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Alcoholic liver disease (ALD) is one type of liver disease, causing a global healthcare problem and mortality. The liver

undergoes tissue damage by chronic alcohol consumption because it is the main site for metabolism of ethanol. Chronic

alcohol exposure progresses from alcoholic fatty liver (AFL) to alcoholic steatohepatitis (ASH), which further lead to

fibrosis, cirrhosis, and even hepatocellular cancer. Therapeutic interventions to combat ALD are very limited such as use

of corticosteroids. However, these therapeutic drugs are not effective for long-term usage. Therefore, additional effective

and safe therapies to cope with ALD are urgently needed. Previous studies confirmed that edible food plants and their

bioactive compounds exert a protective effect against ALD.
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1. ALD: Epidemiology and Risk Factors

From an epidemiological point of view, intake of alcohol documented as the amount of alcohol consumed in liters per

person or per capita and alcohol consumption per capita contributes inaccurate estimation of alcohol use . For instance,

alcohol consumption data are mostly obtained from surveys of self-reported intake which may cause underestimation of

exact alcohol intake. Additionally, worldwide studies of the disease burden mostly used ICD (International Statistical

Classification of Diseases and Related Health Problems) codes, which are uncertainly used in the world. Therefore, the

use of ICD codes may lack reports of those who do not seek medical care, consequently failing to report a large

proportion of the drinking population. It is believed that around a quarter of the total alcohol consumed worldwide is

undocumented .

According to the data of the World Health Organization, the average alcohol intake per person aged 15 years and older

was about 6.2 L/year and 13.5 g/day . Peacock et al.  reported that in 2015, global estimated prevalence of chronic

alcohol intake over the past 30 days was 18.30% in adults. Former Soviet Union and Eastern Europe consume higher

amounts (>10 L/capita) of alcohol compared with other regions. Lowest alcohol intake has been documented in the region

of Southeast Asia and the Middle East, which was around less than 2.5 L/capita, likely due to significant Islamic

populations in these areas. The alcohol type being consumed also differs by geographic region. Worldwide, the most

common alcohol intake is wine (8.0%), beer (34.8%), and spirits (50.1%) . Approximately, 67.3% of the United States

population (age > 18) consumes alcohol each year, and only 7.4% meet the criteria for alcoholism . Data from the U.S.

National Institute on Alcohol Abuse and Alcoholism reported an increase (per capita) in the consumption of alcohol from

2.14 to 2.18 gallon/year in 2001 and also in China from 4.9 to 6.7 L between 2003 and 2010 . Many factors, such as

type of alcohol, age, drinking pattern, gender, ethnicity, obesity, genetics, and smoking, etc., are directly linked with the

progression and development of ALD .

1.1. Alcohol Metabolism

Alcohol is metabolized in the liver in three different ways. It is mainly associated with cytosolic alcohol dehydrogenase

(ADH), which catalyzes the oxidative metabolism of alcohol to acetaldehyde. During this pathway, transfer of hydrogen

from alcohol toward nicotinamide adenine dinucleotide (NAD) occurs, which is further converted to the reduced form,

ultimately producing acetaldehyde. The overproduction of reducing equivalents (NADH) in the cytosol leads to the

disturbance of redox potential. Some cytosolic hydrogen equivalents are transferred to mitochondria by many shuttle

systems .

The alcohol metabolites of acetaldehyde are further oxidized to acetate via mitochondrial aldehyde dehydrogenase

(ALDH2), which occurs in the liver. Alcohol metabolites (acetaldehyde and acetate) are excreted from the liver into the

blood and further metabolized peripherally . It has been reported that patients exposed to more alcohol have higher

levels of acetaldehyde in their blood compared to non-drinkers . The acetaldehyde metabolism generates a higher

amount of NADH in hepatic mitochondria, which further reduces the β-oxidation of long-chain fatty acids by suppressing
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the activity of long-chain 3-hydroxyacyl-CoA dehydrogenase. Higher alcohol intake leads to elevated levels of

acetaldehyde, which is highly toxic in various ways, such as oxidative stress, adduct formation with proteins, glutathione

depletion, and lipid peroxidation . Chronic alcohol intake triggers ADH-associated alcohol metabolism to some extent. It

has been reported that ADH activity was not elevated, but a hypermetabolic state may be an underlying mechanism .

The microsomal ethanol-oxidizing system is a cytochrome P-450-dependent pathway, and P-450 2E1 (CYP2E1) is the

main substance involved in this pathway. In addition, ethanol may also affect CYP1A1, CYP3A, and CYP4A activities.

Chronic alcohol consumption accelerates the activity of CYP2E1, which is the main potential mechanism for improving

blood alcohol clearance . Catalase (CAT) is a peroxidase enzyme present in the liver cells and is also involved

in alcohol metabolism. Catalase (CAT) metabolizes ethanol into acetaldehyde by conversion of hydrogen peroxide (H O )

to 2H O (Figure 1) .

Figure 1. Schematic representation of metabolic pathway of ethanol. Adapted from ref. .

Metabolism of alcohol may result in lactic acidosis and decreased renal function for the excretion of uric acid, which

further lead to hyperuricemia. It is also reported that alcohol metabolism impaired carbohydrate metabolism with

decreased gluconeogenesis from amino acids and caused hypoglycemia. Alcohol metabolites also lead to steatosis,

decreased oxidation of fatty acids, increased α-glycerophosphate and triglycerides synthesis, and accumulation of fat in

the hepatocytes .

1.2. Mechanisms of Alcoholic Liver Disease

Alcoholic liver disease (AFL) is characterized by a wide range of hepatic disorders, including simple steatosis/AFL

disease, complicated lesion of liver damage, steatohepatitis, cirrhosis/fibrosis, and hepatocellular carcinoma . Further

details are mentioned below (Figure 2).

Figure 2. The spectrum and pathogenesis of ALD.

Alcohol-induced fatty liver: The excessive consumption of alcohol could promote the storage of fats (triglycerides,

cholesterol esters, and phospholipids) in the hepatocytes, leading to AFL disease. It is reported that alcohol and its

metabolic product acetaldehyde are not directly involved in the synthesis of fatty acid, while acetaldehyde metabolite

acetate is decomposed into acetyl-CoA, which directly assists in the synthesis of fatty acid. Chronic alcohol consumption
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may facilitate fat accumulation in the liver in multiple ways : (a) alcohol intake increases the ratio of NADH/NAD  in

hepatocytes, which disrupts β-oxidation of fatty acids in the mitochondrion and leads to steatosis ; (b) alcohol intake

increases the hepatic sterol regulatory element-binding protein-1c (SREBP1c) expression, which further triggers lipogenic

gene expressions ; (c) alcohol intake inactivates peroxisome proliferator-activated receptor α (PPARα), thereby

upregulating the expression of many genes involved in oxidation and free fatty acid (FFA) transport ; and (d) alcohol

intake suppresses AMP-activated protein kinase (AMPK) pathway, which plays a role in inhibiting the synthesis of fatty

acid but contributing to fatty acid oxidation . Besides fat metabolism, alcohol intake also affects fatty acid clearance and

mobilization. Alcohol intake leads to lipolysis and adipocyte death, leading to an increase in circulating fatty acids and

following hepatic accumulation . Alcohol intake also elevates the supply of lipids transported from the small intestine to

the liver . If patients do not receive any treatment in the early stages of AFL disease, hepatic fibrosis and cirrhosis may

develop and, in severe cases, even result in liver failure .

Alcoholic steatohepatitis: Alcohol-related steatohepatitis is characterized by hepatic injuries associated with steatosis.

Alcohol-related steatohepatitis includes varying degrees of steatosis, bubbling, and lobular inflammation. Other lesions

such as alcoholic froth degeneration, acute cholestasis, fibrous occlusion, and inflammatory lesions are also seen in

alcoholic steatohepatitis .

Alcohol-induced hepatitis: Alcohol-induced hepatitis (AH) is an acute inflammatory hepatic disease with high morbidity and

mortality. AH mostly arises in those patients who have a history of chronic liver disease, where jaundice and complications

can develop rapidly. Notably, AH is not linked to alcohol dose. This is why AH occurs only in 10–35% of chronic drinkers.

AH is directly related to liver dysfunction and hepatic duct formation. Moreover, previous studies have reported that

lipopolysaccharide (LPS) and hepatocyte proliferation have also been shown to be the cause of AH .

Alcohol-induced hepatic cirrhosis or cancer: Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related

death in the world. International Agency for Cancer Research reported that alcohol intake, ethanol, and acetaldehyde

have carcinogenic effects in humans. Alcohol intake is responsible for oral, bowel, and liver cancer . However, the

mechanisms associated with alcohol intake and cancer are not clear yet, but many factors can be speculated, such as

acetaldehyde, cytochrome P4502E1, malnutrition, localized effects of alcohol, angiogenesis, and alternation in the

methylation . Alcohol plays an important role in triggering cancer by increasing the expression of many

oncogenes, followed by cancer-causing mutations . Hepatic stellate cell activation is an important step in the

development of hepatic fibrosis. Mesenchymal stem cells, bone marrow cells, and hematopoietic stem cells are used to

treat cirrhosis .

1.2.1. Lipogenesis

The oxidation of ethanol and acetaldehyde results in the production of higher NADH levels, which further alters the redox

potential in the cell and triggers lipid synthesis, i.e., lipogenesis . However, the rapid storage of fat in the liver is

influenced not only by ethanol-induced redox changes but also by other factors. A study conducted by Osna et al. 

confirmed that ethanol-induced fat accumulation is multifactorial, for example, increased hepatic lipogenesis stimulated by

ethanol, reduced rate of hepatic lipid breakdown by ethanol, and defective hepatic lipid export due to ethanol. In detail,

steatosis linked to chronic alcohol consumption is associated with AMPK-related pathways. Chronic alcohol consumption

inhibits AMPK signal, which further activates SREBP1c and acetyl-CoA carboxylase (ACC), inhibits PPARα, and finally

results in fat accumulation. SREBP-1c has deleterious effects by increasing the biosynthesis of fatty acid via fatty acid

desaturation enzymes such as fatty acid synthase (FAS) and stearoyl-CoA desaturase (SCD1) . Contrarily, PPARα is a

key transcription factor that alters triacylglycerol accumulation and enhances enzymatic defense against oxidative stress

(OS) by activating fatty acid oxidation in alcohol-fed mice. The expression of PPARα is downregulated in hepatocytes due

to alcohol intake . Furthermore, AMPK inhibition can activate ACC and increase the amount of malonyl-CoA to promote

lipid synthesis, while malonyl-CoA inhibits carnitine palmitoyl transferase 1 (CPT-1), resulting in abnormal fatty acid uptake

and mitochondrial β-oxidation inhibition .

1.2.2. Oxidative Stress

Alcohol intake causes OS, which is mainly mediated by the generation of reactive oxygen species (ROS). ROS may bind

to proteins and result in their functional and structural change, producing neoantigens . Furthermore, ROS can directly

bind and impair DNA or result in lipid peroxidation due to the production of malondialdehyde (MDA) and 4-hydroxynonenal

(lipid peroxidation product). The lipid peroxidation product then binds to the DNA base and produces etheno-DNA adducts

. Alcohol-associated ROS generation is stimulated by two pathways: (a) induction of CYP2E1 by alcohol intake and

(b) alcohol-mediated inflammation . CYP2E1 increases the activity of NADPH oxidase, thus accelerating the

mitochondrial transport of reduced form of NADH, which is directly linked with the elevation of electron leakage from the

[12] +

[20]

[21]

[22]

[14]

[23]

[20]

[24]

[24][25]

[24][25][26]

[24][26]

[24][27][28]

[28]

[28][29]

[20]

[30]

[21]

[31]

[14]

[32]

[33][34]

[34][35]



hepatocyte mitochondrial respiratory chain, and ultimately leads to the production of ROS . In alcohol-mediated

inflammation, tumor necrosis factor (TNF) production may contribute to the association between N-acetylsphingosine and

mitochondria, which in turn leads to ROS generation . Furthermore, production of reactive nitrogen species/nitrosative

stress (RNS) can also be elevated after alcohol consumption. In an animal model study (rats), alcohol intake triggered

inducible nitric oxide synthase, which further led to the formation of reactive peroxynitrite . The CYP2E1 level was

increased during chronic alcohol consumption, and its activity accelerated even after 1 week of chronic alcohol intake (40

g of alcohol/day) . Furthermore, it was also reported that alcohol and iron may act synergistically to generate ROS and

OS, which were involved in liver injury. Chronic alcohol consumption accelerated liver iron by elevating absorption from

the duodenum conciliate by lowering hepcidin concentration .

1.2.3. Inflammatory Response

Chronic inflammation possesses deleterious effects, whereas acute inflammation is involved in homeostasis maintenance

in response to noxious stimuli. Alcohol and its metabolites including ROS, acetaldehyde, acetate, and intestinal microbial-

derived LPS (lipopolysaccharide) play an important role in the inflammation of ALD . The intestinal microbial-derived

LPS induces Toll-like receptor 4 (TLR4) expression, which further activates the nuclear factor-κB (NF-κB), starting the

secretion of pro-inflammatory cytokines and mediators, resulting in the necrosis of hepatocytes . Chronic alcohol

consumption may also lead to the activation of innate immunity and neutrophil infiltration. The parenchymal neutrophil

infiltration in the liver is a typical feature of AH. Parenchymal and nonparenchymal cells of AH patients can trigger the

production of chemokines and cytokines in the liver, which ultimately promotes neutrophil infiltration, thus further

damaging the liver . It is well known that LPS activates Kupffer cells by TLR4-dependent pathway in the progression of

AH . After activation, Kupffer cells release macrophage inflammatory protein-2 and monocyte chemoattractant protein-1

as chemokines and proinflammatory cytokines (IL-6, TNF-α, and IL-1) . Activation of NF-κB is known to be a marker of

ethanol-induced hepatotoxicity . It has been reported that cyclooxygenase-2-mediated overproduction of prostaglandin

E2 is directly linked with the development of inflammation . It was also reported that induction of proinflammatory

cytokine and hepatocyte steatosis is also conciliated by the spleen tyrosine kinase (SYK) activation in inflammatory

hepatic hepatocytes and mononuclear cells in mice treated with chronic alcohol. Furthermore, activated SYK kinases

were also observed in the liver biopsy samples from ALD patients .

1.2.4. Gut Microflora

The gut microbiota is a complex community of microorganisms in the gastrointestinal tract that plays a key role in

nutritional digestion and absorption and metabolic and immunological function related to host health and disease . It is

reported that alcohol consumption can cause gut microbiota disturbance, elevating the Gram-negative bacteria, damaging

intestinal barrier integrity due to endotoxin produced by Gram-negative bacteria, augmenting intestinal mucosa

permeability, and reducing bacteria of short-chain fatty acid production . Endotoxin is part of the cell membrane of

Gram-negative bacteria. LPS, an active component of endotoxin, is associated with TLRs and can trigger an inflammatory

cascade. Steatohepatitis characteristics were also observed in LPS-treated mice . It has been reported that LPS and

dead bacteria shed from the cell wall of viable organisms and play a key role in circulating endotoxins. Kupffer cells in the

liver detoxify endotoxins via phagocytosis but during the overaccumulation of endotoxins which overwhelms the

phagocytotic capacity of Kupffer cells and endotoxins spill into the systemic circulation. Notably, endotoxemia is a

condition in which plasma endotoxin level increases to more than 2.5 endotoxin unit/mL. Previously, it was observed that

ALD patients exhibit a higher level of plasma endotoxins compared to healthy subjects .

By using various models, the scientists confirmed that chronic alcohol consumption (20%) may be directly associated with

the dysbiosis of gut microbial composition. In an animal study, rats fed with 20% of alcohol for 13 weeks showed an

increase in Bacterioidetes and a decrease in α and β diversity and Lactobacilli abundance . In another study, the

abundance of phylum Bacteroidetes and α-diversity of fecal microbiota decreased in mice fed with short-term ethanol (0.8

g/kg/day for 7 days) . In a human study, the abundance of phylum Proteobacteria increased and the abundance of

Faecalibacterium decreased with a high amount of alcohol intake (118.9 g/day for >10 years) compared to the control

group (consumed 2.5 g/day) . Until now, many studies have demonstrated that chronic alcohol consumption directly

affects gut microbes, leading to intestinal dysbiosis and inflammation.

1.2.5. Endoplasmic Reticulum Stress

The endoplasmic reticulum (ER) is a cellular organelle that exists in all eukaryote cells and plays an important role in

intracellular lipid synthesis, protein synthesis/processing, calcium storage, etc. The depletion in calcium or excessive

storage of misfolded/unfolded proteins in the ER lead to ER stress . Chronic alcohol consumption accelerates ER

stress by ROS accumulation, increases hepatic CYP2E1 expression and epigenetic, high serum homocysteine level, and

reduces the ratio of S-adenosylmethionine to S-adenosylhomocysteine in the liver . In ALD, upregulated expression
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of C/EBP homologous protein (CHOP), caspase-12, and glucose regulatory proteins GRP78 and GRP94 is linked with

unfolded protein response (UPR)/ER stress . The activation and upregulation of ER-localized transcription factors such

as SREBP-1c and SREBP-2 were directly linked with the increment of lipid accumulation and fatty liver in alcohol

exposure . Homocysteine, another important ER stress inducer, was higher in the results of alcoholic human subjects,

and hyperhomocysteinemia was also reported in alcohol-fed mice .

1.2.6. Apoptosis

Apoptosis is a type of cell death that is highly regulated and controlled by two distinct molecular pathways: (a) internal

pathway that relies on mitochondria and (b) exogenous pathway conciliated by death receptors . The death receptors

are highly expressed in hepatocytes, and therefore the liver is mainly susceptible to external apoptosis. Prolonged

drinking triggers the release of inflammatory cytokines such as FasR and TNF-α. Cytokines binding and death receptors

further accelerate the apoptotic process, inducing caspase-8 activation by the caspase cascade. After that, caspase-8

stimulates caspase-3, -6, and -7, ultimately leading to apoptotic cell death. ROS and CYP2E1 are another mechanism of

ethanol-induced hepatocyte apoptosis. ROS mainly activates pro-apoptotic members of the Bcl-2 (B-cell lymphoma-2)

family through intrinsic pathways and oligomerizes on the mitochondrial outer membrane, leading to mitochondrial

dysfunction and activation. The starter caspase-9 is further activated by P450 and activates caspase-3, -6, and -7 after

mitochondrial secretion, which are responsible for cellular substrate degradation . Furthermore, various experimental

studies (in vivo and in vitro) have reported that higher alcohol exposure increases cell death by apoptosis .

2. Multicomponent Food Plant Extracts against ALD
2.1. Fruits

Many in vitro and in vivo studies confirmed that fruits such as the mango , grape , blueberry , mulberry ,

persimmon , pomegranate , cranberry , and wolfberry  play an important role against ALD. This ameliorative

effect on ALD was mainly due to the presence of a tangible amount of bioactive compounds in fruits. Mango (Mangifera
indica Linn.), also known as the ‘king of fruits’, contains many nutrients and phytochemicals that can mitigate a variety of

chronic diseases. The research conducted by Li et al.  demonstrated that mangiferin (a bioactive compound present in

mango) could alleviate alcoholic hepatitis. The mangiferin markedly regulated the abnormal liver function, FFA, the

metabolism of alcohol, and metal elements in serum. In addition, mangiferin can improve the expression of PPARγ,

NLRP3, NF-κB p65, and IL-1β in rats. Furthermore, mangiferin treatment downregulated fumarate levels, D-glucurone-6,

3-lactone, cAMP, and xanthurenic acid and upregulated the phenylacetylglycine and hippuric acid, thereby adjusting

phenylalanine metabolism, aldarate, ascorbate, and tricarboxylic acid cycle metabolic pathways. These results suggest

that mango-derived mangiferin could attenuate alcoholic hepatitis by modulating specific alcoholic-hepatitis-associated

genes, biomarkers, and metabolic pathways. The dysfunction in adipose was also closely related to ALD. The impact of

mangiferin on ethanol-induced liver injury and adipose dysfunction was studied. The results demonstrate that mangiferin

can protect against ethanol-induced adipose hyperlipolysis by restoring PDE3B stability, which is closely linked with

AMPK/TBK1 signaling activation, and inhibiting noncanonical NF-κB activation, resulting in FFA release, and finally

ameliorating ALD .

Pari and Suresh  reported that grape (Vitis vinifera L.) leaf extract reduced the risk of ALD in an animal experiment. The

results further show that grape leaf extract at a high dose of 100 mg/kg bw could significantly reduce lipid peroxidation

level along with restoration of enzymic and non-enzymatic antioxidants level in the kidney and liver of alcohol-exposed

rats. Recently, Amen et al.  also confirmed that polyphenol-rich grape leaf extracts interfered with NF-κB signaling and

exerted antioxidant effects, which further played a role in ameliorating apoptosis and associated hepatic injury in rats

exposed to ethanol.

Lychee (Litchi chinensis Sonn.) is a popular fruit because of its unique color, delicious flavor, and high nutritive value. The

whole fruit of lychee is not only used as a food source but also considered for medicinal purposes. In vitro and in vivo

studies confirmed that lychee fruits exhibited hypoglycemic, hypolipidemic, anticancer, hypotensive, antioxidant, anti-

obesity, anti-atherosclerosis, neuroprotective, hepatoprotective, and immunomodulatory activities. These therapeutical

potentials have been attributed to their nutritional components such as polysaccharides and polyphenols . A

research group from China claimed that lychee pulp phenolic extract (LPPE) exhibited protective effects against ethanol-

induced liver injury . In detail, LPPE could reduce hepatic steatosis, TG levels, Nrf2 expression, suppress the

expression of lipid synthesis genes, elevate the fatty acid β-oxidation genes, and improve the antioxidant status.

Furthermore, LPPE markedly decreased serum endotoxin level and balanced intestinal microbial composition. In another

study, the same researchers  found that LPPE supplement increased mitochondrial membrane potential, mitochondrial

DNA content, hepatic ATP level, and activities of mitochondrial complexes (I and IV) and also suppressed mitochondrial 8-
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hydroxy-2-deoxyguanosine level. Moreover, repression of Bax expression and Bax/Bcl-2 ratio, inhibition of caspase-3

activity and cytoplasmic cytochrome c level, and increased Bcl-2 expression in the liver were also observed in LPPE-

treated mice. They concluded that LPPE showed beneficial effects against ALD by alleviating mitochondrial dysfunction

. It was also documented that LPPE could reverse alcohol-induced liver injury by improving intestinal barrier

dysfunction, intestinal microbiota dysbiosis, and liver inflammation, suggesting that lychee pulp may be an effective

strategy to cope with ALD .

Berries (blackberry, cranberry, strawberry, mulberry, raspberry, etc.) are the best dietary sources of biologically active

compounds, such as flavonoids (flavonols, anthocyanins, etc.), ascorbic acid, phenolic acid, and tannins. All of these

components have cumulative or synergistic effects on the treatment of a variety of diseases, including ALD. Blueberry was

studied for the possible treatment of alcoholic fatty liver. Blueberry juice (1.5 mL/100 g) combined with a probiotic mixture

of Streptococcus thermophilus, Bifidobacterium, and Lactobacillus bulgaricus (20 mL/100 g probiotics) was orally given to

alcohol-induced C57/6J mice for 10 days. The results show that the combination of blueberry juice and probiotics

significantly improved antioxidant status, suppressed Forkhead Box O1 (FOXO1), acetylated FOXO1, phosphorylated

FOXO1, Bcl-1, FasL, Bax, and caspase-3 by increasing the SIRT1 pathway, thus reducing apoptosis in mice with ALD .

Another recent study of Zhuge et al.  reported that blueberry could promote autophagy, which triggered lipid

metabolism, thereby decreasing hepatic steatosis. The protective effect of the blueberry may be due to the abundance of

flavonoid compounds.

Morus, also known as mulberry, are consumed as raw or processed in marmalades, wine, juices, jams, and vinegars and

are also used as traditional herbal medicines. A previous study confirmed that mulberry possessed hepatoprotective

effects in both animals and humans . It was also reported that mulberry fruits and leaves could mitigate ALD via

multiple pathways such as reducing lipid accumulation and lipid synthesis, decreasing OS, increasing fatty acid transport

and fatty acid oxidation responses, and exerting an anti-inflammatory effect . Gao et al.  confirmed that wolfberry-

derived zeaxanthin dipalmitate can protect the liver from alcohol-induced toxicity and concluded that daily intake of

wolfberry may have a positive impact on ALD. Simultaneously, various studies also documented that berry fruits such as

cranberry , blackcurrant berry , Indian gooseberry , and ginseng berry  can attenuate ALD.

Many other fruits such as apricot , guava , pomegranate , lemon , Citrus depressa , noni fruit , Opuntia
ficus indica , jujube , and persimmon  were also reported to mitigate ALD. These findings confirm that daily intake

of fruits may be an effective strategy for alleviating ALD.

2.2. Vegetables

Vegetables are good sources of various phytochemicals such as polyphenols, carotenoids, ascorbic acid, etc., and play

key roles in the management of chronic diseases. Purple sweet potato (PSP) has attracted widespread attention due to its

high nutritional value, special color, and ameliorative potential against various diseases. PSP was studied for the possible

treatment of ALD. Anthocyanin-enriched (C-3-G and peonidin) PSP extract was intragastrically administered at the dosage

of 50, 125, and 375 mg/kg bw to mice combined with alcohol for 30 days. The results show that alcohol led to

abnormalities in various biomarkers such as ALT, AST, TC, LDH, MDA, and SOD, whereas the PSP-treated group

rebalanced these biomarkers. In addition, histopathological analysis revealed that the liver cell swelling was significantly

alleviated, and pathological features were improved in PSP-treated mice . In another study conducted by Jiang et al.

, PSP improved antioxidant defense by inhibiting CYP2E1 expression, thereby alleviating alcohol-induced liver injury.

Results from these two studies confirm that PSP has the ability to protect from the adverse effect of alcohol, which was

needed for further research.

Onion (Allium cepa) is the most valuable vegetable crop utilized and grown with important pharmacological properties.

Onion bulbs are rich in many dietary compounds and bioactive phytonutrients. Previous studies have also reported that

onion was effective in the treatment of ALD. Wine made from onion ameliorated ALD in rats . In addition, onion is a

good source of sulfur compounds and quercetin. These bioactive compounds are very effective against ALD.

Emerging evidence has reported that garlic and its products such as garlic oil, aged garlic extract, and organosulfur

compounds possess therapeutic effects on ethanol-induced liver injury. The garlic products could attenuate ethanol-

induced liver injury by improving OS, inhibiting CYP2E1 activity in hepatocytes, regulating lipid metabolism, and improving

the gut–liver axis and the adipose–liver axis .

Asparagus (Asparagus officinalis) is a widely consumed vegetable with various biological activities. Results show that

leaves of asparagus can protect hepatocytes from alcohol-induced toxicity via alleviation of alcohol hangover. Thus,

leaves that are mostly discarded possess potential against ALD .
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Recently, Zhang et al.  conducted a study to determine the ameliorative effect of okra seed oil on ethanol-induced liver

injury in mice. The okra seed oil was orally administered (400 and 800 mg/kg bw) for 8 weeks to mice combined with

alcohol. Results show that the okra seed oil supplementation could inhibit hepatic fat accumulation, reduce inflammatory

biomarkers, and improve antioxidant level in ethanol-induced mice. Additionally, okra seed oil also maintained intestinal

eubiosis by enhancing the Bacteroidetes and reducing Proteobacteria, Clostridium XlVa, and Staphylococcus population

in ethanol-induced mice.

Similarly, other vegetables such as artichoke, bitter gourd, and rhubarb could also protect the liver from the toxic effect of

alcohol mainly by improving OS, reducing inflammation, and balancing gut microbiota composition .

2.3. Spices

Spices are pleasantly aromatic, dried parts of plants such as cinnamon, cloves, saffron, turmeric, ginger, cumin, chili, and

black pepper. Spices can protect against a variety of acute and chronic diseases such as ALD. Cinnamon bark extract

was administered to mice for four days prior to ethanol , and results state that cinnamon bark extract markedly

decreased the hepatic lipid storage by inhibiting the expression of the MyD88 and NO. Furthermore, it was also observed

that cinnamon bark extract could reduce MyD88 and TNF-α levels in LPS-induced RAW 264.7 cell line .

Fenugreek (Trigonella foenum graecum) is a kind of spice commonly used in India and other regions. Fenugreek was

reported to protect the liver from alcohol-induced damage. Polyphenolic-compound-enriched seed extract of fenugreek

attenuated alcoholic toxicity mainly by modulating lipid profile and collagen contents in rat liver . Crocus sativus L.,

known as saffron, is commonly used as a spice in various regions such as Spain, Morocco, and Iran. Recently, Azizi et al.

 reported that bioactive-compound-enriched Crocus sativus L. petal (safranal, crocin, myricetin, and quercetin) could

ameliorate ethanol-induced liver damage by reducing inflammatory biomarker.

Similarly, other spices plants such as Petroselinum crispum (parsley oil) , clove (Syzygium aromaticum L.) ,

Thymus vulgaris , and peppers  were also documented to possess a beneficial effect against alcohol-induced liver

injury.

2.4. Cereals and Grains

The hepatoprotective effects of rice bran polyphenolic-enriched extract were investigated by animal experiments. Mice

were fed with rice bran extract along with ethanol for 8 weeks. In the study of Xiao et al. , it was reported that rice bran

polyphenolic-compounds-enriched extract could mitigate ethanol-induced liver damage by reducing hepatic function

markers and lipid profile levels. Additionally, ethanol exposure may result in intestinal microbiota dysbiosis which was

further improved by rice bran polyphenolic-compounds-enriched extract. What is more, rice bran polyphenolic-

compounds-enriched extract further improved the expression of Reg3g, claudin-1, zonula occludens 1, and claudin-4

induced by alcohol, indicating that rice bran may have an ameliorative effect on intestinal barrier dysfunction. Treatment of

rice bran also repressed the alcohol-induced activation of hepatic endotoxin-TLR4-NF-κB pathway and ultimately

mitigated liver inflammation. In conclusion, rice bran supplementation can attenuate intestinal microbiota dysbiosis,

repress inflammatory responses in the liver, and inactivate the endotoxin-TLR4-NF-κB pathway, which may be an effective

way to mitigate ALD . Another recent study conducted by the same research group  documented that rice bran

polyphenolic-enriched extract showed protective effects against ALD by alleviating mitochondrial dysfunction and led to

hepatocyte apoptosis via peroxisome proliferator-activated receptor-gamma coactivator (PGC-1α)-mitochondrial

transcription factor A (TFAM) signal pathway mediated by microRNA-494-3p. Earlier, black rice, a good source of

anthocyanins, was reported to exert a protective effect against alcohol-induced liver damage. In detail, black rice extract

enriched with anthocyanins (cyanidin-3,5-digluco-side, cyanidin-3-glucoside, cyanidin-3-rutinoside, and peonidin-3-

glucoside) in rats attenuated liver injury by balancing several biomarkers and improving liver histological features and OS

.

Buckwheat has two types that are used as food: common buckwheat (Fagopyrum esculentum) and tartary buckwheat

(Fagopyrum tataricum). Recently, a study revealed the hepatoprotective effect of tartary buckwheat on alcohol-induced

acute and chronic liver injuries. Their results conclude that tartary buckwheat extract alleviated alcoholic toxicity mainly via

OS and mitochondrial cell death pathways .

Corn is an important cereal consumed worldwide with tremendous health benefits and is also reported to protect against

ALD. In detail, peptide isolated from corn decreased hepatic MDA and TG levels, increased hepatic activity of glutathione,

and improved hepatic histological features . A clinical study has determined the beneficial effects of corn in ALD

subjects. In that study, 161 alcoholic patients were enrolled and received corn (4 g/day) for 9 weeks. Results show that

corn supplementation markedly decreased the serum TC, TG, ALT, AST, MDA, and TNF-α and increased activities of SOD
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and glutathione peroxidase compared to placebo. In conclusion, corn may have protective effects on ALD by improving

OS and modulating lipid metabolism, which can be used as a functional food for the management of alcohol-related

disorders .

Barley sprouts are young leaves harvested from barley seeds after about 10 days of sowing and have become

increasingly popular as functional foods in recent years. It was also documented that barley sprouts could attenuate

ethanol-induced liver damage by reducing inflammatory response in RAW 264.7 cells . In addition, GanMeijian, a

famous barley product in China, was also reported to ameliorate oxidative damage and lipid accumulation in ethanol-

induced Wistar rats. The underlying mechanisms were mainly reducing the accumulation of ROS level in the liver,

balancing OS state, protecting hepatic function, elevating mitochondria activity in hepatocytes, and inhibiting the

expression of fat synthesis genes .

Liu et al.  investigated the effects of mung beans on alcohol-induced liver injury in mice, and results show that intake

of active constituents isolated from mung beans (vitexin and isovitexin) significantly attenuated ethanol-induced liver

damage by balancing several related biomarkers and improving antioxidant status.

2.5. Tea and Coffee

Tea is considered as one of three major beverages along with coffee and cocoa. The cultivation and use of tea trees in

China date back to 3000 years ago. Tea is frequently drunk in China as well in other countries. Previously, many studies

have reported various benefits of tea, such as anti-cancer, antioxidant, regulation of lipid metabolism, bacteriostasis,

preventing cardiovascular disease, and hepatoprotection .

Green tea was reported to be used for the treatment of alcohol-induced liver injury. Briefly, green tea protects against

alcohol-induced liver injury mainly through an OS mechanism . Another study conducted by Chen et al.  also

demonstrated that green tea extract ameliorated alcohol-induced liver injury by improving lipogenesis and OS. The results

of Lodhi et al.  and Park et al.  also confirm a hepatic protective effect against alcoholic toxicity. Another

mechanistic study reported that green tea attenuated ALD by regulating the PI3K/Akt/eNOS pathway and reducing

inflammation in C57BL/6 mice administered with alcohol.

Pu-erh tea is a famous kind of fermented tea produced by fermentation with high humidity and high temperature. During

the production process, various microbes (Saccharomycetes and Aspergillus niger) grow and convert some substances

with a unique flavor and aroma in Pu-erh. Pu-erh tea contains high amounts of catechins and polymeric catechins, which

show anti-inflammatory, antioxidant, and microbiota-modulating activities. Previously, Wang et al.  observed that Pu-

erh tea could decrease hepatic histological damage and maintain blood indicators at a normal range in ethanol-induced

rats. A recent study conducted by Liu et al.  also reported similar results. In detail, Pu-erh tea attenuated OS, lipid

accumulation, inflammation, and colon and liver injury by modulating microbiomic and metabolomic responses in ALD. Pu-

erh tea could restore the fecal microbiota dysbiosis by increasing the relative abundance of Allobaculum and

Bifidobacterium and reducing the abundance of Bacteroides and Helicobacter. Furthermore, Pu-erh tea could modulate

alcohol-induced metabolomic disorder by regulating purine metabolism, amino acid metabolism (tryptophan and

phenylalanine metabolism), and lipid metabolism (glycerophospholipid, sphingolipid, and linoleic acid metabolism). In

conclusion, Pu-erh tea is a functional beverage that has strong potential to treat chronic alcohol-associated damage .

Chinese oolong tea, Litsea coreana, and cocoa were also reported to attenuate ALD  (Figure 3 and Table 1).
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Figure 3. Schematic illustration of effect of edible food plants and bioactive compounds on gut microbiota composition 

.

Table 1. Protective effects of various edible food plants against ALD.
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Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Fruits

Blueberry ND

Blueberry juice
combined with mixed
probiotics containing
(Bifidobacterium,
Lactobacillus
bulgaricus, and
Streptococcus
thermophilus;
blueberry juice: 1.5
mL/100 g; 20 mL/100 g
probiotics) for 10 days
were given to ethanol-
induced mice.

Blueberry juice and probiotics
increased SOD, GSH, and HDL-
C levels, decreased AST, ALT,
TG, TC, LDL-C, and MDA,
suppressed acetylated FOXO1,
FOXO1, FasL, and caspase-3,
and increased the SIRT1 in
ethanol-exposed mice.

Mango Mangiferin

Mangiferin (50 and 100
mg/kg bw) was orally
given to ethanol-
exposed rats for 12
weeks.

Mangiferin effectively regulated
metal elements and FFA in
serum, modulated specific
alcohol-hepatitis-related genes,
metabolic pathways, and
potential biomarkers in
alcoholic hepatitis rats.

Grape

Quercetin, myricetin,
rosmarinic acid, catechin,
b-type procyanidin trimer,
caffeic acid-O-hexoside,

epicatechin

Grape-leaf extract
(250–500 mg/kg) was
orally given to ethanol-
induced rats for 12
days.

Grape leaf extract attenuated
liver injury by improving
antioxidant activities,
suppressed NF-κB p65 and
proinflammatory cytokines
(TNF-α), and normalized
histopathological changes in
liver.

Pomegranate ND

Pomegranate (600
mg/kg bw) was orally
given to ethanol-
induced female Fischer
wild-type rats for 10
days.

Pomegranate pretreatment
markedly reduced alcohol-
mediated plasma endotoxin, gut
barrier dysfunction, and
inflammatory biomarkers and
inhibited elevated oxidative and
nitrative stress marker proteins.
Moreover, pomegranate also
restored the levels of intestinal
tight junction proteins
(claundin-3, ZO-1, occludin, and
claudin-1).

Cranberry

Cyanidin 3-O-galactoside,
peonidin 3-O-galactoside

and peonidin 3-O-
arabinoside, (+)-catechin,
(−)-epicatechin and (−)-
epicatechin 3-gallate,

procyanidin oligomers,
myricetin aglycone,

quercetin derivatives,
benzoic acid,

hydroxycinnamic acid
derivatives, and

hydroxybenzoic acids

Male albino Wistar rats
were received
cranberry polyphenols
daily, 4 mg/kg bw,
along with 4 g/kg bw
for 8 weeks

Cranberry polyphenols
ameliorated alcoholic liver
damage and hepatic steatosis,
decreased TG, AST, and ALT
activities, diminished TNF-α,
TGF-β levels, and free radical
generation in mitochondria
during intoxication.

Wolfberry Zeaxanthin dipalmitate

BRL-3A cells were
treated with ethanol
(250 mM) or Wolfberry-
derived zeaxanthin
dipalmitate (1 µM).
Wolfberry-derived
zeaxanthin dipalmitate
(10 mg/kg bw) was
administered to
ethanol-induced rats
for 4 weeks.

Wolfberry-derived zeaxanthin
dipalmitate attenuated
hepatocyte and whole-liver
injury in both ethanol-treated
cells and rat model. The
underlying mechanism was
mainly due to Wolfberry-derived
zeaxanthin dipalmitate directly
targeted on cell membrane and
including receptor P2 × 7 and
adipoR1 which further modulate
PI3K/AMP-FoXO3 pathways to
restore mitochondrial
autophagy. Moreover, WZD also
alleviates hepatic inflammation
by suppressing NLRP3
inflammasome.
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Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Mango Mangiferin

Mangiferin (100 and
200 mg/kg bw) was
orally given to ethanol-
exposed rats for 11
days.

Mangiferin attenuated liver
injury induced by chronic plus a
single binge ethanol by
restoring PDE3B stability, which
further activated the
AMPK/TBK1 signaling and
inhibited NF-κB activation,
leading to decreased FFA.

Lychee

Procyanidin B2,
quercetin, 3-O-rutinoside-

7-O-a-L-rhamnosidase,
isorhamnetin-3-O-

rutinoside, (−)-
epicatechin, rutin

Lychee pulp (0.4 to 0.8
g/L) was given to mice
along with ethanol-
containing liquid diet
(4%) for 8 weeks.

Lychee pulp ameliorated ALD
by decreasing TG, improved the
antioxidant status, reduced
Nrf2, suppressed lipid synthesis
genes, elevated fatty acid β-
oxidation expression, and
decreased the serum endotoxin
level.

Lychee  

Lychee pulp (0.2 and
0.4 g/kg bw) was given
to mice along with
ethanol-containing
liquid diet for 8 weeks.

Lychee pulp supplementation
decreased ALT and AST levels,
inhibited serum and hepatic
oxidative stress, suppressed
mitochondrial 8-hydroxy-2’-
deoxyguanosine level, and
elevated the hepatic ATP level,
mitochondrial membrane
potential, activities of
mitochondrial complexes I and
IV, and mitochondrial DNA
content.

Lychee  

Lychee pulp (0.2 and
0.4 g/kg bw) was given
to mice along with
ethanol-containing
liquid diet for 8 weeks.

Lychee pulp phenolic extract
alleviated ethanol-induced liver
injury in treated mice via
reversed alteration of intestinal
microbiota composition,
downregulated inflammation
markers, increased the
expression of intestinal tight
junction proteins, antimicrobial
proteins, and mucus protecting
proteins, repressed NF-κB p65,
and suppressed CD14 and TLR4
expression.

Blueberry ND

Blueberry polyphenols
extract (100 and 200
mg/kg bw) was orally
given to ethanol-
exposed mice for 30
days.

Blueberry polyphenols
decreased the TG lipid droplet
content in liver and serum TG
and TC levels and decreased
lipogenic and increased
lipodieretic mRNA levels.
Blueberry polyphenols
promoted autophagy to
accelerate lipid metabolism and
thus protect from ALD.

Mulberry  

Water extracts of
mulberry (0.3 g/kg bw)
were orally
administered to
chronic ethanol-
induced rats.

Water extracts of mulberry
decreased TG level and MDA
contents, increased glycogen
deposits, prevented the
disruption of the hepatic cells
and nuclei, and decreased
Firmicutes to Bacteroidetes
ratio.

Indian
gooseberry ND

Indian gooseberry was
administered (250
mg/kg bw) to alcohol-
exposed rats.

Indian gooseberry significantly
reduced lipid peroxidation
levels and restored antioxidant
level.

Ginseng
berry

Ginsenoside F5,
ginsenoside Rd,

ginsenoside F3, and
ginsenoside Re

Ginseng berry extract
at the dosage of 0.5–5
mg/mouse along with
ethanol was given to
mice for 10 days.

Ginseng berry attenuated ALD
by improving antioxidant level
and reducing inflammatory
mediators.
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Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Apricot

3-caffeoylshikimic acid, 3-
feruloylquinic acid, 3-

hydroxy-3-
methoxycarbonyl glutaric
acid, 1,5-dimethyl citrate,
3,4,5-trimethoxyphenyl-β-

D-glucopyranoside,
prunate, methyl 3-
caffeoylquinate,

3-O-
caffeoylquinic acid

AML-12 cells were
treated with ethanol or
chlorogenic acid.
Apricot extract (100
mg/kg bw) along with
alcohol (1 g/kg bw) was
orally given to mice for
5 days.

Chlorogenic acid derived from
apricot extract ameliorated ALD
in AML-12 cells by inhibiting
alcohol-induced apoptosis,
MAPK activation, and
antioxidant activities.
Apricot extract protected ALD
by suppressing lipogenesis in
liver tissue, inhibiting activation
of SREBP-1, and suppressing
hepatic apoptosis and
inflammation via ROS-mediated
p53 signaling pathway in mice
with alcohol-induced liver
injury.

Lemon ND

Lemon juice (10 mL/kg
bw) was orally given to
alcohol-induced
C57BL/6 mice for 15
days.

Lemon juice markedly inhibited
alcohol-induced increase of
ALT, AST, lipid peroxidation
levels, and hepatic TG,
improved antioxidant capacity
(SOD and CAT), and improved
histopathological changes in
ALD mice.

Citrus
depressa

5-O-demethylnobiletin,
sinensetin, tangeretin,

and nobiletin

Citrus depressa extract
(300 mg/kg) was orally
administered to
ethanol-induced mice
for 8 weeks.

Citrus depressa extract
remarkably decreased AST, ALT,
TNF-α levels, hepatic MDA, and
CYP2E1 expression, and
increased glutathione in ALD
mice.

Noni fruit ND
Noni fruit was orally
given to ethanol-
exposed mice.

Noni fruit reversed the ethanol-
induced changes in mice such
as ALT, AST, gamma-glutamyl
transferase, LDL-C, HDL-C, TG,
and TC.
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Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Vegetables

Purple potato

Petunidin-3-glucoside,
Petunidin-3-rutinoside-5-
glucoside, Petunidin-3-
caffeoyl-rutinoside-5-

glucoside

Purple potato extract
was administered at
the dosage of 5 and 10
mg/kg bw to ethanol-
exposed mice for 5
weeks.

Purple potato extract
ameliorated ALD by decreasing
ALT, AST, TG, and TC, reducing
MDA contents and CYP2E1
protein expression, and
increasing GSH and SOD levels
in ethanol-exposed mice.

Garlic oil ND

Human normal cell LO2
was treated with
ethanol (100 mM).
Garlic oil was
administered (50 to 200
mg/kg bw) to ethanol-
exposed male Kunming
mice.

Garlic oil decreased n-SREBP-
1c and CYP2E1 and increased
PPAR-α protein levels in human
normal cell L02.
Garlic oil decreased n-SREBP-
1c and CYP2E1 and increased
PPAR-α protein levels in
ethanol-induced mice.
Additionally, garlic oil
decreased FAS and inhibited
ethanol-induced hepatic
mitochondrial dysfunction.

Asparagus
officinalis ND

Asparagus extracts
(400 mg/kg bw) were
orally administered to
male Wistar rats for 70
connective days.

Edible asparagus protected
from toxicity mediated by
alcohol by improving
antioxidant status.

Okra seed oil

Polyunsaturated fatty
acids; ROS: reactive

oxygen species; short-
chain fatty acids;

monounsaturated fatty
acids

Okra seed oil (400 and
800 mg/kg bw) was
given to mice for 8
weeks.

Okra seed oil attenuated
alcohol-induced liver damage
via inhibition of liver fat
accumulation, decreased MDA
content, decreased hepatic pro-
inflammatory cytokines (IL-6,
TNF-α, and IL-1), increased SOD
and GSH levels, and attenuated
lipid metabolic disorder.
Furthermore, okra seed oil also
modulated gut microbiota
dysbiosis by enhancing the
Bacteroidetes population and
reducing the Proteobacteria
proportion, Staphylococcus,
and Clostridium XlVa.

Artichoke ND

Ethanolic extract of
artichoke (0.4 to 1.6
g/kg) was given to
ethanol-induced ICR
mice for 10 days.

Artichoke remarkably
attenuated ALD by preventing
elevated levels of ALT, AST, TG,
and TC, increased SOD and
GSH, decreased MDA level, and
suppressed inflammatory
pathway (TLR4/NF-κB) in
ethanol-induced ICR mice.

Rhubarb ND
Rhubarb extract (0.3%)
was given to C57BL/6J
mice for 17 days.

Rhubarb extracts protected
alcohol-induced liver injury by
modulating intestinal
microflora, improving
antioxidant level, and reducing
inflammatory response.

Bitter gourd ND

Bitter gourd was
administered (500
mg/kg bw) to C57BL/6
mice fed an alcohol-
containing liquid diet
for 30 days.

Bitter gourd supplementation
reduced the steatotic
alternation of liver
histopathology, decreased AST,
ALT, hepatic TG level, and MDA
content, improved antioxidant
defense system (SOD, GSH,
GRd, GPx, and CAT), reduced
pro-inflammatory cytokine
levels (IL-6, TNF-α, and IL-1β),
and suppressed ACC, CYP2E1,
FAS, and SREBP-1 protein
expression in alcohol-induced
mice.
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Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Spices

Cinnamon ND

Cinnamon bark extract
(0.5 mL) was
administered for 4 days
prior to ethanol, and on
5th day, ethanol (6 g/kg
bw) was administered.
Murine RAW 264.7
macrophage-like cells
were treated with
cinnamon bark extract
(4 µL).

Cinnamon bark extract
protected liver from alcohol via
the inhibition of MyD88
expression both in vitro and in
vivo.

Fenugreek ND

Fenugreek seed
polyphenol extract (200
mg/kg bw) and ethanol
(6 g/kg per day) were
fed to rats for 30 days.

Fenugreek seed polyphenol
extract inhibited lipid
accumulation in ethanol-
induced rats.

Crocus
sativus L.

Safranal, crocin,
myricetin, and quercetin

Crocus sativus L.
(saffron) petal extract
was administered
(167.5 and 335
mg/kg/day) to ethanol-
induced rats for 30
days.

Saffron polyphenolic extract
protected liver from ethanol by
reducing inflammation in
ethanol-administered rats.

Parsley oil ND

Parsley oil (50 mg/kg
bw) was given to adult
male albino rats for 4
weeks.

Parsley oil attenuated alcohol-
induced liver injury by oxidative
stress mechanism.

Syzygium
aromaticum

L.
ND

Polyphenol-rich extract
of clove buds
(Clovinol) (100 mg/kg
bw) was given to
ethanol-induced rats
for 30 days.

Clovinol decreased alcohol-
associated oxidative stress and
inflammatory changes in
ethanol-induced rats.

Thymus
vulgaris ND

Thymus vulgaris leaves
were orally given (500
mg/kg bw) to ethanol-
induced rats for 21
days.

Co-administration (Thymus
vulgaris and ethanol) modulated
several biomarkers such as
ALP, AST, albumin, CAT, MDA,
SOD, GST, and lipid profile.

Peppers Capsaicin
Capsaicin was given
(10 and 20 mg/kg) to
ethanol-induced rats.

Capsaicin ameliorated alcohol-
induced liver injury by
modulating matrix
metalloproteinases and
suppressing free radical
formation and oxidative stress.

[107]

[108]

[109]

[110]

[111]

[112]

[113]



Edible
Food Plant
Category

Source Bioactive Compounds Study Design Major Findings Ref.

Cereals

Black rice

Cyanidin-3,5-diglucoside,
cyanidin-3-glucoside,

cyanidin-3-rutinoside, and
peonidin-3-glucoside

Alcohol (3.7 g/kg bw)
and anthocyanin-rich
black rice extract (125,
250, and 500 mg/kg bw)
dissolved in water was
administered using an
intragastric tube for 45
days.

Anthocyanin-rich black rice
extract attenuated ALD by
decreasing serum AST, ALT,
TCH, TG, and GGT levels and
improving antioxidant levels.

Rice

Acacetin, caffeic acid,
ferulic acid, sinapic acid,

p-coumaric acid,
quercitrin, vitexin, rutin,

hesperidin, ethyl caffeate,
and ethyl coumarate

Rice bran phenolic
extract (0.25 or 0.50
g/L) was fed along with
alcohol-containing
liquid diet (4%) to mice
for 8 weeks.

Anthocyanin-rich black rice
extract supplementation
ameliorated ALD by repressing
inflammatory responses in liver,
intestinal microbiota dysbiosis,
and barrier dysfunction and
inactivated the endotoxin-TLR4-
NF-κB pathway.

Rice

Acacetin, caffeic acid,
ferulic acid, sinapic acid,

p-coumaric acid,
quercitrin, vitexin, rutin,

hesperidin, ethyl caffeate,
and ethyl coumarate

Rice bran phenolic
extract (0.25 or 0.50
g/L) was fed along with
alcohol-containing
liquid diet (4%) to mice
for 8 weeks.

Rice bran phenolic extract
exerted protective effect against
ALD in mice fed with an
ethanol-containing diet via
microRNAs-PGC-1α-TFAM
signal pathway.

Tartary
buckwheat ND

Acute liver injury
model group:
buckwheat ethanol
extracts (8.35, 16.70
and 41.75 mL/kg bw)
and ethanol (4 g/kg bw)
were intragastrically
administered to rats for
7 consecutive days.
Chronic alcoholic liver
injury: buckwheat
ethanol extracts (8.35,
16.70 and 41.75 mL/kg
bw) and ethanol (3
g/kg/day bw; 37.5%
volume fraction)
intragastrically
administered to SD rats
for 8–9 consecutive
weeks.

Tartary buckwheat extract
administration significantly
decreased serum ALT, AST, and
hepatic MDA and improved
hepatic GSH level.

Mung bean
extract Vitexin and isovitexin

Mung bean extract
(containing 15 mg
vitexin and 13 mg
isovitexin, respectively,
per kg bw) was given
along with spirit (56%
alcohol, 16 mL/kg bw) 2
h after the doses of
mung bean extract for
14 days.

Mung bean extract decreased
ALT and AST and improved
antioxidant levels.

Tea Pu-erh tea Gallocatechin, gallic acid,
and caffeine

Pu-erh tea extract (1 or
4 g/L w/v added into
drinking water) and
ethanol solution (10%
w/v) were administered
by gavage for 30 days.

Pu-erh tea extract contributed
to the protective effect against
ALD by improving oxidative
stress, reducing lipid
accumulation, reducing
inflammation, and modulating
microbiomic and metabolomic
responses.
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