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Abstract: Mulberry anthocyanins, recognized as significant natural pigments and functional 
constituents, have garnered substantial interest due to their diverse biological activities, particularly 
in the areas of antioxidant, anti-inflammatory, and antitumor effects. Recent advancements in 
extraction and purification methodologies for mulberry anthocyanins have resulted in the 
development of various highly efficient extraction techniques. These innovations not only enhance 
extraction yields but also preserve the bioactivity of the anthocyanins. Concurrently, the application 
of purification technologies, including macroporous resin and high-performance preparative liquid 
chromatography, has improved the purity of anthocyanins, thereby augmenting their applicability 
in pharmaceutical contexts. This study aims to review the most recent advancements in the extraction 
and purification of mulberry anthocyanins and to discuss research findings related to antioxidant, 
anticancer, anti-inflammatory, and other bioactivities. The insights provided herein are intended to 
offer both theoretical foundations and practical guidance for the effective utilization and 
industrialization of anthocyanins in the future. 
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1. Introduction 

In recent years, the research and development of natural plant components have become a 
hotspot with the growing concern for healthy diets. Among these components, anthocyanins, as 
natural antioxidants with multiple biological activities, have attracted much attention. Mulberry, as 
a traditional Chinese herbal medicine in China, is rich in nutrients, is especially high in anthocyanins, 
and has high value for development and utilization. Modern pharmacological studies have shown 
that mulberry contains anthocyanins, polysaccharides, phenolics, alkaloids, flavonoids, resveratrol, 
and other pharmacologically active ingredients [1], which provide it with good antioxidant [2], 
hypoglycemic [3], anti-inflammatory [4], anticancer [5], hepatoprotective, and neuroprotective 
properties [6]. Mulberry is rich in anthocyanins such as cyanidin-3-O-glucoside (C3G), cyanidin-3-O-
rutinoside (C3R), and pulsatilloside-3-glucoside (P3G) [7]. 

Traditional extraction methods for mulberry anthocyanins primarily involve solvent extraction 
techniques. However, recent advancements have introduced novel extraction methodologies, such 
as ultrasonic-assisted extraction and microwave-assisted extraction, which have gained traction due 
to their environmentally friendly, efficient, and sustainable characteristics. In terms of purification, 
commonly employed techniques [8] include large-pore resin adsorption, high-performance liquid 
chromatography, and membrane separation. While these methods effectively enhance the purity of 
mulberry anthocyanins, they also present challenges, including operational complexity and high 
costs [9]. 

This study aims to review the extraction and purification techniques for mulberry anthocyanins, 
alongside their associated biological activities. It will summarize existing research findings, analyze 
current challenges and issues, and propose future directions for development. The insights provided 
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herein are intended to serve as a reference for further research and industrial applications of mulberry 
anthocyanins, with the expectation that such investigations will contribute significantly to human 
health. 

 
Figure 1. (A) Different extraction and purification processes of mulberry anthocyanins. (B) Main biological 
activities of mulberry anthocyanins. 

2. Extraction Methods for Mulberry Anthocyanins 

The ongoing advancements in extraction technology have led to a heightened recognition of the 
nutritional and medicinal properties of anthocyanins. Consequently, a variety of both traditional and 
innovative extraction techniques have been developed over time. Table 1 presents a summary of the 
impacts of various extraction methods and processes on the yield of anthocyanins from mulberry 
over the last five years. 

Table 1. Extraction methods of mulberry anthocyanins. 

Source 
Extraction 
methods 

Extraction 
solvent 

Extraction 
condition 

Yield Reference 

4 
varieties 

of 
mulberry 

SEM β-CD、Hβ-CD 

Temperature for extraction was set 
at 20 °C, duration was about 45 

minutes, and β-CD concentration 
was 45 g/L. 

1.2 g/kg [10] 

mulberry SEM 
methanol, ethanol, 

acetone 
the optimal condition is 60% 

ethanol extraction 
Not 

reported 
[11] 

White 
mulberry 

SEM ethanol 
95% ethanol, extraction 

temperature 45 °C, time 3 hours 
Not 

reported 
[12] 

mulberry SEM ethanol 
96% ethanol，extraction 

temperature：30 ℃ 
Not 

reported 
[13] 

mulberry UAE methanol 
70% methanol, 1:55 ratio, 

extraction time 60 min 
6.479% [14] 

mulberry UAE 
methanol oxidation 

 

Ultrasound-assisted extraction 
with a mixture of methanol and 

1.0 N HCl in an 85:15 ratio. 

Not 
reported 

[15] 

mulberry UAE ethanol 
50% ethanol (pH 2.0 ± 0.1), 

ultrasonic extraction three times 
30 ℃ extraction temperature： 

Not 
reported 

[16] 
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Red 
raspberry 

UAE ethanol-citric acid 
ultrasonic power: 466 W, time 16 
min, material-liquid ratio is 4:1 

9.0 ± 0.8 
mg/g 

[17] 

mulberry UPE ethanol 
extraction pressure is 429.52 MPa, 
and the material-to-liquid ratio is 

12.371:1. 

1.97 ± 0.01 
mg/g 

[18] 

mulberry MAE Methanol oxidation 
59.6% methanol, 425W microwave 
power, 25 (v/w) material-to-liquid 

ratio, extraction time 132 s 

54.72 
mg/g 

[19] 

mulberry 
wine 

residue 
EAE ethanol 

Solid-to-liquid ratio 1:20, extract 
58 min at pH 5.9 and 45 °C. 

6.040 
mg/g 

[20] 

mulberry 
wine 

residue 
UAEE ethanol oxidation 

extraction temperature 52 °C, 
0.22% pectinase, 315 W ultrasonic 

power, 94 min 
6.03 mg/g [21] 

mulberry UADESE 
ChCl/HL（1：2）-
water（80/20v/v） 

temperature 57.24 ℃, extraction 
time 31.54 min, material-to-liquid 

ratio 10.76:1. 

6.84± 0.21 
mg/g 

[22] 

mulberry NADES 

the molar ratio of 
chlorine, citric acid, 
and glucose is 1:1:1 

(which includes 
30% distilled 

water) 

The extraction process lasts for 30 
minutes, with a solid-to-liquid 

ratio of 22 mL per gram, under a 
negative pressure of -0.08 MPa. 

6.05 mg/g [23] 

mulberry MAATPE 
ethanol/ammonium 

sulfate 

39% ethanol (w/w), 13% 
ammonium sulfate (w/w), 

material-to-liquid ratio 45:1, 
microwave power 480W, 

microwave time 3 min 

Not 
reported 

[24] 

mulberry UMAE ethanol 

Microwave power is configured to 
150W, ultrasonic power to 360W, 
extraction time to 2 minutes, with 
a 1:70 ratio of material to solvent. 

13.57±1.30 
mg/g 

[25] 

2.1. Solvent Extraction Method (SEM) 

The technical principle of the SEM aligns closely with the concept of solubility similarity in 
dissolution [26], and the solvents are most commonly acidified water, ethanol, acidified methanol, 
acetone, or mixed solvents [27]. Upon reviewing the extraction methods of mulberry anthocyanins in 
recent years, the optimal conditions for effectively extracting mulberry anthocyanins were identified 
as an extraction temperature ranging from 20 °C to 60 °C, an extraction time of 44.95 minutes to 3 
hours, and a material-to-liquid ratio of 1:10 to 1:31 g/mL . [10–12,28]. Therefore, the SEM is widely 
regarded as a conventional extraction method due to its advantages, including straightforward 
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operation, low equipment requirements, and easy implementation. However, it has issues such as a 
prolonged extraction time, low efficiency, and high solvent consumption. (thus increasing costs), 
significant environmental harm from organic solvents, and potential solvent residues. Therefore, the 
SEM has gradually been replaced by new extraction methods. 

To overcome the inherent limitations of conventional solvent extraction, a suite of advanced, 
high-efficiency extraction techniques has been developed to address the specific challenges posed by 
traditional methods. Currently, innovative approaches such as ultrasound-assisted extraction (UAE), 
microwave-assisted extraction (MAE), ultrahigh-pressure extraction (UPE), supercritical carbon 
dioxide extraction (SCDE), microwave-assisted two-phase aqueous extraction (MAATPE), 
ultrasound-assisted deep eutectic solvent extraction (UADESE), and ultrasonic-microwave-assisted 
extraction (UMAE) are increasingly employed in the extraction of anthocyanins from mulberries and 
related botanical species. 

2.2. Ultrasound-Assisted Extraction 

UAE predominantly employs the physical properties of ultrasound to facilitate the extraction of 
bioactive compounds from plant materials. The principal mechanisms at play include cavitation, 
mechanical action, thermal effects, and diffusion [29]. As ultrasound propagates through a liquid 
medium, it induces cavitation, resulting in high-frequency compressions that create numerous 
microbubbles. These microbubbles undergo rapid expansion and subsequent collapse due to 
ultrasonic energy. UAE offers several benefits over other extraction methods, including shorter 
extraction times, increased efficiency, lower temperatures necessary to avert the thermal degradation 
of anthocyanins, diminished energy consumption, and improved environmental sustainability. Table 
1 provides an overview of the process conditions for extracting anthocyanins from mulberries using 
UAE [14–17]. While UAE is more efficient than SEM, the cavitation and mechanical effects of 
ultrasound can partially damage anthocyanin structures in mulberries. Therefore, optimizing 
parameters like ultrasonic power, solid-to-liquid ratio, temperature, and extraction time is essential 
to fully leverage its advantages. 

2.3. Microwave-Assisted Extraction 

MAE leverages ion conduction and dipole relaxation within dielectric materials to isolate target 
compounds effectively [30]. This method accelerates solvent heating, diminishes extract viscosity, 
and enhances the solubility of molecular compounds such as anthocyanins. It additionally disrupts 
the microstructure of plant cells, thus facilitating the release of anthocyanins into the solvent [9]. Over 
the 2020-2024 years MAE has been infrequently applied to mulberry anthocyanins. Wang et al. [24] 
employed ethanol/ammonium sulfate as a two-phase extraction solvent with microwave assistance. 
Response surface optimization revealed that with 39% ethanol (w/w), 13% ammonium sulfate (w/w), 
a solid-to-liquid ratio of 45:1, a microwave extraction time of 3 minutes, and a microwave power of 
480 W, the mulberry anthocyanin recovery reached 86.35 ± 0.32%. Similarly, Liu et al. [31] used MAE 
to extract anthocyanins from purple sweet potato, achieving a yield of 31.16 mg/100 g with 30% 
ethanol, a solid-to-liquid ratio of 1:3 g/mL, a microwave power of 320 W, and an extraction time of 
500 seconds—significantly higher than the traditional SEM. However, as with UAE, both methods 
may lead to the structural degradation of mulberry anthocyanins. Thus, controlling factors such as 
microwave power within a reasonable range is essential to improve yield while preserving 
anthocyanin structure. 

2.4. Ultrahigh-Pressure-Assisted Extraction 

UPE is an innovative non-thermal extraction technique designed to preserve the stability of 
thermally sensitive bioactive compounds, effectively preventing degradation due to heat damage 
[32]. Since high pressure does not disrupt the stability of hydrogen and covalent bonds, UPE can 
effectively break down plant cell walls, enhancing solvent permeability and promoting the release of 
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intracellular active compounds while maintaining their stability [33]. Compared with the 
conventional SEM, UPE provides notable benefits, including low energy consumption, a short 
extraction time, rapid compression, high yield, and straightforward operation, environmental 
friendliness, and the ability to preserve the stability of bioactive compounds such as anthocyanins 
[34,35]. 

Although UPE exhibits numerous advantages, there are challenges in its application, including 
high equipment costs, safety risks, limited solvent selection, high technical requirements, and 
insufficient adaptation to some bioactive components. Chen et al. [18] first applied UPE to the 
extraction of anthocyanins from mulberries and optimized the process conditions by using the Box–
Behnken design. The results showed that the predicted yield of mulberry anthocyanins reached 1.99 
mg/g with the optimal parameters (extraction pressure of 429.52 MPa, liquid–solid ratio of 12.37:1, 
and ethanol concentration of 74.19%). 

2.5. Combined Extraction Methods 

Some combined extraction techniques (e.g., MAATPE, UAEE, UADESE, UMAE) have been 
progressively applied to the extraction of anthocyanins from mulberries. The UAEE technique 
significantly increased the yield of anthocyanins from mulberries through the addition of cellulases 
and pectinases in combination with ultrasonication [36]. Due to the high specificity of the enzymes, 
they can be directed to break down specific components of the plant cell wall, thus disrupting the cell 
wall structure and making it easier to release intracellular components into the solvent. The extraction 
of target products is further facilitated by the synergistic effect of cavitation and the mechanical 
effects of ultrasound [37]. 

The conventional extraction of mulberry anthocyanins mainly relies on organic solvents, but 
their toxicity and environmental unfriendliness raise large safety concerns. For this reason, deep 
eutectic solvents (DESs) are gradually becoming an alternative choice to organic solvents. DESs 
usually consist of a hydrogen bond acceptor (HBA) and two or three safe and renewable hydrogen 
bond donors (HBDs) that are capable of easy and large-scale preparation under different reaction 
conditions [38]. By modulating the hydrogen bonding interactions between the HBA and HBDs, DESs 
exhibited good solubility for both polar and nonpolar compounds. Bi et al. [39] extracted mulberry 
anthocyanins using DESs coupled with an ultrasound technique. Response surface analysis showed 
that a choline chloride (ChCl)–lactic acid (HL) ratio of 1:2 was achieved with an extraction time of 
31.54 min and an extraction temperature of 57.24 °C for optimal extraction. This study showed that 
DESs have a significant advantage over conventional solvents, which may be related to the hydrogen 
bonding network formed between DES components and solute and water molecules. UMAE is 
another effective method for extracting anthocyanins. A study [25] showed that the optimal 
conditions for extracting anthocyanins from mulberry with the UMAE method were a microwave 
power of 150 W, an ultrasound power of 360 W, an extraction time of 2 min, and a material–liquid 
ratio of 1:70, and the extraction rate was 13.57±1.30 mg/g under these conditions. The UMAE method 
combines the cavitation effect of ultrasound and the thermal effect of microwaves, which rapidly 
destroys the plant cell wall to release the target components, thus effectively improving the extraction 
efficiency [40]. However, the equipment cost of this method is high; its application is limited to small-
scale laboratory operations, and the effect on some heat-sensitive active ingredients should be 
considered in practical applications. 

Although these combined extraction techniques have shown good results in the laboratory, 
optimization in terms of equipment and cost is still required for industrial applications. Further 
improvement of these techniques will provide a more feasible solution for the efficient and 
environmentally friendly extraction of anthocyanins from mulberries. 

3. Purification of Anthocyanins from Mulberries 

Mulberry anthocyanin extracts are often accompanied by impurities such as soluble sugars, 
proteins, and organic acids. The presence of these impurities not only affects the purity of 
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anthocyanins but also weakens their bioactivity and stability, thus adversely affecting the 
identification and application of anthocyanins. Therefore, the purification of anthocyanins from 
mulberries is a key step in improving their quality and application value. Currently, anthocyanin 
purification primarily relies on methods such as column chromatography (the macroporous resin 
method and ion exchange resin method), membrane separation (MBS), high-speed counter-current 
chromatography (HSCCC), high-performance liquid chromatography (HPLC), and combined 
purification techniques. Each type of method has its own characteristics in terms of purity 
enhancement, retention of activity, and improvement of extraction efficiency. 

3.1. Column Chromatography Methods(CC) 

CC is the most widely used method for separating and purifying anthocyanins. Its principle 
relies on differences in the partition coefficients of anthocyanosides between the solid and liquid 
phases, enabling the efficient separation of anthocyanosides from impurities [41]. Commonly used 
filler resins include macroporous resins, Sephadex-100, and polyamide resins. Macroporous resins 
can effectively extract target compounds from complex samples due to their porous skeleton 
structure, absence of ion-exchange groups, high physicochemical stability and mechanical strength, 
and characteristics of being difficult to break and being unaffected by inorganic salts, strong ions, and 
low molecular weight compounds [42]. In addition, macroporous resins are easy to operate, have a 
low cost and good selectivity, are easy to regenerate, and have fast adsorption [43]. Huang et al. [44] 
compared the purification of mulberry anthocyanins using three macroporous resins (AB-8, D-101, 
and S-8), and the results showed that the adsorption rate (92.28%) and adsorption capacity (5.54 
mg/g) of AB-8 were better than those of the other two resins because of its large specific surface area 
and moderate pore size, which were more favorable for the adsorption of mulberry anthocyanins. Li 
et al. [45] used AB-8 and Sephadex LH-20 for the purification of mulberry anthocyanins, and the 
whole process was carried out at temperatures lower than 40 ℃ and protected from light; firstly, 
deionized water was used to remove sugar impurities, and then 65% ethanol was used for the 
collection of anthocyanins. Liao et al. [46] applied a new type of strongly acidic cation exchange resin 
to purify anthocyanins. They used the new strongly acidic cation exchange resin 001X7 and found 
that the optimal purification conditions for it were a wash flow rate of 30 mL/min, a pH of 2.17, and 
washing with 1 mol/L NaCl desorbent for optimal extraction according to high-performance liquid 
chromatography with diode-array detection (HPLC-DAD) and ultra-performance liquid 
chromatography coupled with mass spectrometry (UPLC-MS) analyses. 

Although CC is currently the main method for the purification of mulberry anthocyanins, its 
purification amount is small, and it is difficult to realize the purification of mulberry anthocyanins 
on an industrial scale. 

3.2. High-Speed Counter-Current Chromatography (HSCCC) 

HSCCC is a chromatographic technique based on liquid–liquid partitioning, and it utilizes two 
immiscible solvents to form a unidirectional hydrodynamic equilibrium in a high-speed rotating 
helical tube, effectively avoiding the irreversible adsorption, inactivation, and denaturation of 
samples [47]. Compared with traditional chromatographic columns, HSCCC has a high loading 
capacity, making it suitable for the rapid and large-scale preparation of bioactive compounds [48]. 

Y. Chen et al. [49] purified mulberry anthocyanosides using HSCCC with a solvent system 
consisting of methyl tertiary butyl ether (MTBE), n-butanol, acetonitrile, water, and trifluoroacetic 
acid (TFA) (30:10:10:50:0.05, v/v). The upper solvent layer was delivered to the column at a pump 
speed of 40 mL/min and a host speed of 900 rpm, and the lower solvent layer was used as a mobile 
phase at a flow rate of 10 mL/min at 25 ℃. Three monomers, dopamine receptor type 3 (D3R), C3R, 
and C3G, were successfully separated using this method. Wang, Y. L. (Wang, Y. L., 2023) investigated 
the isolation and purification of oligomeric proanthocyanidins from green mulberry and their 
antioxidant and hypoglycemic activities using HSCCC and a solvent system of n-hexane, ethyl 
acetate, and water (1:20:20, v/v/v), with a mobile-phase flow rate of 2 mL/min, a mainframe rotational 
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speed of 850 rpm, and a temperature controlled at 30 °C; five fractions were obtained through 
isolation after 500 min. The choice of solvent system is crucial in the HSCCC purification process; this 
is one of the key challenges in current studies, and it still needs to be further explored and optimized 
[50]. 

3.3. High-Performance Preparative Liquid Chromatography (HPPLC) 

HPPLC consists of a stationary phase and a mobile phase, and separations are achieved using 
adsorption, desorption, and partitioning processes for compounds between the two phases [51]. The 
components of mulberry anthocyanins are separated due to their different interaction forces 
(polarity, molecular size, charge) with the stationary phase, which results in different rates of 
movement through the column. By adjusting the composition of the mobile phase, the separation can 
be effectively improved. HPPLC has high selectivity and high resolution, and it can be used to rapidly 
analyze many types of compounds, including polar, non-polar, and ionic compounds [52]. Y. T. Li et 
al. [45] converted cornflowerin-3-O-rutinoside into cornflowerin-3-O-glucoside using whole-cell 
catalysis coupled with an aqueous two-phase system (ATPS); this was followed by HPPLC to 
improve the purity of C3G to 99%. RAN, G. J et al (RAN, G. J et al 2019) used medium-pressure 
preparative liquid chromatography to rapidly prepare high-purity cornflowerin-3-O-glucoside 
monomers from mulberry. It was shown that the main anthocyanin glycosides in mulberry were 
C3G, C3R, and malvidin-3-O-glucoside (M3G), and the purity of C3G was improved from 73.56% to 
98.72% using the cutting and collecting technique. Despite the high selectivity and resolution of 
HPPLC in the isolation and purification of anthocyanosides from mulberry, its high cost, complex 
pretreatment, and large consumption of organic solvents limit its large-scale application. Therefore, 
more economical and environmentally friendly purification methods should be developed for more 
efficient industrial applications in the future. 

3.4. Membrane Separation Method (MBS) 

MBS utilizes the selective permeability of semipermeable membranes to separate the 
components of a mixture, and it has the advantage of being simple, easy to operate, and able to be 
carried out at room temperature to avoid structural changes in the sample [53]. This method usually 
uses water as the solvent, as it has a low impact on the environment; by selecting appropriate 
membrane materials and pore sizes, mulberry anthocyanosides of different molecular weights can be 
separated efficiently without the need to add additional organic chemical reagents, which reduces 
chemical contamination [54]. 

Within the last five years, the applications of the MBS in the purification of anthocyanins from 
mulberry have been relatively few. Zhao, Y. L. (Zhao, Y. L. 2023) used a 1 KDa polyethersulfone 
ultrafiltration membrane for the purification of anthocyanins from medicinal mulberries, and the 
protein and total sugar were effectively retained by the ultrafiltration membrane, with the retention 
rate reaching 98.9% and 95.53%, respectively; in addition, the color value of anthocyanin was 
increased by 15 times. In the future, MBS can be combined with raw material pretreatment or with 
resin adsorption and other technologies to optimize the efficiency of separating mulberry 
anthocyanosides. 

4. Bioactivities of Mulberry Anthocyanins 

Mulberry anthocyanins combine with monosaccharides under natural conditions to form 
anthocyanosides, and their main active components have significant biological activities, like 
antioxidant, anticancer, hypoglycemic. In view of the potential role of mulberry anthocyanins in 
disease prevention and health maintenance, this study systematically reviews the current progress of 
research on their biological activities, aiming to provide a theoretical basis and reference for their 
application in the development of functional foods and drugs. 
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Figure 2. Bioactivities of mulberry anthocyanins. 

4.1. Antioxidant Activity of Mulberry Anthocyanins 

Antioxidant activity is one of the most important indicators for the assessment of bioactive 
substances, and oxidative stress is currently a key factor in the development of several diseases due 
to environmental stresses and poor lifestyle habits [55]. Therefore, research and development of 
natural products with strong antioxidant activity are important for the prevention and treatment of 
these diseases. Mulberry anthocyanin, a natural anthocyanoside analog, has been shown to possess 
significant antioxidant capacity. Huang et al. [44] investigated the protective effect of mulberry 
anthocyanin against H2O2-induced damage to vascular endothelial cells (VECs) and found that 
mulberry anthocyanin restored the H2O2-induced decrease in vascular cell viability and increased 
superoxide dismutase (SOD) while simultaneously decreasing malondialdehyde (MDA) and 
xanthine oxidase (XO-1) activities. This study suggests that mulberry anthocyanins can be used as 
antioxidants in the prevention of cardiovascular and cerebrovascular diseases. Wang et al. [24] 
investigated the scavenging activity of mulberry anthocyanins against 2,2'-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) and DPPH free radicals and found that the scavenging 
rates of the two were 96.4±0.76% and 82.52±2.13% respectively, with an antioxidant capacity close to 
that of vitamin C. Chen et al. [11] explored the effects of mulberry anthocyanins extracted using 
different extractants on DPPH and ABTS scavenging, and they found that the half maximal inhibitory 
concentration (IC50) for DPPH scavenging by mulberry anthocyanins extracted using 60% ethanol 
ranged from 0.056 to 0.180 mg/mL. In addition, this study compared the effects of anthocyanins 
extracted from mulberries of different ages on ABTS and FRAP scavenging, both of which showed 
better antioxidant properties than vitamin C. 

4.2. Hypoglycemic Ability of Mulberry Anthocyanins 

In recent years, mulberry extracts have shown promising applications in hypoglycemia, and 
their effects are mainly mediated through various pathways, including the enhancement of the 
insulin signaling pathway, the inhibition of intestinal glycosidase activity, a reduction in 
gluconeogenesis, and glyco-lipid metabolism for regulating blood glucose [56]. For example, Fang et 
al. [16] studied the hypoglycemic effect of mulberry anthocyanins and found that mulberry 
anthocyanins can reduce insulin resistance and β-cell apoptosis by improving glucose metabolism 
and lipid metabolism and reducing oxidative stress, thus indicating that they possess excellent 
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hypoglycemic properties, in addition to ameliorating diabetes. Chen et al. [18] observed that 
mulberry anthocyanins could inhibit the activity of α-amylase and α-glucosidase, with the inhibitory 
effect on both enzymes increasing as their concentration increased. Therefore, this experiment 
confirmed that mulberry anthocyanins have a potential hypoglycemic effect and have a unique 
advantage as a natural antioxidant for the prevention or treatment of type 2 diabetes mellitus. Wu et 
al. [57] explored the effects of mulberry anthocyanins on high-fat diets and on β cell apoptosis as 
indicated by weight gain in male high-fat diet (HFD)-fed C57BL/6 mice. The results of the 12-week 
experiment showed that mulberry anthocyanins effectively reduced body weight gain and improved 
insulin sensitivity, decreased adipocyte volume, and possessed potential hypoglycemic ability. Yan 
[58] explored the effects of mulberry anthocyanins on HepG2 cells and type 2 diabetic mice, focusing 
on their ability to reduce oxidative damage and regulate protein expression. The intervention with 
mulberry anthocyanins led to increased phosphorylation of adenosine monophosphate-activated 
protein kinase (AMPK) and decreased expression of acetyl-CoA carboxylase (ACC) and mammalian 
target of rapamycin (mTOR). Additionally, changes were observed in the expression of p38 mitogen-
activated protein kinase (p38-MAPK) and peroxisome proliferator-activated receptor gamma 
coactivator 1 alpha (PGC-1α) in insulin-sensitive tissues. The results demonstrated the potential 
benefits of MAE in protecting hepatocytes from oxidative stress during hyperglycemia in HepG2 
cells and ameliorating dysfunction in diabetic mice by regulating the AMPK/ACC/mTOR pathway. 
Yan et al. [59] demonstrated that mulberry anthocyanin attenuates, through the activation of the 
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) pathway, insulin resistance in HepG2 cells 
and increases glucose consumption, glucose uptake, and the glycogen content. Compared with 
conventional hypoglycemic agents, mulberry anthocyanosides have attracted widespread attention 
due to their natural origin and lower side effects. However, there are still some limitations in the 
existing studies, such as the inconsistency of results between different experimental models, 
insufficient safety evaluations for long-term use, and unclear definitions of the effective dose range. 

4.3. Antitumor Effects of Mulberry Anthocyanins 

In recent years, the antitumor effects of mulberry anthocyanins on a variety of cancers have 
received widespread attention, and several studies have demonstrated that they significantly inhibit 
the proliferation and migration of tumor cells by inducing apoptosis and autophagy. For example, a 
study by Long et al. [60] demonstrated that mulberry anthocyanins (MAs) significantly inhibited the 
proliferation and migration of tumor cells by inducing apoptosis and autophagic cell death, and they 
significantly inhibited thyroid cancer progression. The study analyzed the effects of MAs on SW1736 
and HTh-7 cells and found that MAs inhibited the proliferation and migration of these two cell types. 
Western blotting results showed that MAs increased the LC3II/LC3I ratio and significantly inhibited 
the activation of AKT, mTOR, and S6 in SW1736 and HTh-7 cells. This study demonstrated that MAs 
exhibited potential in thyroid cancer therapy by inducing autophagy and inhibiting the activation of 
the AKT/mTOR signaling pathway. Huang et al. [61] showed that anthocyanin-rich mulberry extract 
induced endogenous cancer by activating the p38/p53 and p38/c-jun signaling pathways and induced 
endogenous and exogenous apoptosis, thereby inhibiting the growth of human gastric cancer cells 
(AGSs), demonstrating its key role in gastric cancer cell apoptosis. Cho et al. [62] explored the 
anticancer effect of cyanidin-3-glucoside from mulberry via caspase-3 cleavage and DNA 
fragmentation in vitro and in vivo by investigating the mechanism of action of the mulberry 
anthocyanin C3G in MDA-MB-453 human breast cancer cells, and they found that C3G was able to 
promote the activation of the caspase-3 enzyme and induce, through the Bcl-2 and Bax pathways, 
DNA fragmentation of the living cell apoptosis pathway, thus inhibiting the growth of cancer cells. 
In conclusion, mulberry anthocyanins show significant inhibitory effects on various cancer cells by 
inducing autophagy and apoptosis; thus, they have potential therapeutic value. However, the 
relations hip between autophagy and apoptosis and the mechanisms of related signaling pathways 
still need to be further investigated. 
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4.4. Anti-Inflammatory Activity of Mulberry Anthocyanins 

Studies have shown that mulberry anthocyanins (MA) exhibit therapeutic potential in a variety 
of inflammatory diseases. For example, Mo et al. [63] observed that MA exhibited a significant 
protective effect against dextran sodium sulfate (DSS)-induced ulcerative colitis. This effect is 
attributed to their ability to inhibit colonic oxidative stress and restore the expression of tight junction 
proteins (e.g., ZO-1, occludin, and claudin-3), thereby mitigating intestinal barrier damage. 
Additionally, 16S rRNA amplicon analysis revealed that MA improved DSS-induced intestinal 
dysbiosis by reducing harmful bacteria such as Escherichia–Shigella and increasing beneficial 
bacteria like Akkermansia, Muribaculaceae, and Allobaculum.. Jung et al. [64], on the other hand, 
found that MA effectively alleviated obesity-induced inflammation and mitochondrial dysfunction 
by modulating miR-21, miR-132, and miR-43 expression in white adipose tissue and activating the 
PGC-1α/SIRT1 pathway in muscle. Another study by D. Lee et al. [65] found that white mulberry 
anthocyanin exhibited concentration-dependent nitric oxide (NO) inhibition in macrophages and 
indicated its potential application in inflammation-related diseases by inhibiting the phosphorylation 
of IκB kinase alpha (IKKα), IκB kinase beta (IKKβ), inhibitor of kappa B alpha (IkBα), and nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-kB), in addition to the activation of 
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). In addition, Lee et al. [65] 
showed that mulberry anthocyanin could exert an inhibitory effect on the inflammatory response in 
dry eyes by decreasing the expression of interleukin (IL)-1, IL-6, and IL-7 in the cornea and lacrimal 
gland. In summary, MA exhibits a wide range of anti-inflammatory activities by maintaining 
intestinal barrier function, modulating inflammatory factors, and improving the microbiota, offering 
new possibilities for the treatment of inflammatory diseases. 

4.5. Other Bioactivities of Mulberry Anthocyanins 

Studies have shown that mulberry anthocyanins exhibit a variety of biological activities, such as 
glycosylation inhibition, antioxidant activity, mitochondrial function improvement, and 
neuroprotection, with potential therapeutic effects on metabolic and neurodegenerative diseases. 

For example, Khalifa et al. [66] found that mulberry anthocyanins were able to selectively 
capture dicarbonyl compounds such as glyoxal (GO) and, thus, effectively inhibit the formation of 
advanced glycosylation end products (AGEs). This mechanism involves GO trapping and covalent 
and non-covalent binding of mulberry anthocyanins (MAs) to β-lactoglobulin (β-Lg), making MAs 
functional components with anti-glycation effects. In addition, Yan et al. [67] showed that mulberry 
anthocyanin extract reduced glucose-induced oxidative stress in LO2 cells and restored the lifespan 
of a model organism, Hidradenitis elegans nematode, under hyperglycemic conditions. RNA-seq 
analysis revealed that MAE treatment induced alterations in the expression of 92 genes, which 
strengthened the cellular antioxidant defense system and, in turn, attenuated glucose-induced 
cellular damage. In terms of metabolic improvement, a study by You et al. [68] found that mulberry 
anthocyanins (C3G and C3R) significantly upregulated the expression of mitochondrial-biosynthesis-
related genes, mitochondrial transcription factor A (TFAM) and nuclear factor erythroid 2-related 
factor 1/2 (NRF1/NRF2), and they activated the AKT and extracellular signal-regulated kinase (ERK) 
signaling pathways in brown adipose tissue (BAT)-cMyc cells, which resulted in an increase in BAT-
specific uncoupling protein 1 (UCP1) gene expression. This result suggests that C3G and C3R may 
ameliorate metabolic disease symptoms by enhancing the thermogenic capacity of BAT. In addition, 
Shih et al. [69] demonstrated in the senescence-accelerated mouse prone 8 (SAMP8) and senescence-
accelerated mouse resistant 1 (SAMR1) mouse models that mulberry anthocyanin ingestion 
significantly reduced amyloid β accumulation and modulated MAPK and NRF2 in the brains of mice, 
thereby activating the antioxidant defense system and contributing to the improvement of memory 
decline in aged mice. These results suggest that ME has a potential anti-Alzheimer's effect. 

In conclusion, mulberry anthocyanins exhibit important biological activities in metabolism and 
neuroprotection through multiple biological pathways, and further studies may help to develop their 
applications in metabolic and neurodegenerative diseases. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2025 doi:10.20944/preprints202503.2377.v1

https://doi.org/10.20944/preprints202503.2377.v1


 11 of 15 

 

5. Concluding Remarks and Prospects 

Mulberry anthocyanins have demonstrated significant potential as bioactive compounds, 
showing antioxidant, anti-inflammatory, anticancer, and metabolic regulatory effects. As reviewed, 
advancements in extraction and purification techniques, such as UAE, MAE, UPE, have greatly 
improved the yield and stability of mulberry anthocyanins, while various purification approaches, 
including HSCCC and HPPLC, have enhanced the purity and application potential. However, 
industrial-scale applications remain challenging due to factors such as high costs, complex 
procedures, and equipment limitations. 

In terms of bioactivities, mulberry anthocyanins have shown promising therapeutic effects in 
multiple disease models. Their ability to mitigate oxidative stress, inhibit inflammatory pathways, 
and regulate cancer cell apoptosis and autophagy highlights their value as natural health-supporting 
agents. However, the precise molecular mechanisms, especially the interactions with signaling 
pathways such as PI3K/AKT, MAPK, and NRF2, require further elucidation. Additionally, their role 
in modulating gut microbiota and metabolic health warrants more in-depth exploration, particularly 
through clinical trials. 

Future research should focus on optimizing extraction and purification methods to make them 
more cost-effective and environmentally sustainable, which would facilitate their commercial 
application. Furthermore, studies exploring the bioavailability and pharmacokinetics of mulberry 
anthocyanins will be crucial for understanding their efficacy in human health applications. With 
comprehensive investigations of dosage, long-term safety, and synergistic effects with other bioactive 
compounds, mulberry anthocyanins hold promise as natural therapeutic agents for combatting a 
variety of chronic diseases. 
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