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Changes in gut microbiota with mushroom consumption

Eui-Jin Kim and Hyun-Jae Shin

Department of Biochemical Engineering, Chosun University, Gwangju 61452, Republic of Korea

ABSTRACT: Mushroom consumption causes changes in the immune system and gut microbiota via the actions of mushroom
probiotic components. B-Glucan structure-related substances suppress secretion of inflammatory mediators, and induce
macrophage activation, enhancing immunity and immune function. Substances other than directly useful components can be
metabolized into short-chain fatty acids by gut microbiota. These short-chain fatty acids can then induce immunity, alleviating
various diseases. Substances used to stimulate growth of health-promoting gut bacteria, thereby changing the gut microbiota
community are defined to be probiotics. Probiotic altered intestinal microflora can prevent various types of bacterial infection
from external sources, and can help to maintain immune system balance, thus preventing diseases. Research into beneficial
components of Pleurotus eryngii, Lentinula edodes, Pleurotus ostreatus, Flammulina velutipes, Auricularia auricula-judae, and
Agaricus bisporus, which are frequently consumed in Korea, changes in microbiota, changes in short-chain fatty acids, and
correlations between consumption and health contribute to our understanding of the effects of dietary mushrooms on disease

prevention and mitigation.
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EZ= 2o, B-glucan, rehalose, mannitol, arabinotol 5
o] Wo| g-fEo] gt} dl S Sof, ZoluAla} AojHjAle]
749- 100 g B 50% ©17d<1 57.4, 52.9 g9] Ao|H{FE X
et Stk wAle] A ghEre AmAle]

1.8~4.2%¢°]3L, AZT 75 10.6~27.7%= Dofr]|
A4 Ao E F=53 lysines T
A vyl FEA dild s vE HHE
FFTH o JFo] o]Fo7 A Folt}. A A ]
JF o= 1 ghepo] Wou, A AR F B2}
A Ako]l 80%E Row, 25 IF ARI

linoleic acid7} 7P 22 H|5E =Xl ST}, Y]

wet 2 i

bl
=
T

7
|
-

o Ho K

il



116 797 - Al1EA)

Table 1. Cancer research related to the structure of the major components of mushrooms

Mushroom species Structure

Cancer Ref.

Phellinus linteus Acidic heteropolysacchride
B-1,6-branched B-1,3 glucan
B-1,6-branched B-1,4,
B-1,3 glucan-protein

B-1,6-branched B-1,3 glucan

Lentinus edodes
Coriolus lentinus

Schizophyllum commune
Poria coccus B-1,3 linear glucan
Ganoderma lucidum Hetero p-glucan
Agaricus blazei Hetero p-glucan
Auricularia auricula Hetero p-glucan
B-Glucan
B-Glucan
Hetero p-glucan

B-1,6-branched fB-1,3 glucan

Grifola frondosa
Pleurotus ostreatus
Ganoderma applanatum

Flammulina velutipes

(Kim et al., 2004)
(Zhang and Cheung, 2002)

(Lakhanpal and Rana, 2005)
(Wasser and Weis, 1999)

(Ohno et al., 2003)
(Lakhanpal and Rana, 2005)
(BHAT et al, 2021)

Gastric cancer
Gastric cancer

Gastric cancer,
Lung cancer

Cervical cancer
Prostatic cancer

Breast cancer

Sarcoma (Chakraborty et al., 2021)
Sarcoma (Xu et al., 2018)
Sarcoma (Fang et al., 2012)
Sarcoma (Jesenak et al., 2013)
Sarcoma (Wasser, 2002)
Sarcoma (Nitschke et al., 2011)

< Hle}lY] B1, B2, niacin, B6, pantothenic acid5]
2= Bl gHrEo] slom, AMAL 400 goll= A< 1
o ﬂlﬁ-’ﬂao] xgtElo] gtk Alxu AdsiE At
qEE sh= mlEe] 44 K, Fe, Mg, P, Ca &
< \:}%OP"’ At} (Patel et al., 2021) (Hyder and Dutta
2021) (Zhang et al., 2021).

Al okg] 71542 Tt oA AtEien, 1
% o 7Is8E Yeile 2ot A7 WEE o
AE ZF WAl 9, 3 9 o7l S YEil=E T
ZE Table 1] A3t (Ba er al., 2021) (Usman,
Murtaza and Ditta, 2021) (Hyder and Dutta, 2021). WA
o] F8AECEE 784 Aol dF B-glucan©]
F0o3% g9loz d#HA St} (Yamanaka er al., 2021).
WA FRFol mEbA B-glucanddl F71H4Q1 +271 Hs|
A 72t B2 FEe] EdE0] BAEI jlor, o]y
gk F7HAQ FRERE Qlet] HAlY TR ©WE 2%
2 ZH7t 274 Zol7t oy, 8 VT oEE HY
DA ] 7, drksks, AA2A AR A 7T, F
YA, &=t Futole “” AT 2L e AR o
HA Aot Ma er al., 2021) (Barea-Septlveda et al.,
2021) (Harshavardhini and Sharma, 2021).
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A A= Q17 & jtelA FEst WY7]ee]
F-o| #ofstaL 7% EH/\]'EZ] < sk, B, B,
o=y, ¢, A7paeidst, B a5 Sol= wo O]’t‘ A
o7 A Aok 2 sl SAlste vdES 1002
Mool EAEH, FAZE 1-2keell @it v
=2 27 IR # o]—v*E]] oAl o]l Fi= 9o

o, A A fds

2 %sﬂ# = tﬂ§}7} S
u]/@% T, 1_., H, §i7] ]
Gagel] BEA Sl 5 9,

= #ol@, B30 w2} fol@
7rE0% Uhth, Q1A9)
wAA71E A 2]

235 DY 3

ol ZASEARE, o] AWm =S ool EAlst
o QA W At AA nAES Al vAE 45
(microbiota)e]2} 3t} (Davies et al., 2021) (Nichols and
Davenport, 2021).

T eSS Bdd AUE Welsy "IAAE
ZdEA71H HIERIF SRS Aatete] 9SS F
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Table 2. Pharmacological function by intake of mushrooms
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Mushroom species

Pharmacological

. Ref.
function

Taiwanofungus camphoratus, Termitomyces clypeatus, Antrodia cinnamonea, Phellinus
linteus, Agaricus blazei Murill, Agaricus brasiliensis, Antrodia cinnamonea, Antrodia sal-
monea, Boletus edulis, Clitocybe alexandri, Coprinus comatus, Cordyceps militaris, Cori-

olus versicolor, Fomes fomentarius, Fuscoporia torulosa, Ganoderma lucidum,

Anticancer (Nowakowski et al., 2021)

Ganoderma neojaponicum, Gomphus clavatus, Innotus obliquus, Kuehneromyces muta-
bilis, Lactarius quietus, Lentinellus cochleatus, Lepista inversa, Lignosus rhinoceros, Lig-

nosus tigris

Agaricus blazei, Gymnopus dryophilus, Ophiocordyceps sinensis, Cryptoporus volvatus,
Flammulina velutipes, Ganoderma lucidum, Grifola frondosa, Hericium erinaceus, Inon-

otus obliquus, Lentinula edodes, Lentinus squarrosulus, Morchella esculenta, Morchella
conica, Naematelia aurantialba, Pleurotus ostreatus, Poria cocos, Sarcodon aspratus, tory

I dula-
mmunomoduia (Zhao et al., 2020)

Schizophyllum commune, Sparassis crispa, Taiwanofungus camphoratus, Tropicoporus
linteus, Trametes versicolor, Tremella fuciformis, Macrocybe gigantean, Xylaria nigripes

Agaricus bisporus, Agaricus bitorquis, Agaricus essettei, Agaricus silvicola, Armillaria
mellea, Boletus edulis, Cantharellus cibarius, Clitocybe alexandri, Clitocybe geotropa,
Cortinarius sp., Gloeoporus thelephoroides, Hexagonia hydnoides, Hydnum repandum,

Hypholoma fasciculare, Irpex lacteus, Lactarius camphorates, Lactarius delicious, Lactar-
ius piperatus, Lactarius volemus, Laetiporus sulphureus, Lentinus edodes, Lepista nuda,

Antibacterial (Alves et al., 2012)

Leucopaxillus giganteus, Macrolepiota procera, Meripilus giganteus, Meripilus giganteus,
Phellinus sp., Pleurotus ostreatus, Pleurotus ostreatus, Ramaria botrytis, Ramaria flava,
Rhizopogon roseolus, Sarcodon imbricatus, Sparassis crispa, Tricholoma portentosum

Boletus edulis, Pleurotus ostreatus, Lentinus edodes, Phellinus pini, Ganoderma pfeifferi,

Rozites caperata, Agaricus brasiliensis

Pleurotus ostreatus, Lentinula edodes

Pleurotus ostreatus, Pleurotus cornucopiae, Agaricus bisporus, Volvariella volvacea

Antiviral (Seo and Choi, 2021)

(Bobek et al., 1991)

(Khatun et al., 2007)
(Hagiwara et al., 2005)
(Lin et al., 1973)

Cholesterol control

Blood pressure

o] gHgo] Z7] the& 2T uf FAZQ AFoltt. o]
3 sk 1 st <l
Cole AYeR FHEHA=
o, $L& 22S A o vvaE G vdE 45 S
B e el A W A vk 5FATE S
she A BRIsITt (Ser et al., 2021) (Harrington et
al., 2021). T5A19 S7h= &l Aol F2 == A4
b Y3 242 HFsI= AANA A3 52419 U
AF o] thaellA Uehdes e R ol 4l vid=
o] Aol A thatzgell L sHAl Hejgithe ojmjolty,
olE% AU A FFES wow HIE QA FIFS
F= A mAES JAle] AW AE g AT A
e dE |A9AAE A AFAlE Wl A
Toll-like receptor (TLR)2} 72 =83 v]AE2] x4
o34 (lipopolysaccharide, LPS)Y pathogen associated
molecular patterns(PAMPs) S5 U E2] thAPHE T3
Z|HHak(short chain fatty acid, SCFA)ell 2J3] &4d3p71 €
t} (Park et al., 2019). =3 PAMPs7} W7toll A a1
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Table 3. Effect of gut microbiota on the cancer type

Type of cancer

Alteration in the microbiota

Reference

Cervical cancers
(CRC)

Increased proportions of Enterococcus, Escherichia/Shigella, Bacteroides fragilis, and
Klebsiella, and decreased level of Roseburia and members of family Lachnospiraceae

were observed in CRC

Presence of intracellular E. coli increased in patients with adenoma and CRC

Increased levels of Proteobacteria, Faecalibacterium and Dorea, whereas decreased
levels of Coprococcus and Bacteroides were observed in adenomas patients

The level of Bacteroides/Prevotella was increased in CRC patients as verified by

quantitative PCR

Oral cancer

Higher levels of Streptococcus anginosus was observed in oral cancer

Esophageal cancer esophagus

Increased level of S. anginosus was found in only esophageal cancer and gastric can-

cer tissues

Increased proportion of Treponema denticola, S. anginosus and S. mitis were found

in esophageal cancer

Decreased level of H. pylori was observed in esophageal cancer

Gastric cancer

Gall bladder cancer Elevated level of H. pylori was observed in 33% of gallbladder cancer patients

Increased level of Salmonella typhi and S. Paratyphi was observed in bladder cancer

Pancreatic cancer

Increased levels of Fusobacteria, such as Sneathia spp. and decreased levels of Lacto-
bacillus spp. were found in HPV-infected cervical cancers patients

Increased levels of Streptococcus mitis, Capnocytophaga ochracea, Eubacterium sabur-
reum and Leptotrichia buccalis were found in oral cancer

High levels of Campylobacter concisus and C. rectus were observed in Barrett’s

Increased proportion of Helicobacter pylori was observed in gastric cancer

High levels of Neisseria elongata and S. mitis were observed in pancreatic cancer

(Schmitt et al., 2013b)
(Lee et al., 2013)

(Schmitt et al., 2013a)
(Grivennikov ef al., 2012)

(Diamandis, 2014)
(Swidsinski et al., 1998)

(Lee et al., 2013)
(Shen et al., 2010)

(Grivennikov et al., 2012)
(Sobhani et al., 2011)

(Mager et al., 2005)

(Swidsinski et al., 1998)
(Sasaki et al., 2005)

(Macfarlane et al., 2007)

(Shen et al., 2010)
(Sasaki et al., 1998)

(Narikiyo et al., 2004)

(Sobhani et al., 2011)
(Anderson et al., 2008)

(Muller et al., 2007)

(Mishra, Tewari
and Shukla 2011)

(Sharma et al., 2007)
(Farrell et al., 2012)

A2 47 B-glucane FEEFo]
HEPAO R o]Fofxl 71 A& FEE o|F Aot o
¥t AF2HE B3 B-glucan®] A 4~1,350
kDa 22 Z7|7} tefsi, 25 AR B-glucans
300 kDa =9 Z7|2 EAFTE (Ahmad er al., 2012).

o 1=}
R EX)

o] BAEL AUAE % WAL B2 93] WE]
5 oglom, 9% mARNE AL wow PulE/E

AT, A E A EH ] o]tk (Ooi and Liu, 1999).
B- glucan— A4 AGAE AFsked], A HAAA =
Q-] " gjofut vlolg Al EAlske 354l &4
o] SfRlg <Ql2lEte] 9JFoA HYsh= HPEﬂFJO}, nlo] g
222 AASH), AR HAAE 39 A e Eol
HLA 7 5o

e glol AEAS whgo] ohiAu,

w WA WgEhe e AU oled AIAA
AFE GFWLE ATt AA fHT WS F7
A2 5 YA, WEFFRE AAZDE Aol T

3k ASHES-S kR b= 548 Adt}(Fernandez-

unoz-Munoz and van Sinderen, 2021).

Yol YZ2t Qlxlo] Aty

BAle] 8 AR 24 O A 2 o,
8ol % HJUV@ off ot w2 ke At
(SCFAs)e.2 Q1% A= EAFITH(Yin er al., 2020). ©]

23 3= WAl 28-S AFT A ellA el o
AAte] Sk 1@:3: &ste] J5E vk T} (Yin er al,
2020). FHUAYES EF3k= +(phylum)Z Bacteroidetes
o] Bl&o wEbA Q1A (host)e] 1
[e]

¢} Firmicutes

=

S— T
e #2lE e AnE &EEu. AV vkt
A7F Jobdes 2 AW A=) Firmicutes®] HE

o] Z7}sltkeE thre] Bk BE Yy lon (Kallus
and Brandt, 2012, John and Mullin 2016, Stojanov,
Berlec and Strukelj, 2020, Guo et al., 2008), Firmicutes
o] vl& F7he v S AV doke Aol sl
o] A 0]\:]- Bacteroidetes= Sus-like transport system=
T2 ggate] tdRE Fallstal, Firmicutes= ABC-
transport systems FZ &35l RS Edlsi=H
olgfgh A| =’ A Q1 Zto] = Q13le] thEFE Bacteroidetes
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Fig. 1. Correlation ship of immune system with mushroom effects products.

7} 9 FH A S =M, Firmicutes= S5 A
B2 FRE Hallstd thatell &-8&5HA Erk(Yin er
al., 2020). o2 gt F7ke] zfol& 32418 A sh= T/l
et Gl wAEe] e 7] ZpelE JERA H AL
o|& Qlate] AAE= WA T/ g xpol 7t
EfuA ®th, @ AAES acetate, propionate, butyrate
= SIAY] HYE S TN FoE dHA o &
A FARE g o] A (mucus)e] AAHS S7HAI71H, A
B} Zo] 272 Z71A)7chSun ef al, 2021). £+ U]
AZZH] A& FF st A8 9] AEE A
Hu A7 A s fAE 7 URS =9
Histone acetylation®] #&13}] nitric oxide, TNF-a, IL-
12, IL-1B¢] A4S A#A17]5L, neutrophil, macrophage,
monocyte®] 95-ZH cytokines % chemokines] A4S
Asfste] ASHEES A STH(Fig. 1).

HAREMED CHAFR St 912k

HAF-EA R EoE ¥l a3b= v|v 28 3
=2 Adske Aos delA UTH(Dubey ef al., 2019).
2% o] HAS ko =z Qlste] A&AQl dFe] 2l
AA FEste] QA TGS ddete IS 3t Qe
o] Aat e E4E W] IaE Yehe Aot
CAEAR] HIYRE Ak X ke] HH o= QlEte] AWk
o]

o o 5 2~
S g slenH,

XA €}, vl¥kel] tig Y 7] FFAE VIS
2 I ARE Aoy, vv} AgE
st et A xEC] TS Et. dE
A BFE Ao Eo7HA] AR, EF F
27F EAY, 7R 2 A5 FAVE 22 FAE0]
ERAl ETHA 015 Helslr] fle A EZ An A E
o] Aol &S thge] A7 F = ATH(Table 4.). TF
o] AFelA WAl HF e e A 57k Aa

o

Y, 73 2 gy Fg2EE 2 A AL AR
F51o] A5l Fo] tAESAE X xe) HEE Rkl
, ool mE Adln A Ee] sl B ATE ol &
F2 QA 2] tiAle} AU r| A B3] AR S Ak &
Jo g2 ulmEe] B 9 A {59 ] A =
o] A Y-S AT 4 glon, WAl HHE
sto] ZJUm| A E2] ¥k UERaL o] 2 Qlste] Q1A €]
AL ol s DA sk, o] & Este] thAb A EHS o
W Uo7t 87K 7R AR o AXIT

mn‘.

or &

o

o rigt

ALY A 78 B2 B-glucano 2 d&A 2
S AFSAS W Ao YeldE 3= A}

ofel] ol&nt. eyt MAl A

FHell & JHmAEAZTe Wt 2 Gl E] o)
A sl = AR WAe] Jste] Be AT wEgE A
ojth. THAAHES] Wsl= wAle] dYHEES A
A Eo] AR Z WA 7|AL o] = QlEte]

AAe) BE P AT e
Moo}, BAE SRR A Q1A e

= 55 U nAES] Alof 9 o]5 Eg5 AW o,
HYy 33 58 TR F e T2 A7 Fojt).
F =lolA HFH =97 =& Aldo], ®3, ZEH,
o], Fol, ool it Fuin|AEe] ¥l 2 |
WAake] Wslol] gt A MAS HFst 48 & 9
= 7531 HeHe] Bzt € 4 9o, A A
ol W2 gulE AF WS AT F s xoto] @
ZAo=Z 7l Atk
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Table 4. Changes in gut microbiome by mushrooms intake in obesity and the type 2 diabetes models

Mushroom Fed diet Animal Feeding

. Gut microbiota regulation Effects on hosts Ref.
source source  period

Decrease the ratio of Firmicutes/Bacteroi Reduce body weight, inflammation
C57BL/ 12 weeks and insulin resistance and metabolic

Gano.derma High fat 6NCrl- (8 week de.tes, Proteob'acferla; enh'ance Parabacte- endotoxemia; reverse HFD-induced (Changetal.
lucidum obese . roides goldsteinii, Bacteroides spp., L. . . 2015)
Bltw mice old) L gut dysbiosis and maintain intestinal
Anaerotruncus colihominis and etc. o .
barrier integrity.
Improve insulin sensitivity by sup-
Ganoderma High fat C57BL/6 ] 13 weeks No effects on the ratio of Firmicutes/ Bac- p‘ress.mg 1nﬂammat} On. and 1gﬂamma- (Xu et al.
. . (8 week ) . tion-induced ectopic lipotoxicity;
lucidum obese male mice teroidetes, but increase Enterococcus . . . 2017)
old) decrease insulin concentration and
insulin-regulated lipogenesis in liver.
No effects on the ratio of Firmicutes/ Bac- Reduce the levels of serum TC, TG,
4 weeks teroidetes; reverse the altered trend of LDL-C, insulin, HOMA-IR, IL-1f and
High fat (110-150 Corynebacterium, Proteus, Lactococcus, ~ IL-6; regulate gut microbiota to a nor-
Ganoderma . . ; . . . (Chen et al.
. type 2 dia-SD rats g maybe Blautia and Dehalobacterium; decrease ~ mal level; increase beneficial bacteria
lucidum . . L 2020c)
betic male 6 weeks Proteus, Ruminococcus, Coprococcus and  and reduce harmful bacteria; improve
old) Aerococcus; increase Parabacteroides, Bac- amino acid and ameliorate carbohy-
teroides, Adlecreuzia and Rothia drates metabolism.
I Rumi , Oscillibacter,
Bitobacteim, rootell Allprovtel, DECTE he contents o srum TG,
. Syrian 8 weeks ’ L P > TC, LDL-C and AST, change the com-
Ganoderma High fat Paraprevotella and Alistipes, decrease Intes- . . L (Tong et al.
. golden (4 weeks . . : position of gut microbiota and elevate
lucidum male tinimonas, Pseudoflavonifractor, Schwart- . . 2020)
hamsters old) . . "y the relative abundances of beneficial
zia, Desulfovermiculus, Desulfovibrio, bacteria
Clostridium 1V, and Clostridium XIV ’
Increase Bacteroidales S24-7, Allo-
pravotella, Parabacteroides, Parasutterella, Attenuate lipid metabolism disorder
Ganoderma High fat  Wistar 8 weeks Alistipes, ]eotgalicocqts, Staphylococcus, prf)babl.y via the m(‘)(?ulation of the gut (Lv et al.
. (6 weeks Aerococcus, Bacteroides, Psychrobacter, microbiota composition, and subse-
lucidum male rats ) ; . U . 2019)
old) Ignavigranum, Barnesiella and Anaerovo- quently improve intestinal integrity
rax, decrease Blautia, Enterorhabdus and and hepatic ectopic fat deposition.
Roseburia
D he bl 1 level
. Decrease the ratio of Firmicutes/Bacteroi- . <o the blood glucose leve and.
High fat improve oral glucose tolerance; allevi-

5 weeks detes, increase Porphyromonas gingivalis,
(8 weeks Akkermansia muciniphila, Lactobacillus
old) acidophilus, Tannerella forsythia, Bacteroi-

Grifola  type 2 ICR
frondosa diabetic mice

ate insulin resistance by regulating the (Chen et al.
IRS1/ PI3K and JNK signaling path- 2019)

male des acidifaciens, and Roseburia intestinalis ways; p r(.)tect agalnst. liver and %qdney
injury with reduced inflammation.
Increase fecal total bile acids, inhibit
Increase Helicobater, Intestinimonas, Barne-high fat diet (HFD)-induced hyperlip-
. . ] 8 weeks . o : .
Grifola fron- High fat ~ Wistar (6 weeks siella, Parasutterella, Ruminococcus and  idemia and hypercholesterolemia prob- (Li et al.
dosa  male rats old) Flavonifracter, decrease Clostridium-XVIII, ably via the modulation of the gut 2019a)

Butyricicoccus and Turicibacter microbiota; subsequently improve
hepatic ectopic fat deposition.

Improve the obesity, liver function and
lipid levels; reduce hepatocyte steatosis
and liver cell injury in NAFLD rats (Li et al.

Decrease the ratio of Firmicutes/Bacteroi-
8 weeks detes, Acetatifactor, Alistipes, Flavonifrac-

Grifola fron- High fat - Wistar (6 weeks tor, Paraprevotella and Oscillibacter,

dosa  male rats old) increase Allobaculum, Bacteroides and and ameho?ate NAFLD by regulating 2019b)
Bifidobacterium the expression level of CYP4A1, ACC,
TNF-a, SOCS2 and CYP7AL.
Improve body weight, serum glucose
and lipid levels as well as decrease liver
. o . tissue damage; increase the abundance
Grifola fron- High fat ~ Wistar § weeks Decreiase the ratio of ElrmwuteS/BaCtem,l_ of beneficial bacteria and the excre- (Pan et al.
dosa  male rats (6 weeks detes, increase Bacteroides, Proteobacteria, tion of fecal total bile acids; up-regu- 2020)
old) Oscillibacter, Barnesiella and Defluvitalea » up-reg

late the level of AMPK-a, PPAR-a, GK,
CYP7A1 and down-regulate the level
of SREBP-1¢, FAS, ACC and PEPCK.
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Table 4. Changes in gut microbiome by mushrooms intake in obesity and the type 2 diabetes models (Continued)

Increase Alistipes and reduce Streptococ-

Grifola High fat Kunming 8 weeks
. cus, Enterococcus, Staphylococcus and Aero-
frondosa male mice (4 weeks)
coccus
Increase Lachnospiraceae-NK4A136, Lach-
High fat nospiraceae-UCG-006, Roseburia, Prevotel-
. 6 weeks . . L
Phellinus type 2 1a9, Blautia, Ruminiclostridium-9 etc.,
. . . SD rats (6 weeks L. .
linteus diabetic old) decrease Clostridium_sensu_stricto_1,
male Escherichia-Shigella, Bacteroidales_S24-
7_group, and Akkermansia
16 weeks
Phellinus lin- High fat C57BL/6 ] (4~5
. Increase Porphyromonas
teus obese malemice weeks
old)
k
Cordyceps . C57BL/6 ] 8 weeks Decrease Bacteroidetes, increase Actinobac-
. . High fat . (8 weeks . . .
Sinensis mice old) teria, Acidobacteria and Olsenella
Increase Parabacteroides goldsteinii, Flinti-
Hirsutella High fat C57BL/6 | 12 weeks bacter butyrlcus,. Ifltestzmmonas butyricip-
. . . (4 weeks roducens, Clostridium cocleatum etc.,
sinensis obese malemice .
old) decrease Pseudomonas aeruginosa, Esche-
richia coli and Shewanella algae
16 weeks No effects on the ratio of Firmicutes/ Bac-
Pleurotus High fat C57BL/6 ] W teroidetes, increase Parabacteroides, Anaer-
. . (6 weeks . . .
eryngii obese malemice old) ostipes and Clostridium, decrease Roseburia

and Lactobacillus

Decrease the ratio of Firmicutes/Bacteroi-
4 weeks detes, increase Lachnospiracea, Allo-

Reduce the serum levels of FBG, OGT,
TC, TG and LDL-C; significantly
decrease the hepatic levels of TC, TG
and free fatty acids; moderate the
composition of gut microflora and
enhance bile acids (BAs) synthesis and
excretion in liver.

(Guo et al.
2020)

Enhance levels of SCFA-producing
bacteria and inhibit opportunistic
pathogens; restore intestinal mucosal
layer thickness, reduce intestinal per- (Liu et al.
meability by promoting SCFA produc-  2020)
tion, and improve inflammation and
glucose tolerance by inhibiting JNK
and NF-kB activation.

Reduce fasting blood glucose level and
ameliorate glucose intolerance;
improve insulin resistance via modify- (Feng et al.
ing hepatic phospholipids metabolism  2018)
and rescuing insulin signaling trans-
duction

Reduce body weight, but aggravate
liver fibrosis and steatosis as evi-
denced by increase inflammation, lipid (
metabolism markers, insulin resis-
tance and alanine aminotransferase.

Chen et al.
2020b)

Reverse obesity-induced gut dysbiosis
and leaky gut; reduce metabolic endo-
toxemia, inflammation, insulin resis-
tance and dyslipidemia; produce
antiobesogenic and antidiabetic effects
in obese mice.

(Wu et al.
2019)

Suppress the weight gain and fat accu-
mulation; improve glucose tolerance;
increase total bile acids in faeces, the
expression level of LDLR gene in liver
and GPR43 in fat; decrease total cho-
lesterol and LDL cholesterol level in
serum.

(Nakahara
et al. 2020)

Improve glucose and lipid metabolism
and alleviated hepatic steatosis in ob/

ice; i hy - - (Shan-Sh
Poria cocos Ob,/Ob Mice (8 weeks prevotella, Parabacteroides, ClostridumlIV, (,)b mice 1r}cr?ase the butyrate-produc- (Shan-Shan
mice . ) ing bacteria; improve the gut mucosal et al. 2019)
old) Ruminococcus, and Bacteroides, decrease A . . . .
integrity and activate the intestinal
Megamonas and Proteus
PPAR-y pathway.
14 weeks Decrease the ratio of Firmicutes/Bacteroi- Improve the glucose intolerance,
Sarcodon High fat C57BL/6 ] detes, reverse the altered trend of Verru-  hepatic steatosis, inflammation, adipo- (Chen et al.
. (4 weeks . ) L. . .
aspratus obese malemice old) comicrobia and Proteobacteria, increase  cyte differentiation and modulate dys-  2020a)
Lactobacillus, Bacteroides and Akkermansia lipidemia induced by HFD.
Increase Anaerostipes, unknown genera in . .

Low-fi 12 week I the length of small intest Muthura-
Schizophyllum OW ber C57BL/6 ] weeks F16 and Clostridiales, decrease Oscillo- nerease the Jength of Sma 1.n estine  ( u ura
s dietin mice (5 weeks spira. Ruminococcus enaviss. unknown and enhance goblet cell density along malingam
PP- male old) pira, . & > uninow with mucosal layer thickness. et al. 2019)

genera in S24-7 and Lachnospiracea
S Q v EdFe] Hske it a5 ol &zl p-
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