant impact on the jam's flavor, texture, and overall sensory experience. The product's quality and acceptability for ingestion were evaluated based on the recorded pH values; for jams and preserves, the ideal pH range usually falls within this range.
2.3.2.  Total Soluble Solids (TSS) 
The TSS content of the hibiscus-strawberry jam was determined using a refractometer, following established protocols. Prior to analysis, the refractometer was calibrated using distilled water to ensure accurate readings. The jam samples were homogenized to obtain a uniform consistency, and a small amount was carefully placed on the refractometer prism. The refractometer lid was closed gently to spread the sample evenly across the prism surface. The refractometer was then held steady, allowing the sample to equilibrate to the temperature of the instrument. Once stabilized, the TSS value was read directly from the scale displayed through the eyepiece. The reading, expressed in °Brix, represents the percentage of soluble solids present in the jam, including sugars, organic acids, and other dissolved compounds. Each sample was analyzed in triplicate to ensure accuracy and reproducibility of results. The TSS content of the hibiscus-strawberry jam was recorded in accordance with the previous analysis by (Yeasmin et al., 2021), and the average value was calculated for reporting purposes. This parameter serves as an indicator of the jam's sweetness and overall quality, with higher °Brix values indicating a higher sugar content and greater fruit concentration.
2.3.3.  Titrable Acidity
Using a volumetric titration method in accordance with conventional protocols, the hibiscus-strawberry jam's titratable acidity was assessed. All glassware and equipment were carefully cleansed and washed before analysis to avoid any contamination that might have an impact on the accuracy of the results. These analyses were carried out with comparative analysis by the procedures carried out by (Sadler & Murphy, 2010) to measure titrable acidity. First, a precisely weighed sample of the hibiscus-strawberry jam was put into a 250 ml volumetric flask. After filtering out any insoluble particles, distilled water was added to fully dissolve the sample, and the volume was then adjusted to the desired level. The filtered sample solution was then pipetted into a sanitized flask in a 10 ml aliquot. A few drops of the phenolphthalein indicator solution were added to this flask. A burette was utilized to meticulously titrate a standardized 0.1 N sodium hydroxide (NaOH) solution into the Erlenmeyer flask that held the sample solution. To guarantee complete mixing, the sodium hydroxide solution was added dropwise while the flask was gently swirled. The titration procedure was carried out until the endpoint was reached, which was indicated by a light pink tint that lasted for at least 30 seconds. During the titration, the amount of NaOH solution used was measured and recorded. The following formula was used to determine the hibiscus-strawberry jam's titratable acidity:
Titrable Acidity = (Volume of NaOH used × NaOH normalcy × 100)/sample weight (g)                   (6)
To be sure that the results could be repeated and were accurate, each sample was examined three times. Titratable acidity is an essential parameter in assessing the tartness and acidity level of the jam, influencing its flavor profile and overall acceptability. The taste, odor, and overall acceptance of the hibiscus-strawberry jam were evaluated by a sensory assessment. The purpose of this review was to get panelists’ subjective opinions about the product's sensory qualities.
2.3.4.  Color Measurement
Color analysis of the hibiscus-strawberry jam was conducted using a Konica Minolta IR 400 color difference meter. Prior to measurement, the instrument was calibrated according to the manufacturer's instructions to ensure accuracy. The jam samples were carefully prepared by spreading a uniform layer on a clean, white surface to minimize background interference. Each sample was then positioned under the color difference meter, and readings were taken in triplicate from different areas to account for variations in color distribution. The color parameters assessed included the a/b ratio, which indicates the shift in yellowness (b) and greenness (a) of the jam. The a value represents the degree of greenness (negative values) or redness (positive values), while the b value indicates the degree of blueness (negative values) or yellowness (positive values) as studied by (Wicklund et al., 2005). By tracking changes in the a/b ratio, variations in the color profile of the hibiscus strawberry jam were monitored over time. Any deviations from the initial color profile were noted, providing insights into the stability and visual appeal of the product.	Comment by sinta arjuna: Please delete
2.3.5. Sensory Evaluation 
The protocols described in ISO-Draft 11036 (1992), ISO 6564 (1985), and ISO 8587 (1988) were followed in conducting the experiment. These standards specify the steps and techniques followed for the analyses that were carried out. Furthermore, evaluations of sensory profile were conducted in a sensory laboratory using approved protocols.(Rosenfeld & Nes, 2000) Panel Selection: Trained sensory assessors were carefully chosen for the panel on the basis of their knowledge of food items and methods of sensory evaluation. In order to be sure, the panelists had no known allergies or sensitivities to the jam's ingredients, they were checked. To further avoid interfering with their sensory perception, panelists were advised not to consume any strongly flavored or scented meals or beverages before the evaluation session. Evaluation Setup: To reduce outside impacts on the panelist’s sensory perception, the sensory evaluation session was conducted in a controlled setting with sufficient lighting and ventilation. Separate booths or stations were given to each panelist in order to inhibit communication throughout the assessment procedure. The panelist’s received detailed instructions on the review process and criteria. Evaluation Methods: In order to ensure anonymity and prevent bias, samples of the hibiscus-strawberry jam were given to the panelists in identical containers labelled with random three-digit codes. Using a structured questionnaire, panelists were asked to rate the samples on taste, scent, and general acceptability. Scales for assessing or characterizing characteristics such sweetness, acidity, fruitiness, flowery scent, texture, and color were incorporated in the questionnaire. To reduce order effects and guarantee objectivity, each respondent assessed several jam samples in a different order. In order to preserve their receptivity to sensory inputs, panelists were advised to rinse their mouths with water and unsalted crackers in between samples.	Comment by sinta arjuna: Please correct the writing
2.4. Statistical Analysis
Data Gathering and Analysis: Information gained from the sensory assessment was gathered and organized for examination. For every sensory attribute evaluated, descriptive statistics were computed, including mean scores and standard deviations. To find the overall sensory preference of the hibiscus-strawberry jam and to uncover significant differences between samples, statistical analysis, such as analysis of variance (Anova), may be used.
3. Results and Discussion
3.1. Analysis of Physico-chemical attributes in hibiscus petals
3.1.1 Proximate Analysis
Mean values of the proximate analysis are given in the (Table 2) below. Firstly, the mean moisture content percentage was found to be 5.26±0.18, indicating that the petals contain relatively low moisture content and the results complies to the findings of (Sheeba & Niveditha, 2018). This suggests that hibiscus petals possess good stability and can be stored for longer periods without significant risk of spoilage. The mean ash content% of 8.60±0.32 indicates the presence of inorganic mineral constituents in the petals. These minerals play important roles in various physiological functions within the body and contribute to overall health. This evaluation of ash is evident as it is near to the ash values given by (Ajai et al., 2022) and (Devatha & Raajeswari, 2023). The mean fiber content % measured at 1.52±0.05 suggests that hibiscus petals contain a moderate amount of dietary fiber. Dietary fiber is essential for digestive health, aiding in regular bowel movements and promoting satiety. These findings were approximately near to the results of fiber content found by (Bala, Kaur, Kaur, & Kaur, 2022) The mean fat content % was determined to be 3.90±0.16 close to the findings of (M. K. Sheeba & B. Niveditha, 2018) and (Devatha & Raajeswari, 2023) indicating a moderate lipid content in the petals. While hibiscus petals are not typically considered a significant source of fat, the presence of fats may contribute to the overall flavor and texture of products in which they are incorporated. Mean Protein % was measured at 3.55±0.12 indicating resemblance or evident with findings of (Wijewardana, Nawarathne, & Wikramasinghe, 2015) and (M. K. Sheeba & B. Niveditha, 2018) that hibiscus petals contain a moderate amount of protein. Protein is essential for building and repairing tissues in the body, as well as for various metabolic processes. Finally, mean carbohydrates were found to make up most of the dry weight of hibiscus petals, with % content of approximately 77.17±0.77. Carbohydrates serve as the primary energy source for the body and are crucial for fueling various physiological processes.	Comment by sinta arjuna: Please correct the writing	Comment by sinta arjuna: Please correct the writing	Comment by sinta arjuna: Please correct the writing
Proximate analysis (%) of Hibiscus petals powder. Values expressed are means ± standard deviation of three values.
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	Hibiscus Petals Powder

	Moisture%
	5.26±0.18

	Ash%
	8.60±0.32

	Fibre %
	1.52±0.05

	Fat %
	3.90±0.16

	Protein %
	3.55±0.12

	Carbohydrate %
	77.17±0.77
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3.2. Analysis of physico-chemical attributes in hibiscus-strawberry jam
3.2.1 pH Determination
The pH was significantly affected by the treatment factor, which represented the various percentages of hibiscus petals (0%, 10%, 20%, and 30%) (F = 3.19, p < 0.05). This suggests that altering the amount of hibiscus petals greatly affects the jam's pH values. In contrast, it was discovered that the days factor, which represents the pH change over time, was non-significant    (F = 1.47, p > 0.05), indicating that the pH is not considerably impacted by the length of storage. The study found that there was no significant interaction between the treatment and days (F = 0.01, p > 0.05). This suggests that the pH of the jam was not affected by the combination of Hibiscus petal content and storage period. The mean pH values for each treatment during the observed days are summarized further in detail in (Table 3). All treatments started off with a pH To of 3.59, however there were a few minor fluctuations over time. The control sample To (0% hibiscus petals), had the greatest mean pH of 3.52, while T1 (10% hibiscus petals) had the lower mean pH of 3.48. The mean pH values of T2 (20% hibiscus petals) and T3 (30% hibiscus petals) treatments, which had a higher Hibiscus content, were lower. They were 3.38 and 3.35, respectively. According to these findings, adding more hibiscus petals gradually lowers pH, which may be explained by hibiscus petals acidic composition which is according to the studies by (Kim et al., 2013) that shows the inverse relation between strawberry concentrations and pH values i.e. increasing strawberry concentration will slight decrease the pH values.
Table 3: Mean Values for the effect of pH in Hibiscus-Strawberry jam
	
	0
	10
	20
	30
	Mean

	To
	3.59±0.12
	3.54±0.118
	3.51±0.117
	3.47±0.116
	3.52A

	T1
	3.59±0.132
	3.51±0.131
	3.46±0.129
	3.41±0.128
	3.48AB

	T2
	3.59±0.12
	3.42±0.122
	3.36±0.12
	3.32±0.119
	3.38B

	T3
	3.59±0.136
	3.38±0.135
	3.34±0.133
	3.29±0.131
	3.35B

	Mean
	3.59±0.147
	3.46±0.159
	3.41±0.157
	3.37±0.155
	


Values expressed are mean ± standard deviation
3.2.2 Total Soluble Solids (TSS)	Comment by sinta arjuna: Please add a discussion description related to the results of this research.
The Total Soluble Solids (TSS) of the Hibiscus-Strawberry jam were measured, and the results show that neither the treatment (different percentages of Hibiscus petals) nor the days (storage time) significantly affected TSS. With an F-value of 2.57, the treatment factor was not significant (p > 0.05). With F-values of 0.02 and 0, respectively, the days component and the interaction between treatment and days were also not statistically significant. This implies that the amount of Hibiscus petals in the jam and how long it is stored don't have a big impact on its TSS. The mean TSS levels for each treatment throughout the days that were observed are shown in (Table 4). The mean TSS of the control sample (To), which contained no hibiscus petals, was 64.05. Treatments with 20% and 30% Hibiscus petals (T2 and T3) displayed considerably higher mean TSS values of 66.30 and 67.23, respectively. Treatment with 10% Hibiscus petals (T1) exhibited a little higher mean TSS of 65.47. There was little difference in the total mean TSS levels from day 0 to day 30, which ranged from 65.65 to 65.90. This stability in TSS over time further supports the non-significant effect of storage duration on TSS levels.
Table 4: Mean values for the changes of TSS in Hibiscus-Strawberry jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	63.9±2.14
	64±2.14
	64.2±2.145
	64.2±2.149
	64.05

	T1
	65.4±2.189
	65.4±2.45
	65.5±2.299
	65.6±2.46
	65.47

	T2
	66.1±2.48
	66.3±2.38
	66.3±2.38
	66.5±2.38
	66.30

	T3
	67.2±2.41
	67.2±2.688
	67.2±2.52
	67.3±2.69
	67.23

	Mean
	65.65±2.692
	65.73±3.024
	65.78±3.026
	65.90±2.702
	


Values expressed are mean ± standard deviation
3.2.3 Total Titrable Acidity	Comment by sinta arjuna: Please add a discussion description related to the results of this research.
Different Hibiscus flower concentrations considerably impact the jam's TTA, as indicated by the treatment factor's highly significant (p < 0.01) F-value of 33.57. In a similar vein, the days factor also significantly affected TTA (F = 33.57, p < 0.01), indicating that jam acidity is influenced by storage time. With an F-value of 33.57, the interaction between treatment and days was non-significant and did not suggest that the combined effects of Hibiscus petal content and storage duration had any effect on TTA. The mean TTA values for each treatment during the days of observation are shown in (Table 5). The mean TTA of the control sample (To), which contained no hibiscus petals, was 0.74. The mean TTA values of the treatments containing 10%, 20%, and 30% hibiscus petals (T1, T2, and T3) increased progressively to 0.79, 0.83, and 0.88, respectively. This suggests that adding more Hibiscus petals raises the jam's acidity levels, which is explained by the natural acids found in Hibiscus petals. The total averages of the TTA values increased from 0.77 on day 0 to 0.85 on day 30, indicating a clear increasing trend across the different days. These findings highlight the significant impact of Hibiscus petal content on the acidity of Hibiscus-Strawberry jam, with higher concentrations resulting in higher TTA. The storage duration also plays a crucial role in increasing acidity over time. Understanding these changes is essential for optimizing the formulation and storage conditions of the jam to achieve desired acidity levels, which are important for flavor and preservation. These analyses are evident by the studies of        (De Vilela Silva et al., 2019) stating the acidity increases with increase in hibiscus concentration.	Comment by sinta arjuna: Please correct the writing
Table 5: Mean values for the changes of TTA in Hibiscus-Strawberry jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	0.69±0.02
	0.72±0.02
	0.75±0.03
	0.79±0.03
	0.74D

	T1
	0.75±0.03
	0.78±0.03
	0.80±0.03
	0.83±0.03
	0.79C

	T2
	0.78±0.03
	0.81±0.03
	0.84±0.03
	0.880±0.03
	0.83B

	T3
	0.85±0.03
	0.87±0.03
	0.890±0.03
	0.910±0.04
	0.88A

	Mean
	0.77±0.032C
	0.80±0.033BC
	0.82±0.034B
	0.85±0.035A
	


Values expressed are mean ± standard deviation
3.2.4 Color Measurement
The primary values of L* a* and b* of jam color with treatment, to found their evidence in the studies of (Jung & Kang, 2012). The Hibiscus-Strawberry jam's lightness was significantly impacted by the treatment (different percentages of Hibiscus petals) and days (storage period). The treatment factor was extremely significant (F = 17.81, p < 0.01), suggesting that the lightness is greatly influenced by the amount of hibiscus petals. Additionally significant was the day’s factor (F = 3.55, p < 0.05), indicating that the brightness varies with time. Days and treatment did not, however, interact in a way that was meaningful. Mean (Table 6) for the L* value shows that the lightness decreases as the Hibiscus petal content rises. The control sample (To) had the highest mean L* value of 11.36, while the treatment with 30% Hibiscus petals (T3) had the lowest mean L* value of 10.10. Lightness also decreased over time, from a mean of 11.16 on day 0 to 10.64 on day 30. Neither the days nor the treatment had a significant impact on the red-green color component. With very slight variations, the values were largely consistent across treatments and days, according to the mean value for the a* value (Table 7). Likewise, non-significant effects for treatment, days, and their interaction on the yellow-blue color. Stable values across treatments and days are shown in the mean table for the b* value (Table 8). These findings were implied that the red-green (a* value) and yellow-blue (b* value) color components of Hibiscus Strawberry jam stay unchanged over time, despite a notable drop in lightness (L* value) with increasing Hibiscus petal concentration. (Park, 2007) stated that the high temperature used to make jam causes the sugar to brown and the anthocyanin pigments in strawberries to break down, changing the color of the fruit. (Vankar & Shukla, 2011) studied the strong effect of hibiscus rosa sinensis as a coloring agent which evident the slight change in color of jam by adding hibiscus concentrations.	Comment by sinta arjuna: Please correct the writing, it should be like this Park (2007) stated….	Comment by sinta arjuna: Please correct the writing
Table 6: Mean values for the changes of "L" value of Color value in Hibiscus- Strawberry jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	11.76±0.39
	11.25±0.376
	11.23±0.375
	11.21±0.375
	11.36A

	T1
	11.54±0.386
	11.01±0.41
	10.97±0.41
	10.97±0.385
	11.12A

	T2
	10.90±0.36
	10.42±0.37
	10.41±0.37
	10.41±0.37
	10.54B

	T3
	10.45±0.349
	9.98±0.399
	9.98±0.399
	9.98±0.37
	10.10C

	Mean
	11.16±0.458A
	10.67±0.437B
	10.64±0.436B
	10.64±0.436B
	


Values expressed are mean ± standard deviation
Table 7: Mean values for the changes of "a" value of Color value in Hibiscus- Strawberry jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	5.89±0.19
	5.67±0.18
	5.69±0.19
	5.71±0.19
	5.74

	T1
	6.02±0.20
	5.79±0.21
	5.81±0.20
	5.84±0.20
	5.86

	T2
	6.12±0.20
	5.91±0.21
	5.93±0.21
	5.95±0.21
	5.97

	T3
	5.89±0.19
	5.65±0.22
	5.67±0.21
	5.69±0.21
	5.72

	Mean
	5.98±0.245
	5.75±0.236
	5.77±0.237
	5.79±0.237
	


Values expressed are mean ± standard deviation
Table 8: Mean values for the changes of "b" value of Color value in Hibiscus- Strawberry jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	3.57±0.119
	3.40±0.11
	3.39±0.11
	3.37±0.12
	3.43

	T1
	3.52±0.117
	3.36±0.126
	3.33±0.116
	3.31±0.11
	3.40

	T2
	3.48±0.116
	3.36±0.12
	3.39±0.12
	3.40±0.13
	3.38

	T3
	3.44±0.115
	3.30±0.13
	3.35±0.125
	3.35±0.13
	3.36

	Mean
	3.50±0.144
	3.36±0.138
	3.37±0.138
	3.36±0.138
	


Values expressed are mean ± standard deviation
3.2.5 Sensory Evaluation
A 9-point hedonic scale was used to assess the sensory aspects of the Hibiscus-Strawberry Jam, with particular attention paid to appearance, aroma, taste, texture, and overall acceptability. The jam with 10% hibiscus petals (T1) was preferred, according to the appearance evaluation (Table 9); The aroma evaluation (Table 10) showed a clear preference for the jam with 30% Hibiscus flowers (T3). Taste evaluation (Table 11), the jam containing 10% and 20% hibiscus petals (T1 and T2) was the most popular, with a mean score of 7.00 each. The texture evaluation          (Table 12) also showed a preference for the jam with 10% Hibiscus petals (T1), with a mean score of 7.00. The overall acceptability evaluation (Table 13) showed a clear preference for the jam with 10% Hibiscus petals (T1), with a mean score of 7.00. These findings suggest that the Hibiscus Strawberry Jam with 10% Hibiscus petals was the most preferred in terms of appearance, taste, texture, and overall acceptability, while the jam with 30% Hibiscus petals was found to have the most appealing aroma. These insights could be valuable for optimizing the formulation of Hibiscus-Strawberry Jam to enhance sensory appeal. The bases for these analyses was in accordance with (Ferreira et al., 2004).
Table 9: Mean values for the appearance evaluation of Hibiscus-Strawberry Jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	6±0.2
	5±0.167
	5±0.167
	4±0.13
	5.00

	T1
	8±0.28
	7±0.24
	7±0.245
	6±0.21
	7.00

	T2
	7±0.25
	6±0.21
	6±0.215
	5±0.17
	6.00

	T3
	6±0.22
	5±0.18
	5±0.187
	4±0.18
	5.00

	Mean
	6.75±0.277
	5.75±0.265
	5.75±0.265
	4.75±0.209
	


Values expressed are mean ± standard deviation
Table 10: Mean values for the aroma evaluation of Hibiscus-Strawberry Jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	6±0.2
	5±0.18
	5±0.18
	4±0.135
	5.00D

	T1
	7±0.24
	6±0.2
	6±0.2
	5±0.19
	6.00C

	T2
	8±0.28
	7±0.26
	7±0.26
	6±0.22
	7.00B

	T3
	9±0.33
	8±0.31
	8±0.31
	7±0.28
	8.00A

	Mean
	7.50±0.308A
	6.50±0.299B
	6.50±0.299B
	5.50±0.242C
	


Values expressed are mean ± standard deviation
Table 11: Mean table for the taste evaluation of Hibiscus-Strawberry Jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	7±0.23
	6±0.2
	6±0.2
	5±0.18
	6.00B

	T1
	8±0.3
	7±0.24
	7±0.24
	6±0.2
	7.00A

	T2
	8±0.28
	7±0.25
	7±0.25
	6±0.23
	7.00A

	T3
	6±0.28
	5±0.18
	5±0.18
	4±0.15
	5.00C

	Mean
	7.25±0.297A
	6.25±0.288B
	6.25±0.288B
	5.25±0.231C
	


Values expressed are mean ± standard deviation
Table 12: Mean table for the texture evaluation of Hibiscus-Strawberry Jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	7±0.23
	6±0.20
	6±0.20
	5±0.16
	6.00B

	T1
	8±0.3
	7±0.26
	7±0.26
	6±0.22
	7.00A

	T2
	6±0.21
	5±0.17
	5±0.17
	4±0.14
	5.00C

	T3
	5±0.20
	4±0.16
	4±0.16
	3±0.12
	4.00D

	Mean
	6.50±0.267A
	5.50±0.253B
	5.50±0.253B
	4.50±0.198C
	


Values expressed are mean ± standard deviation
Table 13: Mean values for the Overall acceptability evaluation of Hibiscus Strawberry Jam
	
	0 Days
	10 Days
	20 Days
	30 Days
	Mean

	To
	6±0.20
	5±0.16
	5±0.16
	4±0.15
	5.00A

	T1
	8±0.30
	7±0.24
	7±0.24
	6±0.20
	7.00B

	T2
	6±0.21
	5±0.17
	5±0.17
	4±0.15
	5.00B

	T3
	3±0.12
	2±0.07
	2±0.07
	1±0.04
	2.00C

	Mean
	5.75±0.236A
	4.75±0.219B
	4.75±0.219B
	3.75±0.157C
	


Values expressed are mean ± standard deviation
4. Conclusion
To sum up, this research has investigated the use of Hibiscus rosa sinensis as a strawberry jam supplementation, with an emphasis on customer acceptability, nutritional advantages, and flavor enhancement. The sensory study verified that the jam matched customer tastes, indicating that it would be in demand. Outcomes from studies on processing methods and bioavailability helped to maximize the retention of bioactive components. Overall, strawberry jam infused with Hibiscus Rosa-Sinensis appears to be a potential product with both nutritional value and commercial appeal. It is widely used in food, cosmetics, medicine and also a rich source of bioactive chemicals and antioxidants. Its extracts enhance flavor and may have anti-inflammatory, antibacterial, anti-diabetic, and antioxidant effects, among other health advantages. Because of these qualities, it can be a beneficial addition to food products, such as strawberry jam, improving their taste and nutritional content. A promising product in the food sector, strawberry jam enhanced with Hibiscus Rosa-Sinensis petals not only satisfies customer tastes but may also have health benefits. More investigation into the therapeutic benefits of its bioactive components could increase the plant's relevance in both dietary and pharmaceutical contexts.
5. Recommendations 
1. Further research work should be carried out on the effect of different packaging materials on Hibiscus-Strawberry jam
2. Further work is needed to determined calories value of Hibiscus-Strawberry jam. 
3. Microbial count during storage is suggested in further research. 
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