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Abstract: Acerola (Malpighia spp.) is a tropical plant genus of shrubs and trees whose fruit is rich in 
nutrients and bioactive compounds. However, its production generates significant waste that could 
pose an environmental issue. This review aims to summarize recent research on the potential uses 
of acerola wastes, including the extraction of bioactive compounds such as polyphenols, 
carotenoids, and pectins, as well as the development of materials such as nanomaterials, chitosan, 
and biofuels. Additionally, the paper discusses the potential medical applications of acerola wastes, 
such as wound healing, antioxidant, and anticancer effects. Finally, the paper explores the 
challenges and opportunities of using acerola waste as a sustainable source of raw materials and 
energy. The findings suggest that acerola waste could be a valuable resource for developing high-
value products and promoting sustainable production practices in the fruit industry. 

Keywords: acerola; acerola waste; circular economy; nutraceutical; biopolymers 
 

1. Introduction 

The acerola (Malpighia punicifolia) (Figure 1) is an exotic tropical fruit that resembles the cherry. 
It is a member of the Malpighia genus within the Malpighiaceae family, comprising 45 species of 
shrubs or small trees. These plants are predominantly indigenous to the tropical and subtropical 
regions of the Americas [1,2]. Known for its rich nutrient profile, acerola contains antioxidant 
compounds, such as vitamins, carotenoids, and polyphenols [3,4]. This elevated concentration of 
antioxidants, especially vitamin C, positions acerola as an economically significant commodity. It 
finds extensive applications in the food industry, primarily in producing natural preservatives and 
nutraceutical products. These attributes underscore the fruit's health benefits and enhance its market 
value and the potential for diverse applications of its bioactive compounds [5–7]. 

As early as 1946, researchers Asenjo and Guzmán identified acerola's exceptional ascorbic acid 
(vitamin C) content, thereby pioneering scientific interest in its potential health benefits [8]. This 
seminal work catalyzed subsequent studies and has cemented the fruit's reputation for its unique 
compositional attributes and functional significance. In recent decades, Brazil has established itself 
as the global leader in acerola production, with an estimated annual yield of 61,000 metric tons [9,10]. 
This dominant position has enabled Brazil to control a significant share of the international market 
for acerola-based products, which range from frozen fruit and juice to jams, frozen concentrates, and 
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liqueurs. Moreover, the cultivation of acerola has been expanding to other parts of the Americas and 
even Europe, largely to produce ascorbic acid supplements and specialized fruit juices [4,11,12]. 

 
Figure 1. Morphological aspects of acerola fruit (Malpighia punicifolia) and its associated structural 
elements. 

The large-scale production of acerola raises environmental concerns, especially concerning 
waste management. By-products such as seeds, grains, and pulp constitute approximately 40% of the 
fruit's total volume [13]. Although these by-products pose potential environmental risks if 
improperly managed, they also offer untapped opportunities for sustainable development. These 
residues can be harnessed to produce a range of valuable products, including natural preservatives 
and dietary supplements, as they are often rich in phenolic compounds and other bioactive 
substances, sometimes even more so than the edible portions of the fruit [14,15]. 

Emerging studies are starting to examine the potential of acerola in various health-related 
applications beyond its antioxidant capabilities. For instance, acerola extract has demonstrated anti-
inflammatory and antimicrobial effects, suggesting a role in natural medicine and the potential for 
developing novel pharmaceuticals [16]. Further research is warranted to explore these bioactive 
properties in greater depth, including clinical trials that might confirm the translational value of these 
findings. 

Additionally, the fruit has been recognized for its potential in cosmetic applications. With its 
rich phytonutrient profile, acerola is currently being studied for its anti-aging effects on the skin. 
Preliminary investigations indicate that its bioactive compounds may protect against UV radiation 
damage and improve skin hydration, opening new avenues for the cosmetics industry to explore [17]. 
Focusing on product development in this sector could add another layer to the fruit's economic 
significance and further diversify its applications. 

While acerola's high ascorbic acid content is well-documented, the fruit also serves as a rich 
source of other phytonutrients, including carotenoids, phenols, flavonoids, and anthocyanins [18,19]. 
These phytonutrients endow the fruit with various biofunctional and therapeutic properties that are 
yet to be comprehensively explored. To fill this gap in our understanding and to potentially broaden 
the fruit's applications, this review aims to provide an in-depth analysis of the current state of acerola 
research. It will focus on its compositional attributes, pharmacological properties, and additional 
value-added uses, thereby helping to pinpoint current challenges and opportunities for its more 
extensive and economically viable industrial applications. 

2. Chemical composition of acerola wastes 

Acerola (Malpighia punicifolia) is a reservoir of multiple macro and micronutrients, encompassing 
glucose, fructose, sucrose, and various organic acids [20]. The fruit's physicochemical attributes and 
nutritional valuation are contingent upon various factors, including geographical origin, 
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environmental conditions, agronomic practices, maturation stage, and post-harvest processing and 
storage [21,22]. The subsequent sections delineate the fruit's composition more exhaustively. 

Carbohydrates: Byproducts of acerola are notably rich in carbohydrates, including glucose, 
fructose, sucrose, and starch as the predominant constituents [23,24]. These carbohydrates hold 
promise for utilization as energy sources or raw materials for producing biofuels and biopolymers 
[11]. 

Organic Acids: Acerola fruit is renowned for its elevated concentrations of organic acids, a 
feature also found in its byproducts. Ascorbic acid (Vitamin C) is the most abundant organic acid, 
followed by malic, citric, and tartaric acids [23,24]. These acids have prospective applications in the 
food and pharmaceutical sectors, serving as natural preservatives, flavor augmenters, and pH 
modulators [25]. 

Polyphenols: Acerola byproducts offer a potentially rich source of polyphenols known for their 
antioxidant and anti-inflammatory functionalities [26]. This category includes anthocyanins, 
flavonoids, and phenolic acids. Anthocyanins, water-soluble pigments responsible for the red, blue, 
and purple hues in fruits, exhibit potential for application as natural colorants and therapeutic agents 
[27,28]. Flavonoids and phenolic acids also present various health benefits, such as protecting against 
cancer, cardiovascular diseases, and neurodegenerative disorders [26]. 

Carotenoids: Additionally, acerola byproducts are affluent in carotenoids, which confer various 
health benefits, including shielding against oxidative impairment and minimizing the risk of chronic 
diseases [29]. Beta-carotene predominates as the most abundant carotenoid, trailed by lutein and 
zeaxanthin. Carotenoids are propitious for applications as natural colorants, food additives, and in 
the formulation of functional foods and dietary supplements [30]. 

Fatty Acids: Acerola by-products also contain essential fatty acids like linoleic and oleic acids. 
These fatty acids are important in cellular function and inflammation modulation for human health. 
Moreover, these fatty acids could find applications in the cosmetics industry as moisturizing agents 
[31]. 

Pectins: The byproducts also encompass pectins, a class of soluble dietary fibers widely utilized 
in the food industry as thickening and gelling agents [32]. Pectins have been ascribed with 
cholesterol-lowering and prebiotic effects, making them pertinent for developing functional foods 
and dietary supplements [33,34]. 

The generation of acerola byproducts could contribute to environmental concerns if not 
managed efficiently. However, the high nutrient content in these byproducts indicates a missed 
opportunity for resource recovery. Thus, eco-friendly strategies for recycling these byproducts into 
valuable products are under investigation. The multifaceted chemical composition of acerola 
byproducts has garnered interest in novel applications. Current research explores their utility in 
formulating nutraceuticals, skin-care products, and natural dyes in the textile industry [11]. 

The diverse chemical constituents of acerola byproducts make them a promising resource for 
many applications across different industries. Sustainable management strategies and innovative 
approaches could further elevate their value and utility. 

3. Characterization of acerola wastes 

The chemical composition of acerola waste is not uniform and can exhibit considerable 
variability. This variability is influenced by several factors, including but not limited to the maturity 
stage of the fruit, the processing methodology employed, and the geographical location of cultivation. 
These factors can result in significant differences in the waste's macronutrients, micronutrients, and 
bioactive compounds.  

Table 1 shows the composition of acerola in 100 g of fresh weight. Acerola is an important source 
of several macro and micronutrients, such as ascorbic acid. It is one of the most important water-
soluble vitamins, essential for collagen, carnitine, and neurotransmitter biosynthesis [11]. Table 2 
shows pulped acerola residues' physical, chemical, and total antioxidant activity [35]. 
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Table 1. The composition of acerola (in 100 g fresh weight) [11]. 

Composition 100 g fresh weight 

Water 91.41 g 

Energy 32 kcal 

Protein 0.40 g 

Total lipid (Fat) 0.30 g 

Carbohydrate 7.69 g 

Fiber 1.1 g 

Total ascorbic acid 1677.6 mg 

Table 2. Pulped acerola residues' physical, chemical, and total antioxidant activity [35]. 

Property or activity Value 

pH 3.38 

Total sugars (% glucose) 1.93 

Total anthocyanins (mg/100g) 19.43 

Yellow Flavonoids (mg/100g) 36.56 

Total polyphenols (mg gallic acid/100g) 545.98 

Total antioxidant activity (μM 

Trolox/g) 

17.70 

4. Applications 

Due to its composition, the acerola fruit exhibits a set of well-documented properties like 
antioxidative, anti-inflammatory, anti-hyperglycemic, antitumor, antigenotoxic, and 
hepatoprotective activity [1,22,36], anti-mutagenic, anti-microbial, anti-obesity [37], anti-fungal, and 
free radical scavenging activity [38]. These bioactive properties have stimulated acerola consumption 
as fresh fruit or processed products [4]. For these characteristics, acerola has a great agro-industrial 
potential in markets that demand products rich in nutrients, which at the same time improve health 
and prevent degenerative diseases [21,39], proving this is a large amount of research published about 
acerola in the food industry.  

Furthermore, this fruit has been widely analyzed regarding its phytochemical and 
physicochemical composition. Some authors, such as [11], offer a comprehensive literature analysis 
focusing on the compositional characteristics of the fruit and the biofunctional properties of the 
present phytonutrients. Chang et al. (2018) and others studied the phytochemical compositions, 
antioxidant efficacies, and potential health benefits of acerola, among other fruits [40,6]. Belwal et al. 
(2018) reviewed the scientific research on bioactive chemical constituents and the health-beneficial 
effects of acerola extracts and isolated compounds [1]. 

In addition to the fruit, waste by-products and other plant parts have been analyzed for their 
composition and properties. To mention some examples, Alves et al. (2020) studied the 
phytochemical and bromatological composition of acerola bagasse flour, which is rich in fiber and 
antioxidant compounds [41]. Silva et al. (2020) investigated bioactive compounds' content and 
extraction techniques from acerola waste, determining their potential in food and pharmaceutical 
applications [42]. Da Silva et al. (2020) studied the constituents in acerola leaves; this study proposes 
a phytochemical, nutritional, and immunostimulatory analysis of aqueous extracts [42]. Barros et al. 
(2019) also analyzed the leaves to determine the phytochemical composition of the saline extract from 
leaves and show the biological activities promoted by this extract [43]. Vasavilbazo et al. (2018) 
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analyzed the leaves and barks of acerola to determine its phenolic composition, carotenoid content, 
and antioxidant activity [37].  

However, many published articles were focused on evaluating a specific biological activity, or 
if a more general investigation is developed, this topic needs to be addressed. This review aims to 
detail all the reported physical activities associated with acerola fruits, leaves, seeds, peel, and 
residual by-products, highlighting its possible uses in the biomedical industry. 

4.1. Antioxidant and free radical scavenging activity 

Antioxidant activity is one of the widest studied properties in acerola; it is proven that its 
phytochemicals and compounds represent a powerful source of natural antioxidants, which are 
health-promoting and disease-preventing activities [1,21]. The wide range of phytochemicals present 
in acerola contributes significantly to its high antioxidant capacity. This activity depends on the 
synergistic action of the constituents of these different fractions [44]. Due to the great interest in the 
antioxidant activity in acerola, the measurement of its capacity was performed by DPPH�, ABTS·+, 
FRAP, and ORAC assays, and multiple analyses were performed in different matrices; Table 3 shows 
some assays applied to other parts of acerola showing promising results on antioxidant capacity tests.  

Table 3. Measurement of antioxidant capacity by DPPH�, ABTS·+, FRAP, and ORAC assays in 
different vegetal sources of acerola. 

Organic 

sample 
Conditions DPPH* ABTS- ORAC FRAP Source 

Leaves 
Methanolic 

extracts 
10.88 ± 0.38 a 12.62 ± 1.08 a - - [37] 

Ripe fruit 
Water and 
methanol 

125.66 ± 
8.37b1 

91.76 ± 6.24b1 76.71 ± 1.34b2 - [44] 

Unripe fruit Ethanolic extract 1910c 8613.54c 2454.42c 1166.09c [45] 

Juice 
Seeds in water 

- 
0.18 ± 0.01d 

- - [46] 
Pulp in water 3.44 ± 0.12d 

Pulp 
Hydroethanolic 

extract 
7433 ± 26.26e 8512 ± 61.44e - - [47] 

Bark 
Methanolic 

Extracts 
15.63 ± 0.18a 10.91 ± 1.15a - - [37] 

Bagasse - - 16.14 ± 0.01f - 0.92 ± 0.01f [48] 
Seeds and 

barks mixed. 
Methanolic 

extract 
- 790 ± 14.00g - 

2348.65 
±11.21g 

[49] 

a They calculate the antioxidant capacity as the amount of antioxidant needed to decrease by 50% the initial 
DPPH� concentration (EC50 (DPPH)), expressed as micrograms per milliliter (μg/mL) [37]. b1 TEACABTS and 
TEACDPPH values expressed as mM (mmol kg-1 pulp, mmolL-1 juice) [44]. b2 TEAC values expressed as mM (mmol 
kg-1 pulp, mmolL-1 juice) [44]. c The analytical standard, Trolox, was used to construct the calibration curves, and 
all results were expressed as μM equivalent to Trolox/g of dry weight [45]. d The antioxidant potential of the 
sample was calculated from a standard curve of the synthetic antioxidant, Trolox, in the concentration range of 
0 to 7 nmol; the results are expressed in mmol Trolox equivalents/100 mL sample [46]. e The Trolox calibration 
curve was constructed with concentrations varying from 0 to 250 μmol/L. The results were expressed in μmol of 
Trolox equivalent per 100 g of fresh weight (μmol Trolox/100 g fw) [47]. f The results are expressed as micromoles 
of Trolox equivalent antioxidant capacity (TEAC) per gram of sample (μmol TEAC/g) [48]. g The results are 
expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per hundred grams of sample (μmol 
TEAC/100 g) [49]. 

4.2. Anti-inflammatory Activity 

Inflammation is a physiological response that triggers a defense mechanism against various 
stimuli or conditions. The inflammatory response is induced by a sequential release of inflammatory 
mediators and the recruitment of leukocytes to the inflammation site; once they arrive, they are 
activated, triggering the release of more mediators, creating a network of connection between the 
tissue and the cells of the immune system, thus giving the inflammatory response [50]. The 
phytochemicals present have been shown to reduce inflammation and related diseases through 
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several points of cellular inflammatory pathways [51]. Some studies suggest that some metabolites 
in acerola are related to the modulation of pathways involved in regulating the inflammatory 
mechanism, such as mitogen-activated protein kinases (MAPKs) p38, ERK ½, and JNK [52]. Different 
groups have investigated anti-inflammatory effects by performing in vitro assays using LPS-
stimulated RAW-264.7 macrophage cell lines. Cabral et al. (2020) studied the anti-inflammatory 
properties of a blend powder formulation of 80% acerola and 20% green tea extract; their results 
suggest that co-treatment with blends could modulate the redox parameters in cells during the vitro 
inflammatory response [52]. Moreover, the co-treatment with blends modulated inflammatory 
response by altering the secretion of cytokines like IL-1β, IL-6, IL-10, and TNF-α, causing, as a 
consequence, an anti-inflammatory effect. Albuquerque et al. (2019) studied 4 different fruit by-
products, including acerola (peel and seeds), to evaluate the anti-inflammatory properties of water 
extracts prepared with this biomass; the results showed that the aqueous extract of acerola does not 
present NO-reducing activity in the LPS stimulated macrophages experiment [53]. However, the 
extract in the presence of fruit fibers promotes the adhesion of beneficial probiotics to the intestinal 
walls, maintaining a balanced oxidative state in the intestinal environment, thus protecting the 
epithelium against inflammatory processes. Pereira et al. (2020) studied the anti-inflammatory 
activity using freeze-dried acerola extracts. Their results show that by evaluating selected 
inflammation-associated mRNA markers, a 50 ug/mL acerola extract can inhibit the expression of IL-
6, IL-1β, and COX-2 genes associated with the in vitro inflammatory process [54]. A different 
approach was developed by Milanez et al. (2014); these authors carried out an in vivo study using 
male Swiss albino mice and food treatments supplemented with commercial acerola juice. After 13 
weeks, the histological analysis showed that acerola juice restores metabolic and inflammatory 
pathways to an average level [55].  

4.3. Anti-hyperglycemic Activity 

Hyperglycemia is a condition like type 2 diabetes, characterized by an abnormal postprandial 
increase of blood glucose level caused by regularly consuming rapidly digestible carbohydrates [56]. 
An important therapeutic approach to the treatment of type 2 diabetes is to decrease postprandial 
hyperglycemia by slowing glucose absorption through inhibition of the enzymes α-amylase and α-
glucosidase in the digestive tract [56]. Polyphenols have shown some beneficial effects in the 
prevention and management of diabetes through the inhibition of glucose absorption, inhibition of 
digestive enzymes, regulation of intestinal microbiota, modification of the inflammation response, 
and inhibition of the formation of advanced glycation end products [57]. Barbalho et al. (2011) studied 
the effects of acerola juice intake on the glycemic and lipid profile of diabetic and non-diabetic Wistar 
rat offspring [58]. The biochemical profile determination of blood samples taken from acerola extract-
treated rats indicates a significant reduction in glucose, cholesterol, triglycerides, and increased HDL-
c, promising a potential strategy for preventing diabetes and other diseases. Hanamura et al. (2005) 
performed research to characterize polyphenols from acerola fruits, identifying as a result of 3 
different polyphenols (C3R, P3R, and quercitrin) for the first time [59]. This study proved that three 
isolated, purified polyphenols and a crude extract of mixed polyphenols have an inhibitory effect on 
the α-amylase enzyme [59]. Hanamura et al. (2006) studied the antihyperglycemic effect of a natural 
ethanol polyphenol fraction, evaluating the impact on the glucose intake of Caco-2 cells. They 
demonstrate that this extract decreased the glucose uptake level dose-dependently by adding the 
acerola polyphenol fraction. In this study, the researchers also performed an essay on ICR male mice, 
analyzing glucose and maltose intake; the results showed that the crude acerola extracts significantly 
suppressed the plasma glucose level after administering both glucose and maltose, suggesting that 
this extract had a preventive effect on hyperglycemia in the postprandial state [60]. 

4.4. Antitumor Activity 

Epidemiological research suggests that a polyphenol-rich diet protects against tumors, 
inhibiting proliferation, inducing apoptosis, and reducing drug resistance in gastric cancer cells [61].  
The role of phytochemicals has been associated with the modulation of different signaling cascades 
of the cell division process, which in turn is related to the induction of apoptosis, suppression of 
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epithelial to mesenchymal transition, and subsequent metastatic behavior of cancer cells. In addition, 
studies suggest that different phytochemicals increase the sensitivity of cancer stem cells to 
chemotherapy drugs [62]. Motohashi et al. (2004) studied organic solvent extractions of acerola using 
two human oral tumor cell lines (oral squamous cell carcinoma cells (HSC-2) and submandibular 
gland carcinoma cells (HSG) and normal oral cells as control; their results suggest that some of the 
hexane fractions inhibited Pgp function in multidrug-resistant cancer cells more effectively than the 
control verapamil, highlighting the tumor-specific cytotoxic potential of acerola extract [63]. 
Nagamine et al. (2002) studied the capacity of an acerola extract to control cell proliferation and the 
activation of the Ras signal pathway in the promotion stage of lung tumorigenesis in mice. They 
injected the mice with 4-(methyl nitrosamine)-1-(3-pyridyl)-1-butanone (NNK), a potent carcinogen, 
and then fed the mice with acerola extract; the results showed that the pretreatment with acerola 
inhibited the increase in the levels of proliferating nuclear cell antigen and ornithine decarboxylase 
at the promotion stage and regulates abnormal cell growth at the promotion stage of lung 
tumorigenesis in mice [64]. Ribeiro et al. (2015) demonstrated that some anthocyanins such as 
cyanidin 3-glucoside and cyanidin 3-rutinoside, lutein, α-carotene and β-carotene present in acai fruit 
extracts attenuate chemically induced mouse colon carcinogenesis by increasing total GSH and 
attenuating DNA damage and preneoplastic lesion development; is remarkable to mention that these 
compounds have been widely identified in acerola [1,4,18,65]. 

4.5. Antigenotoxic Activity 

Metal ions generate DNA damage directly or indirectly by producing reactive oxygen species; 
these compounds are closely related to some diseases since some free radicals in an oxidative stress 
condition are not neutralized by antioxidant compounds or antioxidant cell protective mechanisms 
[66]. In their research, Nunes et al. (2016) demonstrated that comparing bone marrow samples from 
mice groups treated with FeSO4 against groups, in turn, pretreated with acerola juice, it is proven 
that the juice exerted anti-mutagenic activity by significantly decreasing the mean values of 
micronuclei in the bone marrow [66]. Da Silva et al. (2011) studied the antigenotoxic effect of acerola 
pulp extracts from ripe and unripe fruits. They applied a comet essay in CF-1 male mice blood to 
establish the protective ability of fruit extracts against the oxidative stress induced by hydrogen 
peroxide; the results suggest that unripe fruit presented higher DNA protection than ripe fruit extract 
due to a high content of vitamin C in unripe fruits [67]. In a similar study, Dimer et al. (2013) analyzed 
the anti-genotoxic capacity of acerola juice from fruits at different stages of ripening [68]. Subjecting 
male mice to a diet high in sugars and fat induced glucose intolerance and DNA damage in the 
specimens. After 13 weeks, the diet was supplemented with acerola juice, resulting in a partial 
reversal of the DNA damage in the blood, kidney, liver, and bone marrow caused by the diet. Anti-
genotoxic properties of acerola may be affected by genetic diversity as well as environmental factors 
[68]. Differences in anti-genotoxic activity exist among acerola varieties grown in different regions of 
Brazil. Extracts of acerola pulp were evaluated in a comet assay on mouse blood cells in vitro, 
demonstrating some significant differences in DNA protection against H2O2 damage between two 
different plantations [68], as well as between fruits of the same acerola species, same ripening stage, 
and harvest time, from two different plantations [69].  

4.6. Hepatoprotective Activity 

Reactive nitrogen and oxygen species are produced during metabolic reactions and exert many 
important functions in cellular defense mechanisms; however, these components are overpowered 
in pathological situations, which can generate adverse effects [70]. As mentioned, antioxidants play 
a protective role by inhibiting free radical-induced reactions and reducing oxidative damage, 
preventing the peroxidative deterioration of the cell membrane lipids and DNA damage [71]. 
Nagamine et al. (2004) studied the hepatoprotective effect of dry extract powders of fruit purees and 
grind leaves of acerola [72]. Researchers applied different extract powders in a physiological salt 
solution after the intoxication induced by D-Galactosamine in male Wistar rats. As a result, the 
components of the extracts diminished the hepatic inflammatory response, decreased hepatocellular 
injury, and improved liver function in rats under GalN intoxication [72]. El-Hawary et al. (2021) 
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evaluated a dried ethanol powdered acerola leaf extract on rats induced with hepatic damage by 
CCL4. Their results showed that all the tested doses showed a higher reduction in serum levels of 
TNF-α [73]. However, the dose of 800 mg/Kg showed the highest hepatoprotective effect as it reduced 
the elevated serum levels of ALT, AST, NO, and TNF-α liver content, increasing the serum level of 
catalase. Marques et al. (2018) studied the protective potential of a lyophilized extract of acerola 
bagasse against CCL4-induced hepatoxicity in Wistar rats; their results showed that the treatments 
with this extract presented a decrease in the activity of aspartate aminotransferase, alanine 
aminotransferase, and gamma-glutamyl transferase, and an increase in superoxide dismutase, total 
antioxidant capacity, and albumin content [70]. Gomes et al. (2013) investigated the effects of ripe 
acerola juice in vivo using female Swiss mice. The animals were pretreated with acerola juice for 15 
consecutive days and then subjected to ethanol-induced stress, evaluating serum enzymes and the 
degree of lipid peroxidation. Compared to the ethanol-only treated group, the liver of acerola juice-
fed animals before acute ethanol administration showed a significant reduction of lipid peroxidation, 
similar to control levels, proving that acerola juice can prevent hepatic damage [71].  

4.7. Anti-mutagenic Effect 

Antimutagenic compounds reduce the frequency of spontaneous or induced mutations; vitamin 
C, polyphenols, and carotenoids can reduce oxidative stress levels and quench free radicals reducing 
the damage and promoting the protection of DNA against oxidative damage, showing antioxidant 
and antimutagenic effects [67,68]. Some compounds, such as cyclophosphamide (CP) [74], iodine-131 
[75], and hydrogen peroxide [76], may result in undesirable side effects and cause cellular mutations 
in organisms. Acerola juice mixed with other fruits showed high antiproliferative and antimutagenic 
activities against alterations induced by cyclophosphamide, possibly attributed to its high content of 
bioactive compounds [77]; acerola pulp juice showed potential as an antimutagenic by statistically 
reduced the percentages of chromosomal alterations induced by this compound [74]. Research 
developed by Düsman et al. (2016) also demonstrated that the consumption of acerola showed 
antimutagenic effects against iodine131 in acute and sub-chronic treatments, mainly by acting in the 
capture of free radicals produced by radiation [74]. Research developed by Almeida et al. (2014) also 
demonstrates the potential of acerola extracts to reduce 131-I-induced damage [75]. Some in vitro 
performed in bone marrow cells of mice stated that acerola mixed with different fruits show 
antimutagenic activity at different concentrations [77]; juices from ripe and unripe acerola showed a 
significant decrease in micronucleus in contrast with an animal group treated with FeSO4 [66]. Using 
acerola juice as a food supplement can help decrease oxidative stress and protect or repair the damage 
to the DNA in obese animals [68].  Spada et al. (2008) studied the antimutagenic effect of different 
tropical fruits in Saccharomyces cerevisiae; their results suggest that frozen fruit extracts exhibited 
Antimutagenic effects and CAT-like activity. CAT neutralizes hydrogen peroxide, avoiding hydroxyl 
radical formation and damage to the DNA [76]. 

4.8. Anti-bacterial Activity  

Secondary metabolites produced by plants have a defensive function when certain 
microorganisms, such as viruses, parasites, fungi, or bacteria, attack them. The compounds with 
antibacterial action are usually terpenoids, phenolic compounds, alkaloids, polypeptides, coumarins, 
and camphor [78,21,39,79]. The antimicrobial activity of different acerola extracts has been evaluated 
using methods such as agar diffusion assay, disc diffusion test, and minimal inhibitory concentration 
evaluation (MIC) assay. Motohashi et al. (2004) used different solvents to prepare extracts from frozen 
and fresh acerola fruits, showing relatively high activity against S. epidermidis, E. coli, and P. 
aeruginosa [63]. Montero et al. (2020) studied the antimicrobial properties of hexane extracts from 
pulp, barks, and seeds. Their results showed that pulp and seed extracts have the greatest activity 
against E. coli compared to all the other fruits tested. However, this inhibition was lower than the 
ampicillin control [78]. The bark extracts showed a low inhibition against S. Typhimurium and C. 
albicans. Some research groups proposed alcoholic extractions of phenolic compounds from different 
parts of the plant and industrial by-products to prove their potential against common bacteria. An 
ethanol extract of acerola leaves showed the ability to mildly inhibit the growth of B. subtilis, S. 
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aureus, E. coli, and P. aeruginosa when compared to an ampicillin control [73], methanol extractions 
of acerola bagasse flour exhibited antimicrobial activity on L. monocytogenes, E. coli, P. aeruginosa, 
and S. cholerasuis [12]; besides, methanolic fractions of different phenolic compounds were 
evaluated, the results suggest that the flavonoid fraction showed moderate antimicrobial properties 
against S. aureus [21,39]. Some research has focused on evaluating the potential of hydroalcoholic 
extractions. A 30:70 v/v ratio of ethanol: water extract yields strong antimicrobial activity against B. 
thermophacta, P. fluorescent, and P. fragi, and moderate activity against P. Putida [80], and 1:1 
solutions of ethanol: water showed moderate activity over P. aeruginosa and L. monocytogenes [81]. 
A different approach to evaluate antibacterial properties was proposed by Pinheiro et al. (2020), in 
which the development of nanoparticles from acerola waste products was shown to possess 
antimicrobial properties against E. coli [82]. 

4.9. Anti-obesity  

Obesity is excessive fat accumulation in body tissues, influenced by genetics, energy-dense 
intake, high-fat foods, and the absence of physical activity [83,84]. Excessive body fat gain promotes 
inflammatory conditions associated with producing pro-inflammatory cytokines, increased 
production of reactive oxygen species, and decreased antioxidant defenses [83].  Studies have 
shown the beneficial effects of antioxidant supplementation in the diet of obesity-related diseases [85] 
and the consumption of phytochemicals, which can help to reduce body weight, decrease white 
adipose tissue, and regulate the appetite hormone [83]. Milanez et al. (2014) studied the effect of 
unripe and ripe acerola juice on male Swiss mice fed with a cafeteria diet [55]. Their results showed 
a reduction in weight gain, a reduction in (TAG) levels, and an increase in important anti-
inflammatory cytokines such as IL-10 and TNF-α in adipose tissue. These results suggest that acerola 
juice reduces inflammation and diminishes obesity-associated defects in lipolytic processes. Vital et 
al. (2021) investigated the effects of acerola-derived products in the diet of male Wistar rats [83]. 
Treatment with acerola did not alter weight gain, energy efficiency, and body weight. In addition, it 
was shown to increase antioxidant activity and reduce adiposity, showing a novel alternative to 
treating obesity. The role of antioxidant activity is reinforced by research such as that of Dimer et al. 
(2017), showing that acerola juice can reduce oxidative stress caused by obesity on energy metabolism 
enzymes [85]. Marques et al. (2016) evaluated acerola bagasse flour methanol extracts to investigate 
the effects of -amylase and -glycosidase enzymes. Due to the content of phenolic compounds, the 
methanol extract inhibited these enzymes on in vitro assays; these results suggest that this extract 
may represent a good source of inhibitors and can be used as an auxiliary in the treatment of obesity 
[84]. 

4.10. Anti-fungal Activity 

Antifungal activity has been evaluated using the same techniques applied in antimicrobial 
assays. Motohashi et al. (2004) proved butanol and methanol extracts of acerola against yeast C. 
albicans and C. glabrata; their results showed a high inhibitory zone in contrast with X and X as 
positive controls [63]. Different studies evaluate the effects of acerola leaf extracts against different 
fungal species. Schmourlo et al. (2007) studied an aqueous extract, proving that this extract has 
antibacterial effects over T. rubrum through MIC and agar diffusion assay [79].  Besides, Barros et 
al. (2019) tested aqueous saline extracts from dry leaves on different species of Candida. The saline 
extract proved effective by inhibiting 90% of C. albicans, C. parapsilosis, C. krusei, and C. tropicalis 
but ineffective against C. glabrata [43]. El-Hawary et al. (2022) studied the potential of ethanol 
extracts, showing a low response over C. albicans in contrast with the inhibition zone caused by the 
antibiotic amphotericin B [73]. 

5. Conclusions 

Acerola is an economically important tropical fruit known for its high concentration of 
antioxidants like vitamin C. Its versatile applications range from natural preservatives to 
nutraceutical products, positioning it as a valuable commodity in the food industry. Brazil has 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 October 2023                   doi:10.20944/preprints202310.0210.v2

https://doi.org/10.20944/preprints202310.0210.v2


 10 

 

established itself as the global leader in acerola production, with the production scale expanding even 
to other parts of the Americas and Europe, mostly for producing ascorbic acid supplements and 
specialized fruit juices. 

The large-scale production of acerola generates significant waste, including seeds, grains, and 
pulp, which constitute about 40% of the fruit's total volume. If not properly managed, these by-
products could pose potential environmental risks. However, these waste products also represent an 
untapped opportunity for sustainable development. They are rich in phenolic compounds and other 
bioactive substances, sometimes even more than the edible portions of the fruit. This suggests they 
could be harnessed to produce valuable products, such as natural preservatives and dietary 
supplements. 

Emerging research explores acerola's health benefits beyond its antioxidant capabilities, 
including its anti-inflammatory and antimicrobial effects. This indicates its potential role in natural 
medicine and the possibility of developing novel pharmaceuticals. Preliminary studies have 
suggested that acerola has potential anti-aging effects on the skin and can protect against UV 
radiation damage. This could open new avenues in cosmetic applications, further diversifying its 
economic significance. Besides ascorbic acid, acerola is a rich source of other phytonutrients like 
carotenoids, phenols, flavonoids, and anthocyanins. These compounds endow the fruit with various 
biofunctional and therapeutic properties that are yet to be comprehensively explored. 

The paper underscores the need for more research to explore the diverse applications of acerola, 
including its waste products. It points to the challenges and opportunities in utilizing acerola waste 
as a sustainable source of raw materials and energy. The review aims to bridge the gaps in our 
understanding of acerola's compositional attributes, pharmacological properties, and additional 
value-added uses. It provides a valuable resource for future research to realize the fruit's full 
economic and therapeutic potential. 
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