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Standardization and Total Flavonoid Content of White Mangrove (Avicennia marina) Ethanolic Extract from Three Locations in Central Java, Indonesia
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ABSTRACT 

	Standardization is crucial to ensure the quality, safety, and efficacy of herbal raw materials. One of the plants used is the White mangrove (Avicennia marina). This study examined the standardization of specific and non-specific parameters of white mangrove fruit extracts taken from three different regions in Central Java Province, namely Mangkang Semarang, Baros River Yogyakarta, and Teluk Awur Jepara. Standardization was performed on specific parameters including organoleptic, soluble compound content, chemical content of the extract, and total flavonoid content, while non-specific parameters of the extract included dry weight loss, air content, residual ash content, acid-soluble residual ash content, microbial and fungal contamination. Specific parameters included organoleptic characteristics, extract value, phytochemical content, and total flavonoid content, while non-specific parameters included air content, dry weight loss, ash content, and microbial contamination. The results showed variations among the three locations, particularly in extract value and total flavonoid content. Total flavonoid content ranged from 3.26 to 13.27 mg QE/g extract, with the highest content found in samples from Mangkang. These findings indicate that geographic origin significantly influences the phytochemical profile and quality of the extract. Among the areas studied, the Mangkang extract showed the most consistent content against Indonesian herbal quality standards. Therefore, Avicennia marina fruit from the coastal area of ​​Mangkang shows strong potential as a standard raw material for herbal product development in Indonesia.
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1. INTRODUCTION

Improving the quality of medicinal raw materials can be achieved through cultivation efforts and the implementation of standardization processes, both for materials in their simple form and in extract form. Standardization encompasses a series of methods, measurement techniques, and parameters aimed at producing quality components that meet standards and ensure the stability of medicinal preparations (Manarisip, Fatimawa;i, and Rotinsulu 2020). A medicinal plant will be deemed to meet the quality requirements for raw materials if the plant extract has been standardized based on specific or non-specific parameters (Najib et al. 2017). The active compound content and extract quality of medicinal plants can vary, influenced by factors such as seed type, growing location, climatic conditions, age and harvesting method, as well as post-harvest processing up to the final preparation stage. Therefore, extract standardization is crucial to ensure high-quality extracts before further processing on an industrial scale.

One medicinal plant currently under extensive study is white mangrove (Avicennia marina), a type of mangrove that grows abundantly in coastal areas of Indonesia. Traditionally, the leaves and fruit are the most commonly used parts of the plant. Empirically, people have long used both parts of the plant to treat various ailments such as hepatitis, smallpox, rheumatism, and as an antifertility agent. In India, the crushed unripe fruit of the api-api plant is used as an ointment to treat skin abscesse (Baba et al. 2016). Various studies have identified the bioactive compounds contained in Avicennia marina. Results indicate that this plant contains flavonoids, tannins, saponins, and alkaloids, which are known to possess various biological activities, such as antioxidant, antimicrobial, anticancer, and anti-inflammatory properties (Budastra et al. 2024).

Based on this description, this study will standardization the mangrove white extract to determine whether it meets standardization parameters before being used for therapy.

2. material and methods 

The laboratory equipment in this study were glassware, analytical scales, test tube racks, stirring rods, ovens, desiccators, measuring cups, blenders, water baths, rotary evaporators, test tubes, dropper pipettes, filter paper, capillary tubes, dropper plates, chambers, silica gel plates 60 F254, UV lamps 254 nm, porcelain crucibles, and muffles.
[bookmark: _heading=h.gjdgxs]
The experimental specimens used in this study were white mangrove collected from the Mangkang Semarang, the Baros River Yogyakarta, and the Awur Bay Coast Jepara Regency. The materials used in this research are The materials and reagents used in this study included Sulfanilic acid, NaNO2, NaOH, HCl, 25% ammonia, chloroform, distilled water, Mg powder, amyl alcohol, FeCl3, NaCl, gelatin, Dragendorff's reagent, Mayer's reagent, Bouchardat's reagent, anhydrous acetic acid, H2SO4.

2.1 White Mangrove Extraction

White mangrove (Avicennia marina) fruit extract was obtained by maceration. A total of 300 g of white mangrove was extracted with 3000 ml of 96% ethanol at room temperature (25oC) for 3x24 hours with occasional stirring. The filtrate obtained was evaporated with an evaporator at a temperature of 50oC 50 ℃ until a thick extract was obtained (Palupi, Haryanti, and Prahasiwi, Masitoh Suryaning Utomo 2025)

2.2 Standardization of Spesific Parameters

2.2.1 Organoleptic

Macroscopic observations of the physical properties of the extract, such as color, shape, aroma, and taste, are carried out. Organoleptic testing aims to provide information on the characteristics of the extract, thus assisting in the standardization and identification of the quality of natural raw materials (Ditjen POM 2000)

2.2.2 Water-soluble extractive value 

The process began by macerating 5 grams of the extract in 100 mL of distilled water for 24 hours in a closed flask, with frequent shaking during the first 6 hours. The mixture was then allowed to stand for 18 hours and subsequently filtered. The filtrate was evaporated to dryness and dried at 105°C until a constant weight was achieved. The procedure was performed in triplicate (Jalwal and Singh 2025).

2.2.3 Ethanol-soluble extractive value

The process began by macerating 5 grams of the extract in 100 mL of 70% ethanol for 24 hours, using a clogged flask while shaking repeatedly for the first 6 hours. It was then left to stand for 18 hours and filtered. The filtrate was evaporated to dryness and then heated at 105ºC until a constant weight was obtained. The procedure was performed in triplicate (Jalwal and Singh 2025).

2.3 Standardization of Non-spesific Parameters

2.3.1 Phytochemical Screening

Phytochemical screening was carried out by preliminary testing of the ethanol extract of Avicennia marina fruit with a color test to detect the main secondary metabolites. Flavonoids were displayed by a yellow color with 1% NaOH that disappeared after the addition of 1% HCl. Alkaloids were confirmed by an orange or red color precipitation with Dragendorff's reagent after acidification. Tannins produced a yellow precipitation with 1% lead acetate, while saponins were identified by foaming that persisted for 10 minutes after shaking with hot water and adding 2 N HCl. Steroids and triterpenoids were detected using acetic anhydride, concentrated H₂SO₄, and Liebermann-Burchard reagent, with green/blue color indicating steroids and red/purple indicating triterpenoids. All tests were performed qualitatively in triplicate (Fernandes and Noor’an 2019)

2.3.2 Loss on Drying 

The extract was weighed and placed in a closed porcelain crucible (which had been heated at 105oC for 30 minutes) as much as 1 gram. Before weighing, the extract was leveled in the porcelain crucible using a stirring rod to make it even and placed in an oven, and opened the lid, dried at 105oC for 30 minutes. Remove it and cool it in a desiccator for 15 minutes until it reaches room temperature, then weighed. Repeat the treatment until a constant weight is obtained, then replicated three times. The percentage of drying loss is calculated from the constant weight (Bhandakkar and Gogle 2025).

2.3.3 Water Content 

Determination of water content using the gravimetric method. Accurately weigh approximately 10 g of the extract and place it in a tared container. Dry at 105°C for 5 hours and weigh. Continue drying and weighing at 1-hour intervals until the difference between two successive weighings is no more than 0.25%. Quality requirements are met if the difference is no more than 10% (Bhandakkar and Gogle 2025).

2.3.4 Ash Content 
 
Put the extract  into a porcelain cup that has been heated to a temperature 800oC as much as 2-3 grams. The extract is incandescent until the charcoal is gone, cooled and weighed. If the water cannot be removed by this method, add hot water, stir, filter through ash-free filter paper. Ignite the filter paper and the remaining filtration in the same porcelain crucible. The filtrate is put into the porcelain crucible, evaporated and incandescent until the weight remains constant. The total ash content is calculated against the weight of the test material, expressed as % w/w. Quality requirements are met if it is not more than 10% (Bhandakkar and Gogle 2025).

2.3.5 Acid-insoluble Ash Content 

Boil the ash obtained in the determination of total ash content with 25 mL of dilute hydrochloric acid for 5 minutes. Collect the acid-insoluble part, filter it through ash-free filter paper, wash it with hot water, and ignite it in a crucible until the weight remains constant at 800±25ºC. The acid-insoluble ash content is calculated against the weight of the test material, expressed as % w/w. Quality requirements are met if it is not more an 1.6% (Bhandakkar and Gogle 2025).

2.3.6 Total Plate Count 

The previously prepared dilution of the extract was aseptically transferred to a sterile petri dish, followed by the addition of 15 mL of melted PCA. After solidification, the dish was incubated at 37°C for 24 hours, and the number of colony-forming units was then counted. One milliliter of each prepared dilution was aseptically transferred into sterile Petri dishes, followed by the addition of 15 mL of molten Plate Count Agar (PCA). After solidification, the plates were incubated at 37°C for 24 hours. The Total Plate Count was subsequently enumerated for each plate (Permata and Fadila 2024).

2.3.7 Total Yeast and Mold Content 

One milliliter of each previously prepared dilution was aseptically transferred into sterile Petri dishes. Subsequently, 15 mL of molten Potato Dextrose Agar (PDA) was added to each dish. After solidification, the plates were incubated at 25°C for 3 days. The total yeast and mold counts were subsequently enumerated for each plate (Permata and Fadila 2024).

2.4 Determination of Total Flavanoid Content

Total flavonoid content was determined spectrophotometrically using the aluminum chloride colorimetric method. Initially, the maximum absorbance wavelength and optimum time were determined by reacting 0.5 mL of quercetin (60 µg/mL) with 0.1 mL of AlCl3, 0.1 mL of 1 M sodium acetate, and 2.8 mL of distilled water; the mixture was scanned in the wavelength range of 400-600 nm using a UV-Vis spectrophotometer. For quantification, a standard calibration curve was constructed using various concentrations of quercetin (20–60 µg/mL) derived from a 1000 µg/mL stock solution. Finally, 0.5 mL of the extract (1000 µg/mL) prepared with the same reagent composition was incubated for the optimized operating time, and its absorbance was measured at the peak wavelength to calculate the flavonoid concentration relative to the quercetin standard (Muthia et al. 2021).



3. results and discussion

3.1 
3.2 Result of White Mangrove Extraction

White Mangrove Fruit samples were collected from three different locations of Mangkang Semarang, Baros River Yogyakarta, and Teluk Awur Jepara. This was done to determine standardization parameters across different growing locations, as variations in geographic origin can influence these parameters. The selection of sampling sites for Avicennia marina fruits was based on distinct ecological characteristics. The three locations represent distinct mangrove ecosystems with varying environmental profiles. 
The Mangkang coastal area is characterized by moderate to high salinity, fine muddy substrates, intensive tidal dynamics, and considerable anthropogenic pressure, all of which may influence plant growth and fruit characteristics (Irsadi, Angggoro, and Soeprobowati 2019). In contrast, the Baros River mangrove ecosystem is a rehabilitated area with low to moderate salinity, alluvial substrates, and reduced tidal influence due to its estuarine setting. Human activities in this area are relatively controlled as part of ecosystem management efforts (Velati and Pratikto 2024).
Meanwhile, Teluk Awur Jepara, is directly influenced by open-sea conditions, exhibiting relatively high and stable salinity, sandy-loam substrates, and strong tidal fluctuations (Azzahra and Utami 2025). These environmental variations are expected to contribute to differences in physiological responses and secondary metabolite accumulation in Avicennia marina fruits across locations. This is important for ensuring consistent quality, determining the best locations for raw material sources, and supporting the standardization of natural-based extracts.
Mangrove samples were collected from three geographically distinct coastal areas characterized by different salinity levels to reflect environmental variability. Fruits were harvested from physiologically mature plants at each site. The collected samples were thoroughly rinsed with distilled water to remove adhering salts and debris, followed by oven-drying at 40–45 °C until constant weight was attained. The dried materials were then pulverized into a fine powder using a laboratory grinder. The resulting powdered samples were stored in airtight containers at 4 °C until further extraction and analysis.
Extraction of white mangrove fruit was performed using 96% ethanol as a solvent, considering that more bioactive compounds could be obtained due to its universal properties. The highest extraction yield was obtained from white mangrove fruit collected in Mangkang Semarang (45.98%). This value was higher compared to samples from Teluk Awur Jepara and Baros River Yogyakarta, which exhibited lower extraction yields. These differences suggest that environmental and edaphic factors at each location may influence the accumulation of extractable phytochemical constituents.




Figure 1: Yield of white mangrove fruit extract (Avicennia marina) from three plant growth locations.

3.3 
3.4 Standardization Test Results for Spesific and Non-spesific Parameters of White Mangrove Extract

Evaluation of specific parameters of the white mangrove extract was conducted using organoleptic tests, phytochemical tests, and soluble compounds in ethanol and water. The phytochemical test in the white mangrove extract using a color test was used as a preliminary identification to determine the bioactive compounds in white mangrove fruit. Results showed that the ethanol extract of white mangrove fruit from Mangkang contained flavonoids, alkaloids, tannins, saponins, phenolics, steroids, and triterpenoids (Table 1).
 
Extracts from the Baros River and Teluk Awur were free of alkaloids. Previous research showed different results compared to the extract from Mangkang Semarang, where no alkaloids were detected in the ethanol extract of white mangrove fruit obtained from the Kaliwungu area, Kendal Regency (Palupi et al. 2025). This is likely due to differences in growth location. Furthermore, phytochemical extraction results are also influenced by factors related to the sample and the extraction process. Plant part, plant origin, particle size, drying method, and air content are some of the sample factors. Extraction factors include solvent 
type, extraction method, solvent composition, temperature, and extraction duration (Shaikh 2020).

Table 1. Qualitative phytochemical screening of White Mangrove from three Location
	No
	Parameter
	Mangkang Semarang
	Baros River Yogyakarta
	Teluk Awur Jepara

	1
	Flavonoids
	+
	+
	+

	2
	Alkaloids
	
	
	

	
	a. Bouchardat
	+
	-
	-

	
	b. Fosfomolibdat Acid
	+
	+
	+

	
	c. Hager
	+
	-
	-

	
	d. Mayer
	+
	-
	-

	3
	Tannins
	+
	+
	+

	4
	Saponins
	+
	+
	+

	5
	Phenolic
	+
	+
	+

	6
	Steroids
	+
	+
	+

	7
	Triterpenoids
	+
	+
	+


*Description: + results indicate the presence of secondary metabolic compounds


Specific parameters describe the identity of an extract. The identification process is an important part of the quality control of traditional medicinal products because the ingredients usually come from different cultivation areas and have many physical similarities with other plants of the same genus. The first parameter to be determined is the identity of the extract. Assessing the quality of the extract is the organoleptic determination of the extract, which involves observing the color, taste, and odor (Ditjen POM 2000). The results of the organoleptic test from three locations showed similarities in color, taste, and odor. The slightly bitter taste is caused by the content of saponins, tannins, and alkaloids (Karolkowski et al. 2023).This is proven by the results of phytochemical screening with the presence of saponins, tannins, and alkaloids which showed positive results. The solubility of the extract in water and ethanol solvents indicates the presence of active compounds that are polar (soluble in water) and semipolar (soluble in ethanol) (Utami et al. 2017). Each plant contains different compounds, which are soluble or attracted based on their polarity. Table 2 shows that the extracts from the three locations are more soluble in ethanol than in water, so it can be concluded that the attracted compounds are semipolar.


Table 2.	Results Spesific and non-spesific parameters of White Mangrove from three Location
	Parameter
	Test type
	Location
	Standard

	
	
	Mangkang Semarang
	Baros  River Yogyakarta
	Teluk Awur Jepara
	

	Spesific
	Organoleptic
	
	
	 

	
	a.     Color
	Blackish green
	Blackish green
	Blackish green
	

	
	b.     Taste
	a bit bitter
	a bit bitter
	a bit bitter
	

	
	c.     Odor
	Distinctive smell
	Distinctive smell
	Distinctive smell
	

	
	Water Soluble Content (% w/w)
	13,16 ± 5,79
	17,28 ± 5,15
	22,40 ± 13,68
	

	
	Ethanol Soluble Content (% w/w)
	44,18 ± 0,95
	40,41 ± 4,04
	25,17 ± 11,31
	 

	Non spesific
	Loss on Drying  (%)
	6,69 ± 0,67
	9,63 ± 0,85
	11,56 ± 1,26
	≤ 10% 

	
	Water Content (%)
	8,99 ± 1,57
	11,29 ± 0,76
	16,98 ± 2,73
	≤ 10% 

	
	Total Ash Content (%)
	7,48 ± 2,10
	15,57 ± 2,32
	19,50 ± 5,83
	≤ 10% 

	
	Acid Insoluble Ash Content (% w/w)
	0,89 ± 0,50
	2,89 ± 0,36
	3,47 ± 0,79
	≤ 1,6% 

	
	Total yeast and mold (CFU/g)
	2000
	570
	200
	≤ 3000 CFU/g 

	
	Total plate count (CFU/g)
	0
	200.000
	200
	10.000 CFU/g 


*Description: Value are means of triplicate determination ± Standard Deviation


These results indicate clear differences in the physicochemical characteristics of white mangrove fruit samples from Mangkang Semarang, Baros River Yogyakarta, and Teluk Awur Jepara. The sample from Teluk Awur Jepara, showed the highest values ​​for loss on drying, water content, total ash content, and acid-insoluble ash content compared to the other two locations. The high loss on drying and water content in the extract from Teluk Awur Jepara, indicate a higher water and volatile compound content, which is closely related to the characteristics of open coastal environments with high salinity and relatively stable tidal dynamics.

According to Pypker (2025), mangrove plants growing in high salinity conditions accumulate water and osmotic ions as a physiological adaptation, resulting in fruit tissue tending to have a higher water content (Pypker 2025). Furthermore, the high total ash and acid-insoluble ash content in the extract from Teluk Awur indicates a greater accumulation of inorganic minerals due to the direct influence of seawater and coastal sediment substrates. The mineral content such as sodium, potassium, calcium and silicate is known to be higher in mangroves growing in open coastal areas compared to estuary areas or rehabilitated mangroves (Alongi 2014).

The purpose of microbiological testing, including Total Plate Count (TPC) and Yeast Mold Number (YMC) testing, is to ensure that the extract does not contain pathogenic and non-pathogenic microbes and fungi exceeding the specified limits, as this affects the extract's stability and toxicity to health. Total plate count is a quantitative test to determine the number of microbes present in a sample (Ditjen POM 2000). ALT can be used as an indicator of product cleanliness, in the microbiological analysis of the finished product environment, as an indicator for process monitoring, and as a basis for estimating whether a product is acceptable or not based on its microbiological quality. Meanwhile, the Total Yeast and Mold Count (TYMC) test essentially measures fungal contamination to ensure it does not exceed established limits. Yeasts are a group of microscopic unicellular fungi that can cause human pathogens, while molds are multicellular, filamentous fungi that can also be toxic (Segal-kischinevzky et al. 2022)

The quality of traditional medicinal ingredients does not exceed the maximum limits for microbial contamination and mold/yeast, respectively, which are ≤10.000 CFU/g and ≤3.000 CFU/g (Ditjen POM 2000). These sample limits illustrate the variation among the three sampling locations. The total counts of yeast and mold indicate that all samples meet acceptable standards for fungal contamination. In contrast, the TPC values ​​show striking differences. Samples from Baros River Yogyakarta contained significantly higher bacterial counts, exceeding the acceptable threshold. The increased TPC in Baros River Yogyakarta is likely due to environmental conditions, harvesting practices, or post-harvest handling, which can contribute to increased aerobic bacterial contamination. These conclusions emphasize the importance of proper site selection and handling procedures to ensure the microbiological quality and safety of plant-derived materials.

3.5 Total Flavanoid Content

The total flavonoid content in Mangkang Semarang has a higher TFC value compared to the Baros River and Teluk Awur.



[bookmark: OLE_LINK2]Figure 2: Comparison of Total Flavonoid Content Among Three Samples (n = 3). 
**p < 0.0001, indicating a highly significant difference. 
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In Figure 2, Higher flavonoid content is associated with environmental stress factors such as salinity fluctuations, tidal exposure, anthropogenic pressure, and nutrient availability, which are known to stimulate the production of secondary metabolites, including flavonoids (Agati et al. 2013). Mangrove plants growing under higher oxidative or ecological stress tend to enhance their defense mechanisms by synthesizing phenolic compounds with antioxidant properties (Chan-keb et al. 2025). Conversely, the relatively low flavonoid content observed in the Baros River extracts may be attributed to differences in sediment composition, the influence of freshwater, and lower exposure to abiotic stressors, which may reduce the need for secondary metabolite production. Similar variations in flavonoid content among mangrove species from different habitats have been reported in previous studies, emphasizing the strong influence of environmental and ecological conditions on phytochemical profiles.

Furthermore, flavonoids are known to contribute significantly to the antioxidant, anti-inflammatory, and metabolic regulatory activities of mangrove extracts. Therefore, the higher flavonoid concentration in the Mangkang Semarang extracts indicates greater potential biological activity, supporting their prospective application in pharmaceutical or nutraceutical formulations. These findings highlight the importance of selecting appropriate geographic sources to maximize the functional value of mangrove-derived bioactive compounds (Alfaridz et al. 2015).


4. Conclusion

The standardization of white mangrove (Avicennia marina) fruit extract revealed a high total flavonoid content (13.27 mg QE/g) and compliance with most non-specific parameters. Nevertheless, the elevated TPC indicates that the extract does not yet fully comply with the safety standards for herbal raw materials in Indonesia. These findings suggest the need for improved post-harvest handling and enhanced microbial control to optimize its potential as a standardized herbal ingredient.
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