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A B S T R A C T

The miracle fruit (Synsepalum dulcificum) is distinguished by its unique ability to alter taste 
perceptions, making it a low-calorie sugar substitute. This study aimed to determine its physi
cochemical characteristics and bioactive compounds by evaluating various extraction and pres
ervation methods. Utilizing a Completely Randomized Block Design with a factorial arrangement 
(A*B), where factor A represented extraction methods (cold pressing, maceration, and pressurized 
liquids) and factor B represented preservation methods (fluid extract and ionic emulsion), the 
research found that bromatological analyses showed pH values ranging from 2.990 to 3.535, 
acidity between 0.13 and 0.14, soluble solids from 4.45 to 41.00, and protein content from 0.029 
to 4.670. The maceration with fluid extract method achieved the most favorable results in terms 
of bioactive compounds, including flavonoids (20.14 mg Eq/g), anthocyanins (9.55 mg/g), total 
phenolic content (16.53 mg gallic acid/g), and antioxidant capacity (521.24 μg Trolox/g). 
Conversely, cold pressing combined with fluid extract was the most effective for carotenoid 
extraction (77.16 μg/g). Thus, maceration with fluid extract is the most efficient for obtaining 
bioactive compounds, while cold pressing combined with fluid extract excels in carotenoid 
extraction.

1. Introduction

Synsepalum dulcificum, commonly known as miracle fruit, is a shrub native to the tropical region of West Africa [1]. Currently, EFSA 
(European Food Safety Authority) has approved miracle berry as a novel food under Regulation (EU) 2015/2283 [2]. It has also gained 
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significant attention among researchers and food manufacturers due to the plant’s pharmacological properties, which include 
anti-diabetic, blood cholesterol-lowering, antihyperuricemic, antioxidant, anticonvulsant, and anticancer effects [3].

Berries are famous for their unique ability to temporarily alter taste perception [4]. This phenomenon is due to the presence of a 
glycoprotein called miraculin, which binds to taste receptors and transforms sour tastes into sweet ones [5]. In addition to its ability to 
modify taste, miracle fruit contains a variety of bioactive compounds including flavonoids, antioxidants, phenolic acids, and other 
substances with potential for pharmacological and food applications [6].

Previous research has shown that the miracle fruit is a rich source of antioxidant-rich phytochemicals, similar to blueberries, 
blackberries, cherries, and grapes [7]. From a gastronomic and nutritional perspective, this fruit is of notable interest due to its 
bioactive compounds. The pulp is rich in phenolic compounds (15.8 %) and flavonoids (11.9 %), while the skin contains even higher 
concentrations of these compounds: 36.7 % phenolics and 51.9 % flavonoids [8]. These compounds have been linked to antioxidant 
properties, enhancing their nutritional value and potential health benefits [9].

The most common routes used to extract compounds by traditional methods include hydrodistillation (HD), aqueous extraction, 
and Soxhlet extraction [10]. HD has been widely used to extract phenolic compounds from plants [11]. However, the time required for 
the process is quite long and the yield is lower and very expensive. These techniques can also lead to degradation of thermosensitive 
polyphenolic compounds and are often difficult to automate, making them unsuitable for larger scales [12].

Therefore, in recent years, many advanced extraction techniques have emerged, such as cold pressing, which involves extracting 
juice by crushing fruits without adding heat, in order to preserve enzymes and nutrients as close as possible to their original 
composition [13]. Among the different extraction methods used to obtain bioactive compounds from Synsepalum dulcificum, macer
ation, cold pressing, and extraction with pressurized liquids (supercritical CO₂) stand out [14]. Each of these methods has particular 
characteristics that make them suitable for different applications [15]. Maceration is a simple and economical process that, because it 
does not require heat, favors the preservation of compounds sensitive to high temperatures [16]. Cold pressing, on the other hand, is 
ideal for obtaining essential oils and liposoluble extracts, preserving the quality of nutrients and active principles. Finally, extraction 
with supercritical CO₂ is a highly selective method that allows obtaining pure extracts, without solvent residues, and is especially 
useful for the extraction of compounds with high biological value, such as flavonoids and terpenes [17].

The determination of the physicochemical characteristics and bioactive compounds of the fruit is crucial to understand its com
mercial and medicinal potential. In this context, the objective of this research was to determine the physicochemical characteristics 
and bioactive compounds of miracle fruit (Synsepalum dulcificum) by comparing different methods of extraction (cold pressing, 
maceration and pressurized liquid) and preservation (fluid extract and ionic gel). This approach allows to identify and optimize the 
most efficient methods for the extraction and preservation of bioactive compounds in order to develop products with improved 
functional properties.

2. Materials and methods

2.1. Materials

The miracle fruit was acquired from the company "Ecua Foresta" in the Quinindé canton, Esmeraldas province (Ecuador). The 
studies and experimental phase were conducted in the laboratories of the University of the Armed Forces "ESPE" in Santo Domingo, 
located at the geographic coordinates latitude: 00◦ 24′ 36″ and longitude: 79◦ 18′ 43″, at an altitude of 270 m above sea level.

2.2. Statistical analysis

A bifactorial A*B design was applied, where factor A = Extraction methods (Cold pressing; maceration; pressurized liquids) and 
factor B = Conservation methods (Fluid extraction; ionic emulsion), obtaining 6 treatments with 3 replicates. To determine statistical 
differences, the Tukey test was applied (p < 0.05) using the InfoStat program. The description of the treatments is presented in Table 1.

2.3. Experimental handling

2.3.1. Cold press extraction
The samples were first visually inspected to eliminate those in poor condition. They were then washed and disinfected. Once this 

phase was completed, the samples were stored for 24 h at − 15 ◦C. The seeds were subjected to a cold pressing process using a hydraulic 

Table 1 
Treatments involved in the study.

Treatments Description

T1 Cold pressing + fluid extract
T2 Cold pressing + ionic emulsion
T3 Maceration + fluid extract
T4 Maceration + ionic emulsion
T5 Pressurized liquids + fluid extract
T6 Pressurized liquids + emulsion
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press applying 246–250 Bar of pressure and a temperature of 45 ◦C for 45 min. The seed extract was collected in stainless steel trays 
and finally filtered through a sieve [18].

2.3.2. Maceration extraction
The extraction involved placing 50 g of fruit samples in an oven (VWR Symphony, Colombia) for 24 h at 60 ◦C. Once dried, the 

samples were ground in a mortar and placed in a sterile amber glass container with 70 % ethyl alcohol added to fully cover the fruit. 
The jars were manually shaken three times a day for one week. After this period, the samples were filtered through a sterile sieve. The 
alcoholic content was evaporated using a rotary evaporator at 270 amber pressure at 40 ◦C with 100 rpm [19].

2.3.3. Pressurized liquid methods (LP) extraction
70 g of fresh material were added to blue-capped glass bottles with 100 ml of distilled water. These were then placed in an 

autoclave for 30 min at 100 ◦C and 60 bar pressure. After cooling, the samples were filtered through a sieve and sterile filter paper [20].

2.4. Preservation methods

2.4.1. Fluid extract
Each obtained extract was subjected to a second filtration to ensure the removal of impurities and was then placed in amber glass 

droppers (100 ml) for preservation [21].

2.4.2. Ionic emulsion
100 ml of an 11 % calcium chloride (CaCl₂) solution were prepared. This solution was poured into a beaker and placed on a stirring 

plate. Then, 50 ml of the miraculous fruit extract was mixed with 1 g of sodium alginate to obtain a 2 % solution. The tip of an 
automatic pipette was cut to increase the size of the spheres formed during the ionic emulsion process. 750 μL of the extract and 
alginate solution were quickly dropped into the 11 % calcium chloride solution while maintaining constant stirring. Once the 
spherifications were formed, they were washed with distilled water and stored in a glass container [22].

2.5. Bromatological characteristics of the extracts

Acidity, pH, soluble solids, moisture, protein, fiber, and fat were determined according to the procedures established in the 
Ecuadorian Technical Standard NTE INEN: acidity by titration using 25 ml in a 250 ml volumetric flask [23]; pH by direct reading with 
a potentiometer (Testo 206-PH2) [24]; soluble solids using a refractometer (POCKET PAL-3 from 0◦ - 30◦Brix), by placing a drop on the 
glass and taking the reading [25]; moisture by oven drying (100 ◦C) [26]; protein by Micro-Kjeldahl [27]; fat by Soxtec System [28]; 
and fiber by muffle furnace (600 ◦C) [29].

2.6. Chemical characterization of the extracts

The characterization of bioactive compounds in different extracts was performed using gas chromatography-mass spectrometry 
(GC-MS) [30].

2.7. Determination of bioactive compounds

2.7.1. Flavonoid content
The total flavonoid content of the extracts was determined by the colorimetric method with aluminum chloride, following the 

procedure described by Popa et al. [31]. Quercetin was used as a standard to perform a calibration curve. For this purpose, from 
quercetin stock solutions (5 mg/ml), dilutions were prepared in methanol with concentrations of 0.1; 0.5; 1.0, 1.0; 2.5 and 5 mg/ml. To 
100 μl of each quercetin dilution, 500 μl of distilled water, 100 μl of 5 % sodium nitrate, 150 μl of 10 % aluminum chloride and 200 μl of 
1 M sodium hydroxide solution were added in sequence. The absorbance of the reaction mixture was measured at 510 nm using a UV 
spectrophotometer (Eppendorf UV–VIS). The total flavonoid content in the samples was calculated from the calibration curve obtained 
for the different quercetin concentrations using equation (1): 

TFC
C*DF*V

M
Ecu 1 (1) 

TFC = total flavonoid content (mg EQ/g dry matter)
C = quercetin concentration (mg EQ/ml) determined from calibration curve.
DF = dilution factor.
V = extraction volume (ml)
M = mass of plant material of the extract (g).

2.7.2. Anthocyanin content
For anthocyanin quantification, extracts were filtered through a hydrophilic membrane (0.45 μm, Millipore, Bedford, MA, USA) 

and then transferred to a vial for injection into a Waters Alliance model 2690/5 high-performance liquid chromatograph (HPLC) 

J.A. Neira Mosquera et al.                                                                                                                                                                                           Heliyon 11 (2025) e41794 

3 



coupled to a photodiode array detector (Waters 2996). Chromatographic separation was carried out using a reverse column (C18, 
Thermo BDS Hypersil, 100 × 4.6 mm, 2.4 μm). The mobile phase consisted of an aqueous mixture of 5 % formic acid and acetonitrile, 
with a constant flow rate of 1.0 ml - min − 1 and an injection volume of 20 μl. The gradient for solvent B was as follows: 5 % at start (0 
min), 7 % at 2 min, 10 % at 10 min, 13 % at 15 min, 15 % at 16 min, 17 % at 20 min, 20 % at 30 min, and returning to 5 % at 33 min, 
results were obtained at a wavelength of 520 nm [32].

2.7.3. Carotenoid content
Twenty grams of crushed sample was taken and homogeneously mixed with 50 ml of hexane and incubated at 60 ◦C for 30 min for 

carotenoid extraction. After 10 min of centrifugation, the hexane phase was transferred to a clean tube. The remaining residue was 
subjected to a second extraction with 50 ml of acetone, and the obtained acetone phase was combined with the previously extracted 
hexane phase. The final miracle berry extract was obtained by solvent evaporation using a centrifugal vacuum evaporator (Labconco, 
Kansas City, MO, USA) [33].

2.8. Total phenolic content and antioxidant capacity of Synsepalum dulcificum extracts considering different extraction and preservation 
methods

Total phenolic content was determined using the Folin-Ciocalteu method. A mixture was prepared by combining 200 μL of the 
extract with 1 ml of Folin-Ciocalteu reagent (0.2 N) and 800 μL of a 7.5 % Na2CO3 solution. The mixture was incubated for 2 h in 
darkness at room temperature. Absorbance was then measured at 760 nm using a spectrophotometer (Jenway 6405UV/VIS). Total 
phenolic compounds were expressed in mg/g, calculated as gallic acid equivalents based on a gallic acid standard curve and the dry 
weight of the extract [34]. Antioxidant activity was measured using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
method and expressed in terms of hydrogen donation or radical scavenging capacity using the stable radical [35].

3. Results

3.1. Bromatological results of the extract according to the extraction method (factor A)

Table 2 presents the results obtained for the content of various compounds, where it is evident that Factor A (Extraction Method) 
showed significant differences (p < 0.05) in each of the variables. The values ranged as follows: pH (3.07–3.40), acidity (0.09–0.011), 
and protein (0.89 %–2.35 %). Notably, the maceration extraction method resulted in a significant increase in the concentration of 
soluble solids compared to the other methods.

3.2. Bromatological results according to the conservation method (factor B)

Table 3 shows the results obtained for the immediate components, where it can be observed that Factor B (Conservation Method) 
presented significant differences (p < 0.05) in the variables of acidity (0.007–0.013), soluble solids (13.10 Bx - 17.70 Bx), and protein 
(0.076 %–3.06 %). However, the pH of the extracts was not significantly affected by the conservation method. Additionally, it was 
found that the ionic emulsion considerably reduced the values of the evaluated parameters.

3.3. Bromatological results of the factor combination (A*B)

Fig. 1 presents the bromatological characteristics of the extract from Synsepalum dulcificum considering 3 extraction methods and 2 
conservation methods. Significant differences (p < 0.05) were observed in the variables pH, acidity, ◦Brix, and protein.

In the pH results, considerable variation (p < 0.05) was observed between the different treatments (Fig. 1A). The extraction method 
using pressurized liquids with fluid extract conservation resulted in the highest pH (3.535), while maceration significantly reduced this 
parameter (2.990). These results indicate that extraction methods can significantly influence the pH of the sample, which could affect 
its stability and functional properties.

Regarding acidity (Fig. 1B), the fluid extract conservation method showed higher values, ranging from 0.13g/100g (as citric acid) 
to 0.14g/100g (as citric acid). On the other hand, ionic emulsion reduced the values to a range of 0.006 %–0.007 % for extracts 
obtained using pressurized liquids and cold pressing, respectively.

As shown in Fig. 1C, the total soluble solids content (◦Brix) was also influenced by the different treatments applied. The maceration 
method with fluid extract produced the highest Brix value, reaching 41.000, followed by ionic emulsion with a value of 30.000. In 

Table 2 
Values of the immediate components of the miracle fruit extract (Synsepalum dulcificum) and significance according to the extraction method.

Extraction Method pH Acidity Soluble Solids (Bx) Protein (%)

Cold Pressing 3.37B ± 0.15 0.010B ± 0.02 4.80A ± 0.12 2.35C ± 0.11
Maceration 3.07A ± 0.10 0.011C ± 0.02 35.50B ± 1.20 0.89A ± 0.10
Pressurized Liquids 3.40B ± 0.03 0.009A ± 0.01 5.90A ± 0.16 1.37B ± 0.09

A, B,C: statistically significant (using Tukey’s test, p < 0.05).
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contrast, the combination of cold pressing and pressurized liquids with both conservation methods resulted in the lowest ◦Brix values, 
with concentrations of 4.450 and 4.850, respectively. These results suggest that maceration is particularly effective for extracting 
soluble solids from the sample.

Fig. 1D shows that extraction using cold pressing and fluid extract conservation better maintains the protein content, presenting 
higher values (4.670 %). In contrast, conservation through ionic emulsion significantly reduces (p < 0.05) the protein content, with the 
lowest values compared to the other two extraction methods (0.029 %, 0.102 %, and 0.088 %). These results indicate that cold pressing 
is the most efficient method for preserving proteins in the sample, while ionic emulsion and other extraction and pressurization 
methods could lead to significant protein losses.

Table 3 
Values of the immediate components of the miracle fruit extract (Synsepalum dulcificum) and significance according to the conservation method.

Métodos de conservación pH Acidity (%) Soluble Solids (Bx) Protein (%)

Fluid Extract 3.29A ± 0.11 0.013B ± 0.04 17.70B ± 1.16 3.06B ± 0.12
Ionic Emulsion 3.26A ± 0.10 0.007A ± 0.01 13.10A ± 0.61 0.076A ± 0.03

A, B: statistically significant (using Tukey’s test, p < 0.05).

Fig. 1. Bromatological characteristics of the miracle fruit extract (Synsepalum dulcificum) based on different extraction and conservation methods: 
pH (A), acidity (B), ◦Brix (C) and protein content (D).
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3.4. Chemical characterization of the extracts

Fig. 2 shows significant variability in the chemical composition of six different samples, highlighting the presence of a high pro
portion of unidentified compounds in all of them. The results also indicate a complex mixture of substances, including pentacyclic 
triterpenes, steroids, monoglycerides, fatty acids, carbohydrates, organic acids, and alcohols. Notably, fatty acids and organic acids are 
the most abundant compounds, with higher concentrations in T1 (cold pressing + fluid extract) and lower concentrations in T6 
(pressurized liquids + ionic emulsion). Pentacyclic triterpenes are also present at relatively high levels, while steroids and alcohols are 
found in low and fairly stable concentrations, except for a slight increase in alcohols in T3 (maceration + fluid extract), T5 (pressurized 
liquids + fluid extract), and T6 (pressurized liquids + ionic emulsion). Monoglycerides maintain a consistent presence across all 
samples, indicating stability in their concentration.

3.5. Bioactive compounds in extracts of Synsepalum dulcificum considering different extraction and preservation methods

The results obtained reveal significant variations in the concentration of flavonoids, anthocyanins and carotenoids (Fig. 3), with the 
cold pressing extraction method combined with extract fluid presenting the highest concentrations, with 19.75 mg Eq/g of flavonoids 
(Figs. 3A) and 77.16 μg/g of carotenoids (Fig. 3C). Maceration with fluid extract also showed elevated levels of flavonoids (20.14 mg 
Eq/g) and anthocyanins (9.55 mg/100 g of extract), although with a slight decrease in carotenoids (70.87 μg/g). Unlike the treatments 
with ionic emulsions, they generated lower concentrations of flavonoids and anthocyanins, with the lowest content of flavonoids found 
in the pressurized liquids with ionic emulsion (9.25 mg/100 g of extract) and the lowest content of anthocyanins in the same treatment 
(3.62 mg/100 g of extract), while carotenoids (Fig. 3B) also presented the lowest concentrations in these liquids, with 52.96 μg/g. 
These results show that both the extraction method and the type of emulsion used significantly influence the profile of bioactive 
compounds in the evaluated treatments.

3.6. Total phenolic content and antioxidant capacity of Synsepalum dulcificum extracts considering different extraction and preservation 
methods

Table 4 shows that the extraction method using maceration with fluid extract is the most efficient, yielding the highest total 
phenolic content (16.53 mg gallic acid/g) and the greatest antioxidant capacity (521.24 μg Trolox/g), indicating effective extraction 
and preservation of these compounds. In contrast, the pressurized liquid + ionic emulsion method resulted in the lowest total phenolic 
content (8.12 mg gallic acid/g) and the lowest antioxidant capacity (220.11 μg Trolox/g), reducing the composition of the extracts. On 
the other hand, although cold pressing methods also provide favorable results, particularly with fluid extract, they do not achieve the 
effectiveness of the maceration method.

4. Discussion

4.1. Bromatological characterization

In the pH variable, significant differences (p < 0.05) were observed between the extraction and conservation methods, with the 
pressurized liquid method with fluid extract presenting the highest pH content with 3.535 % (Fig. 1C). This result is comparable with 
the data reported by Valdez – López et al. [36], who determined a pH value of 4.40 in extracts obtained by the maceration method of 

Fig. 2. Chromatographic (%) profile of each family characterized in the Synsepalum dulcificum extracts.
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Nephelium lappaceum L. The authors mention that the pH tends to decrease as the concentration of phenolic compounds increases, 
which is attributed to the more acidic characteristics that these compounds confer. Likewise, it has been confirmed that the pH in 
Synsepalum dulcificum pulp presents a pH of 3.20 [37] which compares well with other berries such as Rubus subg. Rubus, (3.4), Fragaria 
× ananassa (3.3–3.4) and Rubus idaeus (3.4) [14].

The titratable acidity content showed that the preservation method with fluid extracts presented the most relevant values (0.13 %– 
0.14 %), in contrast to the ionic preservation methods that significantly reduced the values (0.006 %–0.007 %). Studies on physi
cochemical properties of loquat (Achras sapota L.) extracts showed values ranging from 0.03 % to 0.06 % [38]. On the other hand, the 
determination of acidity is crucial to evaluate organoleptic characteristics, freshness and sour taste, so accurate methods for measuring 

Fig. 3. Bioactive compounds in Synsepalum dulcificum extracts under different extraction and preservation methods. A: Flavonoids (mg of cate
chin/g), B: Anthocyanins (mg of cladinin-3-glucoside chloride/g) and C: Carotenoids (μg/g).

Table 4 
Total phenolic content and in vitro antioxidant capacity of Synsepalum dulcificum extracts considering different extraction and preservation methods.

Tratamients Total phenolic content (mg gallic acid/g) Antioxidant capacity (μg Trolox/g)

Cold pressing + fluid extract 14.23CD ± 0.58 438.89E ± 1.12
Cold pressing + ionic emulsion 13.60C ± 0.71 394.11C ± 0.98
Maceration + fluid extract 16.53D ± 0.12 521.24F ± 1.97
Maceration + ionic emulsion 12.21C ± 0.23 408.87D ± 1.01
Pressurized liquids + fluid extract 10.01B ± 0.45 320.01B ± 0.75
Pressurized liquids + emulsion 8.12A ± 0.57 220.11A ± 0.64

A,B,C,D,E,F: statistically significant (using Tukey’s test, p < 0.05).
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acidity are needed [39].
The analysis of soluble solids behavior revealed that the maceration method, using fluid extract as the preservation technique, 

produced the highest concentration reaching 41◦Brix. This result demonstrates that maceration with fluid extract generates a 
significantly higher soluble solids content compared to other extraction methods and to previous studies. Authors such as Manzanarez- 
Tenorio et al. [40] reported a concentration of 23.8◦Brix of soluble solids in their research on the antioxidant capacity of micro
encapsulated extracts of Ficus carica. Similarly, in studies on the properties of miracle fruit (Synsepalum dulcificum), both in its natural 
state and as an extract, a content of 10◦Brix was observed [41].

The results obtained for protein content indicated that the cold pressing method with fluid extract was the most efficient, reaching 
4.67 % protein. This result surpassed the extracts extracted by maceration and pressurized liquid, which indicated that cold pressing is 
the optimal method to preserve proteins. However, the values obtained were lower than those reported for Synsepalum dulcificum 
extracts, which presented a protein content of 8.42 % [42]. On the other hand, the results were similar to those found in Chrysophyllum 
albidum, which reported a protein content of 4.88 % [43].

4.2. Chemical composition

Previous research on chemical compounds in extracts of Synsepalum dulcificum (Schumach. & Thonn) Daniell has identified various 
bioactive compounds, such as glycoproteins, saponins, flavonoids, tannins, alkaloids, glucosides, phenols, resins, terpenoids, steroids, 
anthraquinones, cyanogenic glucosides, oleaginous substances, and phytosterols [44,45]. Additionally, a recent study isolated 
seventeen compounds from S. dulcificum, including (7S, 8R)-dihydrodeshydrodiconiferyl alcohol, (7S, 8R)-dihydrodeshydrodiconi
feryl alcohol-9-β-D-glucopyranoside, quercetin, and quercetin-3-O-glucoside [46].

It is important to highlight that extraction and conservation methods affect the stability and efficacy of bioactive compounds. Cold 
extraction preserves heat-sensitive compounds such as flavonoids and antioxidants [47]. On the other hand, maceration with cold 
solvents extracts a broader range of compounds, depending on the solvent and time [48]. However, pressurized liquids may denature 
compounds due to the high temperatures involved in the process [49]. Regarding conservation, fluid extracts generally maintain 
compound stability better, minimizing oxidation [16], and ionic emulsions offer additional protection against degradation, though 
their effectiveness varies depending on formulation and specific compounds [17].

4.3. Bioactive composition

The bioactive composition of treatments showed variability in the results obtained. It was determined that the extraction method 
using pressurized liquids and conservation by ionic emulsion significantly reduces flavonoid content. Previous research indicated that 
microwave-assisted extraction yields higher amounts of total flavonoids (26.70 mg GAE/g) compared to ultrasound-assisted methanol 
extraction, which resulted in a lower amount of flavonoids (19.50 mg GAE/g PS) in Vitis vinifera waste [50]. On the other hand, extracts 
from the skin of the miracle fruit show higher free flavonoid content compared to the seed and pulp, providing approximately 15.00 mg 
of catechin per gram [51,52].

The amount of anthocyanins in the extracts showed significant variation depending on conservation conditions. Quantification of 
anthocyanins in the lyophilized sample revealed a total content of 11.4mg/100 g [6]. This value is comparable to the 14.3mg/100 g in 
dry weight reported by Cóndor-Soto (2019), suggesting that the main anthocyanin compound in miracle fruits is 
cyanidin-3-monogalactoside, which represents 70.70 % of the pigment [33]. According to one study, anthocyanin levels in Synsepalum 
dulcificum are relatively low compared to other anthocyanin-rich fruits, such as blueberries (Vaccinium corymbosum) and cherries 
(Prunus avium) [31].

Conservation methods significantly affect the total carotenoid content. Previous research has shown that freezing and canning 
increase phenolic and carotenoid content in processed samples, while drying causes a reduction compared to fresh samples. Addi
tionally, storage time also has a notable impact on the bioactive compounds in processed samples of Prunus armeniaca [53]. On the 
other hand, carotenoid levels in extracts obtained using solvents exceeded those reported by Ladyslene et al. (2019), who extracted 
carotenoids from Caryocar brasiliense using acetone (30.0mg/100 g), hexane (19.9mg/100 g), and ethyl alcohol (29.60mg/100 g) [54].

4.4. Total phenolic content and antioxidant capacity of synsepalum dulcificum extracts considering different extraction and conservation 
methods

Table 4 shows the results of the total phenolic content and in vitro antioxidant capacity of extracts obtained from the miracle fruit. 
The phenolic compounds analyzed show variability in their concentration depending on the source and extraction method, where 
maceration combined with fluid extract presented the highest content with 16.53 mg gallic acid/g, while the pressurized liquid and 
ionic emulsion methods obtained the lowest content with 8.12. Research on Physalis peruviana extracts reported a value of 9.07gEAG/ 
100g [55]. In the study by Wong-Paz et al. (2020), values ranged between 34.00 and 37.67 mg/g in citrus waste extracts [56]. 
Additionally, phenolic compounds play a crucial role in extending the shelf life of foods by offering antimicrobial properties, as well as 
preserving the color, flavor, and aroma of products [57].

Antioxidant content ranged between 220.11 and 521.24 μg Trolox/g, results that are higher than those obtained using pressurized 
liquid extraction (PLE) for bioactive compounds in Moringa oleifera leaves, with values between 39.46 and 124.29 μmol AAE/g [49]. In 
other studies where encapsulation extraction was determined, values ranged between 220.58 and 280.64 mg Trolox/g [50]. This 
demonstrates that the maceration + fluid extract method yields higher antioxidant content. On the other hand, bioactive compounds 
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found in fruit extracts are known for their antioxidant and antimicrobial capacity, making them increasingly relevant due to their 
safety for human use [58].

5. Conclusions

In conclusion, the study demonstrates that extraction and conservation methods significantly impact the bromatological and 
bioactive characteristics of Synsepalum dulcificum extracts. The combination of maceration and cold pressing with conservation in fluid 
extract resulted in higher pH, greater soluble solids concentration, and better protein preservation, indicating greater chemical and 
functional stability of the extract. Moreover, these methods achieved high levels of flavonoids, carotenoids, and antioxidant capacity, 
suggesting a more efficient extraction of bioactive compounds. In contrast, extraction methods using pressurized liquids combined 
with ionic emulsion produced significantly lower values in pH, soluble solids, and protein content, and reduced bioactive and phenolic 
compound concentrations, reflecting lower effectiveness in preserving nutritional and antioxidant properties. These results underscore 
the importance of carefully selecting extraction and conservation methods to optimize the quality and functionality of Synsepalum 
dulcificum extract, highlighting maceration with fluid extract as the most effective technique for applications requiring high bioactive 
activity and product stability.
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[55] E.S. Ordoñez, A. Leon-Arevalo, H. Rivera-Rojas, Quantification of total polyphenols and antioxidant capacity in cacao (Theobroma cacao L.) husks and seeds, 
prickly pear (Opuntia ficus indica Mill), grape (Vitis vinifera), and nanches, Sci. Agropecu. 12 (2) (2019), https://doi.org/10.17268/sci.agropecu.2019.02.02.
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