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Article 
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Abstract: The Cauchao berry (Amomyrtus luma), native to southern Chile and Argentina, has been 
traditionally used in folk medicine, yet scientific evidence supporting its bioactive potential remains 
limited. This study aimed to optimize the extraction of bioactive compounds and assess their 
antioxidant and antidiabetic properties. Proximate composition and dietary fiber content were 
determined following AOAC methods. Fatty acid profiles were established by gas chromatography, 
and α-tocopherol levels measured via HPLC. Extraction optimization was conducted using response 
surface methodology. Total phenolic (TPC), flavonoid (TFC), and anthocyanin (TAC) contents were 
quantified spectrophotometrically. Antioxidant potential was assessed by DPPH and ORAC assays, 
while α-glucosidase inhibition determined antidiabetic activity. Phenolic profiles were characterized 
by HPLC. Optimal extraction conditions (58% ethanol, 60% ultrasound power, 30 minutes) enhanced 
antioxidant response. Results showed high fiber content (~39%), linoleic acid as the predominant fatty 
acid, and α-tocopherol concentration of ~95 µg/g. TPC, TFC, and TAC values reached 25.43 ± 0.85, 
46.51 ± 1.38, and 5.91 ± 0.40 mg/g d.m., respectively. Antioxidant capacity was 289.54 ± 9.05 µmol 
TE/g (DPPH) and 451.09 ± 6.04 µmol TE/g (ORAC). The IC50 for α-glucosidase inhibition was 0.558 ± 
0.015 mg/mL. Phenolic compounds were identified. These findings position the Cauchao berry as a 
promising source of bioactive compounds with potential health-benefits. 

Keywords: Cauchao Berry; Optimized extraction; Bio-compounds; Antioxidant potential; α-
glucosidase inhibition 

1. Introduction

Berries are widely acknowledged worldwide as some of the most nutritious foods available,
thanks to their rich and diverse content of bioactive compounds. These include phenolic acids, 
flavonoids, and anthocyanins, which are celebrated for their numerous health-promoting properties 
[1]. These compounds contribute not only to the vibrant colors of berries but also to the antioxidant, 
anti-inflammatory, antihypertensive, and antihyperglycemic activities [2].  

Chile boasts a rich variety of small fruits, particularly berries, among which the most notable are 
murta, blueberries, maqui, and calafate, among others. Researchers have increasingly focused on 
these berries because of their exceptional functional properties, including strong antioxidant activity, 
anti-inflammatory benefits, and potential positive effects on cardiovascular and metabolic health [1]. 
Their distinctive composition, abundant in bioactive substances such as polyphenols, vitamins, and 
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dietary fiber, has captured the interest of scientists and healthcare experts globally, making them 
valuable candidates for use in functional foods and nutraceutical innovations 

However, other wild berries, such as Cauchao berries (Amomyrtus luma), remain largely 
unexplored, presenting a promising opportunity for further scientific research. These fruits could 
emerge as a new source of bioactive compounds with potential functional properties that may 
contribute to improved health and wellness. The Cauchao or Chauchao berry is a native and endemic 
species of southern Chile and Argentina. It thrives in rainforests, particularly near streams and in 
other high-altitude, humid areas. This globose berry has a pleasant flavor and aroma, transitioning 
from reddish to blackish as it ripens. Currently, the fruit is primarily consumed fresh or as part of 
artisanal products, including jams, desserts, juices, pastries, and fermented alcoholic beverages. 
Historically, it has been used by indigenous peoples for its stimulating and astringent properties [3]. 
Moreover, studies from ancestral Mapuche medicine report that its leaves are used to lower blood 
pressure and cholesterol levels and to treat liver diseases [4]. The leaf extract has also been found to 
contain aromatic compounds such as linalool, 1,8-cineole, and β-caryophyllene, among others [5]. 
However, research on the fruit's characteristics (such as proximate composition, and dietary fiber 
content) and its potential bioactive compounds remains limited. 

On the other hand, environmentally friendly extraction methods have been employed to obtain 
new antioxidant concentrates or natural colorants from berries [6,7]. Technologies such as ultrasound 
have been explored to reduce extraction time and energy consumption while avoiding the use of high 
temperatures [8]. Ultrasound-assisted extraction utilizes acoustic cavitation, and when applied at low 
frequencies (20–100 kHz), it generates large bubbles that implode violently, leading to enhanced cell 
disruption, improved solvent penetration, and consequently higher extraction yields [9]. This 
technique is considered an effective alternative for extracting phenolic compounds and anthocyanins 
from maqui berries [10], as well as from aronia and grapes [11]. Therefore, ultrasound-assisted 
extraction presents a promising method for obtaining cauchao berries extracts. Nonetheless, the 
extraction conditions must be carefully optimized to maximize bio-compound yield. 

Berry consumption is currently on the rise, driven by their rich content of bioactive compounds 
that offer various health benefits for humans. These benefits include antioxidant, anti-inflammatory, 
and cardioprotective properties, which contribute to reducing the risk of chronic diseases such as 
cardiovascular conditions, diabetes, and certain types of cancer [12]. However, these properties have 
been scarcely explored in Cauchao berries, The present study evaluated the antioxidant and 
antidiabetic potential of extracts rich in bioactive compounds derived from Cauchao berries by 
investigating these properties, the research aims to provide valuable insights into the health-
promoting capabilities of this underexplored fruit. 

2. Results 

2.1. Proximate Composition and Reducing Sugars 

The proximate analysis, shown in Table 1, was conducted on fresh and freeze-dried Cauchao 
berry samples. The fresh sample exhibited a moisture content comparable to other berries, such as 
murtilla [13], but higher than that of blueberries and maqui, which have a moisture content of 
approximately 65 g/100 g on a wet basis [14,15]. The content of ash, crude protein, carbohydrates, 
crude fiber, and fats was significantly more concentrated in the freeze-dried sample due to the 
reduced water content in the matrix.  

Table 1. Proximate composition and dietary fiber content of cauchao berries. 

Parameters (g/100g) Fresh Freeze-dried 
Mositure 75.31 ± 0.41 2.78 ± 0.10 
Fat 2.15 ± 0.15 9.15 ± 0.16 
Ash 0.57 ± 0.03 2.50 ± 0.15 
Crude protein 1.73 ± 0.17 7.15 ± 0.23 
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Crude fiber 3.94 ± 0.67 15.25 ± 0.50 
Carbohydrates 20.24 ± 0.32 78.42 ± 0.29 
Reducing sugars 7.71 ± 0.42 39.82 ± 1.58 
Insoluble dietary fiber* 34.78 ± 1.73 34.26 ± 2.55 
Soluble dietary fiber* 4.60 ± 0.50 3.66 ± 0.81 
Total dietary fiber* 39.37 ± 2.23 37.92 ± 3.36 

Values are expressed as mean ± standard deviation (n=3). *Dry matter. 

As expected, a high concentration of sugars was observed in the freeze-dried cauchao berries. 
The fresh value was significantly higher compared to other fruits such as strawberries, blackberries, 
raspberries, and cranberries, while being very similar to that of blackcurrants [16].  

2.2. Dietary Fiber Content  

Dietary fiber refers to the edible components of plants that resist digestion and absorption in the 
human small intestine. Instead, these fibers remain intact as they pass into the large intestine, where 
they may undergo complete or partial fermentation [17]. The contents of soluble (SDF), insoluble 
(IDF) and total (TDF) dietary fiber was determined by the AOAC method.  Soluble dietary fiber, 
which includes components such as non-cellulosic polysaccharides, oligosaccharides, pectins, β-
glucans, and gums, is highly valued for its nutritional benefits. IDF include cellulose, parts of 
hemicellulose and lignin [18]. Table 1 shows SDF, IDF and TDF for fresh and freeze-dried Cauchao 
berries. As expected, no differences were observed between the evaluated samples, as both 
underwent dehydration according to the prescribed methodology. Notably, the TDF value was 
considerably higher than that reported for comparable fruits, such as murta berries. For instance, 
murta berry has a TDF value of 17.55 ± 0.37 g/100 g dry matter (d.m.) based on the same determination 
method [19]. In comparison, the Cauchao berry demonstrated approximately twice the total dietary 
fiber, highlighting its superior nutritional profile and potential as a rich dietary fiber source. 

2.3. Fatty Acids Profile and α-Tocopherol Content 

Vegetable fatty acids, which are part of the essential unsaturated fatty acid group, show 
considerable biological activity. These fatty acids are predominantly found in seeds and oils extracted 
from fruits such as berries and others [20]. These essential nutrients play a critical role in various 
bodily functions, including maintaining healthy cell membranes, supporting cardiovascular health, 
and regulating inflammation [21]. Since the human body cannot synthesize these fatty acids on its 
own, consuming them through a balanced diet is vital for overall well-being. Table 2 shows the fatty 
acids profile of Cauchao berry.  Six fatty acids were identified, and no differences were observed 
between fresh and freeze-dried berries. The profile found is very similar to those reported in murta 
berries in terms of fatty acids and its quantities [18]. It stands out for its linoleic acid (LA, C18:2n6c) 
content, which is approximately 80%. LA, an essential fatty acid that must be obtained through the 
diet [22], is the primary polyunsaturated fatty acid found in Cauchao berries. In second proportion 
oleic acid was found (OA, C18:1n9c), the quantity found is higher than other similar berries such as 
blueberries, red gooseberries and black currants [23]. The third portion identified was palmitic acid 
(PA, C16:0), which is one of the most common saturated fatty acids in nature, found in animal and 
human tissues, as well as in plants, algae, fungi, yeasts and bacteria [24]. Essential plant-derived fatty 
acids, including linoleic acid, oleic acid, and palmitic acid, play pivotal roles in human health. 
Consuming Cauchao berries, which are rich in these fatty acids, may confer substantial health-
benefits.  

Table 2. Fatty acids and α – tocoferol content in Cauchao berries. 

Fatty acids (g/100 g fatty acid) Fresh  Freeze-dried 
C16:0 6.99 ± 0.02 7.18 ± 0.13 
C18:0 2.62 ± 0.04 2.71 ± 0.02 
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C18:1n9c 8.83 ± 0.05 9.24 ± 0.17 
C18:2n6c 80.29 ± 0.06 79.44 ± 0.03 
C20:0 0.35 ± 0.07 0.41 ± 0.01 
C20:1 0.92 ± 0.06 1.02 ± 0.04 
α - tocoferol (µg/g) 95.51 ± 5.42 105.41 ± 1.39 

Values are expressed as mean ± standard deviation (n=3). 

α – tocoferol is one of the primary components of vitamin E, essential for meeting human 
nutritional requirements, and is primarily obtained through food [25]. Table 2 presents the α – 
tocopherol content of both fresh and freeze-dried Cauchao berries, with the latter showing a slightly 
higher concentration, likely due to the concentration effect of solutes caused by the drying process. 
The α – tocopherol concentration in both forms exceed that reported in other similar fruits, such as 
murta berry with values between 1.06 ± 0.02 and 5.80 ± 0.15 mg/100 g [26] and maqui berry with 
values between 17.1 ± 0.8 µg/g and 31.7 ± 0.5 µg/g [27].  

2.4. RSM Method 

Response surface modeling method was used to determine the optimal condition on antioxidant 
capacity of Cauchao berry extract. Table 3 presents the factors and levels used in the Box-Behnken 
model, showing their impact on the antioxidant capacity of Cauchao berry extract, measured by the 
DPPH method. The results indicate that antioxidant potential varies based on these factors, 
emphasizing the need to optimize extraction parameters such as time, ultrasonic power, and solvent 
concentration to maximize antioxidant compound yield and antioxidant capacity. 

Table 3. Box-Behnken model, coded factor and DPPH results . 

Factors  Coded factor Result 
Solvent (%) Power (%) time (min) X1 X2 X3 DPPH (µmol TE/g d.m) 

90 80 25 0 1 1 185.89 
50 60 35 1 0 -1 248.70 
70 40 35 1 -1 0 246.87 
50 40 25 0 -1 -1 254.67 
90 60 35 1 0 1 170.16 
90 60 15 -1 0 1 169.52 
70 60 25 0 0 0 261.32 
90 40 25 0 -1 1 191.53 
70 60 25 0 0 0 237.68 
50 60 15 -1 0 -1 205.62 
50 80 25 0 1 -1 277.65 
70 60 25 0 0 0 243.76 
70 60 25 0 0 0 218.70 
70 80 15 -1 1 0 222.84 
70 40 15 0 -1 0 254.89 
70 80 35 1 1 0 246.09 
70 60 25 0 0 0 251.31 

Figure 1 shows three response surface plots illustrating the impact of the independent variables: 
Solvent (%), Power (%), and time (min), on the response variable: DPPH (µmol TE/g). Each plot 
represents the connection between two independent variables while keeping the third constant, 
enabling the visualization of individual effects and interactions among the evaluated factors. The 
color gradient, ranging from blue to brown, indicates response variability, with blue representing 
lower DPPH values and brown representing higher values. 
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The model fitted using RSM indicates that the linear term of Solvent (X1) is highly significant (p 
< 0.001), demonstrating its strong influence on the response, whereas Power (X2) and time (X3) do not 
show significant effects in the linear model. However, the quadratic terms of X1, X2 and X3 are 
significant, suggesting a nonlinear relationship with an optimal point. The adjusted R² was 0.7855 
and indicates good explanatory power, although additional factors may contribute to variability. 
ANOVA confirms that the first order effects are significant (p = 0.00264), while interaction effects are 
not, ruling out synergistic influences. The quadratic effects are significant (p = 0.01292), 
demonstrating a curvilinear response pattern. The stationary point suggests that maximum 
antioxidant activity is achieved with 57.58% solvent, 55.96% power, and 29.29 minutes of extraction, 
underscoring the importance of these parameters for process optimization. To enhance laboratory 
reproducibility, the parameters were adjusted to 58% solvent, 60% power, and 30 minutes of 
extraction. 

 

Figure 1. Response surface for antioxidant capacity (DPPH). a) Effect of Solvent (%) and Power (%) on DPPH. b) 
Effect of Solvent (%) and time (min) on DPPH and c) Effect of Power (%) and time (min) on DPPH. 

The response surface model for antioxidant capacity measured by the DPPH assay, is described 
by the following quadratic equation: 𝐷𝑃𝑃𝐻 = 242.55 − 33.71𝑥ଵ − 1.94𝑥ଶ ൅ 7.36𝑥ଷ − 7.16𝑥ଵ𝑥ଶ − 10.59𝑥ଵ𝑥ଷ ൅ 7.82𝑥ଶ𝑥ଷ − 29.63𝑥ଵଶ൅ 14.51𝑥ଶଶ − 14.40𝑥ଷଶ                                                                         (1) 

This model accounts for linear, quadratic, and interaction effects, providing a mathematical 
representation of the relationship between the experimental factors and the DPPH response. The 
Figure 2a depicts the model fit by comparing the original experimental DPPH values against the 
predicted ones (dashed black line) including their range of variability (green shading). 
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Figure 2. a) Experimental against predicted values of DPPH. b) Model validation graph comparing predicted 
and experimental DPPH value at optimal conditions. 

2.5. Total Bio-Compounds Content  

The total bioactive compounds present in the Cauchao berry extract, including total phenolic 
content (TPC), total flavonoid content (TFC), and total anthocyanin content (TAC), were determined 
in the extract obtained under optimized conditions according to the RSM results. Table 4 shows the 
TPC, TFC, and TAC results. Phenolic compounds present in plant-based foods are classified as 
flavonoids, stilbenes, lignans, phenolic acids, and others distinguished by their chemical structures 
[28]. The TPC value of the Cauchao berry extract was 25.43 ± 0.85 mg GAE/g d.m., equivalent to 2543 
mg GAE/100 g d.m. This value is considerably higher than those reported for fresh fruits such as 
strawberry (317 – 443 mg/100 g), blackberry (411 – 678 mg/100 g), blueberry (154 – 585 mg/100 g), 
blackcurrant (817 – 1042 mg/100 g) and raspberry (192 – 529 mg/100 g) [16].  

Table 4. Bioactive compound content and antioxidant potential of optimized Cauchao berry extract. 

TPC (mg GAE/g d.m) 25.43 ± 0.85 

TFC (mg QE/g d.m) 46.51 ± 1.38 

TAC (mg cyanidin-3-glucoside/g d.m) 5.91 ± 0.40 

DPPH (µmol TE/g d.m) 289.54 ± 9.05 

ORAC (µmol TE/g d.m) 451.09 ± 6.04 
Values are expressed as mean ± standard deviation (n=3). 

The TFC of the optimized Cauchao berry extract was 46.51 ± 1.38 mg QE/g d.m., indicating a 
substantial concentration of these secondary metabolites. When compared to other similar native 
Chilean berries such as maqui (Aristotelia chilensis) and murta (Ugni molinae), which exhibit TFC 
values ranging from 43.06 ± 0.54 to 55.56 ± 5.60 mg QE/g d.m., respectively [19,29], the Cauchao berry 
demonstrates comparable levels. This similarity highlights its potential as a competitive source of 
flavonoids within native berry species.  

The TAC value was 5.91 ± 0.40 mg cyanidin-3-glucoside/g d.m. When compared to other berries, 
such as murta (6.85 mg cya-3-glu eq./g) [1], blackberry (2.10 mg cya-3-glu eq./g), blackcurrant (7.59 
mg cya-3-glu eq./g) and different blueberry cultivars (values between 0.03 and 0.66 mg cya-3-glu 
eq./g) [23]. Cauchao berry presents TAC values higher than most and comparable to those of murta 
and blackcurrant. This anthocyanin content supports its potential as a promising natural source of 
compounds beneficial to human health.  
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2.6. Antioxidant Potential  

Table 2 shows the antioxidant potential of optimized Cauchao berry extract evaluated by DPPH 
and ORAC assays. The antioxidant potential of the Cauchao berry extract was remarkable, with 
values of 289.54 ± 9.05 µmol TE/g d.m. and 451.09 ± 6.04 µmol TE/g d.m. for DPPH and ORAC, 
respectively. When compared to another similar berry such as murta (DPPH: 220 µmol TE/g d.m.; 
ORAC: 599.5 µmol TE/g d.m.) [29,30], blueberry (DPPH: 125.79 µmol TE/g d.m.; ORAC: 443.01 µmol 
TE/g d.m.) [31], fresh blackberry (DPPH: 295.8 ± 1.9 µmol TE/g; ORAC: 63.7 ± 0.2 µmol TE/g), 
dehydrated blackberry (DPPH: 1203.8 ± 27.9 µmol TE/g d.m.; ORAC: 236.8 ± 1.0 µmol TE/g d.m.) [32], 
the Cauchao berry presents equivalent values.  

2.7. α-Glucosidase Activity 

The enzyme α-glucosidase plays a key role in the hydrolysis of complex carbohydrates into 
simpler, absorbable sugars. Inhibiting its activity is an effective strategy to delay intestinal glucose 
absorption, thereby reducing postprandial glycemic spikes and potentially slowing the progression 
of type 2 diabetes mellitus [33]. The cauchao extract demonstrated a clear, concentration-dependent 
inhibition of α-glucosidase activity, with a progressive decline in enzymatic function from 67 % to 
nearly 0 % at concentrations exceeding 4 mg/mL (Figure 3). The resulting inhibition curve exhibited 
a decreasing hyperbolic kinetic profile, fitted using a non-linear exponential model, yielding an IC₅₀ 
of 0.558 ± 0.015 mg/mL, indicative of high inhibitory potency at relatively low concentrations. This 
value is competitive with other berry extracts reported in the literature, including mulberry fruit (IC₅₀ 
= 0.62 ± 0.06 mg/mL) [34], fermented murta berry juice (IC₅₀ = 805 ± 20 µg/mL) [35], and freeze-dried 
maqui extract (IC₅₀ = 0.315 ± 0.046 mg/mL) [27]. Notably, the strong inhibitory effect of the Cauchao 
extract was observed despite it being a crude, non-fractionated preparation.  

 

Figure 3. Inhibitory effect of Cauchao berry extract on α-glucosidase activity. Values are averages (n = 3), error 
bars are standard deviation. 

2.8. Phenolics Compound Profile  

The chromatographic profile of the Cauchao extract at 520 nm (Figure 4) revealed three well-
defined peaks at retention times of 12.27, 13.01, and 16.36 minutes, respectively. The major peak, 
eluting at 13.01 min and representing over 85% of the total area, was tentatively identified as 
chlorogenic acid, a hydroxycinnamic acid derivative, with a mean concentration of 3.17 mM. The 
smaller peaks at 12.27 and 16.36 min were associated with cyanidin, a representative anthocyanin 
(0.026 mM), and rutin, a flavonol glycoside (0.049 mM), respectively. A fourth compound, sinapic 
acid (a hydroxycinnamic acid), was also quantified at a relatively high mean concentration (1.52 mM), 
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yet was not clearly visualized in the 520 nm chromatogram. This discrepancy is likely due to its 
distinct spectral behavior, as hydroxycinnamic acids such as sinapic acid exhibit maximal absorbance 
in the 238–326 nm range [36], and therefore are poorly detected at anthocyanin-specific wavelengths. 
Altogether, these results highlight the co-occurrence of representative phenolic and anthocyanin 
compounds in the Cauchao extract, supporting its potential as a source of multifunctional bioactive 
compounds. 

 
Figure 4. chromatographic profile of the Cauchao berry extract at 520 nm, where three major peaks were detected 
at retention times of 12.27, 13.01, and 16.36 min, respectively. 

3. Discussion 

The proximal content showed, the freeze-dried Cauchao exhibited a significantly lower moisture 
content, which is essential for extending the fruit's shelf-life by reducing microbial activity and 
slowing enzymatic processes. This characteristic highlight freeze-drying as an effective preservation 
method, particularly for retaining the berries quality and nutritional value over time. The levels of 
crude fiber and fats are particularly noteworthy, as they suggest a high dietary fiber content and the 
presence of relevant fatty acids, respectively. These components are crucial due to their potential 
health benefits, including promoting digestive health and enhancing the overall nutritional profile. 
On the other hand, Cauchao berries are a rich source of sugars compared to other fruits with similar 
characteristics. Sugars are vital to plants, serving both as essential nutrients and as central signaling 
molecules that regulate gene expression involved in growth, development, metabolism, stress 
responses, and disease resistance [37]. 

In terms of dietary fiber, the IDF content was found to be significantly higher than that of SDF. 
This distinction is particularly noteworthy, as IDF has been widely recognized for its beneficial effects 
on human health. Studies have linked its consumption to a reduced risk of developing various 
diseases, including cardiovascular conditions, and type 2 diabetes [38]. Additionally, IDF plays a 
critical role in promoting digestive health by improving bowel regularity, preventing constipation 
and improves the production of short-chain fatty acids [39]. On the other hand, soluble dietary fiber 
is readily available for fermentation by fiber-degrading microorganisms in the intestine. This process 
results in the production of a variety of beneficial metabolites, such as short-chain fatty acids (SCFAs), 
which play a crucial role in maintaining gut health and other physiological functions such as increase 
satiety and reduce energy intake which leads to control appetite, improve insulin sensitivity, and 
reduce weight [40]. Also, Soluble dietary fibers can bind to metal ions like calcium, magnesium, iron, 
copper, and zinc, transporting them to the distal colon. As SDFs are degraded by local bacteria, the 
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released ions help inhibit pathogens, enhance gut microbiota diversity, and protect against infections 
[41]. According to the mentioned fiber properties, Cauchao berries could offer significant benefits 
that support gut health. 

The main fatty acids identified un Cauchao berry include linoleic acid (LA), oleic acid (OA) and 
palmitic acid (PA). These fatty acids are important for human health. Recent studies have suggested 
that LA may exhibit neuroprotective effects in both in vitro and in vivo models of Parkinson's disease, 
potentially by modulating lipid droplet dynamics [42]. On the other hand, it has also been shown 
that the consumption of LA reduces the risk of cardiovascular diseases in healthy individuals [43]. In 
the brain, OA is a key component of membrane phospholipids and is abundantly present in myelin. 
A notable reduction in OA levels has been observed in the brains of individuals suffering from major 
depressive disorders and Alzheimer's disease [44]. This decrease in OA may contribute to the 
pathophysiology of these conditions, as it plays a crucial role in maintaining neuronal function and 
integrity. Additionally, it has been suggested that OA may help lower blood pressure by enhancing 
endothelial function and may also reduce the risk of developing rheumatoid arthritis. Oleic acid is 
well-known for its health benefits, including its ability to regulate blood glucose levels, lower blood 
pressure, and provide anti-inflammatory and antimicrobial effects [45]. Palmitic acid is a crucial 
component of triglycerides in adipose tissue, and its presence in blood carries significant diagnostic 
implications. High consumption of palmitic acid has been associated with an increased risk of 
cardiovascular disease (CVD) and elevated levels of LDL and HDL cholesterol. Studies indicate that 
its intake correlates with a higher risk of heart failure and mortality due to CVD. PA promotes 
inflammation, contributing to the progression of CVD and cardiac damage [46]. However, recent 
studies have reported that palmitic acid (PA) has the potential to inhibit the proliferation of cancer 
cells, including those from prostate, gastric, and breast cancers, suggesting its potential as a basis for 
developing new therapeutic options for the treatment of various cancer types [47]. Linoleic acid, 
present in high concentrations in these berries, is not only essential for cardiovascular health but may 
also exhibit neuroprotective effects. Additionally, oleic acid, known for its antioxidant and anti-
inflammatory properties, contributes to the regulation of blood pressure and supports brain health. 
While excessive consumption of palmitic acid is associated with certain health risks, it is present in 
relatively low amounts in these berries and has been noted for its potential anti-tumor properties. 
Including these berries in the diet could represent a beneficial strategy for enhancing overall well-
being, mitigating the risk of cardiovascular diseases, and supporting neuronal function. 

α-Tocopherol is widely recognized for its antioxidant properties, as it neutralizes reactive 
oxygen species and prevents lipid peroxidation, thereby protecting cell membranes from oxidative 
damage [48]. This antioxidant action is essential for maintaining cellular integrity. Moreover, α-
Tocopherol may help prevent cardiovascular disease by modulating signaling pathways and 
reducing cell proliferation and oxidative stress. It also inhibits the uptake of oxidized low-density 
lipoprotein (oxLDL) by immune cells, preventing foam cell formation. Additionally, it decreases 
inflammation and apoptosis in macrophages. However, some studies suggest that it does not reduce 
lipid peroxidation in cardiovascular lesions [49]. In terms of its neuroprotective effects, α-tocopherol 
may contribute to the prevention and management of Alzheimer's disease (AD). Studies have shown 
that α-tocopherol reduces β-amyloid formation, exhibits antioxidant and anti-inflammatory 
properties, and supports mitochondrial function, potentially slowing AD progression. Additionally, 
higher intake has been linked to a reduced risk of dementia and mild cognitive impairment. 
However, further research is needed to validate its therapeutic potential [50]. Given its significant 
antioxidant, cardiovascular, and neuroprotective benefits, α-tocopherol stands out as a vital bioactive 
compound with potential therapeutic applications. The high concentration found in Cauchao berries, 
particularly in their freeze-dried form, underscores their nutritional value as a natural source of 
vitamin E. 

In the optimization analysis of the extraction process of bio-compounds with RSM; a stationary 
point was identified at X1= − 0.6209, X2= − 0.2019, X3= 0.4289 which, based on eigenanalysis, was 
characterized as a saddle point. These findings suggest that the response does not exhibit a clear 
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absolute maximum within range of the factors. However, this stationary point represents the most 
favorable predicted response within the studied conditions. The experimental value of DPPH at 
optimal conditions was 289.54 µmol TE/g d.m. (Table 4) and was higher than the value predicted by 
the model (254.79 µmol TE/g d.m.) as shows in Figure 2b, with an absolute error of 13.64 %. This 
difference can be attributed to natural experimental variability or to the presence of factors not fully 
accounted for by the quadratic model, such as variations in raw material composition. Nevertheless, 
the model proved to be a useful predictive tool, pointing toward experimental conditions that led to 
an even greater antioxidant response. These results confirm the practical applicability of the model 
for process optimization. 

The high concentration of TPC observed in the Cauchao berry extract could be due to the freeze-
drying process, which eliminates water content and concentrates bioactive compounds, as well as to 
the optimization of extraction conditions, which allowed greater recovery of phenolic compounds. 
These bioactive compounds are found in various dietary sources, such as tea, fruits, and vegetables, 
and have been shown to offer potential health benefits. Their antioxidant properties contribute to 
glycemic control, blood pressure regulation, and improved lipid profiles [51]. Additionally, phenolic 
compounds, due to their nontoxic nature, play a key role in neuroprotection, acting through 
antioxidant, anti-inflammatory, and autophagy-modulating mechanisms. In animal models, they 
have demonstrated the ability to inhibit biomarkers of inflammation, oxidative stress, and 
neurotoxicity. Furthermore, they regulate various signaling pathways involved in immune and 
neuronal responses. Their effects include protecting neurons from neurotoxins, reducing 
neuroinflammation, and improving memory and cognitive function [52]. The TPC value not only 
positions Cauchao berry as a natural source rich in phenolic compounds, but also suggests its possible 
application in the prevention of diseases associated with oxidative stress and neurodegenerative 
disorders. Flavonoids constitute a class of polyphenolic compounds widely distributed in the cells 
and surfaces of various plant tissues. Beyond their role in plant pigmentation, these compounds are 
distinguished by their importance as bioactive agents, involved in multiple physiological functions 
[53]. Flavonoids exhibit diverse biological activities, including antioxidant, anti-inflammatory, 
antimicrobial, cardioprotective, and anticancer effects, largely attributed to their hydroxyl groups. 
Compounds such as quercetin, myricetin, and apigenin contribute to the reduction of oxidative stress, 
cholesterol, and the risk of cardiovascular and chronic diseases [54]. Some flavonoids are being 
studied for their neuroprotective properties, associated with their antioxidant and anti-inflammatory 
properties. These compounds can cross the blood-brain barrier and reach specific brain regions. Their 
therapeutic potential is highlighted in neurodegenerative and ischemic diseases, such as Alzheimer's, 
Parkinson's, and stroke [55]. Several natural flavonoids have demonstrated neuroprotective effects 
by reducing oxidative damage, regulating mitochondrial dysfunction, and modulating cellular 
pathways such as Nrf2 (nuclear factor erythroid-related factor 2), ERK (extracellular signal-regulated 
kinase), and Akt (protein kinase B). Compounds such as catechins, ampelopsin, and pinocembrin 
stand out for their ability to prevent neuronal death. Therefore, flavonoids are emerging as promising 
therapeutic agents against neurodegeneration in Parkinson's disease [56].  Anthocyanins are natural 
pigments that give fruits, leaves, and flowers their characteristic red, blue, and purple colors. In 
addition, they are notable for their potent antioxidant and anti-inflammatory effects, helping to 
prevent diseases such as diabetes, obesity, hypertension, and certain types of cancer, especially colon 
cancer. These benefits are largely due to their ability to block NF-κB (Nuclear Factor kappa-light-
chain-enhancer of activated B cells) mediated inflammatory pathways, thus helping to maintain 
cardiovascular and metabolic health. However, their effect may vary depending on the specific 
structure of each compound [57]. Anthocyanins are also notable for their potential to combat 
neurodegenerative diseases. These pathologies share processes such as brain inflammation, oxidative 
stress, and neuronal damage due to excessive stimuli, where anthocyanins act by blocking and 
modulating these pathways. Therefore, they are emerging as promising allies in protecting and 
improving neurological health [58]. The remarkable anthocyanin content of the Cauchao berry, 
comparable to that of other recognized fruits, supports its potential as a natural source of bioactive 
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compounds with health benefits. These results not only confirm the bioactive richness of the Cauchao 
berry, but also open a promising field of research towards its nutraceutical and neuroprotective use 
in humans.  

Antioxidant potential comes from key compounds (phenols and flavonoids present in fruits and 
vegetables) that prevent the oxidation of lipids, proteins, and other biomolecules, protecting both 
food and the human body from damage caused by reactive oxygen species (ROS). In foods, they 
extend shelf-life while maintaining flavor, color, and texture. In humans, they reduce the risk of 
chronic diseases such as cardiovascular disease. Antioxidant efficacy depends on their chemical 
structure, bioaccessibility, and metabolism [59]. It is important to consider that the evaluation of 
antioxidant potential using the DPPH and ORAC methods provide complementary information, as 
both are based on different action mechanisms and therefore cannot be compared. The determination 
of the antioxidant capacity of natural extracts can vary considerably depending on the in vitro 
method used. This variability is due to the fact that no single assay is capable of considering the 
complexity of the antioxidant mechanisms involved, the distribution of compounds in heterogeneous 
matrices, or the influence of other components present in the system. Therefore, the use of more than 
one complementary analytical method is recommended to obtain a more robust and objective 
assessment of antioxidant capacity [60]. 

The DPPH assay measures the capacity of antioxidants to donate electrons or hydrogens to a 
free radical (DPPH), reflected by the decrease in absorbance assessed at 515–520 nm. The DPPH 
radical does not exist in biological systems and can interfere, especially in the presence of certain 
solvents, which can underestimate antioxidant activity. However, it is simple, inexpensive, rapid, 
and widely used to compare the antioxidant activity of extracts or pure compounds. On the other 
hand, the ORAC method evaluates the ability of compounds to neutralize peroxyl radicals generated 
by AAPH (2,2'-azobis(2-methylpropionamidine) dihydrochloride) through the oxidative 
degradation of a fluorescent molecule (such as fluorescein). The loss of fluorescence indicates 
oxidative damage, while the presence of antioxidants reduces this loss [61]. The comparable values 
obtained in similar fruits in both assays indicates that the Cauchao berry possesses a combination of 
compounds capable of acting through different mechanisms, which increases its relevance from a 
nutritional and functional perspective. In this context, the results obtained reinforce the potential 
application of this berry as a bioactive ingredient in the development of functional foods or 
nutraceuticals aimed at preventing cellular oxidative damage, with a potential positive impact on 
human health.  

A notable inhibitory effect of Cauchao berry extract on the enzyme α-glucosidase was observed. 
Although the precise mechanism of inhibition is not clarified in this study, this effect may be 
attributed to synergistic interactions among multiple phenolic constituents in the Cauchao berry 
matrix, which is consistent with the complex phytochemical profile of native berries. From a 
functional standpoint, this type of enzyme inhibition is particularly relevant for postprandial 
glycemic regulation, as early modulation of carbohydrate digestion can help mitigate glucose surges 
following meals. Accordingly, Cauchao extract emerges as a promising candidate for integration into 
functional foods or nutraceutical products targeting dietary glycemic control, particularly in 
individuals at risk of insulin resistance or type 2 diabetes. Furthermore, a strong association has been 
reported between metabolic regulation and the progression of neurodegenerative diseases, including 
Parkinson’s disease. It has been noted that type 2 diabetes not only increases the risk of developing 
Parkinson's disease but also accelerates its clinical progression [62]. Given that this condition is 
amenable to dietary and pharmacological interventions, the inhibitory effect of Cauchao extract on 
the α-glucosidase enzyme is particularly relevant for future studies exploring potential 
neuroprotective effects.  

In this study, the phenolic profile of Cauchao, was analyzed using high-performance liquid 
chromatography (HPLC). The results revealed the presence of several bioactive phenolic compounds, 
including chlorogenic acid, sinapic acid, cyanidin and its glycosylated derivatives, and rutin. 
Chlorogenic acid (CGA) was the main component identified in the Cauchao extract. This compound, 
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an ester of caffeic acid and quinic acid, is one of the most abundant phenolic acids in nature and is 
found in foods such as coffee, eggplant, tomato, and various fruits [63]. CGA has been widely studied 
for its antioxidant and anti-inflammatory properties. CGA has been shown to modulate the 
production of inflammatory mediators such as TNF-α, IL-1β, IL-6, IL-8, NO, and PGE2, and regulate 
key signaling pathways such as NF-κB, MAPK, and Nrf2, providing protective effects against 
cardiovascular disease and diabetes mellitus [64]. Furthermore, CGA has been reported to exert 
neuroprotective effects in zebrafish (MPTP) and SH-SY5Y (6-OHDA) cell-based Parkinson's disease 
models, attenuating the loss of dopaminergic neurons, decreasing apoptosis, and improving 
locomotion [65]. Likewise, kinetic studies have shown that CGA significantly inhibits β-amyloid (Aβ) 
aggregation, implicated in the pathophysiology of Alzheimer's [66]. These evidences support the 
potential of Cauchao extract as a source of bioactive compounds, particularly in the prevention and 
management of diseases related to oxidative stress and inflammation. 

Sinapic acid (SA) was the second major compound identified in the Cauchao extract. This 
compound is a hydroxycinnamic acid and is present in various plant sources, including fruits such 
as lemons, oranges, and berries, and is also present in cereals and oilseeds [67]. This compound has 
been widely studied for its antioxidant, anti-inflammatory, and neuroprotective properties. SA has 
been reported to block LPS-induced activation of mitogen-activated protein kinases (MAPKs) and 
protein kinase B (AKT) signaling [68]. Furthermore, it has been shown to exert neuroprotective effects 
in human neuroblastoma (SHSY5Y), with mitigation of anti-inflammatory markers such as IL-1β and 
TNF-α and decreased ROS levels [69]. The identification of chlorogenic acid and sinapic acid as the 
major compounds in the Cauchao extract provides preliminary information on its functional 
potential. While these findings do not allow direct biological effects to be established, they do suggest 
that the extract could constitute an interesting natural source of bioactive compounds relevant to 
health. 

Finally, the freeze-dried Cauchao berry extract demonstrates a rich and diverse profile of 
bioactive compounds, including phenolics, flavonoids, anthocyanins, and essential fatty acids, which 
collectively contribute to its remarkable antioxidant and metabolic properties. The evidence 
presented highlights not only the berry's nutritional value but also its promising applicability in the 
development of functional foods, nutraceuticals, and preventive strategies for oxidative stress-related 
diseases. Future studies are warranted to further explore the bioavailability, molecular mechanisms, 
and clinical efficacy of Cauchao derived compounds, paving the way for their potential integration 
into therapeutic and dietary interventions aimed at improving human health. 

4. Materials and Methods

4.1. Raw Material 

Cauchao berries (Amomyrtus luma) were sourced from artisanal collectors on Chiloé Island, 
located in the Los Lagos region of Chile. The berries were cleaned and carefully selected to ensure 
they were free from physical damage. One portion was stored in plastic bags and refrigerated at 4 °C 
until use, while another portion was freeze-dried and stored in a sealed plastic bag at -18 °C until 
needed. 

4.2. Proximate Composition and Reducing Sugars 

Lipid content was measured through gravimetric analysis after Soxhlet extraction. Crude fiber 
was determined by performing acid and alkaline hydrolysis on insoluble residues. The crude protein 
content was assessed using the Kjeldahl method, applying a conversion factor of 6.25. Crude ash 
content was quantified by incinerating the sample in a muffle furnace at 550 °C. Moisture content 
was analyzed gravimetrically. All procedures adhered to the guidelines set by the Association of 
Official Analytical Chemists [70]. Available carbohydrates were calculated by subtracting other 
components, and all analyses were conducted in triplicate. On the other hand, the reducing sugar 
content was determined using the Miller Method [71], which involves the use of Dinitrosalicylic Acid 
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(DNS) reagent and spectrophotometric measurement at 540 nm. The analysis was performed in 
triplicate. 

4.3. Dietary Fiber Content 

The determination of soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) was conducted 
using the gravimetric-enzymatic method described in AOAC Method No. 991.43. The analysis 
employed a Total Dietary Fiber Test Kit (TDF100A, Sigma-Aldrich, St. Louis, Missouri, USA) in 
conjunction with an Enzymatic Digestion Unit and Filtration System (VELP Scientifica, GDE-CSF6, 
Usmate, Italy). Total dietary fiber (TDF) was calculated as the sum of SDF and IDF. All analyses were 
performed in triplicate to ensure accuracy. 

4.4. Fatty Acids Profile and α-Tocopherols Content 

The oil sample from maqui was extracted following the Bligh and Dyer method (1959) [72] . Fatty 
acid methyl esters were prepared by saponifying the oil sample with 2 N KOH in methanol, followed 
by vortex agitation for 1 minute. Methylated fatty acids were then extracted using 300 µL of n-hexane 
with an additional agitation step lasting 3 minutes. The resulting supernatant was analyzed using a 
gas chromatograph (Agilent Technologies, model 6890N Network GC System) equipped with a 
flame-ionization detector. The chromatographic conditions for the analysis were as follows: an SP 
2560 column was used with a detector temperature set at 260 °C and an injector temperature at 250 
°C. The oven temperature program began at 100 °C, held for 5 minutes, followed by an increase of 4 
°C/min until reaching 240 °C, which was maintained for 30 minutes. Helium was used as the carrier 
gas with a linear velocity of 20 cm/s. The split ratio was 1:100, and the injection volume was 1 µL. 

The α-tocopherol content was analyzed following the method described by Quispe-Fuentes et 
al. (2020) [27]. The procedure involved weighing 25 mg of extract, which was then mixed with 1 mL 
of methanol/BHT and stirred for 3 minutes. The resulting supernatant was filtered using 0.45 µm 
syringe filters and injected into an HPLC system. Quantification of α-tocopherol were conducted 
using HPLC with fluorescence detection. The analysis employed a Kromasil 100-5 C18 column (250 
× 4.6 mm) with a mobile phase composed of methanol (1:1 v/v) at a flow rate of 1.2 mL/min. The 
fluorescence detector was set at excitation and emission wavelengths of 295 nm and 325 nm, 
respectively. Measurements were performed in triplicate, and the results were expressed as µg of α-
tocopherol/g extract. 

4.5. Ultrasound/Solvent Extraction 

The extraction of bioactive compounds will be conducted using freeze-dried samples and an 
aqueous methanol solution, following the methodology described by Chandra Singh, Probst, Price, 
and Kelso (2022) [73]. This process will be enhanced with the application of ultrasound technology 
(BIOBASE UC-30si, Jinan, China). Key parameters such as extraction time, ultrasound power, and 
solvent concentration will be assessed at three levels, as detailed in Table 1. Cauchao berry powder 
will be mixed with the solvent at a 1:12 ratio and subjected to ultrasound treatment in a water bath 
maintained at 35 °C. After the designated processing time, the supernatant will be filtered, and the 
remaining solid residue will undergo a second extraction. The combined filtered extracts will then be 
stored at -80 °C until further use.  

4.6. Optimization of Extraction Method 

The experimental design consists of three factors with three levels each: time extraction (15, 25 
and 35 min), ultrasound power (40, 60 and 80 %), and solvent concentration (50, 70 and 90 %) 
obtaining 27 combinations, respectively. These combinations were created using Rstudio software 
with the AlgDesign library and then optimized using Box-Behnken model reducing to 17 
representative combinations as shown in Table 3. The factors were codex by coded.data function 
according with coded data = ((factor – center point)/amplitude). The experiments will be carried out 
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in triplicate using freeze-drying Cauchao berry samples. The response surface methodology (RSM), 
implemented through the RSM library in RStudio, was utilized to determine the optimal combination 
of factors that maximize the extraction of bioactive compounds, evaluated by their antioxidant 
capacity using the DPPH assay. 

4.7. Total Bio-Compounds Content 

The total bio-compound content was evaluated in optimized cauchao berry extract for total 
phenolic content (TPC), total flavonoid content (TFC) and total Anthocyanin content (TAC)  

The total phenolic content was determined using the Folin-Ciocalteu assay, following the 
method described by Rodríguez et al. (2014) [74] with slight modifications. Briefly, 15 µL of the extract 
was combined with 100 µL of Folin-Ciocalteu reagent (0.2 N) in a microplate. Subsequently, 100 µL 
of sodium carbonate solution (60 mg/mL) was added, and the mixture was incubated in the dark at 
room temperature for 90 minutes. After incubation, the TPC was quantified by measuring the 
absorbance at 750 nm using a Multiplate Reader (Perkin-Elmer, Victor™ X3, Turku, Finland). A 
calibration curve was constructed using gallic acid as the standard, and TPC results were expressed 
as milligrams of gallic acid equivalents (GAE) per gram of dry matter (d.m.).   

The total flavonoid content was quantified following the methodology outlined by Dini et al. 
(2010) with minor adjustments. A volume of 500 µL of the optimized pomace extract was mixed with 
150 µL of sodium nitrite (5%) and vortexed thoroughly. The mixture was left to rest for 5 minutes 
before adding 150 µL of aluminum chloride hexahydrate (AlCl₃·6H₂O, 10%). It was then incubated at 
room temperature in the dark for 6 minutes. To terminate the reaction, 1 mL of sodium hydroxide 
(NaOH, 1 M) was added, followed by the addition of 1.2 mL of ultrapure water. The absorbance of 
the final mixture was measured at 415 nm using a spectrophotometer (Thermo Scientific, ORION 
AQUAMATE 8000, Madison, USA). A calibration curve was constructed using quercetin as the 
standard, and TFC values were expressed as milligrams of quercetin equivalents (QE) per gram of 
dry matter (d.m.). 

The total anthocyanin content (TAC) was determined using the pH differential method as 
described in De Souza et al. (2014) [75]. The red cabbage extract was diluted separately in buffers 
with pH 1.0 and pH 4.5. Absorbance measurements were taken at 510 nm and 700 nm for both buffer 
solutions. The difference in absorbance (A) was calculated using equation 1: 𝐴 = (𝐴ହଵ଴ − 𝐴଻଴଴)𝑝𝐻ଵ.଴ − (𝐴ହଵ଴ − 𝐴଻଴଴)𝑝𝐻ସ.ହ                            (1) 

The total anthocyanin content, expressed as cyanidin-3-glucoside equivalents, was computed 
using the equation 2: TAC = (A × MW × DF × Ve × 1000)/(ε × 1 × M)                  (2) 

In the equation 2, MW represents the molecular weight of cyanidin-3-glucoside (449 g/mol), DF 
denotes the dilution factor, Ve is the volume of the extract, ε corresponds to the molar extinction 
coefficient of cyanidin-3-glucoside (26,900 L·mol⁻¹·cm⁻¹), and M refers to the mass of the sample used 
for extraction. This method provides a reliable quantification of anthocyanins by leveraging their pH-
dependent color changes, making it a widely used approach for evaluating anthocyanin content in 
plant-based extracts. 

4.8. Antioxidant Potential 

The functional properties were determined in optimized Cauchao berry extract. The antioxidant 
capacity was evaluated using the DPPH assay, following the method described by Grajeda-Iglesias 
et al. (2016) [76] with minor modifications. For the assay, 20 µL of red cabbage extract was mixed 
with 180 µL of freshly prepared DPPH solution (120 µM in 80% methanol) in 96-well microplates. 
The reaction mixture was incubated for 30 minutes in a multiplate reader (Perkin-Elmer, Victor™ X3, 
Hamburg, Germany). Trolox served as the standard for constructing a calibration curve ranging from 
1 to 500 µM (y = −0.001𝑥 + 0.5855; R² = 0.9921). Absorbance was measured at 510 nm, and the results 
were expressed as µmol Trolox equivalents (TE) per gram of dry matter (d.m.). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 15 of 20 

 

The ORAC (Oxygen Radical Absorbance Capacity) assay was conducted according to the 
methodology described by Uribe et al. (2014) [77]. In a 96-well microplate reader (Perkin Elmer, 
Victor™ X3, Hamburg, Germany), 50 µL of red cabbage extract was mixed with 40 µL of phosphate 
buffer (pH 7.4). Subsequently, 200 µL of fluorescein (100 nM) was added to each well, and the mixture 
was incubated at 37 °C for 20 minutes. Following incubation, 35 µL of an AAPH solution (0.36 M) 
was added to initiate the reaction. Fluorescence readings were performed at excitation (λex) and 
emission (λem) wavelengths of 485 nm and 535 nm, respectively. The calibration curve for the ORAC 
assay was generated by plotting Trolox concentrations (5–250 µM) against the area under the 
fluorescence decay curve, yielding the equation: y = 0.00002𝑥 - 26.664 (R² = 0.9769). Results were 
expressed as Trolox equivalents (µmol TE) per gram of dry matter (d.m.). 

4.9. α-Glucosidase Activity 

The enzymatic activity of α-glucosidase was assessed following the method described by 
Quispe-Fuentes et al. (2023) [78], with minor modifications. In a 96-well microplate, 50 µL of 
optimized cauchao berry extract at varying concentrations (0.2–2 mg/mL) was mixed with 100 µL of 
α-glucosidase (0.5 U/mL; Saccharomyces cerevisiae, Sigma G5003, USA) and incubated at 25 °C for 
10 minutes. After the preincubation period, 50 µL of 4-nitrophenyl α-D-glucopyranoside (Sigma 
N1377, Switzerland) dissolved in 0.1 M phosphate buffer (pH 6.9) was added. The absorbance was 
measured at 405 nm using a Victor™ 3 multilabel plate reader, with the readings compared to a 
control containing 50 µL of buffer solution, representing the maximum enzymatic activity. 
Measurements were recorded every 30 seconds for 10 minutes. Sample and concentration were tested 
in triplicate, and α-glucosidase activity was calculated as a percentage based on the slope of the 
resulting exponential curve. Acarbose was used as a reference standard to compare the IC₅₀ values of 
the extract. 

4.10. Phenolics Compound Profile 

Three injections (20 µl) of each sample were made in the quantification of phenolic compounds 
was performed by HPLC-DAD analysis (Shimadzu Corporation, Kyoto, Japan) equipped with a 
Nucleosil® 300 C18 column (25.0 cm×4.6 mm; 5 µm particle size) [79]. The mobile phase comprised 
two solvents: eluent A was a mixture of water and formic acid (99:1, v/v), and eluent B was 
acetonitrile. The solvent system started with 8 % of B, rising to 15 % after 25 min, 22 % after 55 min, 
and 40 % after 60 min. The calibration curves were obtained from standard solutions at 6 different 
concentrations, the graphs of these showed a good correlation of 0. 99 for all standards (cyanidin 3-
O-glucoside derivative 1, cyanidin 3-O-glucoside derivative 2, quantified as petunidin 3-O-
ruthinoside, and quercetin derivatives were quantified as quercetin 3-O-glucoside). 

5. Conclusions 

The Cauchao berry (Amomyrtus luma) is unveiled as a novel and potent source of bioactive 
compounds with significant antioxidant and metabolic activities. Optimized extraction yielded a 
phytochemical-rich profile, highlighting the total content of phenols, flavonoids, anthocyanins, 
essential fatty acids, and α-tocopherol, linked to a robust antioxidant capacity and potent α-
glucosidase inhibition. The identification of chlorogenic and sinapic acids reinforces its potential to 
combat oxidative stress, metabolic disorders, and neurodegenerative processes. These results not 
only spotlight the Cauchao berry as a valuable native resource for the development of functional 
foods and nutraceuticals, but also open new avenues for future research into its bioavailability, 
mechanisms of action, and clinical applications. 

Author Contributions: Methodology, L.S.G-P and R.L.V; formal analysis, L.S.G-P, J.P and V.G; investigation, 
L.S.G-P; writing—original draft preparation, L.S.G-P; writing—review and editing, R.L.V; project 
administration, L.S.G-P.; funding acquisition, R.L.V and L.S.G-P. All authors have read and agreed to the 
published version of the manuscript.”. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 16 of 20 

 

Funding: This work was directly funded by Fondecyt 1230980 (R.L.V.). We also thank the support from 
FONDAP program 15150012 and Postdoctoral ANID fellow N° 3240049 (L.S.G-P). 

Institutional Review Board Statement: “Not applicable.” 

Informed Consent Statement: “Not applicable.” 

Data Availability Statement: We encourage all authors of articles published in MDPI journals to share their 
research data. 

Conflicts of Interest: “The authors declare no conflicts of interest.”. 

References 

1. Vega-Galvez, A.; Rodríguez, A.; Stucken, K. Antioxidant, Functional Properties and Health-promoting 
Potential of Native South American Berries: A Review. J Sci Food Agric 2021, 101, 364–378, 
doi:10.1002/jsfa.10621. 

2. Pap, N.; Fidelis, M.; Azevedo, L.; Do Carmo, M.A.V.; Wang, D.; Mocan, A.; Pereira, E.P.R.; Xavier-Santos, 
D.; Sant’Ana, A.S.; Yang, B.; et al. Berry Polyphenols and Human Health: Evidence of Antioxidant, Anti-
Inflammatory, Microbiota Modulation, and Cell-Protecting Effects. Current Opinion in Food Science 2021, 42, 
167–186, doi:10.1016/j.cofs.2021.06.003. 

3. Cordero, S.; Abello, L.; & Gálvez, F. Plantas Silvestres Comestibles y Medicinales de Chile y Otras Partes 
Del Mundo. 2017, Madera ed. Concepción  

4. Falkenberg, S.; Tarnow, I.; Guzman, A.; Mølgaard, P.; Simonsen, T. Mapuche Herbal Medicine Inhibits 
Blood Platelet Aggregation. Hindawi Publishing Corporation, Evidence-Based Complementary and Alternative 
Medicine 2012, doi:10.1155/2012/647620 

5. Weyerstahl, P.; Marschall, H.; Landrum, L.R. Constituents of the Leaf Extract of Amomyrtus Meli (R. A. 
Philippi) Legrand et Kausel, Amomyrtus Luma (Molina) Legrand et Kausel and of Amomyrtella Guili (Speg.) 
Kausel. Flavour & Fragrance J 1992, 7, 247–251, doi:10.1002/ffj.2730070503. 

6. Archaina, D.; Leiva, G.; Salvatori, D.; Schebor, C. Physical and Functional Properties of Spray-Dried 
Powders from Blackcurrant Juice and Extracts Obtained from the Waste of Juice Processing. Food sci. technol. 
int. 2018, 24, 78–86, doi:10.1177/1082013217729601. 

7. Gagneten, M.; Corfield, R.; Mattson, M.G.; Sozzi, A.; Leiva, G.; Salvatori, D.; Schebor, C. Spray-Dried 
Powders from Berries Extracts Obtained upon Several Processing Steps to Improve the Bioactive 
Components Content. Powder Technology 2019, 342, 1008–1015, doi:10.1016/j.powtec.2018.09.048. 

8. Chemat, F.; Zill-e-Huma; Khan, M.K. Applications of Ultrasound in Food Technology: Processing, 
Preservation and Extraction. Ultrasonics Sonochemistry 2011, 18, 813–835, doi:10.1016/j.ultsonch.2010.11.023. 

9. Dzah, C.S.; Duan, Y.; Zhang, H.; Wen, C.; Zhang, J.; Chen, G.; Ma, H. The Effects of Ultrasound Assisted 
Extraction on Yield, Antioxidant, Anticancer and Antimicrobial Activity of Polyphenol Extracts: A Review. 
Food Bioscience 2020, 35, 100547, doi:10.1016/j.fbio.2020.100547. 

10. Vázquez-Espinosa, M.; V. González De Peredo, A.; Ferreiro-González, M.; Carrera, C.; Palma, M.; F. 
Barbero, G.; Espada-Bellido, E. Assessment of Ultrasound Assisted Extraction as an Alternative Method for 
the Extraction of Anthocyanins and Total Phenolic Compounds from Maqui Berries (Aristotelia Chilensis 
(Mol.) Stuntz). Agronomy 2019, 9, 148, doi:10.3390/agronomy9030148. 

11. Watrelot, A.A.; Bouska, L. Optimization of the Ultrasound-Assisted Extraction of Polyphenols from Aronia 
and Grapes. Food Chemistry 2022, 386, 132703, doi:10.1016/j.foodchem.2022.132703. 

12. López, J.; Vera, C.; Bustos, R.; Florez-Mendez, J. Native Berries of Chile: A Comprehensive Review on 
Nutritional Aspects, Functional Properties, and Potential Health Benefits. Food Measure 2021, 15, 1139–1160, 
doi:10.1007/s11694-020-00699-4. 

13. Lemus-Mondaca, R.; Ah-Hen, K.; Vega-Gálvez, A.; Zura-Bravo, L. Effect of High Hydrostatic Pressure on 
Rheological and Thermophysical Properties of Murtilla (Ugni Molinae Turcz) Berries. J Food Sci Technol 
2016, 53, 2725–2732, doi:10.1007/s13197-016-2244-6. 

14. Al Hasani, S.; Al-Attabi, Z.; Waly, M.; Al-Habsi, N.; Al-Subhi, L.; Shafiur Rahman, M. Polyphenol and 
Flavonoid Stability of Wild Blueberry (Sideroxylon Mascatense) during Air- and Freeze-Drying and 
Storage Stability as a Function of Temperature. Foods 2023, 12, 871, doi:10.3390/foods12040871. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 17 of 20 

 

15. Issis, Q.-F.; Antonio, V.-G.; Elsa, U.; Valeria, V.; Nicole, C.; Jacqueline, P. Vacuum Drying Application to 
Maqui (Aristotelia Chilensis [Mol] Stuntz) Berry: Weibull Distribution for Process Modelling and Quality 
Parameters. J Food Sci Technol 2019, 56, 1899–1908, doi:10.1007/s13197-019-03653-5. 

16. Golovinskaia, O.; Wang, C.-K. Review of Functional and Pharmacological Activities of Berries. Molecules 
2021, 26, 3904, doi:10.3390/molecules26133904. 

17. He, Y.; Wang, B.; Wen, L.; Wang, F.; Yu, H.; Chen, D.; Su, X.; Zhang, C. Effects of Dietary Fiber on Human 
Health. Food Science and Human Wellness 2022, 11, 1–10, doi:10.1016/j.fshw.2021.07.001. 

18. Cabrera-Barjas, G.; Quezada, A.; Bernardo, Y.; Moncada, M.; Zúñiga, E.; Wilkens, M.; Giordano, A.; Nesic, 
A.; Delgado, N. Chemical Composition and Antibacterial Activity of Red Murta (Ugni Molinae Turcz.) 
Seeds: An Undervalued Chilean Resource. Food Measure 2020, 14, 1810–1821, doi:10.1007/s11694-020-00428-
x. 

19. Gómez-Pérez, L.S.; Moraga, N.; Ah-Hen, K.S.; Rodríguez, A.; Vega-Gálvez, A. Dietary Fibre in Processed 
Murta (Ugni Molinae Turcz) Berries: Bioactive Components and Antioxidant Capacity. J Food Sci Technol 
2022, 59, 3093–3101, doi:10.1007/s13197-022-05416-1. 

20. Bederska-Łojewska, D.; Pieszka, M.; Marzec, A.; Rudzińska, M.; Grygier, A.; Siger, A.; Cieślik-Boczula, K.; 
Orczewska-Dudek, S.; Migdał, W. Physicochemical Properties, Fatty Acid Composition, Volatile 
Compounds of Blueberries, Cranberries, Raspberries, and Cuckooflower Seeds Obtained Using Sonication 
Method. Molecules 2021, 26, 7446, doi:10.3390/molecules26247446. 

21. Waehler, R. Fatty Acids: Facts vs. Fiction. International Journal for Vitamin and Nutrition Research 2023, 93, 
268–288, doi:10.1024/0300-9831/a000713. 

22. Marangoni, F.; Agostoni, C.; Borghi, C.; Catapano, A.L.; Cena, H.; Ghiselli, A.; La Vecchia, C.; Lercker, G.; 
Manzato, E.; Pirillo, A.; et al. Dietary Linoleic Acid and Human Health: Focus on Cardiovascular and 
Cardiometabolic Effects. Atherosclerosis 2020, 292, 90–98, doi:10.1016/j.atherosclerosis.2019.11.018. 

23. Zorzi, M.; Gai, F.; Medana, C.; Aigotti, R.; Morello, S.; Peiretti, P.G. Bioactive Compounds and Antioxidant 
Capacity of Small Berries. Foods 2020, 9, 623, doi:10.3390/foods9050623. 

24. Murru, E.; Manca, C.; Carta, G.; Banni, S. Impact of Dietary Palmitic Acid on Lipid Metabolism. Front. Nutr. 
2022, 9, 861664, doi:10.3389/fnut.2022.861664. 

25. Lee, G.Y.; Han, S.N. The Role of Vitamin E in Immunity. Nutrients 2018, 10, 1614, doi:10.3390/nu10111614. 
26. López, J.; Shun Ah-Hen, K.; Vega-Gálvez, A.; Morales, A.; García-Segovia, P.; Uribe, E. Effects of Drying 

Methods on Quality Attributes of Murta ( Ugni Molinae Turcz) Berries: Bioactivity, Nutritional Aspects, 
Texture Profile, Microstructure and Functional Properties. J Food Process Engineering 2017, 40, e12511, 
doi:10.1111/jfpe.12511. 

27. Quispe-Fuentes, I.; Vega-Gálvez, A.; Aranda, M.; Poblete, J.; Pasten, A.; Bilbao-Sainz, C.; Wood, D.; 
McHugh, T.; Delporte, C. Effects of Drying Processes on Composition, Microstructure and Health Aspects 
from Maqui Berries. J Food Sci Technol 2020, 57, 2241–2250, doi:10.1007/s13197-020-04260-5. 

28. Belščak-Cvitanović, A.; Durgo, K.; Huđek, A.; Bačun-Družina, V.; Komes, D. Overview of Polyphenols and 
Their Properties. In Polyphenols: Properties, Recovery, and Applications; Elsevier, 2018; pp. 3–44 ISBN 978-0-
12-813572-3. 

29. Rodríguez, K.; Ah-Hen, K.S.; Vega-Gálvez, A.; Vásquez, V.; Quispe-Fuentes, I.; Rojas, P.; Lemus-Mondaca, 
R. Changes in Bioactive Components and Antioxidant Capacity of Maqui, Aristotelia Chilensis [Mol] 
Stuntz, Berries during Drying. LWT 2016, 65, 537–542, doi:10.1016/j.lwt.2015.08.050. 

30. López, J.; Vega-Gálvez, A.; Ah-Hen, K.S.; Rodríguez, A.; Quispe-Fuentes, I.; Delporte, C.; Valenzuela-Barra, 
G.; Arancibia, Y.; Zambrano, A. Evaluation of the Antioxidant, Anti-Inflammatory, and Anti-Tumoral 
Properties of Bioactive Compounds Extracted from Murta Berries (Ugni Molinae T.) Dried by Different 
Methods. Front. Plant Sci. 2023, 14, 1095179, doi:10.3389/fpls.2023.1095179. 

31. Uribe, E.; Vega-Galvez, A.; Pasten, A.; Ah-Hen, K.S.; Mejias, N.; Sepúlveda, L.; Poblete, J.; Gomez-Perez, 
L.S. Drying: A Practical Technology for Blueberries (Vaccinium Corymbosum L.)—Processes and Their 
Effects on Selected Health-Promoting Properties. Antioxidants 2024, 13, 1554, doi:10.3390/antiox13121554. 

32. Lutz, M.; Hernández, J.; Henríquez, C. Phenolic Content and Antioxidant Capacity in Fresh and Dry Fruits 
and Vegetables Grown in Chile. CyTA Journal of Food 2015, 13, 541–547, 
doi:http://dx.doi.org/10.1080/19476337.2015.1012743. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 18 of 20 

 

33. Mechchate, H.; Es-safi, I.; Louba, A.; Alqahtani, A.S.; Nasr, F.A.; Noman, O.M.; Farooq, M.; Alharbi, M.S.; 
Alqahtani, A.; Bari, A.; et al. In Vitro Alpha-Amylase and Alpha-Glucosidase Inhibitory Activity and In 
Vivo Antidiabetic Activity of Withania Frutescens L. Foliar Extract. Molecules 2021, 26, 293, 
doi:10.3390/molecules26020293. 

34. Wattanathorn, J.; Kawvised, S.; Thukham-mee, W. Encapsulated Mulberry Fruit Extract Alleviates Changes 
in an Animal Model of Menopause with Metabolic Syndrome. Oxidative Medicine and Cellular Longevity 
2019, 2019, 1–23, doi:10.1155/2019/5360560. 

35. Escobar-Beiza, N.; Pérez-Correa, J.R.; Franco, W. Fermentation of Murta (Ugni Molinae) Juice: Effect on 
Antioxidant Activity and Control of Enzymes Associated with Glucose Assimilation. IJMS 2023, 24, 15197, 
doi:10.3390/ijms242015197. 

36. Robbins, R.J. Phenolic Acids in Foods: An Overview of Analytical Methodology. J. Agric. Food Chem. 2003, 
51, 2866–2887, doi:10.1021/jf026182t. 

37. Khatri, D.; Chhetri, S.B.B. Reducing Sugar, Total Phenolic Content, and Antioxidant Potential of Nepalese 
Plants. BioMed Research International 2020, 2020, 7296859, doi:10.1155/2020/7296859. 

38. Dahl, W.J.; Stewart, M.L. Position of the Academy of Nutrition and Dietetics: Health Implications of Dietary 
Fiber. Journal of the Academy of Nutrition and Dietetics 2015, 115, 1861–1870, doi:10.1016/j.jand.2015.09.003. 

39. Bai, X.; He, Y.; Quan, B.; Xia, T.; Zhang, X.; Wang, Y.; Zheng, Y.; Wang, M. Physicochemical Properties, 
Structure, and Ameliorative Effects of Insoluble Dietary Fiber from Tea on Slow Transit Constipation. Food 
Chemistry: X 2022, 14, 100340, doi:10.1016/j.fochx.2022.100340. 

40. Guan, Z.-W.; Yu, E.-Z.; Feng, Q. Soluble Dietary Fiber, One of the Most Important Nutrients for the Gut 
Microbiota. Molecules 2021, 26, 6802, doi:10.3390/molecules26226802. 

41. Makki, K.; Deehan, E.C.; Walter, J.; Bäckhed, F. The Impact of Dietary Fiber on Gut Microbiota in Host 
Health and Disease. Cell Host & Microbe 2018, 23, 705–715, doi:10.1016/j.chom.2018.05.012. 

42. Alarcon-Gil, J.; Sierra-Magro, A.; Morales-Garcia, J.A.; Sanz-SanCristobal, M.; Alonso-Gil, S.; Cortes-
Canteli, M.; Niso-Santano, M.; Martínez-Chacón, G.; Fuentes, J.M.; Santos, A.; et al. Neuroprotective and 
Anti-Inflammatory Effects of Linoleic Acid in Models of Parkinson’s Disease: The Implication of Lipid 
Droplets and Lipophagy. Cells 2022, 11, 2297, doi:10.3390/cells11152297. 

43. Froyen, E.; Burns-Whitmore, B. The Effects of Linoleic Acid Consumption on Lipid Risk Markers for 
Cardiovascular Disease in Healthy Individuals: A Review of Human Intervention Trials. Nutrients 2020, 
12, 2329, doi:10.3390/nu12082329. 

44. Santa-María, C.; López-Enríquez, S.; Montserrat-de La Paz, S.; Geniz, I.; Reyes-Quiroz, M.E.; Moreno, M.; 
Palomares, F.; Sobrino, F.; Alba, G. Update on Anti-Inflammatory Molecular Mechanisms Induced by Oleic 
Acid. Nutrients 2023, 15, 224, doi:10.3390/nu15010224. 

45. Bhattacharjee, B.; Pal, P.K.; Chattopadhyay, A.; Bandyopadhyay, D. Oleic Acid Protects against Cadmium 
Induced Cardiac and Hepatic Tissue Injury in Male Wistar Rats: A Mechanistic Study. Life Sciences 2020, 
244, 117324, doi:10.1016/j.lfs.2020.117324. 

46. Shramko, V.S.; Polonskaya, Y.V.; Kashtanova, E.V.; Stakhneva, E.M.; Ragino, Y.I. The Short Overview on 
the Relevance of Fatty Acids for Human Cardiovascular Disorders. Biomolecules 2020, 10, 1127, 
doi:10.3390/biom10081127. 

47. Wang, X.; Zhang, C.; Bao, N. Molecular Mechanism of Palmitic Acid and Its Derivatives in Tumor 
Progression. Front. Oncol. 2023, 13, 1224125, doi:10.3389/fonc.2023.1224125. 

48. Engwa, G.A.; Nweke, F.N.; Nkeh-Chungag, B.N. Free Radicals, Oxidative Stress-Related Diseases and 
Antioxidant Supplementation. Alternative Therapies in Health & Medicine 2022, 28, 114–128. 

49. Sozen, E.; Demirel, T.; Ozer, N.K. Vitamin E: Regulatory Role in the Cardiovascular System. IUBMB Life 
2019, 71, 507–515, doi:10.1002/iub.2020. 

50. Pelczarski, M.; Wolaniuk, S.; Zaborska, M.; Sadowski, J.; Sztangreciak-Lehun, A.; Bułdak, R.J. The Role of 
α-Tocopherol in the Prevention and Treatment of Alzheimer’s Disease. Mol Cell Biochem 2025, 
doi:10.1007/s11010-025-05214-1. 

51. Rana, A.; Samtiya, M.; Dhewa, T.; Mishra, V.; Aluko, R.E. Health Benefits of Polyphenols: A Concise 
Review. Journal of Food Biochemistry 2022, 46, doi:10.1111/jfbc.14264. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 19 of 20 

 

52. Tavan, M.; Hanachi, P.; De La Luz Cádiz-Gurrea, M.; Segura Carretero, A.; Mirjalili, M.H. Natural Phenolic 
Compounds with Neuroprotective Effects. Neurochem Res 2024, 49, 306–326, doi:10.1007/s11064-023-04046-
z. 

53. Mutha, R.E.; Tatiya, A.U.; Surana, S.J. Flavonoids as Natural Phenolic Compounds and Their Role in 
Therapeutics: An Overview. Futur J Pharm Sci 2021, 7, 25, doi:10.1186/s43094-020-00161-8. 

54. Ekalu, A.; Habila, J.D. Flavonoids: Isolation, Characterization, and Health Benefits. Beni-Suef Univ J Basic 
Appl Sci 2020, 9, 45, doi:10.1186/s43088-020-00065-9. 

55. Hasan, S.; Khatri, N.; Rahman, Z.N.; Menezes, A.A.; Martini, J.; Shehjar, F.; Mujeeb, N.; Shah, Z.A. 
Neuroprotective Potential of Flavonoids in Brain Disorders. Brain Sciences 2023, 13, 1258, 
doi:10.3390/brainsci13091258. 

56. Kim, T.Y.; Leem, E.; Lee, J.M.; Kim, S.R. Control of Reactive Oxygen Species for the Prevention of 
Parkinson’s Disease: The Possible Application of Flavonoids. Antioxidants 2020, 9, 583, 
doi:10.3390/antiox9070583. 

57. Alam, Md.A.; Islam, P.; Subhan, N.; Rahman, Md.M.; Khan, F.; Burrows, G.E.; Nahar, L.; Sarker, S.D. 
Potential Health Benefits of Anthocyanins in Oxidative Stress Related Disorders. Phytochem Rev 2021, 20, 
705–749, doi:10.1007/s11101-021-09757-1. 

58. Zaa, C.A.; Marcelo, Á.J.; An, Z.; Medina-Franco, J.L.; Velasco-Velázquez, M.A. Anthocyanins: Molecular 
Aspects on Their Neuroprotective Activity. Biomolecules 2023, 13, 1598, doi:10.3390/biom13111598. 

59. Gulcin, İ. Antioxidants and Antioxidant Methods: An Updated Overview. Arch Toxicol 2020, 94, 651–715, 
doi:10.1007/s00204-020-02689-3. 

60. Lu, W.; Shi, Y.; Wang, R.; Su, D.; Tang, M.; Liu, Y.; Li, Z. Antioxidant Activity and Healthy Benefits of 
Natural Pigments in Fruits: A Review. IJMS 2021, 22, 4945, doi:10.3390/ijms22094945. 

61. Munteanu, I.G.; Apetrei, C. Analytical Methods Used in Determining Antioxidant Activity: A Review. IJMS 
2021, 22, 3380, doi:10.3390/ijms22073380. 

62. Athauda, D.; Evans, J.; Wernick, A.; Virdi, G.; Choi, M.L.; Lawton, M.; Vijiaratnam, N.; Girges, C.; Ben-
Shlomo, Y.; Ismail, K.; et al. The Impact of Type 2 Diabetes in Parkinson’s Disease. Movement Disorders 2022, 
37, 1612–1623, doi:10.1002/mds.29122. 

63. Wang, L.; Pan, X.; Jiang, L.; Chu, Y.; Gao, S.; Jiang, X.; Zhang, Y.; Chen, Y.; Luo, S.; Peng, C. The Biological 
Activity Mechanism of Chlorogenic Acid and Its Applications in Food Industry: A Review. Front. Nutr. 
2022, 9, 943911, doi:10.3389/fnut.2022.943911. 

64. Huang, J.; Xie, M.; He, L.; Song, X.; Cao, T. Chlorogenic Acid: A Review on Its Mechanisms of Anti-
Inflammation, Disease Treatment, and Related Delivery Systems. Front. Pharmacol. 2023, 14, 1218015, 
doi:10.3389/fphar.2023.1218015. 

65. Gao, X.; Zhang, B.; Zheng, Y.; Liu, X.; Rostyslav, P.; Finiuk, N.; Sik, A.; Stoika, R.; Liu, K.; Jin, M. 
Neuroprotective Effect of Chlorogenic Acid on Parkinson’s Disease like Symptoms through Boosting the 
Autophagy in Zebrafish. European Journal of Pharmacology 2023, 956, 175950, 
doi:10.1016/j.ejphar.2023.175950. 

66. Majid, A.; Garg, S. Modeling Inhibitory Effects of Chlorogenic Acid on Amyloid Beta Aggregation. Ind. 
Eng. Chem. Res. 2024, 63, 7636–7645, doi:10.1021/acs.iecr.4c00695. 

67. Pandi, A.; Kalappan, V.M. Pharmacological and Therapeutic Applications of Sinapic Acid—an Updated 
Review. Mol Biol Rep 2021, 48, 3733–3745, doi:10.1007/s11033-021-06367-0. 

68. Yasser, M.B.; Hagag, R.S.; El-Sayed, N.M.; Hazem, R.M. Sinapic Acid: A Brief Review of Its Therapeutic 
Potential and Molecular Targets in Parkinson’s Disease. RECORDS OF PHARMACEUTICAL AND 
BIOMEDICAL SCIENCES 2025, 9, 1–7. 

69. Prabhakar, P.; Ahmed, B.A.; Chidambaram, S.B.; Kumar, A.; Pandian, A. In Vitro Ameliorative Effects of 
Sinapic Acid on Parkinson Related Neurotoxicity in SHSY5Y Cell Lines. International Journal of Nutrition, 
Pharmacology, Neurological Diseases 2023, 13, 16–24, doi:10.4103/ijnpnd.ijnpnd_67_22. 

70. AOAC Official Method of Analysis; 15th Ed.; MA: Association of Official Analytical Chemists: Arlington, 
1990; 

71. Miller, G.L. Use of Dinitrosalicylic Acid Reagent for Determination of Reducing Sugar. Anal. Chem. 1959, 
31, 426–428, doi:10.1021/ac60147a030. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1


 20 of 20 

 

72. Bligh, E.G.; Dyer, W.J. A RAPID METHOD OF TOTAL LIPID EXTRACTION AND PURIFICATION. 
Canadian Journal of Biochemistry and Physiology 1959, 37, 911–917. 

73. Chandra, M.; Probst, Y.; Price, W.; Kelso, C. Journal of Food Composition and Analysis. p. 104232. 
74. Rodríguez, K.; Ah-Hen, K.; Vega-Gálvez, A.; López, J.; Quispe-Fuentes, I.; Lemus-Mondaca, R.; Gálvez-

Ranilla, L. Changes in Bioactive Compounds and Antioxidant Activity during  Convective Drying of 
Murta (Ugni Molinae T.) Berries. Int J of Food Sci Tech 2014, 49, 990–1000, doi:10.1111/ijfs.12392. 

75. Souza, V.B.D.; Fujita, A.; Thomazini, M.; Da Silva, E.R.; Lucon, J.F.; Genovese, M.I.; Favaro-Trindade, C.S. 
Functional Properties and Stability of Spray-Dried Pigments from Bordo Grape (Vitis Labrusca) 
Winemaking Pomace. Food Chemistry 2014, 164, 380–386, doi:10.1016/j.foodchem.2014.05.049. 

76. Grajeda-Iglesias, C.; Salas, E.; Barouh, N.; Baréa, B.; Panya, A.; Figueroa-Espinoza, M.C. Antioxidant 
Activity of Protocatechuates Evaluated by DPPH, ORAC, and CAT Methods. Food Chemistry 2016, 194, 749–
757, doi:10.1016/j.foodchem.2015.07.119. 

77. Uribe, E.; Lemus-Mondaca, R.; Vega-Gálvez, A.; Zamorano, M.; Quispe-Fuentes, I.; Pasten, A.; Di Scala, K. 
Influence of Process Temperature on Drying Kinetics, Physicochemical Properties and Antioxidant 
Capacity of the Olive-Waste Cake. Food Chemistry 2014, 147, 170–176, doi:10.1016/j.foodchem.2013.09.121. 

78. Quispe-Fuentes, I.; Uribe U., E.; Vega-Gálvez, A.; Poblete G., J.; Olmos C., A.; Pasten C., A. Solar Drying of 
Flame Seedless (Vitis Vinifera l.) Grape after Different Pretreatments: Characterization of Raisin’s 
Physicochemical and Functional Properties. Food Measure 2023, 17, 2755–2766, doi:10.1007/s11694-023-
01823-w. 

79. Martins, M.S.; Azevedo, R.; Alves, G.; Almeida, A.; De Pinho, P.G.; Garcia-Viguera, C.; Moreno, D.A.; Silva, 
L.R.; Gonçalves, A.C. Assessment of Chemical Composition of Blackberries and Mulberries from Covilhã 
Region, Portugal. Journal of Food Composition and Analysis 2025, 137, 106832, doi:10.1016/j.jfca.2024.106832. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0372.v1

https://doi.org/10.20944/preprints202505.0372.v1

