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1. INTRODUCTION 

The human microbiota is a complex and dynamic 
community of microorganisms that inhabit various human 
body parts, including the skin, mouth, gut, and vagina 
(Faust et al., 2012; Gilbert et al., 2018; Martínez et al., 
2021). It plays an important role in maintaining human 
health and is involved in a broad range of physiological 
processes, including inflammation and immune respon-
ses; diabetes; and obesity (Wang et al., 2017). It has 
emerged as an increasingly important area of research in 

recent years, as modifications of the microbiota have 
been found to be associated with a wide range of 
diseases (Bik, 2016). This review aims to provide an 
overview of findings on immunity, diabetes, and obesity 
in relation to alterations in the human microbiota by 
forest product-derived polysaccharides.

The human microbiota is composed of various micro-
organisms, including bacteria, viruses, fungi, and archaea 
(Hoffmann et al., 2013; Kong, 2011; Wade, 2013). The 
bacterial population of the human microbiota is the most 
extensively studied and comprises more than 1,511 di-
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fferent species (Arumugam et al., 2011). The micro-
biota’s viral component is less well understood than the 
bacterial component; however, recent studies have su-
ggested that enteroviruses potentially serve an important 
role in the gut microbiota and influence host health 
(Dreyfus, 2013; Rowan-Nash et al., 2019). The micro-
biota’s fungal component, also known as the mycobiome, 
has also received increasing attention in recent years. 
Fungi exist in smaller numbers than bacteria; neverthe-
less, they play an essential role in maintaining gut 
health and are associated with various diseases (Baker et 
al., 2017; Ghannoum et al., 2010). In this study, we 
reviewed recent research on the most studied bacterial 
microbiota in the human gut.

The microbiota serves a key beneficial role in main-
taining host health via diverse biological functions, such 
as producing essential nutrients (Uebanso et al., 2020), 
including vitamins and short-chain fatty acids (SCFAs); 
regulating immune function (Round and Mazmanian, 
2009); and preventing colonization by potentially harm-
ful microorganisms. It is also involved in the breakdown 
of complex carbohydrates, including dietary fibers, that 
resist degradation by human digestive enzymes (Flint et 
al., 2012). Carbohydrate metabolism in the microbiota 
yields SCFAs that play significant roles in the immune 
response (Ratajczak et al., 2019), the regulation of 
inflammation (Aho et al., 2021; Cait et al., 2018), and 
obesity (De la Cuesta-Zuluaga et al., 2018; Murugesan 
et al., 2018). In addition to these functions, the micro-
biota is also involved in the metabolism of drugs and 
other xenobiotics, and alterations in the microbiota po-
tentially lead to changes in drug efficacy and toxicity 
(Wilson and Nicholson, 2017; Zimmermann et al., 2019).

The human gastrointestinal tract contains hundreds of 
trillions of microbial cells that play a vital role in 
maintaining host health (Hooper and Macpherson, 2010). 
Collectively known as the gut microbiota, these micro-
bial communities are involved in the various health- 
promoting, essential physiological processes listed above. 

The gut microbiota’s components and diversity are 
influenced by various factors, including diet, lifestyle, 
environmental factors, health condition, and genetic fac-
tors (Askarova et al., 2020; Gacesa et al., 2022; Walker 
et al., 2021). Although several studies have reported the 
effects of the overall gut microbiota on health, studies 
identifying specific microbes or biological mechanisms 
that are beneficial to host health are limited. In general, 
when disease develops, microbial diversity in the host’s 
microbiota has commonly been observed to decrease, at 
which time the proportion of pathogenic microorganisms 
is expected to increase (Lloyd-Price et al., 2016).

Dietary compounds are factors that directly affect the 
gut microbiota (Lindell et al., 2022; Shondelmyer et al., 
2018). In recent years, interest in the role of dietary 
compounds in modifying the components and function 
of the gut microbiota has increased (Laparra and Sanz, 
2010; Rinninella et al., 2019). Numerous studies have 
demonstrated that dietary patterns rich in plant-based 
foods and fiber are associated with a more diverse and 
beneficial gut-microbiota composition, whereas those 
high in fat and sugar are associated with a less diverse 
and potentially harmful microbiota (De Filippis et al., 
2016; Rinninella et al., 2019; Sakkas et al., 2020; 
Wong, 2014). This review provides a comprehensive 
analysis of the results of studies focusing on gut micro-
biota improvement by forest-derived polysaccharides.

Various polysaccharides have been shown to improve 
the gut microbiota by promoting the growth of benefi-
cial bacteria and providing additional beneficial effects. 
Dietary fiber is a complex carbohydrate that is not 
digested by human enzymes but is instead fermented by 
gut bacteria in the colon (Murga-Garrido et al., 2021; 
Tanes et al., 2021). This fermentation process produces 
SCFAs (Deehan et al., 2020; Markowiak-Kopeć and 
Śliżewska, 2020). Probiotics are live microorganisms 
that are ingested for their health-promoting properties 
(Kaur et al., 2022; Linares et al., 2017). They poten-
tially improve gut microbiota health by increasing the 
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abundance of beneficial bacteria in the gut. Prebiotics 
are compounds that are not digested by the human body 
but instead serve as food for beneficial gut bacteria 
(Enam and Mansell, 2019; Miqdady et al., 2020). They 
also enhance gut microbiota health by selectively pro-
moting the growth of beneficial bacteria and reducing 
the abundance of harmful bacteria (Bindels et al., 2015; 
Rastall and Gibson, 2015). Polyphenols (Trošt et al., 
2018; Tuohy et al., 2012) in several plant-based foods, 
including fruits, vegetables, and tea; omega-3 fatty acids 
(Costantini et al., 2017; Kaliannan et al., 2015) in fatty 
fish, nuts, and seeds; and butyrate (Di Costanzo et al., 
2021; Donohoe et al., 2011) produced by gut bacteria 
during dietary-fiber fermentation have been shown to 
possess numerous health benefits, including improving 
gut microbiota health by promoting the growth of bene-
ficial bacteria and reducing gut inflammation.

Forest products, such as wood and plants, have been 
used for medicinal purposes for centuries due to their 
bioactive compounds. Various bioactive compounds have 
been identified in forest products, including phenolic 
compounds, which constitute one of the largest groups 
of bioactive compounds found in forest products (Huh et 
al., 2022; Yang et al., 2022a). Phenolic compounds are 
characterized by their aromatic ring structure, and they 
have been shown to exhibit potent antioxidant (Huh et 
al., 2022; Lee et al., 2021; Yang et al., 2022a) and 
anti-inflammatory (Yang et al., 2019, 2022b) activities. 
Flavonoids are another group of bioactive compounds 
found in forest products that possess a broad range of 
pharmacological activities, including antioxidant, anti- 
inflammatory, and anticancer effects (Ella Nkogo et al., 
2022; Huh et al., 2022). Terpenoids constitute a diverse 
group of compounds found in forest products that have 
been shown to have antimicrobial, anti-inflammatory, 
and antioxidant activities (Kim et al., 2017). Forest 
products also contain lignans, which are polyphenolic 
compounds found in plant cell walls. Lignans have been 
shown to exhibit estrogenic and anticancer activities 

(Basu and Maier, 2018; Mottaghi and Abbaszadeh, 
2022), and they may also play a role in the prevention 
of cardiovascular disease (Peterson et al., 2010). Alka-
loids are another group of bioactive compounds found in 
forest products that possess a wide range of pharmaco-
logical activities, including antimicrobial, anti-inflamma-
tory, and anticancer effects (Ella Nkogo et al., 2022; 
Manurung et al., 2019). All the above compounds have 
proven to have beneficial effects on human health, 
including antioxidant (Huh et al., 2022; Lee et al., 2021; 
Yang et al., 2022a), anti-inflammatory (Yang et al., 
2019, 2022b), and antimicrobial (Ham et al., 2020; Lee 
et al., 2021) activities, and they have been proposed as 
potential therapeutic agents for various diseases (Ham 
and Kim, 2018; Yoon and Kim, 2023). However, know-
ledge regarding the impact of forest-product compounds 
on the gut microbiota remains limited.

Therefore, this study reviewed the effects of poly-
saccharides found in forest products on the components 
and function of the intestinal microbiota.

2. EFFECTS of FOREST PRODUCT- 
DERIVED POLYSACCHARIDES on 

INFLAMMATION and IMMUNE 
RESPONSES via the INTESTINAL 

MICROBIOTA

The human body has an innate immune system and 
an adaptive immune system. The adaptive immune 
system is trained by exposing pathogens and provides 
strong, selective immunity against exposed pathogens. 
The close correlation between the gut microbiota and 
the host’s immunity has been shown in many experi-
ments using germ-free animals, such as intestinal defects 
of lymphoid tissue and immune functions (Bauer et al., 
1963), a decrease in αβ and γδ intra-epithelial lym-
phocytes (Umesaki et al., 1993), a normalization of IgA 
antibodies following colonization of the gut microbiota 
(Hapfelmeier et al., 2010), and an absence of Th17 cells 
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(Ivanov et al., 2008) and restoring by colonization of 
the gut microbiota (Ivanov et al., 2009). The interaction 
between the gut microbiota and immunity to maintain a 
healthy condition has been summarized and presented in 
a previous study (Zheng et al., 2020). In this section, we 
review the studies on the change in the gut microbiota 
by forest product-derived polysaccharides that improve 
inflammation and immune response (Table 1).

2.1. Polysaccharides from plants

Lycium barbarum polysaccharides potentially increase 
the abundance of Lactobacillus acidophilus, Bifidobac-
terium longum, Firmicutes, and Proteobacteria strains as 
well as stimulate the growth of Akkermansia, Lacto-
bacillus, and Prevotellaceae, which in turn increase serum 
transforming growth factor (TGF)-β, interleukin (IL)-6, 
and secretory immunoglobulin A (sIgA) concentrations 
in the colon, rendering it an excellent source of immune- 
response improvement (Zhu et al., 2020).

Nelumbo nucifera Gaertn. polysaccharides improved 
the gut microbiota by decreasing the Firmicutes/Bacte-
roidetes ratio and increasing Bifidobacterium relative 
abundance, suggesting their potential as a prebiotic for 
SCFA production (Guan et al., 2022).

Polysaccharides in Mulberry (Morus alba Linné) 
leaves have also been demonstrated to act as prebiotics 
by modulating the Bacteroidetes, Firmicutes, Butyrici-
monas, and Eubacterium microbiota to improve the 
immune response via SCFA production (Chen et al., 
2021).

Moringa oleifera polysaccharides were found to in-
duce changes in the gut microbiota, including increasing 
the proportion of Muribaculaceae and decreasing that of 
Proteobacteria, Helicobacter, Stenotrophomonas, and 
others, resulting in a significant increment in thymus 
and spleen indices and decrement in IL-6 and tumor 
necrosis factor (TNF)-α concentrations (Wen et al., 

2022).
Dendrobium huoshanense polysaccharides altered the 

gut microbiota and improved the immune response (Xie 
et al., 2019). They increased the population of several 
beneficial bacteria, such as Lactobacillus, and decreased 
that of bacteria such as Clostridium, Psychrobacter, and 
Propionibacterium. These polysaccharides have been 
suggested as potentially useful prebiotics that modulate 
mucosal structures; increase the expression of tight- 
junction proteins, mucin-2, β-defensins, and sIgA; and 
stimulate cytokine production and the functional devel-
opment of immune cells.

Dendrobium aphyllum polysaccharides improved gut 
microbiota by increasing beneficial bacteria, such as 
Porphyromonadaceae, Ruminococcaceae, and Erysipelo-
trichaceae, thereby increasing SCFA production and 
balancing Th1/Th2 and Th17/Treg (Liu et al., 2019). 

Scutellaria baicalensis Georgi polysaccharides poten-
tially suppress inflammatory cytokine levels and increase 
SCFA levels (Cui et al., 2021). In the gut microbiota, 
the populations of microorganisms such as Firmicutes, 
Bifidobacterium, Lactobacillus, and Roseburia increased, 
whereas the proportion of Bacteroides, Proteobacteria, 
and Staphylococcus decreased, suggesting that S. baical-
ensis polysaccharides may have therapeutic applications 
for colitis and in improving the immune response.

The root polysaccharides of Pueraria thomsonii pro-
moted intestinal barrier integrity, reduced inflammation 
via the nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-κB) signaling pathway, and amelio-
rated lipid peroxidation via the adenine monophosphate 
activated protein kinase (AMPK)/nicotinamide adenine 
dinucleotide phosphate oxidase signaling pathway (Li et 
al., 2022a). These improvements have been associated 
with the enrichment of the gut bacteria Parabacteroides 
(promoting intestinal barrier integrity) and Prevotellaceae 
(activating the AMPK signaling pathway).
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Table 1. Effects of forest product derived polysaccharides on inflammation and immune responses via the 
intestinal microbiota

Origin Compound
(constitutional monosaccharides) Gut bacteria changed Biological effects References

Plants

Lycium 
barbarum

Polysaccharides
(arabinose, rhamnose, xylose, 
mannose, galactose, glucose)

Lactobacillus acidophilus↑, 
Bifidobacterium longum↑, 

Akkermansia↑, Lactobacillus↑, 
Prevotellaceae↑, Proteobacteria↑, 

Firmicutes↑, Bacteroidetes↓

Transforming growth factor 
(TGF)-β↑, IL-6↑ in 

serum, sIgA↑ in the colon

(Zhu et al., 
2020)

Nelumbo 
nucifera 
Gaertn.

Polysaccharides
[(1→4)-α-D-glucan with 

α-D-glycopyranosyl moieties]

Veillonellaceae↑, Negativicutes↑, 
Escherichia↑, Shigella↑, 

Bacteroidetes↑, Megamonas↑, 
Bifidobacterium↑, Firmicutes↓, 

Actinomycetes↓

Gut pH↓, SCFAs↑ (Guan et 
al., 2022)

Morus alba 
Linné leaves

Polysaccharides
(mannose, rhamnose, glucose, 

galactose, arabinose)

Bacteroidetes↑, Firmicutes↓, 
Butyricimonas↓ Eubacterium↓

SCFAs↑ (Chen et 
al., 2021)

Moringa 
oleifera

Polysaccharides
(β-gluco-pyranose, mannose)

Muribaculaceae↑, Proteobacteria↓, 
Helicobacter↓, Stenotrophomonas↓

Thymus index↑, spleen 
index↑, IL-6↓, TNF-α↓

(Wen et al., 
2022)

Dendrobium 
huoshanense

Polysaccharides
(glucose, xylose, galactose)

Firmicutes/Bacteroidetes↓, 
Lactobacillus↑, Clostridium↓, 

Psychrobacter↓, Propionibacterium↓

Cytokines↑, immune 
cells↑

(Xie et al., 
2019)

Dendrobium 
aphyllum

Polysaccharides
(mannose, glucose)

Porphyromonadaceae↑, 
Ruminococcacea↑, 

Erysipelotrichaceae↑

Gastrointestinal transit 
time↓, pH↓, fecal 

water-binding capability↑, 
SCFAs↑

(Liu et al., 
2019)

Scutellaria 
baicalensis 

Georgi

Polysaccharides
(mannose, ribose, rhamnose, 

glucuronic acid, glucose, 
xylose, arabinose, fucose)

Firmicutes↑, Bifidobacterium↑, 
Lactobacillus↑, Roseburia↑, 

Bacteroides↓, Proteobacteria↓ 
Staphylococcus↓

Proinflammatory 
cytokines↓, SCFAs↑

(Cui et al., 
2021)

Pueraria 
thomsonii Polysaccharides Parabacteroides↑, Prevotellaceae↑

Hepatic injury↓, 
steatosis↓, intestinal barrier 
integrity↑, inflammation↓

(Li et al., 
2022a)

Mushrooms

Dictyophora 
indusiate

Polysaccharides
(glucose, mannose, galactose)

Proteobacteria↓, Bacteroides↓, 
Gammaproteobacteria↓, 

Bacteroidaceae↓, 
Enterobacteriaceae↓, Lactobacillus↑

Cytokine↓, 
anti-inflammatory 

cytokine↑, tight-junction 
proteins↑

(Kanwal et 
al., 2020)

Pleurotus 
eryngii

Polysaccharides
(glucose)

Porphyromonadaceae↑, 
Rikenellaceae↑, Bacteroidaceae↑, 

Lactobacillaceae↑
Firmicutes↓, Bacteroidetes↑

pH↓, moisture content↑, 
SCFAs↑

(Ma et al., 
2017)

Inonotus 
obliquus

Polysaccharides
(mannose, rhamnose, glucose, 
galactose, xylose, arabinose)

Bacteroidetes↑, Firmicutes↓

Glutathione peroxidase↑, 
total antioxidant capacity↑, 

TNF-α↓, TGF β↓, 
lipase↓, trypsin↓

(Hu et al., 
2017)
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2.2. Polysaccharides from mushrooms

Dictyophora indusiata polysaccharides reduced the 
number of harmful microorganisms in the gut, such as 
Proteobacteria, Gammaproteobacteria, Bacteroides, Bac-
teroidaceae, and Enterobacteriaceae, and increased that 
of Lactobacillus, thereby relieving colitis (Kanwal et al., 
2020). They were also found to reduce pro-inflammatory 
cytokine levels and increase the expression of anti- 
inflammatory cytokines and tight-junction proteins, espe-
cially in severe cases of colitis.

Pleurotus eryngii polysaccharides lowered intestinal 
pH, increased SCFA production in the cecum and colon, 
and increased water content (Ma et al., 2017). They 
decreased the distribution of Firmicutes and increased 
that of Bacteroidetes in the gut, creating a healthy gut 
environment.

The administration of Inonotus obliquus polysaccha-
rides to rats with chronic pancreatitis increased gluta-
thione peroxidase levels and total antioxidant capacity 
and decreased TNF-α, TGF-β, lipase, and trypsin levels 
(Hu et al., 2017). It also promoted gut health by in-

Table 1. Continued

Origin Compound
(constitutional monosaccharides) Gut bacteria changed Biological effects References

Mushrooms

Auricularia 
auricular- 

judae (Bull.)

Polysaccharides
(rhamnose, mannose, glucose, 

fucose, xylose, galactose)

Deferribacteres↓, Actinobacteria↓, 
Ruminococcus sp.↓ Symptoms of colitis↓ (Zhao et al., 

2020)

Flammuliana 
velutipes

Polysaccharides
(glucose, mannose, galactose)

Lachnospiraceae↑,
Ruminal butyrivibrio↑, Roseburia↑

SCFAs↑ (Zhang et 
al., 2020)

Hericium 
erinaceus Polysaccharides Clostridiales↑, Akkermansia↑, 

Desulfovibrio↑

Nitric oxide↓, 
malondialdehyde↓, total 
superoxide dismutase↓, 

myeloperoxidase↓

(Ren et al., 
2018)

Lentinula 
edodes Polysaccharides

Firmicutes/Bacteroidetes↓, 
Bacteroidia↑, Bacillus↓, 

Betaproteobacteria↓, 
Bacteroidaceae↑, Lactobacillaceae↓, 

Alcaligenaceae↓.

Immune responses↑, 
cytokine↑ in peripheral 

blood.

(Xu et al., 
2015)

Ganoderma 
lucidum Polysaccharides

Bacteroidetes↓, Firmictutes↑,
Lactobacillales↑, Roseburia↑, 

Lachnospiraceae↑

Superoxide dismutase↑, 
total antioxidant activity↑, 

lipase↓, amylase↓, 
interferon γ↓, TNF-α↓

(Li et al., 
2016)

Phellinus 
linteus

Polysaccharide extracts
(glucose, arabinose, fucose, 

galactose, xylose)

Roseburia↑, Prevotella↑, 
Ruminiclostridium-9↑, 

Lachnospiraceae↑, Blautia↑, 
Oscibacter↑, Clostridium↓, 

Escherichia↓, Bacteroidales↓

SCFAs↑, 
lipopolysaccharides↓

(Liu et al., 
2020)

Please note that most of the results in the presented references are from studies performed on animal models, and additional 
experiments are required to determine if the results can apply to healthy individuals or humans.
↑: Increased, enhanced, promoted, or positively changed in terms of activity, expression, or concentration.
↓: Decreased, inhibited, repressed, reduced, or negatively changed in terms of activity, expression, or concentration. 
IL: interleukin, sIgA: secretory immunoglobulin A, SCFAs: short-chain fatty acids, TNF: tumor necrosis factor.
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creasing gut microbiota diversity, with an increase in the 
population of Bacteroidetes bacteria, which exhibit bene-
ficial interaction with glutathione peroxidase and total 
antioxidant capacity, and a relative decrease in Firmi-
cutes.

Polysaccharides extracted from Auricularia auricular- 
judae (Bull.) display a considerably protective effect 
against dextran sulfate sodium-induced inflammatory 
disease. Rats fed a high content of polysaccharides have 
a decreased disease activity index, and this relieves 
diarrhea and bloody stool and also prevents an increase 
in diamine oxidase, which in turn increases the resis-
tance of mucous membranes (Zhao et al., 2020).

Flammuliana velutipes polysaccharides promoted 
SCFA production by microorganisms in rat gut, and 
they are known to be protective against inflammatory 
bowel disease (Zhang et al., 2020). Moreover, they 
increased the population of SCFA-producing microbes in 
Lachnospiraceae, including Butyrivibrio and Roseburia.

Polysaccharides from Hericium erinaceus protect 
against oxidative damage to the mucosa by reducing 
nitric oxide, malondialdehyde, total superoxide dismutase, 
and myeloperoxidase levels (Ren et al., 2018). They 
have been found to restore the gut microbiota, including 
Clostridiales, Akkermansia, and Desulfovibrio, and re-
cover from the imbalanced microbiota in colitis caused 
by dextran sulfate sodium.

Polysaccharide L2, extracted from the fruiting body 
of Lentinula edodes, increased cytokine levels in the 
peripheral blood and potentially recovered age-related 
decreasing factors, including TNF-α, IL-1, IL-2, and 
especially IL-6 (Xu et al., 2015). This allows poly-
saccharide L2 to mitigate the age-related diminishment 
of the immune response. It may also reduce age-related 
changes in the gut microbiota. Polysaccharide L2 re-
duced the Firmicutes/Bacteroidetes ratio in the gut; 
increased Bacteroidia and Bacteroidaceae; and decreased 
Bacillus, Betaproteobacteria, Lactobacillaceae, and Al-
caligenacea. Thus, polysaccharide L2 from L. edodes 

mitigates the age-related diminishment of immunity and 
improves the gut microbiota.

Ganoderma lucidum polysaccharides improve pancre-
atitis via diverse physiological changes, including inc-
reased superoxide dismutase and total antioxidant acti-
vities as well as restored activities of lipase, amylase, 
interferon γ, and TNF-α (Li et al., 2016). They were 
found to improve the gut microbiota by decreasing 
Bacteroidetes and increasing Firmictutes, Lactobacillales, 
Roseburia, and Lachnospiraceae.

Mice treated with Phellinus linteus polysaccharide 
extract (PLPE) have been found to increase the number 
of SCFA-producing bacteria, such as Roseburia, Pre-
votella, Ruminiclostridium-9, Lachnospiraceae, Blautia, 
and Oscibacter, in the gut, and SCFAs have an intestinal 
barrier function and reduce blood lipopolysaccharide 
levels, thereby alleviating systemic inflammation and 
insulin resistance (Liu et al., 2020). In addition, PLPE 
was found to decrease the Clostridium, Escherichia, and 
Bacteroidales populations, thus increasing the level of 
lipopolysaccharide, an inflammatory factor in serum.

3. EFFECTS of FOREST PRODUCT- 
DERIVED POLYSACCHARIDES on 

DIABETES via the INTESTINAL 
MICROBIOTA

There are two types of diabetes mellitus. Type 1 
diabetes is an inability to control blood sugar due to 
decreased production of insulin, often caused by a gene-
tic defect. Type 2 diabetes is a condition in which blood 
sugar cannot be controlled by normal insulin secretion 
due to increased resistance to insulin. In many cases, 
resistance to insulin is acquired through the living con-
dition. In this section, we review the studies on forest 
product-derived polysaccharides that have been shown 
to improve diabetes symptoms by improving gut micro-
biota, with a focus on Type 2 diabetes (Table 2). Com-
pounds produced by the gut microbiota have been pro
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Table 2. Effects of forest product derived polysaccharides on diabetes via the intestinal microbiota

Name Compounds Gut bacteria changed Mechanisms References

Plants

Ophiopogon 
japonicus

Polysaccharides
(fructose, glucose)

Actinobacteria↑, Bifidobacterium↑, 
Desulfovibrionaceae↓, Dorea↓, 

Ruminococcaceae↓

Insulin resistance↑, 
glucose tolerance↑, 

SCFAs↑

(Wang et 
al., 2019)

Salvia 
miltiorrhiza Polysaccharides

Cyanobacteria↓, 
Firmicutes/Bacteroidetes↓, Bacteroides↑, 

Lactobacillus↑, Parabacteroides↑, 
Oscillospira↓, Alistipes↓

Liver total cholesterol↓, 
triglyceride↓, free fatty 

acid↓, alanine 
transaminase↓, aspartate 
transaminase↓, LDL-C↓

(Wang et 
al., 2020b)

Rosa 
roxburghii

Polysaccharides
(arabinose, galactose, 

glucose, mannose, 
xylose, fructose)

Bacteroidaceae↑, Peptostreptococcaceae↑, 
Prevotellaceae↑, Rikenellaceae↑, 
Bacteroidales↑, Lactobacillus↑, 

Enterocaccaceae↓, Desulfovibrionaceae↓, 
Clostridiaceae↓, Ruminococcaceae↓, 

Erysipelotrichoceae↓, Helicobacteraceae↓, 
Ruminococcaceae↓, Lachnospiraceae↓, 

Clostridiales↓, Desulfovibrionales↓

PPAR-γ↓, SREBP-1↓, 
ACC-1↓, fatty acid 

synthase↓, 
glucose-6-phosphatase↓

(Wang et 
al., 2020a)

Apocynum 
venetum
leaves

Polysaccharide-rich 
extracts

Odoribacter↑, Anaeroplasma↑, 
Parasutterella↑, Muribaculum↑, 

Enterococcus↓, Klebsiella↓, Aerococcus↓

Fasting blood glucose↓, 
serum insulin↓, glycated 
serum protein↓, serum 

lipid profiles↓

(Yuan et al., 
2020)

Momordica 
charantia L.

Fermented 
polysaccharides

(rhamnose, arabinose, 
galactose, glucose, 
xylose, mannose, 
galacturonic acid)

Lactococcus laudensis↑, Prevotella 
loescheii↑, Prevotella oralis↑

Hyperglycemia↓, 
hyperinsulinemia↓, 

hyperlipidemia↓, oxidative 
stress↓, SCFAs↑, pH↓

(Gao et al., 
2018)

Cyclocarya 
paliurus 
(Batal.)

Polysaccharides
(xylose, arabinose, 
glucose, galactose, 

rhamnose, mannose)

Ruminococcaceae↑
SCFAs↑, Bax↓, Bcl-2↑, 

normalized hormone 
secretion, inflammation↓

(Li et al., 
2021)

Plantago 
asiatica L. Polysaccharides

Bacteroides vulgatus↑, Lactobacillus 
fermentum↑, P. loescheii↑, Bacteroides 

vulgates↑

Blood glucose↓, insulin, 
total cholesterol↓, 

triglyceride↓, 
non-esterified fatty acid↓, 
maleic dialdehyde↓, HDL 
cholesterol↑, antioxidant 

enzyme activity↑

(Nie et al., 
2019)

Mushrooms

Grifola 
frondosa

Polysaccharides
(mannose, rhamnose, 

glucuronic acid, 
galacturonic acid, 
glucose, galactose, 

fucose)

Streptococcus↓, Enterococcus↓, 
Staphylococcus↓, Aerococcus↓, Alistipes↑

Fasting blood glucose↓, 
oral glucose tolerance↓, 

cholesterol↓, 
triglyceride↓, LDL-C↓

(Guo et al., 
2020)

Polysaccharides
(arabinose, mannose, 

glucose)

Porphyromonas gingivalis↑, Akkermansia 
muciniphila↑, Lactobacillus acidophilus↑, 

Tannerella forsythia↑, Bacteroides 
acidifaciens↑, Roseburia intestinalis↑

IRS 1↑, 
phosphatidylinositol-3- 

kinase↑, glucose 
transporter 4↑, JNK 1↓

(Chen et al., 
2019)
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posed to be involved in type 2 diabetes through various 
mechanisms, and it has been suggested that the distri-
bution of the gut microbiota is abnormally changed by 
host molecules, which may contribute to the develop-
ment of type 2 diabetes (Zhou et al., 2022). Thus, in the 
studies reviewed in this section, restoring the abnormal 
gut microbiome to normal through the consumption of 
forest product-derived polysaccharides has been shown 
to improve diabetes symptoms.

3.1. Polysaccharides from plants

A homogeneous polysaccharide fraction from Ophio-

pogon japonicus improved insulin resistance, glucose 
tolerance, diabetes-associated gut microbiota, and SCFA 
metabolism in mice with high-fat diet-induced type-2 
diabetes (Wang et al., 2019). It increased the population 
of Actinobacteria and Bifidobacterium and decreased 
that of Proteobacteria and type 2 diabetes-associated 
bacteria.

Salvia miltiorrhiza polysaccharides fortified probiotic 
activity by reducing total cholesterol and total trigly-
ceride levels in the liver; free fatty acid levels in the 
serum; and alanine aminotransferase, aspartate amino-
transferase, and low-density lipoprotein cholesterol 
(LDL-C) levels (Wang et al., 2020b). Gut microbiota 

Table 2. Continued

Name Compounds Gut bacteria changed Mechanisms References

Mushrooms

Morchella 
esculenta

Polysaccharides
(mannose, ribose, 

rhamnose, glucuronic 
acid, galacturonic acid, 

glucose, galactose, 
arabinose, fucose)

Lactobacillus↑, Firmicutes↑, 
Actinobacteria↓, Corynebacterium↓, 

Facklamia↓

Endotoxemia↓, insulin 
resistance-related 

proinflammatory cytokines 
IL-1β↓, TNF-α↓, IL-6↓

(Rehman et 
al., 2022)

Phellinus 
linteus

Polysaccharides
(glucose, mannose, 
galactose, xylose, 

arabinose, rhamnose)

Porphyromona↑
Fasting blood glucose↓, 

glucose tolerance↑
(Feng et al., 

2018)

Polysaccharide extracts
(glucose, arabinose, 

fucose, galactose, xylose)

Roseburia↑, Prevotella↑, 
Ruminiclostridium-9↑, Lachnospiraceae↑, 

Blautia↑, Oscibacter↑, Clostridium↓, 
Escherichia↓, Bacteroidales↓

SCFAs↑, 
lipopolysaccharides↓

(Liu et al., 
2020)

Ganoderma 
lucidum

Polysaccharides
(mannose, glucose, 

galactose, rhamnose, 
arabinose)

Aerococcus↓, Ruminococcus↓, 
Corynebactrium↓, Proteus↓, Blautia↑, 
Dehalobacterium↑, Parabacteroides↑, 

Bacteroides↑

Fasting blood glucose↓, 
insulin↓, butyric acid↑, 

valeric acid↑, amino acid 
metabolism↑, 
carbohydrate 

metabolism↑, bacterial 
toxin↓

(Chen et al., 
2020)

Please note that most of the results in the presented references are from studies performed on animal models, and additional 
experiments are required to determine if the results can apply to healthy individuals or humans.
↑: Increased, enhanced, promoted, or positively changed in terms of activity, expression, or concentration.
↓: Decreased, inhibited, repressed, reduced, or negatively changed in terms of activity, expression, or concentration.
SCFAs: short-chain fatty acids, LDL-C: low-density lipoprotein cholesterol, PPAR: peroxisome proliferator-activated receptor, 
SREBP: sterol regulatory element-binding protein, ACC: acetyl-CoA carboxylase, HDL: high-density lipoprotein, IRS: insulin 
receptor substrate, JNK: c-Jun N-terminal kinase, IL: interleukin, TNF: tumor necrosis factor.
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alterations, such as an increase in the abundance of 
Cyanobacteria, Bacteroides, Lactobacillus, and Parabac-
teroides and a decrease in that of Oscillospira and 
Alistipes, were induced by these polysaccharides. 

Rosa roxburghii-originated polysaccharides have been 
reported to significantly reduce fat, liver hypertrophy, 
fasting blood glucose levels, and serum insulin and 
lipids as well as attenuate the expression levels of 
peroxisome proliferator-activated receptor (PPAR)-γ, 
sterol regulatory element-binding protein-1, acetyl-CoA 
carboxylase (ACC)-1, fatty acid synthase (FAS), and 
glucose-6-phosphatase (Wang et al., 2020a). Gut micro-
biota balance was altered by lowering the Firmicutes/ 
Bacteroidetes ratio; increasing the relative abundances of 
beneficial bacteria, Bacteroidaceae, Peptostreptococca-
ceae, Prevotellaceae, Rikenellaceae, Bacteroidales, and 
Lactobacillus; and decreasing the relative abundances of 
Enterocaccaceae, Desulfovibrionaceae, Clostridiaceae, 
Ruminococcaceae, Erysipelotrichoceae, Helicobactera-
ceae, Ruminococcaceae, Lachnospiraceae, Clostridiales, 
and Desulfovibrionales.

The polysaccharides obtained via alkaline extraction 
from Apocynum venetum leaves were effective in im-
proving fasting blood glucose, serum insulin, glycated 
serum protein, and serum lipids profiles (Yuan et al., 
2020). In terms of intestinal microbial changes, the 
extracts increased the abundance of bacteria, Odoribacter, 
Anaeroplasma, Parasutterella, and Muribaculum and 
decreased that of Enterococcus, Klebsiella, and Aero-
coccus. Therefore, this polysaccharide extract is expec-
ted to be a potentially useful anti-diabetic food.

Polysaccharides from Momordica charantia L. exhi-
bited antidiabetic activity, such as improving hypergly-
cemia, hyperinsulinism, and hyperlipidemia in diabetic 
rats, and increased the abundance of beneficial gut 
bacteria, such as Lactococcus laudensis, Prevotella 
loescheii, and Prevotella oralis, resulting in increased 
SCFA production (Gao et al., 2018).

Cyclocarya paliurus (Batal.) is a deciduous tree pre-

dominantly found in eastern and central China. Polysa-
ccharides extracted from C. paliurus potentially inhibit 
Bax protein expression in the pancreas, enhance β-cell 
lymphoma (Bcl)-2 expression to improve pancreatic β- 
cell regeneration and insulin resistance, normalize hormone 
secretion, and control inflammation (Li et al., 2021). 
They have also been found to increase Ruminococcaceae 
UCG-005 bacteria and elevate SCFA production.

Plantago asiatica L., a perennial herb, has been 
shown to reduce blood glucose, insulin, total cholesterol, 
triglyceride, free fatty acid, and malaldehyde concen-
trations; increase high-density lipoprotein levels and 
antioxidant enzyme activity; and promote the diversity 
of bacteria such as Bacteroides vulgatus, Lactobacillus 
fermentum, and P. loescheii, which potentially exert 
antidiabetic effects through increased SCFA production 
(Nie et al., 2019).

3.2. Polysaccharides from mushrooms

Polysaccharides extracted from the fruiting body of 
Grifola frondosa have the effect of reducing blood 
glucose and blood lipid levels (Guo et al., 2020). The 
administration of these polysaccharides to rats fed a 
high-fat diet decreased fasting blood glucose, oral glu-
cose tolerance, cholesterol, triglyceride, serum LDL-C, 
and free fatty acid levels in the liver. Oral administra-
tion decreased the relative abundance of Streptococcus, 
Enterococcus, Staphylococcus, and Aerococcus and inc-
reased that of Alistipes, thereby alleviating gut micro-
biota imbalance. A polysaccharide from G. frondosa 
also improved the symptoms of type 2 diabetes (Chen 
et al., 2019). When administered to rats, it activated 
insulin receptor substrate 1, phosphatidylinositol-3-kinase, 
and glucose transporter 4 and decreased c-Jun terminal 
kinase 1, thus improving type 2 diabetes. It was also 
observed to increase the distribution of gut microbes 
beneficial to diabetes, including Porphyromonas gingi-
valis, Akkermansia muciniphila, L. acidophilus, Tanne-
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rella forsythia, Bacteroides acidifaciens, and Roseburia 
intestinalis.

Polysaccharides extracted from the fruiting body of 
Morchella esculenta reduced insulin resistance-related 
proinflammatory cytokines IL-1β, TNF-α, and IL-6 in 
rats with type 2 diabetes induced by a high-fat diet with 
streptozotocin (Rehman et al., 2022). Among the gut 
microbes, there was an increase in the relative abundance 
of Lactobacillus and Firmicutes, which are beneficial 
against type 2 diabetes, and a decrease in the relative 
abundance of Actinobacteria, Corynebacterium, and 
Facklamia, which are opportunistic pathogens. The poly-
saccharides also regulated the expression of colon tight- 
junction proteins, such as zonula occludens-1, occludin, 
claudin-1, and mucin-2.

Oral administration of PLPE to rats fed a high-fat, 
high-fructose diet decreased fasting blood glucose levels 
and improved glucose intolerance (Feng et al., 2018). It 
also increased the proportion of Porphyromonas bacteria, 
which are capable of producing vitamin B12 in the gut, 
and activated insulin-signaling transduction by increas-
ing the phosphatidylcholine/phosphatidylethanolamine 
ratio. PLPE also exerts hypoglycemic effects, modulates 
the gut microbiota, and induces insulin resistance (Liu et 
al., 2020).

G. lucidum polysaccharides decreased the populations 
of diabetes-causing Aerococcus, Ruminococcus, Coryne-
bactrium, and Proteus in the gut and increased those of 
diabetes-modifying Blautia, Dehalobacterium, Parabac-
teroides, and Bacteroides (Chen et al., 2020). These 
polysaccharides potentially alleviate type 2 diabetes by 
reducing fasting blood glucose and insulin levels.

4. EFFECTS of FOREST PRODUCT- 
DERIVED POLYSACCHARIDES on 

OBESITY via the INTESTINAL 
MICROBIOTA

In mice with the same diet and the same body weight, 

germ-free mice with an obese microbiota had increased 
total body fat content compared to individuals with a 
lean microbiota (Turnbaugh et al., 2006). The involve-
ment of the gut microbiota in obesity is suggested by 
promoting nutrient absorption of the host with obese 
microbiota (Petersen et al., 2019), regulating gastroin-
testinal function through the production of neuromodu-
lators such as serotonin (Shajib and Khan, 2015), and 
modulating fat storage in the host by gut microbiota 
(Bäckhed et al., 2004). In addition, reduced gut micro-
biota diversity has been commonly observed in obese 
hosts (Turnbaugh et al., 2009). In this section, we re-
view the studies showing an association between gut 
microbiota improved by forest product-derived poly-
saccharides and obesity (Table 3).

4.1. Polysaccharides from plants

L. barbarum polysaccharides are potentially useful as 
prebiotics in improving obesity by modulating gut 
microbiota composition and SCFA metabolism. They 
have been found to promote beneficial gut bacteria, such 
as Lactobacillus (Yang et al., 2021).

A water-soluble β-D-fructan from O. japonicus was 
found to have potent anti-obesity and blood sugar-lower-
ing effects (Shi et al., 2015). It reduced the Firmicutes/ 
Bacteroidetes ratio and potentially restored the abnormal 
gut microbial composition to its normal state and modi-
fied its metabolic profiles. It can be degraded and utili-
zed by the gut microbiota, which can be absorbed and 
used by the host, contributing to weight loss and increa-
sed energy metabolism.

A homogalacturonan-type pectic polysaccharide ex-
tracted from Ficus pumila Linn. fruits effectively alle-
viated obesity by reducing body weight, blood total cho-
lesterol, and LDL-C levels (Wu et al., 2020). A decrease 
in the Firmicutes/Bacteroidetes ratio, an increase in 
Akkermansia, and a decrease in Blautia were induced by 
this polysaccharide in mice with high-fat diet-induced 
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Table 3. Effects of forest product-derived polysaccharides on obesity via the intestinal microbiota

Name
Compounds

(constitutional 
monosaccharides)

Gut bacteria changed Mechanisms References

Plants

Lycium 
barbarum

Polysaccharides
(xylose, glucose, 

rhamnose, mannose, 
galactose, arabinose, 

fructose, fucose, ribose)

Firmicutes/Bacteroidetes↓, 
Lactobacillus↑

Gut microbiota diversity↑, 
SCFAs↑

(Yang et 
al., 2021)

Ophiopogon 
japonicus

A water-soluble 
β-D-fructan Bacteroidetes↑, Firmicutes↓ SCFAs↑, related metabolites↑ (Shi et al., 

2015)

Ficus pumila 
Linn.

Homogalacturonan-type 
pectic polysaccharide

Firmicutes/Bacteroidetes↓, 
Akkermansia↑, Blautia↓

Body weight↓, serum total 
cholesterol↓, LDL-C↓

(Wu et al., 
2020)

Bamboo Polysaccharide
(arabinoxylan)

Firmicutes/Bacteroidetes↓, 
Enterobacter↓, Desulfovibrio↓, 

Akkermansia muciniphila↑, 
Lactobacillus↑

Richness and diversity of gut 
microbiota↑, lipid metabolism↑

(Chen et 
al., 2018)

Soybean Soybean insoluble 
dietary fiber

Lactobacillus↑, Lachnospirace↑, 
Lachnospiraceae↓

Total cholesterol↓, 
triglyceride↓, LDL-C↓, HDL 

cholesterol↑, SCFAs↑

(Wang et 
al., 2021)

Hippophae 
rhamnoides 

Linn.

Polysaccharides 
(fructose, rhamnose, 
arabinose, galactose, 

glucose, xylose, 
galacturonic acid)

Muribaculaceae↑, Bifidobacterium↑, 
Rikenellaceae↑, Alistipes↑, 

Bacteroides↑, Lactobacillus↓, 
Firmicutes↓, Dubosiella↓, 
Bilophila↓, Streptococcus↓

Body weight gain↓, serum 
lipids↓, liver triglycerides↓, 

p-adenine monophosphate 
activated protein kinase 

(AMPK)α↑, PPARα↑, ACC1 
phosphorylation↑, FAS↓, 

PPARγ↓, CD36↓, SCFAs↑

(Lan et al., 
2022)

Guava
Polysaccharides 

(galacturonic acid, 
galactose, arabinose)

Firmicutes/Bacteroidetes↓, 
Clostridium XlVa↑, Parvibacter↑, 
Enterorhabdus↑, Mucispirillum↓

Induced body weight gain↓, 
visceral obesity↓, serum 

cholesterol↓, triglyceride↓, 
LDL-C↓, hepatic lipid 

accumulation↓

(Li et al., 
2022b)

Hylocereus 
undatus Polysaccharides

Muribaculacea↓, Lactobacillaceae↑, 
Lachnospiraceae↑, 
Ruminococcaceae↑

Obesity↓ via amino acid, 
carbohydrate, and glycan 

metabolism.

(Lee et al., 
2022)

Mushrooms

Ophicordyceps 
sinensis and 
Cordyceps 
militaris

Carbohydrates, amino 
acids

Firmicutes/Bacteroidetes↓, 
Phascolarctobacterium↑, 

Bifidobacterium↑
Gut pH↓, SCFAs↑ (Ji et al., 

2020)

Ganoderma 
lucidum

Polysaccharides
(mannose, glucose, 

galactose)

Firmicutes/Bacteroidetes↓, 
Parabacteroides goldsteinii↑, 

Bacteroides spp.↑, Anaerotruncus 
colihominis↑, Roseburia hominis↑, 

Clostridium methylpentosum↑, 
Clostridium XIVa and XVIII↑, 
Eubacterium coprostanoligenes↑

Gut barrier integrity↑, 
endotoxemia↓, TLR4 

signaling↓, inflammation↓

(Chang et 
al., 2015)
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obesity. 
Bamboo-derived polysaccharides reduced the Firmi-

cutes/Bacteroidetes ratio, decreased the number of harm-
ful bacteria (Enterobacter and Desulfovibrio), increased 
the number of beneficial bacteria (A. muciniphila and 
Lactobacillus), and improved lipid metabolism (Chen et 
al., 2018).

Insoluble dietary fiber from soybeans significantly 
modulated gut microbiota composition by increasing the 
number of beneficial bacteria, such as Lactobacillales, 
Lactobacillus, and Lachnospirace, and decreasing the 
number of potentially harmful bacteria, such as Lachno-
spiraceae and B. acidifaciens (Wang et al., 2021). It also 
reduced body weight, the adiposity index, total choles-
terol, triglycerides, and LDL-C in high-fat diet-fed mice.

Sea buckthorn (Hippophae rhamnoides Linn.) poly-
saccharide consumption increased AMPKα and PPARα 

protein expression, stimulated ACC1 phosphorylation, 
and inhibited the protein expression of FAS, PPARγ, 
and cluster of differentiation 36 (Lan et al., 2022). 
Regarding gut microbiota changes, these polysaccharides 
increased the proportions of Muribaculaceae, Bifidobac-
terium, Rikenellaceae, Alistipes, and Bacteroides and 

decreased those of Lactobacillus, Firmicutes, Dubosiella, 
Bilophila, and Streptococcus. They were also found to 
be involved in increasing SCFA production.

Guava-derived polysaccharides restored the Firmicu-
tes/Bacteroidetes ratio; induced the growth of beneficial 
bacteria, namely, Clostridium XlVa, Parvibacter, and 
Enterorhabdus; reduced the inflammation-associated 
bacterium Mucispirillum; and promoted the production 
of SCFAs, which potentially mitigate weight gain and 
visceral obesity and reduce serum cholesterol, trigly-
ceride, and LDL-C levels (Li et al., 2022b). 

Polysaccharides from Hylocereus undatus fruits inc-
reased gut anti-obesity microbes, such as Lactobacillus 
plantarum, thereby alleviating obesity via amino acid, 
carbohydrate, and glycan metabolism (Lee et al., 2022).

4.2. Polysaccharides from mushrooms

Both Ophicordyceps sinensis and Cordyceps militaris 
mitigate obesity by reducing the Firmicutes/Bacteroidetes 
ratio in the gut (Ji et al., 2020). In particular, O. sinen-
sis has a differential ratio of carbohydrates (glucose, 
mannitol, and trehalose) and amino acids (aspartate, 

Table 3. Effects of forest product-derived polysaccharides on obesity via the intestinal microbiota

Name
Compounds

(constitutional 
monosaccharides)

Gut bacteria changed Mechanisms References

Mushrooms

Oudemansiella 
radicata Polysaccharides Firmicutes/Bacteroidetes↓, 

Bacteroidete↑, Parabacteroides↑ SCFAs↑ (Liu et al., 
2021)

Grifola 
frondosa

Polysaccharides
(mannose, rhamnose, 

glucose, galactose, 
fucose)

Oscillibacter↑, Barnesiella↑, 
Defluvitalea↑

AMPK-α↑, PPAR-α↑, 
glucokinase↑, sterol regulatory 

element-binding transcription 
factor-1c↓, ACC↓

(Pan et al., 
2020)

Please note that most of the results in the presented references are from studies performed on animal models, and additional 
experiments are required to determine if the results can apply to healthy individuals or humans.
↑: Increased, enhanced, promoted, or positively changed in terms of activity, expression, or concentration.
↓: Decreased, inhibited, repressed, reduced, or negatively changed in terms of activity, expression, or concentration.
SCFAs: short-chain fatty acids, LDL-C: low-density lipoprotein cholesterol, HDL: high-density lipoprotein, PPAR: peroxisome 
proliferator-activated receptor, ACC: acetyl-CoA carboxylase, FAS: fatty acid synthase, CD36: cluster of differentiation 36, 
TLR4: toll-like receptor 4.
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glutamate, lysine, and threonine) compared with C. 
militaris, and this has the effect of lowering gut pH, 
promoting SCFA production, and enriching probiotics, 
such as Phascolarctobacterium and Bifidobacterium.

A high-molecular-weight polysaccharide in a water 
extract from G. lucidum mycelium attenuated obesity in 
rats fed a high-fat diet (Chang et al., 2015). This 
polysaccharide was found to reduce obesity-induced 
inflammation by increasing intestinal barrier integrity, 
reducing endotoxemia, and reducing toll-like receptor 4 
signaling. It was also observed to inhibit intestinal bac-
teria, such as Parabacteroides goldsteinii, Bacteroides 
spp., Anaerotruncus colihominis, Roseburia hominis, 
Clostridium methylpentosum, Clostridium XIVa and 
XVIII, and Eubacterium coprostanoligenes.

Polysaccharides extracted from Oudemansiella radi-
cata increased the number of Bacteroides and Parea-
bacteroides bacteria in the gut microbiota, thus pro-
moting SCFA production in the gut (Liu et al., 2021). 
In addition, the relative increase in Bacteroides was 
found to decrease the Firmicutes/Bacteroidetes ratio, 
thereby improving gut health.

G. frondosa water extract potentially prevents me-
tabolic diseases, such as obesity, hyperlipidemia, and 
hyperglycemia (Pan et al., 2020). This extract mainly 
contains polysaccharides as well as other substances, 
such as fatty acids, glycerophospholipids, steroids, and 
alkaloids. It has been found to increase the expression 
of AMPK-α, PPAR-α, and glucokinase and decrease the 
expression of sterol regulatory element-binding transc-
ription factor-1c and ACC. It has also been observed to 
increase the number of Oscillibacter, Barnesiella, and 
Defluvitalea bacteria in the caecum, thereby reducing 
serum glucose and lipid parameters and increasing 
SCFA production.

5. CONCLUSIONS

The gut microbiota serves a critical role in main-

taining host health, and its significance has increasingly 
been acknowledged in scientific research. This review 
explored recent studies suggesting that forest-product 
derivatives possibly mitigate inflammation, ameliorate 
diabetes symptoms, and alleviate obesity, with the im-
provements potentially stemming from their impact on 
the gut microbiota. A common observation was that 
consumption of forest product-derived polysaccharides 
reduced the Firmicutes/Bacteroidetes ratio and increased 
beneficial microbes such as Lactobacillus in the gut 
microbiota. Some observations of increased Firmicutes 
(Cui et al., 2021; Rehman et al., 2022; Zhu et al., 2020) 
were small enough to be interpreted as individual-speci-
fic phenomena.

Most forest products discussed in the reviewed studies 
were polysaccharides, and their consumption demonstra-
ted symptom relief in animal models. Notably, various 
forest products containing diverse polysaccharides exhi-
bited comparable health improvements, indicating that 
enhancing the gut microbiota may be one of the me-
chanisms by which different forest products confer 
health benefits. It is conceivable that optimizing the 
modes of forest-product consumption may maximize their 
impact on improving the gut microbiota and contribute 
to overall health enhancement. However, besides that on 
polysaccharides, research on compounds that promote 
forest product-derived gut microbiota diversity remains 
scarce. Therefore, further investigation is necessary to 
identify and develop compounds, beyond polysaccharides, 
that enhance forest product-derived gut microbiota.

The limited research on compounds other than poly-
saccharides can be attributed to the nascent stage of gut 
microbiota studies. As we delve into the exploration of 
microbial ecology, which encompasses diverse microor-
ganisms, novel methodologies that elucidate the precise 
beneficial effects of the gut microbiota are warranted. 
To address these challenges and enhance our under-
standing, the following aspects require attention:

First, a crucial step is to distinguish between the 
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beneficial and detrimental bacteria within the gut micro-
biota. Determining the health implications of taxonomic 
changes in the gut at phylum or order level poses chal-
lenges, as bacteria within the same species can exhibit 
both beneficial and harmful characteristics. Thus, inves-
tigating the impact of alterations in microbial distri-
bution on overall host health becomes imperative. In 
certain cases, emphasizing the assessment of broader 
physiological phenomena rather than focusing solely on 
taxonomic changes in microbial distribution may be 
more pertinent. This approach will provide a more 
comprehensive understanding of how gut microbiota 
modifications influence host health.

Second, to ascertain which metabolic processes are 
advantageous to host health, unravelling the diverse bio-
logical mechanisms by which the microbiota influences 
the host is essential. One approach toward measuring 
bioactivity is by examining enhanced SCFA production. 
The increased production of SCFAs, which are organic 
acids, has been widely recognized as beneficial to host 
health in numerous ways. Consequently, gut microbiota 
alterations that foster SCFA production are believed to 
confer health benefits. However, exploring additional 
methodologies for assessing the positive impacts of 
microbes on host health, beyond SCFA production, is 
important. This broader investigation will enhance our 
understanding of the multifaceted interactions between 
the microbiota and host well-being.

Third, elucidating the mechanisms by which the gut 
microbiota is positively modulated by various com-
pounds, leading to health benefits, is imperative. Gaining 
insight into the specific mechanisms by which certain 
compounds enhance the gut microbiota and subsequently 
promote health can serve as a roadmap for the develop-
ment of novel prebiotics. By comprehending the intricate 
pathways and interactions involved, targeted interven-
tions that optimize gut microbiota composition and 
function can be formulated, ultimately improving overall 
health.

Finally, establishing an effective means of admini-
stering compounds that promote the distribution of gut 
microbes is crucial. The distribution of the gut micro-
biota can be influenced by various factors, and even if 
a compound is ingested to improve the gut microbiota, 
its effects may diminish if the microbiota deteriorates 
due to other reasons. Therefore, developing delivery 
methods that potentially enhance the distribution of gut 
microorganisms is imperative, even when administered 
in minute quantities. Such delivery methods should 
consider factors such as targeted delivery, stability in 
the gastrointestinal environment, and optimal dosing 
strategies to ensure sustained and consistent effects on 
the gut microbiota. By addressing these challenges, the 
potential of substances to exert long-lasting positive 
effects on gut microbial distribution and ultimately con-
tribute to improved health outcomes can be maximized.

Addressing these requirements will possibly lead to 
the discovery of various forest-product compounds, other 
than polysaccharides, that improve gut microbiota distri-
bution.

The studies examined in this review demonstrated 
that diverse forest product-derived polysaccharides have 
the capacity to stimulate SCFA production in the gut, 
leading to decreased pH levels. These findings provide 
empirical evidence for SCFA production, which is a 
well-known mechanism for improving host health, 
thereby supporting the notion that forest products can 
enhance host health. Various forest products possess a 
broad range of compounds, and as the relationship 
between the microbiota and host health is further elu-
cidated, further research on the health-promoting effects 
of forest products is anticipated.

CONFLICT of INTEREST

No potential conflict of interest relevant to this article 
was reported.



J. Korean Wood Sci. Technol. 2023, 51(5): 358-380

- 373 -

ACKNOWLEDGMENT

This study was carried out with the support of ´R&D 
Program for Forest Science Technology (Project No.: 
2023473B10-2325-EE02)´ provided by Korea Forest 
Service (Korea Forestry Promotion Institute).

REFERENCES

Aho, V.T.E., Houser, M.C., Pereira, P.A.B., Chang, J., 
Rudi, K., Paulin, L., Hertzberg, V., Auvinen, P., 
Tansey, M.G., Scheperjans, F. 2021. Relationships 
of gut microbiota, short-chain fatty acids, inflam-
mation, and the gut barrier in Parkinson’s disease. 
Molecular Neurodegeneration 16(1): 6.

Arumugam, M., Raes, J., Pelletier, E., Le Paslier, D., 
Yamada, T., Mende, D.R., et al. 2011. Enterotypes 
of the human gut microbiome. Nature 473(7346): 
174-180.

Askarova, S., Umbayev, B., Masoud, A.R., Kaiyrlykyzy, 
A., Safarova, Y., Tsoy, A., Olzhayev, F., Kushugulova, 
A. 2020. The links between the gut microbiome, 
aging, modern lifestyle and Alzheimer’s disease. 
Frontiers in Cellular and Infection Microbiology 10: 
104.

Bäckhed, F., Ding, H., Wang, T., Hooper, L.V., Koh, 
G.Y., Nagy, A., Semenkovich, C.F., Gordon, J.I. 
2004. The gut microbiota as an environmental 
factor that regulates fat storage. Proceedings of the 
National Academy of Sciences 101(44): 15718- 
15723.

Baker, J.L., Bor, B., Agnello, M., Shi, W., He, X. 2017. 
Ecology of the oral microbiome: Beyond bacteria. 
Trends in Microbiology 25(5): 362-374.

Basu, P., Maier, C. 2018. Phytoestrogens and breast 
cancer: In vitro anticancer activities of isoflavones, 
lignans, coumestans, stilbenes and their analogs and 
derivatives. Biomedicine and Pharmacotherapy 107: 
1648-1666.

Bauer, H., Horowitz, R.E., Levenson, S.M., Popper, H. 
1963. The response of the lymphatic tissue to the 
microbial flora. Studies on germfree mice. The 
American Journal of Pathology 42(4): 471-483.

Bik, E.M. 2016. The hoops, hopes, and hypes of human 
microbiome research. Yale Journal of Biology and 
Medicine 89(3): 363-373.

Bindels, L.B., Delzenne, N.M., Cani, P.D., Walter, J. 
2015. Towards a more comprehensive concept for 
prebiotics. Nature Reviews Gastroenterology & 
Hepatology 12(5): 303-310.

Cait, A., Hughes, M.R., Antignano, F., Cait, J., Dimitriu, 
P.A., Maas, K.R., Reynolds, L.A., Hacker, L., Mohr, 
J., Finlay, B.B., Zaph, C., McNagny, K.M., Mohn, 
W.W. 2018. Microbiome-driven allergic lung infla-
mmation is ameliorated by short-chain fatty acids. 
Mucosal Immunology 11(3): 785-795.

Chang, C.J., Lin, C.S., Lu, C.C., Martel, J., Ko, Y.F., 
Ojcius, D.M., Tseng, S.F., Wu, T.R., Chen, Y.Y.M., 
Young, J.D., Lai, H.C. 2015. Ganoderma lucidum 
reduces obesity in mice by modulating the compo-
sition of the gut microbiota. Nature Communications 
6: 7489.

Chen, M., Xiao, D., Liu, W., Song, Y., Zou, B., Li, L., 
Li, P., Cai, Y., Liu, D., Liao, Q., Xie, Z. 2020. 
Intake of Ganoderma lucidum polysaccharides re-
verses the disturbed gut microbiota and metabolism 
in type 2 diabetic rats. International Journal of 
Biological Macromolecules 155: 890-902.

Chen, X., Cai, B., Wang, J., Sheng, Z., Yang, H., Wang, 
D., Chen, J., Ning, Q. 2021. Mulberry leaf-derived 
polysaccharide modulates the immune response and 
gut microbiota composition in immunosuppressed 
mice. Journal of Functional Foods 83: 104545.

Chen, Y., Jin, L., Li, Y., Xia, G., Chen, C., Zhang, 
Y. 2018. Bamboo-shaving polysaccharide protects 
against high-diet induced obesity and modulates the 
gut microbiota of mice. Journal of Functional Foods 
49: 20-31.



Seong-woo MYEONG et al.

- 374 -

Chen, Y., Liu, D., Wang, D., Lai, S., Zhong, R., Liu, Y., 
Yang, C., Liu, B., Sarker, M.R., Zhao, C. 2019. 
Hypoglycemic activity and gut microbiota regula-
tion of a novel polysaccharide from Grifola fron-
dosa in type 2 diabetic mice. Food and Chemical 
Toxicology 126: 295-302.

Costantini, L., Molinari, R., Farinon, B., Merendino, N. 
2017. Impact of omega-3 fatty acids on the gut 
microbiota. International Journal of Molecular Sci-
ences 18(12): 2645.

Cui, L., Guan, X., Ding, W., Luo, Y., Wang, W., Bu, W., 
Song, J., Tan, X., Sun, E., Ning, Q., Liu, G., Jia, 
X., Feng, L. 2021. Scutellaria baicalensis Georgi 
polysaccharide ameliorates DSS-induced ulcerative 
colitis by improving intestinal barrier function and 
modulating gut microbiota. International Journal of 
Biological Macromolecules 166: 1035-1045.

De Filippis, F., Pellegrini, N., Vannini, L., Jeffery, I.B., 
La Storia, A., Laghi, L., Serrazanetti, D.I., Cagno, 
R.D., Ferrocino, I., Lazzi, C., Turroni, S., Cocolin, 
L., Brigidi, P., Neviani, E., Gobbetti, M., O'Toole, 
P.W., Ercolini, D. 2016. High-level adherence to a 
Mediterranean diet beneficially impacts the gut 
microbiota and associated metabolome. Gut 65(11): 
1812-1821.

De la Cuesta-Zuluaga, J., Mueller, N.T., Álvarez- 
Quintero, R., Velásquez-Mejía, E.P., Sierra, J.A., 
Corrales-Agudelo, V., Carmona, J.A., Abad, J.M., 
Escobar, J.S. 2018. Higher fecal short-chain fatty 
acid levels are associated with gut microbiome 
dysbiosis, obesity, hypertension and cardiometabolic 
disease risk factors. Nutrients 11(1): 51.

Deehan, E.C., Yang, C., Perez-Muñoz, M.E., Nguyen, 
N.K., Cheng, C.C., Triador, L., Zhang, Z., Bakal, 
J.A., Walter, J. 2020. Precision microbiome modu-
lation with discrete dietary fiber structures directs 
short-chain fatty acid production. Cell Host & 
Microbe 27(3): 389-404.E6.

Di Costanzo, M., De Paulis, N., Biasucci, G. 2021. 

Butyrate: A link between early life nutrition and gut 
microbiome in the development of food allergy. 
Life 11(5): 384.

Donohoe, D.R., Garge, N., Zhang, X., Sun, W., 
O’Connell, T.M., Bunger, M.K., Bultman, S.J. 2011. 
The microbiome and butyrate regulate energy meta-
bolism and autophagy in the mammalian colon. Cell 
Metabolism 13(5): 517-526.

Dreyfus, D.H. 2013. Herpesviruses and the microbiome. 
The Journal of Allergy and Clinical Immunology 
132(6): 1278-1286.

Ella Nkogo, L.F., Bopenga Bopenga, C.S.A., Ngohang, 
F.E., Mengome, L.E., Aboughe Angone, S., Edou 
Engonga, P. 2022. Phytochemical and anti-termite 
efficiency study of Guibourtia tessmanii (harms) J. 
Léonard (Kévazingo) bark extracts from Gabon. 
Journal of the Korean Wood Science and Techno-
logy 50(2): 113-125.

Enam, F., Mansell, T.J. 2019. Prebiotics: Tools to mani-
pulate the gut microbiome and metabolome. Journal 
of Industrial Microbiology and Biotechnology 46(9- 
10): 1445-1459.

Faust, K., Sathirapongsasuti, J.F., Izard, J., Segata, 
N., Gevers, D., Raes, J., Huttenhower, C. 2012. 
Microbial co-occurrence relationships in the human 
microbiome. PLOS Computational Biology 8(7): 
e1002606.

Feng, H., Zhang, S., Wan, J.M.F., Gui, L., Ruan, M., Li, 
N., Zhang, H., Liu, Z., Wang, H. 2018. Polysaccha-
rides extracted from Phellinus linteus ameliorate 
high-fat high-fructose diet induced insulin resistance 
in mice. Carbohydrate Polymers 200: 144-153.

Flint, H.J., Scott, K.P., Duncan, S.H., Louis, P., Forano, 
E. 2012. Microbial degradation of complex carbo-
hydrates in the gut. Gut Microbes 3(4): 289-306.

Gacesa, R., Kurilshikov, A., Vich Vila, A., Sinha, T., 
Klaassen, M.A.Y., Bolte, L.A., et al. 2022. Environ-
mental factors shaping the gut microbiome in a 
Dutch population. Nature 604(7907): 732-739.



J. Korean Wood Sci. Technol. 2023, 51(5): 358-380

- 375 -

Gao, H., Wen, J.J., Hu, J.L., Nie, Q.X., Chen, H.H., 
Xiong, T., Nie, S.P., Xie, M.Y. 2018. Polysaccharide 
from fermented Momordica charantia L. with Lac-
tobacillus plantarum NCU116 ameliorates type 2 
diabetes in rats. Carbohydrate Polymers 201: 624- 
633.

Ghannoum, M.A., Jurevic, R.J., Mukherjee, P.K., Cui, F., 
Sikaroodi, M., Naqvi, A., Gillevet, P.M. 2010. Cha-
racterization of the oral fungal microbiome (myco-
biome) in healthy individuals. PLOS Pathogens 
6(1): e1000713.

Gilbert, J.A., Blaser, M.J., Caporaso, J.G., Jansson, J.K., 
Lynch, S.V., Knight, R. 2018. Current understanding 
of the human microbiome. Nature Medicine 24(4): 
392-400.

Guan, X., Feng, Y., Jiang, Y., Hu, Y., Zhang, J., Li, Z., 
Song, C., Li, F., Hou, J., Shen, T., Hu, W. 2022. 
Simulated digestion and in vitro fermentation of a 
polysaccharide from lotus (Nelumbo nucifera 
Gaertn.) root residue by the human gut microbiota. 
Food Research International 155: 111074.

Guo, W.L., Deng, J.C., Pan, Y.Y., Xu, J.X., Hong, J.L., 
Shi, F.F., Liu, G.L., Qian, M., Bai, W.D., Zhang, 
W., Liu, B., Zhang, Y.Y., Luo, P.J., Ni, L., Rao, P.F., 
Lv, X.C. 2020. Hypoglycemic and hypolipidemic 
activities of Grifola frondosa polysaccharides and 
their relationships with the modulation of intestinal 
microflora in diabetic mice induced by high-fat diet 
and streptozotocin. International Journal of Biolo-
gical Macromolecules 153: 1231-1240.

Ham, Y., Kim, T.J. 2018. Plant extracts inhibiting 
biofilm formation by Streptococcus mutans without 
antibiotic activity. Journal of the Korean Wood 
Science and Technology 46(6): 692-702.

Ham, Y., Yang, J., Choi, W.S., Ahn, B.J., Park, M.J. 
2020. Antibacterial activity of essential oils from 
Pinaceae leaves against fish pathogens. Journal of 
the Korean Wood Science and Technology 48(4): 
527-547.

Hapfelmeier, S., Lawson, M.A.E., Slack, E., Kirundi, 
J.K., Stoel, M., Heikenwalder, M., Cahenzli, J., 
Velykoredko, Y., Balmer, M.L., Endt, K., Geuking, 
M.B., Curtiss, R., McCoy, K.D., Macpherson, A.J. 
2010. Reversible microbial colonization of germ-free 
mice reveals the dynamics of IgA immune respon-
ses. Science 328(5986): 1705-1709.

Hoffmann, C., Dollive, S., Grunberg, S., Chen, J., Li, 
H., Wu, G.D., Lewis, J.D., Bushman, F.D. 2013. 
Archaea and fungi of the human gut microbiome: 
Correlations with diet and bacterial residents. PLOS 
ONE 8(6): e66019.

Hooper, L.V., Macpherson, A.J. 2010. Immune adapta-
tions that maintain homeostasis with the intestinal 
microbiota. Nature Reviews Immunology 10(3): 
159-169.

Hu, Y., Teng, C., Yu, S., Wang, X., Liang, J., Bai, X., 
Dong, L., Song, T., Yu, M., Qu, J. 2017. Inonotus 
obliquus polysaccharide regulates gut microbiota of 
chronic pancreatitis in mice. AMB Express 7(1): 39.

Huh, J.S., Lee, S., Kim, D.S., Choi, M.S., Choi, H., Lee, 
K.H. 2022. Antioxidative and circadian rhythm 
regulation effect of Quercus gilva extract. Journal 
of the Korean Wood Science and Technology 50(5): 
338-352.

Ivanov, I.I., Atarashi, K., Manel, N., Brodie, E.L., Shima, 
T., Karaoz, U., Wei, D., Goldfarb, K.C., Santee, 
C.A., Lynch, S.V., Tanoue, T., Imaoka, A., Itoh, K., 
Takeda, K., Umesaki, Y., Honda, K., Littman, D.R. 
2009. Induction of intestinal Th17 cells by segmen-
ted filamentous bacteria. Cell 139(3): 485-498.

Ivanov, I.I., Frutos, R.L., Manel, N., Yoshinaga, K., 
Rifkin, D.B., Sartor, R.B., Finlay, B.B., Littman, 
D.R. 2008. Specific microbiota direct the differen-
tiation of IL-17-producing T-helper cells in the 
mucosa of the small intestine. Cell Host & Microbe 
4(4): 337-349.

Ji, Y., Su, A., Ma, G., Tao, T., Fang, D., Zhao, L., Hu, 
Q. 2020. Comparison of bioactive constituents and 



Seong-woo MYEONG et al.

- 376 -

effects on gut microbiota by in vitro fermentation 
between Ophicordyceps sinensis and Cordyceps 
militaris. Journal of Functional Foods 68: 103901.

Kaliannan, K., Wang, B., Li, X.Y., Kim, K.J., Kang, J.X. 
2015. A host-microbiome interaction mediates the 
opposing effects of omega-6 and omega-3 fatty 
acids on metabolic endotoxemia. Scientific Reports 
5(1): 11276.

Kanwal, S., Joseph, T.P., Aliya, S., Song, S., Saleem, 
M.Z., Nisar, M.A., Wang, Y., Meyiah, A., Ma, Y., 
Xin, Y. 2020. Attenuation of DSS induced colitis by 
Dictyophora indusiata polysaccharide (DIP) via mo-
dulation of gut microbiota and inflammatory related 
signaling pathways. Journal of Functional Foods 64: 
103641.

Kaur, H., Kaur, G., Ali, S.A. 2022. Dairy-based probio-
tic-fermented functional foods: An update on their 
health-promoting properties. Fermentation 8(9): 425.

Kim, S., Lee, S., Cho, S., Hong, C., Park, S., Park, M., 
Choi, I. 2017. Antioxidant activities of Cryptomeria 
japonica leaves extracts by extraction methods. 
Journal of the Korean Wood Science and Techno-
logy 45(5): 495-510.

Kong, H.H. 2011. Skin microbiome: Genomics-based 
insights into the diversity and role of skin microbes. 
Trends in Molecular Medicine 17(6): 320-328.

Lan, Y., Sun, Q., Ma, Z., Peng, J., Zhang, M., Wang, C., 
Zhang, X., Yan, X., Chang, L., Hou, X., Qiao, R., 
Mulati, A., Zhou, Y., Zhang, Q., Liu, Z., Liu, X. 
2022. Seabuckthorn polysaccharide ameliorates high- 
fat diet-induced obesity by gut microbiota-SCFAs- 
liver axis. Food & Function 13(5): 2925-2937.

Laparra, J.M., Sanz, Y. 2010. Interactions of gut micro-
biota with functional food components and nutra-
ceuticals. Pharmacological Research 61(3): 219-225.

Lee, B.H., Hsu, K.T., Chen, Y.Z., Tain, Y.L., Hou, C.Y., 
Lin, Y.C., Hsu, W.H. 2022. Polysaccharide extracts 
derived from defloration waste of fruit pitaya regu-
lates gut microbiota in a mice model. Fermentation 

8(3): 108.
Lee, S.Y., Lee, D.S., Cho, S.M., Kim, J.C., Park, M.J., 

Choi, I.G. 2021. Antioxidant properties of 7 dome-
stic essential oils and identification of physiolo-
gically active components of essential oils against 
Candida albicans. Journal of the Korean Wood 
Science and Technology 49(1): 23-43.

Li, K., Zhuo, C., Teng, C., Yu, S., Wang, X., Hu, Y., 
Ren, G., Yu, M., Qu, J. 2016. Effects of Ganoder-
ma lucidum polysaccharides on chronic pancreatitis 
and intestinal microbiota in mice. International 
Journal of Biological Macromolecules 93(Part A): 
904-912.

Li, Q., Hu, J., Nie, Q., Chang, X., Fang, Q., Xie, J., Li, 
H., Nie, S. 2021. Hypoglycemic mechanism of 
polysaccharide from Cyclocarya paliurus leaves in 
type 2 diabetic rats by gut microbiota and host 
metabolism alteration. Science China Life Sciences 
64: 117-132.

Li, Q., Liu, W., Feng, Y., Hou, H., Zhang, Z., Yu, Q., 
Zhou, Y., Luo, Q., Luo, Y., Ouyang, H., Zhang, H., 
Zhu, W. 2022a. Radix Puerariae thomsonii poly-
saccharide (RPP) improves inflammation and lipid 
peroxidation in alcohol and high-fat diet mice by 
regulating gut microbiota. International Journal of 
Biological Macromolecules 209: 858-870.

Li, Y., Bai, D., Lu, Y., Chen, J., Yang, H., Mu, Y., Xu, 
J., Huang, X., Li, L. 2022b. The crude guava poly-
saccharides ameliorate high-fat diet-induced obesity 
in mice via reshaping gut microbiota. International 
Journal of Biological Macromolecules 213: 234-246.

Linares, D.M., Gómez, C., Renes, E., Fresno, J.M., 
Tornadijo, M.E., Ross, R.P., Stanton, C. 2017. 
Lactic acid bacteria and bifidobacteria with poten-
tial to design natural biofunctional health-promoting 
dairy foods. Frontiers in Microbiology 8: 846.

Lindell, A.E., Zimmermann-Kogadeeva, M., Patil, K.R. 
2022. Multimodal interactions of drugs, natural 
compounds and pollutants with the gut microbiota. 



J. Korean Wood Sci. Technol. 2023, 51(5): 358-380

- 377 -

Nature Reviews Microbiology 20(7): 431-443.
Liu, H., Wu, H., Wang, Q. 2019. Health-promoting 

effects of dietary polysaccharide extracted from 
Dendrobium aphyllum on mice colon, including 
microbiota and immune modulation. International 
Journal of Food Science & Technology 54(5): 
1684-1696.

Liu, Y., Li, Y., Ke, Y., Li, C., Zhang, Z., Wu, Y., Hu, 
B., Liu, A., Luo, Q., Wu, W. 2021. In vitro 
saliva-gastrointestinal digestion and fecal fermen-
tation of Oudemansiella radicata polysaccharides 
reveal its digestion profile and effect on the modu-
lation of the gut microbiota. Carbohydrate Polymers 
251: 117041.

Liu, Y., Wang, C., Li, J., Li, T., Zhang, Y., Liang, Y., 
Mei, Y. 2020. Phellinus linteus polysaccharide 
extract improves insulin resistance by regulating gut 
microbiota composition. The FASEB Journal 34(1): 
1065-1078.

Lloyd-Price, J., Abu-Ali, G., Huttenhower, C. 2016. The 
healthy human microbiome. Genome Medicine 8(1): 
51.

Ma, G., Kimatu, B.M., Zhao, L., Yang, W., Pei, F., Hu, 
Q. 2017. In vivo fermentation of a Pleurotus eryngii 
polysaccharide and its effects on fecal microbiota 
composition and immune response. Food & Func-
tion 8(5): 1810-1821.

Manurung, H., Sari, R.K., Syafii, W., Cahyaningsih, U., 
Ekasari, W. 2019. Antimalarial activity and phyto-
chemical profile of ethanolic and aqueous extracts 
of bidara laut (Strychnos ligustrina Blum) wood. 
Journal of the Korean Wood Science and Techno-
logy 47(5): 587-596.

Markowiak-Kopeć, P., Śliżewska, K. 2020. The effect of 
probiotics on the production of short-chain fatty 
acids by human intestinal microbiome. Nutrients 
12(4): 1107.

Martínez, J.E., Vargas, A., Pérez-Sánchez, T., Encío, I.J., 
Cabello-Olmo, M., Barajas, M. 2021. Human micro-

biota network: Unveiling potential crosstalk between 
the different microbiota ecosystems and their role in 
health and disease. Nutrients 13(9): 2905.

Miqdady, M., Al Mistarihi, J., Azaz, A., Rawat, D. 
2020. Prebiotics in the infant microbiome: The past, 
present, and future. Pediatric Gastroenterology, He-
patology & Nutrition 23(1): 1-14.

Mottaghi, S., Abbaszadeh, H. 2022. A comprehensive 
mechanistic insight into the dietary and estrogenic 
lignans, arctigenin and sesamin as potential anti-
carcinogenic and anticancer agents. Current status, 
challenges, and future perspectives. Critical Reviews 
in Food Science and Nutrition 62(26): 7301-7318.

Murga-Garrido, S.M., Hong, Q., Cross, T.W.L., Hutchison, 
E.R., Han, J., Thomas, S.P., Vivas, E.I., Denu, J., 
Ceschin, D.G., Tang, Z.Z., Rey, F.E. 2021. Gut mi-
crobiome variation modulates the effects of dietary 
fiber on host metabolism. Microbiome 9(1): 117.

Murugesan, S., Nirmalkar, K., Hoyo-Vadillo, C., García- 
Espitia, M., Ramírez-Sánchez, D., García-Mena, J. 
2018. Gut microbiome production of short-chain 
fatty acids and obesity in children. European Jour-
nal of Clinical Microbiology & Infectious Diseases 
37(4): 621-625.

Nie, Q., Hu, J., Gao, H., Fan, L., Chen, H., Nie, S. 
2019. Polysaccharide from Plantago asiatica L. 
attenuates hyperglycemia, hyperlipidemia and affects 
colon microbiota in type 2 diabetic rats. Food 
Hydrocolloids 86: 34-42.

Pan, Y., Wan, X., Zeng, F., Zhong, R., Guo, W., Lv, 
X.C., Zhao, C., Liu, B. 2020. Regulatory effect of 
Grifola frondosa extract rich in polysaccharides and 
organic acids on glycolipid metabolism and gut 
microbiota in rats. International Journal of Biolo-
gical Macromolecules 155: 1030-1039.

Petersen, C., Bell, R., Klag, K.A., Lee, S.H., Soto, R., 
Ghazaryan, A., Buhrke, K., Ekiz, H.A., Ost, K.S., 
Boudina, S., O’Connell, R.M., Cox, J.E., Villanueva, 
C.J., Stephens, W.Z., Round, J.L. 2019. T cell–



Seong-woo MYEONG et al.

- 378 -

mediated regulation of the microbiota protects 
against obesity. Science 365(6451): eaat9351.

Peterson, J., Dwyer, J., Adlercreutz, H., Scalbert, A., 
Jacques, P., McCullough, M.L. 2010. Dietary lignans: 
Physiology and potential for cardiovascular disease 
risk reduction. Nutrition Reviews 68(10): 571-603.

Rastall, R.A., Gibson, G.R. 2015. Recent developments 
in prebiotics to selectively impact beneficial micro-
bes and promote intestinal health. Current Opinion 
in Biotechnology 32: 42-46.

Ratajczak, W., Rył, A., Mizerski, A., Walczakiewicz, K., 
Sipak, O., Laszczyńska, M. 2019. Immunomodula-
tory potential of gut microbiome-derived short-chain 
fatty acids (SCFAs). Acta Biochimica Polonica 
66(1): 1-12.

Rehman, A.U., Siddiqui, N.Z., Farooqui, N.A., Alam, 
G., Gul, A., Ahmad, B., Asim, M., Khan, A.I., Xin, 
Y., Zexu, W., Ju, H.S., Xin, W., Lei, S., Wang, L. 
2022. Morchella esculenta mushroom polysaccharide 
attenuates diabetes and modulates intestinal perme-
ability and gut microbiota in a type 2 diabetic mice 
model. Frontiers in Nutrition 9: 984695.

Ren, Y., Geng, Y., Du, Y., Li, W., Lu, Z.M., Xu, H.Y., 
Xu, G.H., Shi, J.S., Xu, Z.H. 2018. Polysaccharide 
of Hericium erinaceus attenuates colitis in C57BL/6 
mice via regulation of oxidative stress, inflamma-
tion-related signaling pathways and modulating the 
composition of the gut microbiota. The Journal of 
Nutritional Biochemistry 57: 67-76.

Rinninella, E., Cintoni, M., Raoul, P., Lopetuso, L.R., 
Scaldaferri, F., Pulcini, G., Miggiano, G.A.D., 
Gasbarrini, A., Mele, M.C. 2019. Food components 
and dietary habits: Keys for a healthy gut microbiota 
composition. Nutrients 11(10): 2393.

Round, J.L., Mazmanian, S.K. 2009. The gut microbiota 
shapes intestinal immune responses during health 
and disease. Nature Reviews Immunology 9(5): 
313-323.

Rowan-Nash, A.D., Korry, B.J., Mylonakis, E., Belenky, 

P. 2019. Cross-domain and viral interactions in the 
microbiome. Microbiology and Molecular Biology 
Reviews 83(1): e00044-18.

Sakkas, H., Bozidis, P., Touzios, C., Kolios, D., 
Athanasiou, G., Athanasopoulou, E., Gerou, I., 
Gartzonika, C. 2020. Nutritional status and the 
influence of the vegan diet on the gut microbiota 
and human health. Medicina 56(2): 88.

Shajib, M.S., Khan, W.I. 2015. The role of serotonin 
and its receptors in activation of immune responses 
and inflammation. Acta Physiologica 213(3): 561- 
574.

Shi, L.L., Li, Y., Wang, Y., Feng, Y. 2015. MDG-1, an 
Ophiopogon polysaccharide, regulate gut microbiota 
in high-fat diet-induced obese C57BL/6 mice. In-
ternational Journal of Biological Macromolecules 
81: 576-583.

Shondelmyer, K., Knight, R., Sanivarapu, A., Ogino, S., 
Vanamala, J.K.P. 2018. Ancient Thali diet: Gut 
microbiota, immunity, and health. Yale Journal of 
Biology and Medicine 91(2): 177-184.

Tanes, C., Bittinger, K., Gao, Y., Friedman, E.S., Nessel, 
L., Paladhi, U.R., Chau, L., Panfen, E., Fischbach, 
M.A., Braun, J., Xavier, R.J., Clish, C.B., Li, H., 
Bushman, F.D., Lewis, J.D., Wu, G.D. 2021. Role 
of dietary fiber in the recovery of the human gut 
microbiome and its metabolome. Cell Host & 
Microbe 29(3): 394-407.E5.

Trošt, K., Ulaszewska, M.M., Stanstrup, J., Albanese, 
D., De Filippo, C., Tuohy, K.M., Natella, F., 
Scaccini, C., Mattivi, F. 2018. Host: Microbiome 
co-metabolic processing of dietary polyphenols: An 
acute, single blinded, cross-over study with different 
doses of apple polyphenols in healthy subjects. Food 
Research International 112: 108-128.

Tuohy, K.M., Conterno, L., Gasperotti, M., Viola, R. 
2012. Up-regulating the human intestinal micro-
biome using whole plant foods, polyphenols, and/or 
fiber. Journal of Agricultural and Food Chemistry 



J. Korean Wood Sci. Technol. 2023, 51(5): 358-380

- 379 -

60(36): 8776-8782.
Turnbaugh, P.J., Hamady, M., Yatsunenko, T., Cantarel, 

B.L., Duncan, A., Ley, R.E., Sogin, M.L., Jones, 
W.J., Roe, B.A., Affourtit, J.P., Egholm, M., 
Henrissat, B., Heath, A.C., Knight, R., Gordon, J.I. 
2009. A core gut microbiome in obese and lean 
twins. Nature 457(7228): 480-484.

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, 
V., Mardis, E.R., Gordon, J.I. 2006. An obesity- 
associated gut microbiome with increased capacity 
for energy harvest. Nature 444(7122): 1027-1031.

Uebanso, T., Shimohata, T., Mawatari, K., Takahashi, A. 
2020. Functional roles of B-vitamins in the gut and 
gut microbiome. Molecular Nutrition & Food Re-
search 64(18): 2000426.

Umesaki, Y., Setoyama, H., Matsumoto, S., Okada, Y. 
1993. Expansion of alpha beta T-cell receptor- 
bearing intestinal intraepithelial lymphocytes after 
microbial colonization in germ-free mice and its 
independence from thymus. Immunology 79(1): 32- 
37.

Wade, W.G. 2013. The oral microbiome in health and 
disease. Pharmacological Research 69(1): 137-143.

Walker, R.L., Vlamakis, H., Lee, J.W.J., Besse, L.A., 
Xanthakis, V., Vasan, R.S., Shaw, S.Y., Xavier, R.J. 
2021. Population study of the gut microbiome: 
Associations with diet, lifestyle, and cardiometa-
bolic disease. Genome Medicine 13: 188.

Wang, B., Yao, M., Lv, L., Ling, Z., Li, L. 2017. The 
human microbiota in health and disease. Engineer-
ing 3(1): 71-82.

Wang, B., Yu, H., He, Y., Wen, L., Gu, J., Wang, X., 
Miao, X., Qiu, G., Wang, H. 2021. Effect of soybean 
insoluble dietary fiber on prevention of obesity in 
high-fat diet fed mice via regulation of the gut 
microbiota. Food & Function 12(17): 7923-7937.

Wang, H.Y., Guo, L.X., Hu, W.H., Peng, Z.T., Wang, C., 
Chen, Z.C., Liu, E.Y.L., Dong, T.T.X., Wang, T.J., 
Tsim, K.W.K. 2019. Polysaccharide from tuberous 

roots of Ophiopogon japonicus regulates gut micro-
biota and its metabolites during alleviation of high- 
fat diet-induced type-2 diabetes in mice. Journal of 
Functional Foods 63: 103593.

Wang, L., Li, C., Huang, Q., Fu, X. 2020a. Polysaccha-
ride from Rosa roxburghii tratt fruit attenuates 
hyperglycemia and hyperlipidemia and regulates 
colon microbiota in diabetic db/db mice. Journal of 
Agricultural and Food Chemistry 68(1): 147-159.

Wang, W., Xu, A.L., Li, Z.C., Li, Y., Xu, S.F., Sang, 
H.C., Zhi, F. 2020b. Combination of probiotics and 
Salvia miltiorrhiza polysaccharide alleviates hepatic 
steatosis via gut microbiota modulation and insulin 
resistance improvement in high fat-induced NAFLD 
mice. Diabetes & Metabolism Journal 44(2): 336- 
348.

Wen, Z., Tian, H., Liang, Y., Guo, Y., Deng, M., Liu, 
G., Li, Y., Liu, D., Sun, B. 2022. Moringa oleifera 
polysaccharide regulates colonic microbiota and 
immune repertoire in C57BL/6 mice. International 
Journal of Biological Macromolecules 198: 135-146.

Wilson, I.D., Nicholson, J.K. 2017. Gut microbiome 
interactions with drug metabolism, efficacy, and 
toxicity. Translational Research 179: 204-222.

Wong, J.M.W. 2014. Gut microbiota and cardiometa-
bolic outcomes: Influence of dietary patterns and 
their associated components. The American Journal 
of Clinical Nutrition 100(Suppl 1): 369S-377S.

Wu, J., Xu, Y., Su, J., Zhu, B., Wang, S., Liu, K., Wang, 
H., Shi, S., Zhang, Q., Qin, L., Wang, S. 2020. 
Roles of gut microbiota and metabolites in a homo-
galacturonan-type pectic polysaccharide from Ficus 
pumila Linn. fruits mediated amelioration of obe-
sity. Carbohydrate Polymers 248: 116780.

Xie, S.Z., Liu, B., Ye, H.Y., Li, Q.M., Pan, L.H., Zha, 
X.Q., Liu, J., Duan, J., Luo, J.P. 2019. Dendrobium 
huoshanense polysaccharide regionally regulates 
intestinal mucosal barrier function and intestinal 
microbiota in mice. Carbohydrate Polymers 206: 



Seong-woo MYEONG et al.

- 380 -

149-162.
Xu, X., Yang, J., Ning, Z., Zhang, X. 2015. Lentinula 

edodes-derived polysaccharide rejuvenates mice in 
terms of immune responses and gut microbiota. 
Food & Function 6(8): 2653-2663.

Yang, J., Choi, W.S., Kim, J.W., Lee, S.S., Park, M.J. 
2019. Anti-inflammatory effect of essential oils ex-
tracted from wood of four coniferous tree species. 
Journal of the Korean Wood Science and Techno-
logy 47(6): 674-691.

Yang, J., Choi, W.S., Lee, S.Y., Kim, M., Park, M.J. 
2022a. Antioxidant activities of essential oils from 
Citrus × natsudaidai (Yu. Tanaka) hayata peels at 
different ripening stage. Journal of the Korean Wood 
Science and Technology 50(4): 272-282.

Yang, J., Lee, S.Y., Na, H., Jang, S.K., Park, M.J. 
2022b. Evaluation of anti-asthmatic activity of 
essential oils from the lauraceae family in lipopoly-
saccharide (LPS)-stimulated NCI-H292 cells. Jour-
nal of the Korean Wood Science and Technology 
50(6): 414-426.

Yang, Y., Chang, Y., Wu, Y., Liu, H., Liu, Q., Kang, Z., 
Wu, M., Yin, H., Duan, J. 2021. A homogeneous 
polysaccharide from Lycium barbarum: Structural 
characterizations, anti-obesity effects and impacts 
on gut microbiota. International Journal of Biolo-
gical Macromolecules 183: 2074-2087.

Yoon, J., Kim, T.J. 2023. Synergistic growth inhibition 
of herbal plant extract combinations against Candida 
albicans. Journal of the Korean Wood Science and 
Technology 51(2): 145-156.

Yuan, Y., Zhou, J., Zheng, Y., Xu, Z., Li, Y., Zhou, S., 
Zhang, C. 2020. Beneficial effects of polysaccha-

ride-rich extracts from Apocynum venetum leaves on 
hypoglycemic and gut microbiota in type 2 diabetic 
mice. Biomedicine and Pharmacotherapy 127: 
110182.

Zhang, R., Yuan, S., Ye, J., Wang, X., Zhang, X., Shen, 
J., Yuan, M., Liao, W. 2020. Polysaccharide from 
Flammuliana velutipes improves colitis via regula-
tion of colonic microbial dysbiosis and inflamma-
tory responses. International Journal of Biological 
Macromolecules 149: 1252-1261.

Zhao, D., Dai, W., Tao, H., Zhuang, W., Qu, M., Chang, 
Y.N. 2020. Polysaccharide isolated from Auricularia 
auricular-judae (Bull.) prevents dextran sulfate 
sodium-induced colitis in mice through modulating 
the composition of the gut microbiota. Journal of 
Food Science 85(9): 2943-2951.

Zheng, D., Liwinski, T., Elinav, E. 2020. Interaction 
between microbiota and immunity in health and 
disease. Cell Research 30(6): 492-506.

Zhou, Z., Sun, B., Yu, D., Zhu, C. 2022. Gut microbiota: 
An important player in type 2 diabetes mellitus. 
Frontiers in Cellular and Infection Microbiology 12: 
834485.

Zhu, W., Zhou, S., Liu, J., McLean, R.J.C., Chu, W. 
2020. Prebiotic, immuno-stimulating and gut micro-
biota-modulating effects of Lycium barbarum poly-
saccharide. Biomedicine and Pharmacotherapy 121: 
109591.

Zimmermann, M., Zimmermann-Kogadeeva, M., 
Wegmann, R., Goodman, A.L. 2019. Mapping 
human microbiome drug metabolism by gut bacteria 
and their genes. Nature 570(7762): 462-467.




