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Abstract

The stilbenoids form a group of bioactive phenolic compounds found in various plant species whose original
functions are to act as protective compounds against microbial infections and toxins. Among the stilbenoids,
resveratrol is the most well-studied and has been shown to exert multiple benefits in disease prevention. The bio-
availability of resveratrol is one of the major limitations in its role as a disease-prevention agent; however, it has
exhibited biological activity in animals and clinical models. Gut microbiota may play a role in overcoming limited
bioavailability via microbial transformations. On the other hand, the modulatory effects of stilbenoids on gut
microbial dysbiosis induced by several diseases can be crucial in disease alleviation. In addition to gut microbial
metabolites, such as SCFAs (short-chain fatty acids), stilbenoids can be used to inhibit microbial growth, making
their use a potential strategy in preventing disease progression. In this review, the interactions of stilbenoids (with
a major focus on resveratrol and pterostilbene) and gut microbiota will be discussed to clarify the importance of
gut microbiota in the strategy of “disease prevention via phytochemicals.”

Keywords: Stilbenoids; Resveratrol; Pterostilbene; Gut microbiota.

ing metabolized (known as the first-pass effect) (Hinderliter and
Saghir, 2014; Waller and Sampson, 2018). Bioavailability is one
of the major concerns when considering dietary phytochemicals

1. Introduction

The term “bioavailability” defines the potential and percentage of

the administered substance, i.e., the uptake dose of the substance,
be it a drug or xenobiotic, that finally reaches the circulation sys-
tem of a living organism (Nikinmaa, 2014). Generally, the bio-
availability of a substance administrated intravenously is practi-
cally 100% (F = 1), while those substances administered orally or
through dietary intake may have much lower bioavailability (F <
1) due to several issues, including incomplete absorption, polarity
of the substances, and the possibility of the target substance be-

as strategies for achieving health benefits. However, phytochemi-
cals are normally transient due to their low bioavailability, mean-
ing that the concentration of the parent compound could be low
in the circulatory system (Selby-Pham et al., 2017). Consumption
of phytochemicals in the diet can reach up to several grams, but
the concentration of the final fraction absorbed and circulated
in body may be much lower than expected (Martel et al., 2020).
Therefore, the efficacy of phytochemicals in the amelioration of
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Figure 1. Resveratrol and its analogues found naturally in plants. (a) Resveratrol, (b) pinostilbene, (c) pterostilbene, (d) oxyresveratrol, (e) piceatannol, (f)

thunalbene, and (g) batatasin IlI.

several diseases could be the result of the phytochemical itself or
its derivatives, metabolites produced in the liver or colon tissue, or
microbial metabolites.

According to the latest definition, polyphenols can be cat-
egorized as prebiotic-like components via their influence on gut
microbiota, including the stimulation of beneficial gut microbes,
which leads to beneficial microbial metabolite production, bal-
ances the gut ecosystem, and protects the organism from patho-
gens, resulting in host health benefits (Peng et al., 2020). The
beneficial outcomes for gut microflora under optimal conditions
may include lowering blood ammonia, modulating immune re-
sponses, and reducing cancer risks (Manning and Gibson, 2004).
The relationship between gut microbiota and phytochemicals,
such as polyphenols, permits substituting conjugates, hydrolysis,
reduction, and cleavage or degradation; therefore, the presence of
metabolites in plasma can be extended beyond that of the parent
compounds (Carrera-Quintanar et al., 2018). It is possible that the
catabolism of polyphenols by gut microbes could release metab-
olites or derivatives with better bioactive effects and absorption
(Sim¢ and Garcia-Cafas, 2020). Intervention via phytochemicals
may produce multi-benefits for gut health, including: (1) enrich-
ment of beneficial bacteria, (2) inhibited growth or reduced levels
of opportunistic bacteria, (3) facilitated growth of short-chain fatty
acid (SCFA) producers that metabolize bile acids, (4) inhibited di-
gestive enzymes, and (5) enhanced colonic tight junctions (Martel
et al., 2020). In this review, we focus on the regulatory effects of
resveratrol and pterostilbene on gut microbiota and the potential
benefits for the host in terms of health and disease prevention.

2. Resveratrol potentially interacts with gut microbiota to im-
prove host health

The benefits of resveratrol (Figure 1) with regard to gut health has

been recently revealed by Chen et al., who showed that resvera-
trol plays multiple roles, including enhancing the intestinal barrier
(upregulating occludin, ZO1, claudinl), inhibiting inflammation,
and attenuating gut microbial dysbiosis (Chen et al., 2020). Among
the gut microbes, Akkermansia muciniphila, Ruminococcaceae,
and Lachnospiraceae were enhanced, while Desulfovibrio growth
was inhibited. In an in vitro study using M-SHIME® to investigate
the changes in the gut microbiota of a female volunteer, it was re-
vealed that the amount of Enterobacteriaceae was increased via the
administration of an extract containing resveratrol (Giuliani et al.,
2016). Therefore, resveratrol could have a regulative effect on gut
microbiota. Thus, the effect of resveratrol on gut microbial modu-
lation will be discussed (Tables 1 and 2).

Using combinations of phytochemicals in disease amelioration
has become a trend, as doing so follows the concept of precise pre-
vention. Additionally, different compounds may not share the same
targets. Early in 2015, it was revealed that, compared to quercetin,
trans-resveratrol could scarcely modify the gut bacteria profile and
more likely contributes to the mRNA expression of tight-junction
related proteins and inflammation-associated genes (Etxeberria et
al., 2015). As phytochemicals with low bioavailability, resveratrol
and quercetin surprisingly showed distinct effects on gut health.
Yang et al. demonstrated that resveratrol showed a positive effect
on controlling blood glucose and increasing HDL-c levels, while
sinapic acid exhibited alleviative effects on oxidative stress, TGs
(triglycerides), and NEFAs (non-esterified fatty acids) in plasma.
The authors revealed that a combination of the two could suppress
the growth of disease-related species, such as Bacteroides and
Desulfovibrionaceae sp, and increase the abundance of the genera
Blautia and Dorea from the family Lachnospiraceae (Yang et al.,
2019). These results showed that combinations of phytochemicals
could have beneficial or even synergistic effects on disease preven-
tion. However, Sreng et al. suggested that the glycemic regulative
effect of resveratrol could be blunted by curcumin, thus indicating
that it is possible for a phytochemical to have an antagonistic ef-

98 Journal of Food Bioactives | www.isnff-jfb.com



Potential of resveratrol and its analogues to mitigate diseases

Koh et al.

6T0C “le 38 usyd

0zoz “|e
19 SuenH

LT0T “|e 32 8ung

020T “|e 38 UIA

0coz “|e
19 Suepn

8T0C “|e
19 Suayz

610C “|e 32 Suals

6T0C “[e 32 Suej

J pIsubwayyy

N DISUDWLIAYYY

J $ap1042300q0.404
J sapioia1ong

A pjakion
N DISUDWLIAYY

{ oanojg

J saprosaong

J wninaoqojy

N sadusiy

N dnoib™9TEVYIN
“apadnJidsouyon]

N ongqinofinsag

N IX WniplaIso)d
/_\ snaunJjoJapuy

N sadusily

J, bLingasoy

J pjjaianuns

J paisog

{ banojg

{4 pjydojig

/_\ snaunJajolapuy

J apaopasooouiwiny patfissojoun

> aeadedidsouyoe]
/N aeadesaloeqUN]

/N 9e228220201d3.115
J aeaseuseqolAYIBIN
J @eaoeisdRqOIRIY

N 74

/N 2eaded20201dasisordad
J oeaoe|puaiy

J @eadedd0d0ulwny

J, @e20e220201da.3s01dad
J @eaoelidsouyoer

/ ones g/4

MR IFETET]
J euseqouei)
J se1epoualoeg

1 onel g/

N onel g/4
N se1ndiwl4
J se1spousloeg

J eueeqouRA)
J els1eq09104d
J semnoiwui4

/N elIa3RIOUNIY
I SISETET]

ainsodxa g4H +
Jusawieas JNVN-T

(Bundsyo) a3ers
|ezeuisod pue
|eusazew Sunp
ainsodxa g4H

321W padnpul
-aso04ons ysiy/a4H

901w padnpul-a4H

321W padNpUl-Q4H

(snonojiu
Siwo4yd2034Q) elde|i

921W padNpUl-a4H

181 PaINpUI-Q4H

(421em Supjulip
7/8w QG) |0J41eI9ASDY

(493EM BupjuLIp
7/8wW 0G) |0J1eI9ASRY

(331p Ul %°0)
|0J1eJaASDY

(331p Ul %t°0)
|0J1eJIaASDY

(‘g 3/8w
00€) |041BI9ASDY

('wa 8/3w
00T—S2) |0418J9ASDY

(:wa Bv/3w
09) |0J1812ASDY

('wa 34/3w 007)
pioe oideuls + (‘W'g 8
/3w Q0t) |0J1e19ASY

J, 20320220203d3.3501d34 ™ L-vTS ('ma 8%/3w

6T0C “|e 19 Suep payisspjpun > 9e32e320201daJ1s01dad - J onesg/q 1eJ padnpul-g4H 00¥) [0J1849ASDY
910z “|e J933UN|OA uBWNY |0J1eIaASD

19 luelnio - J @eadeusloeqolaiul /N s9jeploJaloeg - 9lewsy JO S9294 Sulurejuod 1oe.1x3

J ouginofinsag J eeaseuidsouyoe (:mg 3y/3w

070T “|e 3 uayd J ppydiupnw pisubwaayy J @eadeddod0uiwny - - 1eJ padnpul-g4H 0G) |041BJ9ASDY
yEN| sanadsg/snuan Ajwe4 19pi0/ssed wnjAyd 12npui/|spoNl uonejusawajddng

uonuanaid aseasip 10} splouaq|us yum uonejuawsajddns saye uonisodwod-al [eiqodiw N T d|qeL

99

Journal of Food Bioactives | www.isnff-jfb.com



Koh et al.

Potential of resveratrol and its analogues to mitigate diseases

9TOC “Ie
19 euoliH

(9102
“le 19 8uny)

020z ‘seued
-e[dJen pue owls
‘6T0T “[e 38 Yoy

910C "B 3@ U3YD

LTOT “|e 13
e111909X13 dunsn

1 1Abmayioy wnipysoly
/N sualDfipIon sapI0Ia1o0g
/N S1IO SNj[190G039D7

/N Si[pwiIuD SN|j190q03I07

J l1zyusnoad winii3300qijp2304

{ apun wnipasop
/—\ Supiajojodab wnipyso[d
/—\ 1240p saploia1dng

/N snjj190qo3907

/N Sapl042300g
A 42390q101iN ]

N 18300qOo2113H

1 sadusiy

N snaunJjoiapuy
N pj[a10n3a1d

J saproiaong

J bisuobwiayyy

J wnuanqoplfig
J snjjppqoiont

J snaiuyosupjds 13100q110p0
$ bpydiupnw pisubwiayyy

J biydunpnw pisuowadyyy

A elyonoladisAig

N aeadeddodoulwny
™ 9€908220001ddd

N elqoJdIwNIIdA
/N sa320AwoloUe|d
/N saJ910eqLIIR)3Q

/N sa19ploiaroeg
¢ sanoiwi4

¢ eigosiwooniisp

/N sandIwIl4

sieJ J=3dnz

301w padnpul-a4H

(%€°T) 21w
Supjulp-auniuIe)

21w Supjuup
VIALL 40 duljoyd

sieJ Ja)dnz

(‘Mg 85/3w

G—GT) [ouueleadld

(3@1p U1 %Ssz0
—T1°0) |ouueleadld

(331p Ul %50°0)
auaq|usosald

(321p wI%t°0)
|0J1eJaASaY

(‘Mg 3x/8w

GT) auaq|usoJtald

6T0C “|e J, snapbub snadodouiwny 21w Ul 1|02 (:m'g 83/3w

19 sejed|y /N suaidfip1op saploaa1ong - - - pasnpul-SgNL 00T) [0J3B49ASDY

90IW Ul uoeW WUl (:m'g 8%/3w

070Z “|e 1@ e - J 9easeuidsouyoe - J so19plosloeg INL p2npul-y4d 08—01) |0J1eI9ASdY
YEN] sapads/snuan Ajlwey 19pa0/sse|d wnjAyd J32npui/|spoN uonejuawajddnsg

(panunuod) - uouanaid aseasip 104 splouaq|us YHm uoneudwajddns Jae uonisodwod-al [e1gosdIw INY T d|qeL

Journal of Food Bioactives | www.isnff-jfb.com

100



Potential of resveratrol and its analogues to mitigate diseases

Koh et al.

Tg-ulyda JelpJed pasealdou|

9T0Z “|e 91e10E| pUR 2-7Q7 ‘PIo€ Alle) paylia1se-uou unenduld pasealdag
19 euofiH |19A3] Sd7 ewse|d paodnpay sjeJ Jayonz (‘mg 8%/3w Gp-ST) |louueleadld
910C “I®
19 Suny sisauadodipe Sunuanaid 90w padnpul-a4H (321p Ul %52°0-T°0) |ouueIEDId
£301q0J21w N8 AQ VAL 03Ul SULIUIED JO UOISISAUOD Pasealdad
610C SJ9yJew AJojewwepjul Je|NJSeA pasealdaq (%€°T) 221w
“|e 12 yoy| [9A3] YNYW (EOINH) € oseuadAxoouow uine|y dneday pasealdaq Supjuup-auniuie) (321p U1 %50°0) 2uaq|usolald
SIXe GT4D4-4X4 d1redayosaiua pue Suijapowad e3o1qoJdiw 1n3
910z “|e BIA SIS9YluAsoau pioe 3|iq dueday pasealdul pue [9A3] OVINL Pasea4dad 01w Supjuup
19 Uay) WwiNlI310eqOo4IpIg pUe SN||10eg030ET PaseaJdul eiA uoednfuodsp pioe 3|iq paJueyul VIALL 40 3uijoyd (191p UI%P°0) |0J41BIDASDY
JAL YANIBE] |0J1BJDASAI JO 109443 ANSDQO-13UB UM paleldosse 9q ydiw
e144909X13 1910BQIOPQ PUE BISUBWIPY ‘Blia10eq SulpedSap-uldnw Jo Juawydliul
aunsn £10100Jojw IN3 paysodwod-9y SjeJ Jayanz ("m'g 8%/3w gT) auaq|usoJsld
S[199 £TYL/TYL uolssauddns pue s3au] Suidnpul Ag uonewweljul 21U0|0d Jsulede pa1daloid
6T0C “|e S[}]02 SGNL O3 1UBISISD 2410W SEM B10[(OJIIW PIIB|NPOW |0JIBIINSDY 921W u| S11|0d
19 sejed|y p1oe o1uAINg Jo uononpolid paseasdu| pasnpul-SgNL (‘Mg 8%/3w QOT) |0J1e1aASY
£101q0J2]W 3N pale|npow |0J1etaAsa Ag paluanald aq pjnod ujed Asojewwelul AL
020z au03Ad Asojewwepjulosd paonpay 921W Ul uoneWWEUI
“le1s ey Ayu3ayul ggg patolsay [NL Po2onpul-y4) (‘Mg 8%/3w 08-0v) |o41e19nsaY
6T0C “|e uonesyipow ejoiqoudiw N3 Aq uoisusliadAy pajuanaud aJnsodxa Q4H +
19 Uay) a4nsodxa Q4H pue JNVYN-1 Ag paanpul Aemyled OT-D9d/MdINY JO UoLIqIyul pajusAaId uswieal) JANVN-T  (421em Supjuip 7/3w QS) |041eI9ASDY
ainsodxa g4H |ereuisod/|eusarew Aq (8unidsyo) a3exs
0z0z “|e paonpul sisolqsAp pue uole|n8aJsAp d1jogelaw paJally  |eleulsod pue |eusalew
19 Sueny |19A9] @1euoidoud ewse|d paseasou| Suunp ainsodxs g4H  (4218M Supjuiip 7/3w Q) |041BIBASDY
/10T “|e £101q0J2IW 3N pare|npow |0J3edaAsal Ag 921W padnpul
19 8ung panosdwi ¢ p|N0d 3JIW 9970 JO SISEISOdWOY 3S0dN|H -950.ons y31y/a4H (321p Ul %1r°0) |043BIBASDY
pajuanaud sem sisoleals onedoaH
0202 £301q0J21W 3N pare|npow |0Jiedansal Ag pasuanjjul
“le 12 uIA 9J9M (DDV ‘SV4 ‘T-d93YS) suiaroad pue sauad paje|aJ-sisauadodi] 921w padnpul-g4H (391p U1 %1°0) |043BIBASDY
SISO1ED1S J9AI| pUB UOLBWWERJUI 9PRIS-MO| PRIUSASIJ
wsljogelaw pidi| oneday ‘pauled 1ydiom pajelolpuy
0z0z “|e el910eq Suipnposd-y4JS 40 duepunge paseaJdu|
19 Suepn Ayu833u1 Js1ueq JPURSIUI INS panosdw) 90w padnpul-a4H (‘Mg 8%/3w 00€) |0J1e1aASY
810C “|e pasealdap exey |elqosdiw |njwaey jo uonlodolid (snonoju
19 Suayz paseaJsdul exe} |elqoJdlw |e1dyauaq jo uondodold SIwo0J4yd203.4Q) eideiL (:M'g 3%/8w 00T—S¢) |041BI9ASDY
6T0C “|e |0J3BJIDASDI JO 109443 91BUIWI|S P|NOI UIWNIIND
19 uaus £1010/0J21W INS YUM Pa31e[2J100 SEM |041U0D IIWIA|S UO |0J3eIDASAL JO Adedly] 90IW pasnpul-g4H (:mg 3%/3w 09) |0J41e19ASRY
610C “|e a4H Aq paonput sisoigsAp [eunsaiul paesin (‘Mg 8%/8w 00¢) proe dideuls
19 Suep $$241S 9A1EepIX0 passasddng 1eJd paonpul-g4H + (Mg 8%/3w Q0t) |0J1e1aAsaY
6T0C "I [9A3] O-1dH PaseaJtou]
19 Suep |0J43u02 9502n|3 poo|g 1eJ pa2npul-a4H (‘Mg 8%/3w o0t) |0J1eIaASRY
0c0T “|e 780 Aq uonewwejjul jeunsaiul paygIyu
12 uay) 19D 21u0j02 Aq Ayjlu8a3ul Jaliueq [eulsalul paulelule|p 1eJ paonpul-g4H (' 3y/3w 05) |0J41e19ASRY
19 S9W021n0 |enualod I9POINI uonejuswa|ddng

9SEaSIP UO SPIOUAILS JO S1I3)43 dANeIOIBWY g d|qeL

101

Journal of Food Bioactives | www.isnff-jfb.com



Potential of resveratrol and its analogues to mitigate diseases

Koh et al.

fect. In gut microbiota analyses, it has been suggested that some
bacterial taxons correlate to the glycemic index, including S47-
7 (family) and Lactobacillus and Prevotella (genes), which have
negative correlations, as well as Peptococcaceae (family) and Mu-
cisporollum schaedleri, which positively correlate with the glyce-
mic index. In comparison, both resveratrol and curcumin alone led
to changes in microbial composition. However, the reversed effect
of resveratrol, in terms of reducing Alistipes and Clostridium XI
was masked when combining with curcumin (Sreng et al., 2019).
Therefore, care should be taken in combining phytochemicals as a
strategy for disease prevention.

Zheng et al. suggested that dietary supplementation with res-
veratrol significantly enriched bacteria of the phylum Firmicutes in
farmed tilapia (Zheng et al., 2018). Moreover, the resveratrol sup-
plemented microbiota were dominated by Proteobacteria, Firmi-
cutes, and Cyanobacteria, with increases in Acetobacteraceae and
Methylobacteriaceae and reductions in Streptococcaceae. In anoth-
er study, the high-fat diet (HFD)-induced nonalcoholic fatty liver
disease (NAFLD) in a mouse model suggests that supplementation
with resveratrol could modulate gut microbial composition, in-
cluding decreasing Lachnospiraceae NK4A316 group, Alistipis,
and Desulfovibrio concomitant with increases in the abundance of
SCFA-producing bacteria, namely, Allovaculum, Bacteroides, and
Blautia (Wang et al., 2020). Moreover, transplantation of the fecal
microbiota of resveratrol-supplemented mice into HFD-induced
mice could significantly prevent obesity, NAFLD, and inflamma-
tion, indicating that resveratrol-modified gut microbiota could po-
tentially prevent obesity-related diseases induced by HFD. A study
by Yin et al. obtained a similar result in that it revealed that trans-
plantation of fecal microbiota from mice fed a chow diet supple-
mented with resveratrol could both ameliorate the hepatic steatosis
and reverse the gut microbiota dysbiosis in mice fed a HFD (Yin
et al., 2020). The Firmicutes/Bacteriodetes (F/B) ratio of the fe-
cal microbiota for FMT (fecal microbiota transplant) was reversed
and showed no significant difference from the ratios for mice fed
a chow diet or a chow diet supplemented with resveratrol. In a
HFD/high sucrose induced diabetes model in mice, it was revealed
that obesity and glucose homeostasis dysregulation was amelio-
rated by oral administration of resveratrol, and it might be related
to decreases in Turicibacteraceae, Lachnospiraceae, Moryella, and
Akkermansia and increases in Bacteroides and Parabacteroides
(Sung et al., 2017). The FMT model was also employed to confirm
that gut microbiota from resveratrol-supplemented donors could
improve glucose homeostasis of mice.

In summary, a HFD can lead to gut microbial dysbiosis and a
deterioration in the host’s metabolism. In 2020, Huang et al. re-
vealed that resveratrol was capable of improving the microbial-
dysbiosis-damaged metabolisms of offspring induced by HFD
exposure during maternal and postnatal diet intake (Huang et al.,
2020). In terms of the SCFA levels, maternal and postnatal HFD
exposure led to reductions in the plasma SCFA concentration,
while supplementation with resveratrol increased propionate lev-
els in offspring in both situations. In the microbial analysis, it was
found that lactate-producing bacteria had decreased in the early life
of offspring due to maternal exposure to HFD. In adulthood, both
maternal and postnatal HFD exposure sharply increased the F/B
ratio (up to 10-fold) compared to a control group. Fortunately, the
changes were reversed by supplementation with resveratrol, which
was reflected in the increases in Bacteroidetes and Cyanobacteria
and decreases in Tenericutes. The modulation of resveratrol also
occurred at the genus level, as indicated by the decrease in the
Akkermansia level. In 2019, the same research team demonstrated
that resveratrol exhibited a preventive effect on programmed hy-
pertension and gut microbiota (Chen et al., 2019). In the study,

treatment with L-NAME (NG-nitro-L-arginine-methyl ester) com-
bined with a HFD led to hypertension and an increased F/B ratio.
However, supplementation with resveratrol prevented both out-
comes as well increased Akkermansia, which is from the phylum
Verrucomicrobia. Therefore, resveratrol had a positive impact on
gut microbiota regulation, which altered metabolic dysregulation
and lowered hypertension.

In addition to metabolic syndromes, other diseases may be cor-
related to gut microbial composition. For instance, temporoman-
dibular disorder, a neurological disease that results in chronic pain,
was found to have a possible pathogenesis caused by disturbances
in the gut microbiota (Ma et al., 2020). In the study, a complete
Freund’s adjuvant was injected at the intra-temporomandibular
joint, and a reduction in SCFA production was observed. Surpris-
ingly, the disturbance was diminished by resveratrol, concomitant
with increased SCFA levels. In the study of 2,4,6-trinitrobenze-
nesulfonic acid (TNBS)-induced colitis in mice, resveratrol not
only attenuated colonic inflammation but the homeostatic levels
of gut microbes recovered (Hijona et al., 2016). Additionally, bac-
teroides acidfaciens induced by TNBS was significantly reduced,
while Ruminococcus gnavus and Akkermansia muciniphila were
significantly induced, concomitant with acetic and butyric acid
concentrations (Alrafas et al., 2019).

As a phytochemical with low bioavailability, the reason as to
why resveratrol is capable of effectively ameliorating several dis-
eases in the body has not been clearly elucidated. However, it is
believed that the modification of the gut microbial composition
in recent studies could supply a partial reason. Changes in gut
microbes via resveratrol supplementation may lead to potential
benefits to the host in disease amelioration, especially in terms of
obesity-related syndromes. Nevertheless, the underlying details
still need to be clarified.

3. The role of pterostilbene in modulating gut microbiota to
produce a host health benefit

Compared to resveratrol, the bioavailability of pterostilbene (Fig-
ure 1) is much higher, but complete absorption is impossible.
Therefore, the interaction between pterostilbene and gut microbio-
ta should not be overlooked. However, studies focusing on interac-
tions between pterostilbene and gut microbiota have not been as
well-clarified as those involving resveratrol. Therefore, in this sec-
tion, the anti-microbial effects of pterostilbene will be discussed to
postulate the potential of pterostilbene in gut microbial modulation
(Tables 1 and 2).

In a study involving Zucker rats fed either a standard diet or
a pterostilbene-supplemented diet, it was found that pterostilbene
not only exerted anti-obesity effects but also re-structured gut
microbial composition (Etxeberria et al., 2017). In particular, a
reduction in the abundance of Firmicutes and an increase in the
phylum Verrucomicrobia was observed. Akkermandia muciniphila
and Odoribacter splanchnicus (members of Verrucomicrobia and
Bacteroidetes, respectively) were found to increase in abundance
in the supplemented group. The former was found to be inversely
correlated with obesity, while the latter was negatively correlated
with adiposity. In addition to obesity, the incidence of cardiovas-
cular disease is also highly related to the composition of gut mi-
crobiota, as the role of gut microbiota in the conversion of carni-
tine to trimethylamine has been clarified recent years (Simoé and
Garcia-Canas, 2020). In the aforementioned study, the abundance
of Turicibacter from Erysipelotrichia (family) was significantly
increased in the carnitine group, while pterostilbene supplementa-
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Figure 2. Potential metabolites or derivatives of the stilbenoids depicted in Figure 1 formed via gut microbial transformation. (a) Resveratrol, natural
compound provided for structural comparison; (b) dihydroresveratrol; (c) 3,4’-dihydroxy-trans-stilbene; (d) lunularin, (e) isoresveratrol; (f) 3,3',4'-trihydrox-

ystilbene or 3',4',5-trihydroxystilbene; and (g) 3,3',4'-trihydroxybibenzyl.

tion led to its reduction and increased Bacteroides. In comparison,
resveratrol exhibited a similar effect, mainly on gut microbiota
remodeling to prevent the production of trimethylamine-N-oxide
(TMAO) from trimethylamine (TMA) (Chen et al., 2016). The in-
creased abundance of Lactobacillus and Bifidobacterium might be
closely related to bile salt hydrolase activity and bile acid decon-
jugation.

The secretion of stilbenoids occurs naturally in some plants
as protection against infections; therefore, most of them could
exhibit anti-microbial effects (Akinwumi et al., 2018). Inhibit-
ing the growth of pathogenic or disease-related microbes is one
of the strategies used in disease prevention. In fact, the antibacte-
rial and antifungal properties of resveratrol have been reviewed
by Vestergaard and Ingmer (Vestergaard and Ingmer, 2019).
Therefore, the inhibition of adverse gut microbial growth could
be a potential strategy in gut microbial re-composition. Mattio et
al. suggested that among resveratrol and its derived monomers,
pterostilbene showed significant anti-bacterial capabilities against
gram-positive foodborne pathogens (Mattio et al., 2019). In 2017,
Yang et al. demonstrated that pterostilbene exhibited anti-bacterial
effects against Staphylococcus aureus, which is resistant to methi-
cillin, and was even more efficient than resveratrol (Yang et al.,
2017). The capability of Staphylococcus aureus to form biofilms
was eradicated by pterostilbene, thus highly reducing its resist-
ance to antibiotics and immune cells. In 2020, a similar result was
observed in that pterostilbene was able to inhibit the growth and
formation of Staphylococcus epidermidis, and more importantly,
the pterostilbene-enhanced anti-microbial activity of antibiotics,
including erythromycin and tetracycline (Kasparova et al., 2020).
The enhanced effects of pterostilbene on antibiotics were also ob-
served in combination with gentamicin, as they synergistically
inhibited Staphylococcus aureus ATCC 25923, Escherichia coli
0157, and Pseudomonas aeruginosa 15442 (Lee et al., 2017).

Supplementation of pterostilbene is not as well-studied as sup-

plementation with resveratrol. However, pterostilbene’s anti-mi-
crobial abilities indicate its high potential to prevent pathogenic
microbial diseases and inhibit the growth of adverse gut microbes,
resulting in gut health improvement. Therefore, more research is
required to ensure its beneficial properties related to the gut.

4. The role of gut microbiota in the conversion of stilbenoids in
terms of their bioactivity

As mentioned above, it is believed that interactions between phy-
tochemicals and gut microbiota may reflect metabolite production,
derivatives (Figures 1 and 2), and gut microbial composition. In
a moderate long-term (28-day) consumption of red wine or deal-
coholized red wine study involving humans, up to 21 metabolites
of resveratrol were identified in urine, and it was suggested that
some of them were gut microbial-derived metabolites, although
no further analyses took place (Rotches-Ribalta et al., 2012). To
be more specific, dihydroresveratrol was the most prevalent gut
microbial metabolite, followed by 3,4'-dihydroxy-trans-stilbene
and lunularin. Dihydroresveratrol was found to be produced by
Slackia equolifaciens and Adlercreutzia equolifaciens, while the
production of lunularin was related to the increased abundance of
Bacteroidetes, Actinobacter, Verrucomicrobia, and Cyanobacteria
(Bode et al., 2013).

In 2019, Jarosova et al. observed the metabolic transformation
of six stilbenoids (resveratrol, oxyresveratrol, piceatannol, thunal-
bene, batatasin III, and pinostilbene) by using a fecal fermentation
system, with fresh feces supplied by five donors (Jarosova et al.,
2019). Among the selected stilbenoids, the following conversions
were observed: resveratrol into dihydroresveratrol, oxyresveratrol
into 2'3,4',5-tetrahydroxybibenzyl, and thunalbene into isoresvera-
trol. The metabolites of piceatannol found in this in vitro study
included dihydropiceatannol, and 3,3'4’-trihydroxystilbene, or
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3'4'5-trihydroxystilbene, and the latter compounds could be fur-
ther converted into 3,3’,4'-trihydroxybibenzyl. Note that batatasin
IIT and pinostilbene might be too stable to be transformed further
in a colon environment. In another animal study, it was suggested
that intragastric administration of resveratrol and piceatannol in
rats not only leads to conjugated metabolites but also the methyla-
tion of piceatannol to form O-methyl piceatannol and its conju-
gates (Setoguchi et al., 2014).

In addition to conversions between stilbenoid monomers, since
1998, there have been several studies that have mentioned the oli-
gomerization of resveratrol and pterostilbene to form dimers or
trimers through catalyzation with laccase (Jeandet et al., 2020).
Nevertheless, although the microbial cultures contributing the lac-
case were not bacterial strains, they still provided the potential to
think in terms of stilbenoid metabolism.

5. Interactions between gut microbiota and analogues of res-
veratrol and pterostilbene

Resveratrol is the most well-studied member of the stilbenoid
group due to its marvelous health benefits (Table 1). Therefore,
its analogues have gained attention for their potential in disease
prevention (Table 2). However, only a few studies have mentioned
their effects on gut microbiota modulation, which, in turn, also
leads to health benefits. Hereinafter, some of the reported stilbe-
noids with benefits in terms of disease amelioration via interac-
tions with gut microbiota will be discussed.

Piceatannol (Figure 1) is a hydroxyl derivative of resveratrol
that is naturally derived from some plants, such as Euphorbia la-
gascae, and some of its beneficial properties have been reported
previously (Osman et al., 2016). In 2016, it was revealed that the
anti-obesity effects of piceatannol may be partially attributed to
the re-composition of gut microbiota (Tung et al., 2016). Briefly,
piceatannol increased the relative abundance of Firmicutes, while
it decreased Bacteroidetes and Lactobacillus, as compared to the
group given a HFD without piceatannol supplementation. Another
study supplemented diets given to Zucker rats with piceatannol and
found that the effect was not as expected; however, some changes
were observed in terms of the relative abundance of fecal micro-
biota. In particular, although piceatannol did not lead to many sig-
nificant changes in phylums, it did significantly reduce Lactoba-
cillus animalis, Lactobacillus oris, Bacteroides acidifaciens, and
Clostidium hathewayi and led to increases in Bacteroides dorei,
Clostidium aerotolerans, Clostidium viride, and Faecalibacterium
prausnitzii (Hijona et al., 2016).

In another in vitro study, intervention with stilbenoids (resvera-
trol, oxyresveratrol, batatasin III, piceatannol, pinostilbene, and
thunalbene) was found to modulate the microbial compositions
originating from four donors (Jaimes et al., 2019). In addition to
a decrease in the F/B ratio, there was a reduction in Clostridium
and elevations in Faecalibacterium prausnitzii and Ruminococcus
gnavus. Notably, the abundance of Faecalibacterium prausnitzii
was suggested to be related to the production of SCFAs. In com-
parison, resveratrol and piceatannol exhibited the greatest effects
on the modulation of microbial composition, followed by thunal-
bene and batatasin III.

6. Future perspectives

In summary, the regulative capability of resveratrol on gut micro-
biota has been well-defined and partially contributes to the preven-

tion of several diseases. The analogues of resveratrol, including
pterostilbene and piceatannol, are interesting compounds that also
lead to changes in gut microbial composition. Notably, pterostil-
bene has a synergistic effect when combined with different antibi-
otics. However, the role of stilbenoids in disease alleviation should
be further clarified. In addition, the transformations of individual
stilbenoids in the colon environment, either via microbial conver-
sion or colonic/hepatic enzymatic transformation or conjugation,
also need to be further investigated. The bioactive effect of these
metabolites should not be neglected, as some of them have been
proven to have disease prevention capabilities in recent studies.
All in all, stilbenoids may be striking choices for development as
chemopreventive agents, and most importantly, their modulatory
effects on gut microbial may greatly increase their potential for
improving gut health.
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