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Abstract 

Lujiu is a traditional Chinese alcoholic beverage made by extracting animal and plant medicinal materials in 

Baijiu (Chinese liquor) or Huangjiu (Chinese rice wine). Due to the precipitation of various substances in the 

base liquor, Lujiu has a richer taste and higher nutritional value. However, it is also prone to turbidity. The 

turbidity that occurs after the preparation and storage of Lujiu seriously affects its appearance, quality and 

commercial value. Although there is a lot of discussion about turbidity and precipitation in wine and fruit wine, 

articles about the turbidity phenomenon of Lujiu are not common. This article reviews the main components in 

Lujiu, such as proteins, polysaccharides and phenolic substances, as well as the complex interactions between 

these components, and the commonly used methods for removing turbidity. This article aims to provide a basis 

for the future development of Lujiu products and the prevention and control of turbidity.   
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1 Introduction 

 

Lujiu is a Chinese traditional alcoholic beverage made 

from herbal medicines or food homologous materials 

through extraction and blending processes [1]. It 

integrates multiple aspects of Chinese traditional 

cultures, such as diet and medicine, and is an alcoholic 

beverage variety that has attracted much attention 

from consumers under the new trend of health 

consumption. Lujiu has many similarities with 

liqueur. Both involve adding edible substances to a 

base liquor and then undergoing processes such as 

soaking, distillation, and blending. The differences 

between Lujiu and liqueur are shown in Table 1. 

Based on the functional substances contained in 

herbs, soaking herbs in alcoholic beverages for days, 

weeks, or years is a tradition for people all over the 

world [2]. In China, there is also a thousand-year 

tradition of using plants to make wine. Through 

soaking, the functional components in the plants are 

precipitated in the wine, or secondary metabolites are 

generated, which can increase the nutritional and 

health care functions of the wine. The raw material for 

making this wine is plants with the same medicinal 

and edible origin, which are used for health care and 

can be drunk by most people. Medicinal wine can be 

considered one of the earliest types of Lujiu products 

in China. As people’s consumption concepts have 

evolved and health awareness has increased, Lujiu 

products with health benefits, such as medicinal wine, 

have garnered increasing attention from consumers [3]. 

Review Article 

http://dx.doi.org/10.14416/j.asep.2025.08.001


  

                             Applied Science and Engineering Progress, Vol. 19, No. 1, 2026, 7799 

    

 

Y. Wang et al., “Research Progress on the Causes of Turbidity in Lujiu and the Treatment Measures.” 

  
2 

Table 1: The differences between Lujiu and liqueur. 
Comparison Items Liqueur Lujiu Ref. 

Base liquor types Distilled alcoholic drink. Fermented alcoholic drink or distilled alcoholic 

drink. 

[4] 

Names of base liquor Whisky, Vodka, rum, and distilled gin. Baijiu, Huangjiu. [5]–[8] 
Additives Fruits, spices, herbs, sugar. Essential parts of plants and animals. [2] 

Flavor and texture Fruit aroma, floral aroma, and spice flavor. Medicinal fragrance [9], [10] 

Origin Europe Asian [2] 
Usage Dessert wine aids digestion. Health preservation and care. [11] 

 

 

 
Figure 1: Classification of Lujiu. 

 

As a kind of alcoholic beverage product with 

unique characteristics, Lujiu has its significant 

advantages. On the one hand, Lujiu contains a diverse 

array of health-promoting components. In China, most 

of the Lujiu are based on prescriptions and new results 

of pharmacological research on traditional Chinese 

medicinal materials as the basic formula. Mainly for 

health and fitness, it has the effect of strengthening the 

body. Lujiu generally contains various nutrients such 

as minerals, monosaccharides, polysaccharides, 

amino acids, peptides, proteins, organic acids, amino 

acids, flavonoids, phenolic acids, alkaloids and 

saponins [11]. Xu et al., have used five kinds of 

Chinese herbs, such as Radix pseudostellariae, 
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Astragalus and jujube to made Lujiu which has an 

anti-fatigue effect [12]. Yu et al., utilized Dendrobium 

(D.) officinale to develop Lujiu, which exhibits 

efficacy in reducing blood glucose levels and 

enhancing immune function [13]. On the other hand, 

Lujiu has a rich and diverse taste and flavor profile, 

because it is produced from a variety of raw materials, 

such as herbs, fruits, and aromatic plants. Lan et al.,  

employed Head Space-Solid Phase Microextraction-

Gas Chromatography-Mass Spectrometry (HS-

SPME-GC-MS) to analyze the volatile compounds in 

six kinds of commercially available Lujiu. A total of 

113 flavor compounds, including esters, alcohols, 

aldehydes, and olefins, were identified [14]. Mansi et al., 

identified 458 volatile compounds by HS-SPME-GC-

MS, and according to the flavor characteristics of 34 

kinds of Lujiu, the flavor types were divided into four 

types: herbal flavor, flower flavor, animal flavor and 

compound flavor [15]. The classification of Lujiu 

based on raw materials, base liquor, production 

process and application is shown in Figure 1. 

 As an alcoholic beverage, factors such as taste, 

color, and aroma play a crucial role in the product’s 

sales performance. However, due to the complex 

sources of Lujiu, the different properties of their 

alcohol-soluble and water-soluble substances, 

turbidity and precipitation are prone to occur during 

production, storage and sales, which greatly affects the 

sensory quality and sales status of the product. It is 

also an enterprise's production frequently asked 

questions. The source of precipitation in wine is also 

related to the precipitation of substances added to the 

wine, such as proteins and polyphenols, through 

polymerization reactions. In actual production, 

turbidity can be effectively controlled through the 

improvement of equipment, optimization of processes, 

and strict control of raw materials. Additionally, 

methods such as adsorption, the addition of clarifying 

agents, and freezing can further reduce the occurrence 

of turbidity and precipitation during storage. This 

article reviews the nutritional value of herbal wine, 

analysis of the causes of turbidity, and methods of 

removing turbidity to support subsequent research. 

2 Substance in Lujiu Associated with Turbidity 

 

Lujiu is a complex mixture containing a variety of 

substances, mainly including polysaccharides, 

polyphenols, flavonoids, proteins, etc. These 

components work together to provide the basis for the 

health care effect of Lujiu. However, the interaction 

between the ingredients can also cause the Lujiu to be 

cloudy. 

 

2.1 Polyphenols 

 

Polyphenols are an important class of secondary 

metabolites synthesized by plants [16]. Phenolic 

compounds are natural substances consisting of one or 

more hydroxyl groups connected to one or more 

aromatic or benzene rings and are found in many herbs 

and fruits. Polyphenols are important functional 

components and flavor substances in various wines, 

such as Lujiu and wine [17]. The common 

polyphenols in Lujiu are resveratrol, catechin, 

quercetin, flavonoids and so on [18]. The addition of 

phenolic compounds in food has garnered growing 

interest due to their biological activities, such as free 

radical scavenging and antioxidant effects. These 

compounds can inhibit the oxidation of proteins and 

lipids in foodstuffs, thereby benefiting human health 

[19]. Therefore, people also add plants rich in 

polyphenols to alcoholic beverages to enhance the 

nutritional value of wine. However, the chemical 

properties of the phenolic hydroxyl group in the 

structure of polyphenols are relatively active, which 

makes it susceptible to environmental factors, so its 

application in food is limited. Xiaoling et. al., found 

that high alcohol content and low feed liquid were 

more conducive to the leaching of polyphenols of 

Mulberry Lujiu  [20]. The winemaking process and 

subsequent wine storage conditions will affect the 

content and properties of polyphenols. The types and 

contents of polyphenols in different Lujius are 

different, which are shown in Table 2. 

 

 

Table 2: The types and contents of polyphenols in different Lujiu. 
Categories Polyphenol Species Content (mg/L) Main Effect Ref. 

Blueberry Lujiu Anthocyanin, flavonoid 4–30 Antioxidant, improve vision, enhance memory, 
anti-inflammatory. 

[21] 

Mulberry Lujiu Anthocyanin 10.14 Antioxidant, anti-inflammatory, reduce the 

blood-fat. 

[22] 

D. officinale Lujiu Flavonoid 710 Enhance immunity, reduce the blood-fat. [13] 

Euryale ferox Lujiu Flavonoids, phenolic acids 46.4  Stop diarrhea and remove dampness. [23] 

Lobed Kudzuvine 
Root Lujiu 

Puerarin 0.898 Cure alcohol and protect liver, prevent 
cardiovascular and cerebrovascular diseases. 

[24] 
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2.2  Protein 

 

Although the protein content in Lujiu or other 

alcoholic beverages is at an extremely low level, its 

instability is still one of the most common non-

microbiological causes to cause turbidity in the 

beverage. Studies on protein stability in alcoholic 

beverages are mostly concentrated in wine, Huangjiu, 

fruit wine, and beer. The protein in alcoholic 

beverages comes mainly from yeast and fruit. Wine is 

fermented from grape skins and seeds, and most of the 

protein can be removed during the brewing process 

[25]. As the storage time increases, the protein in fruit 

wine gradually aggregates, resulting in turbidity or 

even precipitation in bottled wine [26]. White wine is 

fermented only with clear fruit juice, the concentration 

of phenols is very low, and it may still contain a high 

protein content after bottling [27]. 

The protein characteristics of sake are 

significantly different from those of other fermented 

alcoholic beverages. The main feature is that the 

proteins in medicinal herbs and plants usually undergo 

denaturation, exposing their hydrophobic groups, 

which results in a certain solubility during the 

extraction process. However, during the blending 

stage in the later stage, due to the change in alcohol 

concentration, the solubility of these proteins 

decreases, leading to the occurrence of precipitation. 

One study used a reconstitution method to study the 

heat-induced aggregation behavior of purified wine 

proteins and showed that chitinase was the protein that 

aggregated most readily and was also the protein that 

formed the largest particles [28]. As macromolecular 

substances, proteins are easily cross-linked with other 

substances in solution. Temperature, pH and other 

factors can cause protein in alcohol development, self-

aggregation, and flocculation [29]. Xie et al., used 

two-dimensional electrophoresis and matrix-assisted 

laser ionization time-of-flight tandem mass 

spectrometry (MALDI-TOF/TOF MS) to analyze the 

main components of Shaoxing rice wine colloidal mist 

proteins, showing that the amino acids in the colloidal 

mist are characterized by high hydrophobicity and low 

water solubility [30]. However, there is little research 

on protein of Lujiu, but in practical terms, there is a 

possibility of protein quality in the basic wine and 

additive materials. 

 

2.3  Polysaccharide 

 

Polysaccharides are the key components of the plant 

cell wall, such as glycans, cellulose, galactomannan, 

etc., that play a specific role in the regulation of human 

sugar metabolism [31]. The main sources of 

polysaccharides in alcoholic beverages include 

grapes, malt, grass, fruit and other raw materials, and 

microbial substitutes during the production process 

[32]. Polysaccharides are important functional 

substances in plants commonly used for brewing 

Lujiu, such as Cistanche tubulosa [33], Lycium 

barharum L. [34], Panax ginseng C.A. Mey. [35].     

Wu et al., studied the structure of blackberry wine 

turbidity and found that the proportion of polyphenols 

and proteins in the turbidity was large and dominated, 

followed by total sugar [36]. Some information about 

the polysaccharide content of Lujiu and the 

measurement method is shown in Table 3. It has been 

observed that the polysaccharide content in Lujiu 

prepared from Chinese medicinal materials is 

consistently high, particularly which made from a 

mixture of different Chinese medicinal materials. 

 

Table 3: The polysaccharide content of Lujiu and measurement method.  
Categories Polysaccharide Species Content 

(mg/L) 

Main Effect Detection Method Ref. 

Lycium barbarum 

Lujiu 

Lycium barbarum - 

polysaccharide 

1457 Anti-tumor, anti-aging phenol-vitriolic 

colorimetry, Ultraviolet-

visible spectrophotometry 

[37] 

Ganoderma 

lucidum Lujiu 

Ganoderma lucidum - 

polysaccharides 

570.93 Improve blood sugar, 

adjust blood lipids, anti-

inflammatory, anti-
venom 

Ultraviolet-visible 

spectrophotometry 

[38] 

Mulberry Lujiu Mulberry -polysaccharide 127.58 Anti-aerobic, anti-

fatigue 

Phenol-vitriolic 

colorimetry 

[39] 

Silver apricot leaf 

dew wine 

Lycium barbarum 

polysaccharide, jujube 

polysaccharide 

2.79 Antitussive, 

antidiarrheal 

Spectrophotometry [40] 

Shenrong Yuye 

Lujiu (Multi-drug 

combination) 

Polygona-

polysaccharose,Lycium 

barbarum - polysaccharide etc. 

3880 Invigorate qi, improve 

eyesight 

Phenol-vitriolic 

colorimetry 

[41] 
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2.4  Metal ion 

 

The identification of metals in Lujiu is a subject of 

increasing interest since complexation may reduce 

their toxicity and bioavailability. This issue is equally 

applicable to wine. Pesticides used in the planting 

process, environmental pollution, and the production 

and preservation of Lujiu may cause metal ions, such 

as iron, copper, manganese, etc., to be mixed into the 

wine [42]. Camelia et al., used an ion exchange 

molecular sieve to remove metal ions from white 

wine. The results showed that the method was 

effective and the materials used did not change the 

quality of the wine [43]. Iron and copper in wine will 

accelerate the oxidation of wine, thus affecting the 

stability of the wine [44]. Zhang et al., employed 

microwave digestion coupled with graphite furnace 

atomic absorption spectrometry to quantify the lead 

content in Lujiu [45]. Zhao used the Flame method - 

atomic absorption spectrophotometer the determination 

of ferric content of Lujiu [46]. 

 

2.5  Higher fatty acid ethyl ester (HFAEE)  

 

Higher fatty acid ethyl esters (HFAEE) are widely 

present in raw wine in the form of colloidal nuclei 

[45]. There are three main types of HFAEE in alcohol: 

ethyl palmitate, ethyl oleate, and ethyl linoleate. 

Because it is in the form of gel in wine, it can give 

people a smooth taste and make the wine rich in flavor 

[46]. Under low temperature or low ethanol 

environment, the solubility of higher fatty acid esters 

decreases, and milky white floc suspension or 

precipitation appears. Some studies have found that at 

10 °C, wine samples with a total content of ethyl 

palmitate, ethyl oleate and ethyl linoleate >250 mg/L 

are at risk of turbidity [47]. The solubility of higher 

fatty acid esters decreases under low temperature or 

low ethanol environment, and milky white floc 

suspension or precipitation appears [33]. In the 

production process of Lujiu, low-alcohol baijiu is 

often used, which will increase the precipitation of 

HFAEE. 

 

3  Causes of Turbidity in Lujiu 

 

Lujiu contains proteins, polysaccharides, amino acids, 

flavonoids, alkaloids, saponins and other nutrients, 

which makes it have health care function. But in the 

process of production and storage of Lujiu, the 

corresponding physical, chemical and biological 

reactions will slowly occur between these components 

and base wine components, thus changing the original 

equilibrium state of the Lujiu system and causing 

precipitation. The main substances causing the 

turbidity of dew wine are shown in Figure 2. 

 

 
 

Figure 2: Substances that affect Lujiu turbidity. 

 

3.1  Protein-polyphenol interactions 

 

The current common view is that the interaction 

between phenolic and proteins is related to the 

formation of haze [48]. Haslam et al.,  first proposed 

the theory that protein-polyphenols are combined with 

each other through hydrophobic bonds and hydrogen 

bonds at multiple sites. Proteins have hydrophobic 

properties due to their aliphatic amino acid side 

chains, allowing them to form hydrophobic pockets 

that bind to polyphenols [49]. According to the former 

study, it showed that natural polyphenols have a 

peculiar affinity for “holes, pores or crevices” in 

polysaccharide structures. Gang Wu used high-

performance liquid chromatography (HPLC), solid-

state nuclear magnetic resonance (SS-NMR), Fourier 

transform infrared (FTIR) spectroscopy, and 

differential scanning calorimetry (DSC) to identify the 

main components of blackberry wine turbidity. The 

results show that the main substances in blackberry 

wine are polyphenols and proteins, in addition to 

polysaccharides, sulfur, phosphorus and iron [35]. The 

combination of hydrophobic bonds and hydrogen 

bonds is considered to be a model of protein-phenolic 

interactions. When protein hydrogen bonds are 

broken, more sites are exposed, which can combine 

with phenolic substances to form turbid substances 

[50]. 
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3.2  Polysaccharides-polyphenols interactions 

 

The interaction between polysaccharides and 

polyphenols can lead to the formation of diverse 

structures within the wine matrix, thereby modifying 

the physicochemical properties of the system and 

ultimately affecting the sensory quality, nutritional 

attributes, and functional activities of food products. 

These interactions primarily occur via non-covalent 

forces such as hydrogen bonding, ionic interactions, 

van der Waals forces, and hydrophobic effects. 

Additionally, covalent interactions, including enzymatic 

oxidation, carbodiimide-mediated cross-linking, and 

free radical-induced coupling, can also facilitate the 

formation of polysaccharide-polyphenol complexes 

[51]. This combination is reversible and highly specific 

[52]. Among them, hydrogen bonds mainly exist 

between the phenolic hydroxyl groups of polyphenols 

and the oxygen atoms of polysaccharide glycosidic 

bonds. The interaction between polysaccharides and 

polyphenols affects the digestion and absorption of 

polyphenols, because polysaccharides can embed 

polyphenols within the structure, thereby reducing the 

bioavailability of polyphenols.  

 

3.3  Polysaccharides-protein interactions 

 

There are two types of interactions between proteins 

and polysaccharides. One is that proteins and 

polysaccharides cause phase separation due to 

thermodynamic incompatibility between the two 

biological macromolecules, including binding phase 

separation and mutually exclusive phase separation 

[53]. The interactions arising from the attraction and 

repulsion between different biopolymers are 

influenced by internal factors such as pH, ionic 

strength, and charge density, as well as physical 

factors including temperature [54]. Second, the two 

generally form soluble and insoluble complexes 

through covalent bonds, electrostatic interactions, 

hydrogen bonds, hydrophobic bonds, van der Waals 

forces, ionic bonds, size exclusion effects, and 

molecular entanglement [55]. The combination of 

polysaccharide and protein reduces the degree of 

polymerization between unstable proteins and 

establishes a relatively stable system [56]. Luís et. al., 

found that the utilization of carboxymethylcellulose in 

red wines effectively enhances tartaric stability while 

preserving the integrity of phenolic composition, 

sensory properties, and color stability [57]. 

 

3.4  Polysaccharides interfere with protein-

polyphenol interactions 

 

The interaction between proteins, polysaccharides and 

polyphenols exists in many food systems. In 

particular, food systems, polysaccharides, can prevent 

the precipitation caused by the interaction between 

proteins and polyphenols. It is generally believed that 

polyphenols are physical cross-linking agents between 

protein molecules, forming insoluble aggregates 

through hydrophobic or hydrogen bonding interactions. 

The presence of polysaccharides interferes with this 

interaction and destroys the binding between proteins 

and polyphenols, or forms a protein-polyphenol-

polysaccharide tertiary complex. The addition of 

polysaccharides forms a protective layer on the 

surface of the protein, which hinders protein 

aggregation to a certain extent. And the emergence of 

polyphenol active groups forms a kind of rigid, 

hydrogen-bonded protein and sugar micellar 

structures [58]. 

 

3.5  Metal ion 

 

Currently, limited research has been conducted on the 

specific metal ions that negatively impact the clarity 

of Lujiu. However, it can be reasonably inferred that 

heavy metal ions such as lead and cadmium may 

adversely affect the clarity of Lujiu. This is because 

heavy metal ions have the potential to form insoluble 

complexes with organic acids, proteins, and other 

components in the liquor, leading to turbidity and 

precipitation [59]. Gang et al., investigated the effect 

of metal ions on turbidity in blackberry Lujiu and 

demonstrated that metal ions promote the interaction 

between proteins and polyphenols by binding to 

proteins and then chelating with multiple polyphenol 

molecules [60]. 

 

4  Measures to Reduce Turbidity and Sedimentation 

of Lujiu 

 

Clarity is a critical sensory attribute of Lujiu, serving 

as the most perceptible characteristic of the product. It 

significantly influences both product quality and 

marketability. Consequently, turbidity removal is an 

essential step in Lujiu production. During production, 

physical, chemical, and biochemical interactions 

between the base wine and medicinal ingredients, 

water quality, the quality and alcohol content of the 

base wine, equipment sanitation, and environmental 

factors can easily lead to issues such as turbidity, loss 

of transparency, and precipitation in Lujiu. 
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4.1  Clarification 

 

Adding a clarifying agent is a common clarifying 

method in Lujiu technology. Clarifying agents can be 

divided into two categories: organic matter and 

inorganic matter [61]. After organic clarifiers, such as 

gelatin, egg white, etc., are dissolved in hot water, they 

can easily form a transparent colloidal solution and be 

mixed with the wine to play a clarifying role. 

Inorganic clarifiers, such as diatomaceous earth, 

bentonite, kaolin, etc., are all viscose [62]. Since these 

substances have a large specific surface area, they 

have strong adsorption capacity and can absorb the 

colloidal substances in the wine. Generally, the 

clarifier used for processing Lujiu includes gelatin, 

diatomaceous earth, etc. [11]. Yuhang Liu et al., 

showed that the use of diatomite turbidizing agent for 

turbidity removal could improve the membrane 

filtration efficiency of purple-rice Lujiu and enhance 

its stability [63]. Zhihong et al., demonstrated that the 

light transmission rate of Kudzu Lujiu reached 97.8% 

following the addition of activated carbon and 

diatomite for deturbidity treatment. Furthermore, they 

evaluated the impact of four environmental conditions 

on stability, revealing the following hierarchy: low 

temperature < violent oscillation < 60 °C high 

temperature < open air exposure [24]. According to 

the study by Daniel et al., extensive removal of 

colloidal and macromolecular matter by the bentonites 

with potential to impact the characteristic properties of 

the wine [64]. Pettinelli et al., used legumin and chitin 

as clarifiers to improve the clarification effect of wine 

[65]. At present, some scholars are committed to 

researching some stabilizers that can replace 

bentonite, such as yeast mannoprotein, seaweed 

polysaccharide, chitin, protease, or to eliminate or 

reduce the turbidity after fruit wine through 

ultrafiltration and other methods [66]–[68]. 

The adsorption method uses the micropores on 

the surface of the adsorbent to form surface tension to 

adsorb precipitated substances in low-alcohol liquor 

[69]. The adsorption treatment of Lujiu with activated 

carbon can reduce the production of turbidity [70]. 

Some researchers also believe that the light absorption 

value of activated carbon adsorption treatment of wine 

has been greatly reduced, but the active ingredients 

have been lost. After membrane filtration, the sensory 

indexes of the wine samples were obviously 

improved, the light absorption value did not change 

significantly, and the turbidity removal effect was 

better [71]. Powdered activated carbon produced using 

high-quality fruit shells and charcoal as raw materials, 

using physical methods, is one of the common 

adsorbents. Wang et al., performed activated carbon 

adsorption treatment on the original wine for 36 h, 

which effectively reduced the content of higher fatty 

acid ethyl esters while ensuring the flavor of the wine, 

and basically maintained the original aroma [47]. 

Omoniyi studied the protein adsorption capacity of 

three adsorbents: titanium dioxide, alumina and 

activated carbon, and increased the suspension 

adsorption capacity of adsorbents treated with calcium 

or magnesium ions by 12% to 16%. At pH 7.0, 

pretreatment with calcium ions significantly increased 

TiO2 adsorption capacity [72]. The research by Huang 

et al., found that the activated carbon adsorption 

method was not suitable for removing the turbidity of 

wine, and may affect the active ingredients in wine 

[71]. 

 

4.2  Polysaccharide addition 

 

Adding polysaccharides is an effective method to 

enhance the stability of various alcoholic beverages, 

including wine, beer, rice wine, and fruit wine. 

Polysaccharides not only improve the taste and texture 

of these beverages but also prevent sedimentation and 

turbidity, thereby extending their shelf life. However, 

current research on the application of polysaccharides 

in Lujiu remains limited. Millarini et al., isolated and 

purified polysaccharides from Saccharomyces 

cerevisiae and added them to wine to reduce protein 

haze to about half of the initial value [73]. Yang et al., 

studied that polysaccharides such as pectin, xanthan 

gum, and guar gum can inhibit turbidity [74]. Some 

researchers have also reduced the production of 

turbidity by adding polysaccharides such as 

carrageenan, chitin, and chitosan to wine [75]. 

Canalejo et al., extracted six kinds of polysaccharides 

from wine pomace and must, adding them to white 

wine as clarifying agents, which could not only play a 

clarifying effect, but also increase the content of 

volatile substances in the wine body [76]. 

 

4.3  Freezing clarification 

 

Freezing clarification means that the solution is stored 

at a low temperature for a certain time to denature the 

colloid, and then filtered to remove the suspended 

particles in the solution after thawing, so as to achieve 

the clarification effect [77]. There are few studies on 

the application of this method in Lujiu, and it is mainly 

used in the clarification of fruit juice and fruit wine. 

Some substances in the blended liquor will be 

precipitated as the temperature decreases, the 

solubility decreases, and the sedimentation and 
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condensation increase. Freezing can make some 

colloidal substances deposit and clarify, including 

pigments, proteins, etc., so that the taste of the wine 

becomes soft [11]. Compared with other post-

treatment purification and clarification methods, 

freezing treatment results in less loss of nutrients and 

improved quality. Second, the speed of clarification is 

fast, and the effect is good. Xiaohua et al., investigated 

the clarifying effects of frozen clarification and three 

clarifying agents (saponite, gelatin, pectinase) on 

mulberry fruit wine. They found that the light 

transmission rate of the wine gradually increased with 

prolonged low-temperature treatment. However, after 

30 days, the change in light transmission became less 

significant. Compared to gelatin clarification, frozen 

clarification better preserved the original color and 

flavor of the mulberry fruit wine [78]. 

 

 

 

 

4.4  Other methods 

 

In the production of Lujiu, various methods are 

employed based on the characteristics of raw materials 

and processing techniques. For instance, when fresh 

coconut water is used as the raw material for 

producing coconut Lujiu, chemical demulsification 

can be applied. Ethanol, acting as a demulsifier, can 

disrupt the emulsification system in the Lujiu, causing 

the finely dispersed particles to coalesce and 

precipitate, thereby achieving clarification [79]. In 

addition, various clarifying agents can be used in 

combination to achieve enhanced results. For instance, 

Qile et al., treated blueberry Lujiu with a combination 

of chitosan (0.2 g/L) and xanthan gum (0.4 g/L), 

resulting in a light transmission rate that was 31.4% 

higher compared to the untreated raw wine sample 

[80]. The comparison of the advantages and 

disadvantages of several turbidity removal methods 

commonly used in the production process of Lujiu is 

shown in Table 4 

 

Table 4: Comparison of common methods for removing turbidity in Lujiu. 
Clarification 

Method 

Mechanism Advantage Disadvantage Applicability Ref. 

Activated 

carbon 

Activated carbon has a large 

specific surface area and 
abundant pore structure, 

which can effectively adsorb 

impurities, pigments and 
odors in Lujiu, and 

significantly improve its 

clarity and stability. 

① It can effectively 
remove pigments, odors 

and some colloids. 

②It can be widely used 
for the clarification of a 
variety of liquids. 

③It can absorb bad odor 
and impurities, improve 

the purity of Lujiu. 

It has great 

pollution on the 
environment and 

great loss to 

extract. 
 

• Dark fruit liqueur 

such as blueberry 
liqueur and 

blackcurrant liqueur. 

• Herbal-flavored 
fortified liqueur 

containing herbal 

extracts. 

[81] 

Freezing 
method 

Low-temperature freezing can 
change the properties of the 

colloids in Lujiu. When 

thawing, precipitates are 
formed, thus clarifying the 

liquor. 

① It has little impact on 
the color, aroma and taste 
of the wine body. 

② It reduces the loss of 
extracts. 

③ It reduces 
contamination. 

④ It has a relatively low 
cost.  

The processing 
time is long, and 

the initial 

investment in 
equipment is 

large.  

• Fruit liqueur with 
high tannin content, 

such as persimmon 

liqueur and 
pomegranate liqueur.   

• Liqueurs 

characterized by high 
sugar content, such as 

honey liqueur and 

jujube liqueur.   

[82] 

Bentonite Bentonite swells after 

absorbing water and disperses 

in water to form a stable 
colloidal suspension. These 

colloids carry a negative 

charge and can attract the 
positively charged turbid 

substances in the liqueur, 

resulting in flocculent 
precipitates and clarifying the 

liqueur.  

① It is suitable for 

removing protein 
turbidity. 

② It can improve the 
long-term stability of 

liqueur. 

③ It can cause rapid 

flocculation. 

④ It has a low price.  

It may adsorb 

some aroma 

components, 
resulting in the 

loss of flavor.  

• Cloudy rice liqueur. 

• Herbal liqueur 

characterized by the 
presence of plant-

derived protein 

components.  

[83] 
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Table 4: (Continued). 
Clarification 

Method 

Mechanism Advantage Disadvantage Applicability Ref. 

Diatomite Diatomite is a naturally 

occurring inorganic substance 
with a porous structure and 

strong adsorption capacity. 

The metal ions in diatomite 
can interact with the acidic 

substances in the liqueur to 

form salts, accelerating the 
clarification of the liqueur.  

① It has physical 
adsorption properties and 

is non-toxic and harmless. 

② It has stable 

performance and a good 
clarifying effect. 

③ It has a low price.  

It has limited 

effectiveness in 
removing poorly 

soluble impurities 

and may cause 
residues.  

• Various types of sake 

after clarification. 
• Fermented liqueur 

containing trace 

suspended particles. 

[84] 

Pectinase Pectinase can hydrolyze the 

pectin substances in liqueur, 

causing other colloids in the 

liqueur to precipitate together 

due to the loss of the 
protective effect of pectin, so 

as to achieve the purpose of 

clarification.  

① It can effectively 
remove pectin-like turbid 

substances and is suitable 
for fruit wine-based 

liqueurs. 

② It is an enzyme 
preparation, which is non-

toxic and harmless. 

③ It has basically no 
impact on the aroma, 

color and taste. 

It is only effective 

for pectin-like 

substances and 

ineffective for 

other turbid 
substances. It has 

relatively high 

requirements for 
conditions such as 

temperature and 

pH value, and the 
price of the 

enzyme 

preparation is 
relatively high. 

• High pectin fruit 

liqueur. 

• Thickened type 

fermented mead after 

fermentation. 

[85] 

Egg white 

powder 

Once the egg white powder is 

made into a solution, it 

exhibits a good flocculation 

effect and can cause 

macromolecular substances 
like proteins to settle quickly.  

①It is suitable for 
clarifying the turbidity 

caused by polyphenolic 

substances.  

②It is a natural substance 
extracted from eggs, 

which conforms to the 

trend of natural foods.  
 

 

The egg white 

powder mainly 

targets the 

turbidity caused 

by polyphenolic 
substances, and 

has limited 

effectiveness in 
removing other 

turbid substances 

such as proteins 
and pectins.  

• Oak barrel-aged 

liqueur with a tannin 

concentration 

exceeding 2 g/L.  

• Red fruit liqueur 
requiring taste 

softening, such as 

hawthorn and 
raspberry. 

[86] 

Gelatin Gelatin is a fibrous protein. 

Tannins can connect with the 
protein chains of gelatin 

through hydrogen bonds, 

hydrophobic groups, etc., to 
form flocs, which then 

precipitate in the form of a 

contracted reticular structure.  

① It is suitable for 
removing polyphenolic 

substances and colloidal 

turbidity. 

② It is extracted from 
animal collagen and 

conforms to the trend of 

natural foods.  

It has limited 

sources and is not 
suitable for 

vegetarian 

consumers. It has 
relatively poor 

stability and 

shows a poor 
effect on protein 

turbidity.  

• Purple sweet potato 

liqueur and mulberry 
liqueur containing 

anthocyanins. 

• Sour and astringent 
plum liqueur with 

excessive tannic acid 

content. 

[87] 

 

5  Conclusions 

 

There are multiple factors contributing to the turbid 

precipitation observed during the production of Lujiu, 

each requiring a specific analysis. While the methods 

for addressing turbidity and precipitation vary, they 

must be implemented without altering the product's 

functionality, taste, aroma, or color.  Given that 

different Lujius have distinct production processes 

and formulas, as well as varying animal and plant-

based medicinal ingredients, the materials and 

processes selected for treating turbidity will also 

differ. Consequently, targeted treatment methods are 

often necessary to enhance stability and prevent 

turbidity and precipitation. Future advancements in 

Lujiu stabilization technologies, such as the use of 

novel adsorbent materials, combined cold and heat 

treatments, or improved bentonite processing, could 

offer more environmentally friendly solutions. These 

innovations may also reduce the loss of active 

substances by utilizing regenerated adsorbents.  

Moreover, maintaining stability during storage 

and transportation remains challenging due to the 

colloidal nature of Lujiu, which contains macromolecules 
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like proteins, polysaccharides, and phenolic compounds. 

To address this, it is essential to identify the physical 

processes involved in instability, such as 

sedimentation, phase separation, flocculation, and 

solidification, as well as understand how changes in 

chemical composition influence these processes. 

Liqueur colloids can carry positive charges (e.g., 

phenolic substances, proteins, cellulose fibers) or 

negative charges (e.g., tannic acid, pectin, dextran, 

yeast cells), with their surface properties affecting 

both physical and chemical behaviors [88]. The 

surface properties of these components will affect the 

physical and chemical behavior of the Lujiu, but there 

is very little research on these areas. 

The diversity and nutritional value of Lujiu 

components surpass those of wine and baijiu. 

However, there is currently a lack of in-depth 

microscopic research on the mechanisms underlying 

turbidity formation in this area. Future research could 

leverage the methodologies employed in wine haze 

studies to deepen the investigation into the turbidity 

mechanisms of Lujiu. This approach would enable the 

identification of the underlying causes of turbidity in 

it. By identifying the fundamental causes of turbidity, 

interventions can be implemented at the source, 

achieving both clarification of the wine body and 

preservation of its nutritional value. Additionally, 

further research could explore container materials and 

consumption methods, thereby comprehensively 

enhancing the promotion and application of mead. 

Lujiu is not only a traditional Chinese beverage, but 

similar beverages also exist in many countries across 

Southeast Asia and even worldwide. We should 

strengthen the research related to the stability of Lujiu, 

laying a foundation for the diversified research of 

products, the development of new food resources, and 

the expansion of the Lujiu market.  
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