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Context: Nonalcoholic fatty liver disease (NAFLD) is the most common cause of 
chronic liver disease in Western countries and is strongly associated with several 
metabolic disorders. Plant-derived bioactive extracts, such as berry extracts, with 
high antioxidant capacity have been used for the treatment and prevention of this 
pathology. Moreover, they promote circular economy and sustainability.
Objective: To study the beneficial effects of extracts from different parts of berry 
plants in animal models of NAFLD. Data Sources: A systematic research of the 
MEDLINE (via PubMed), Cochrane, and Scopus databases was conducted to identify 
relevant studies published after January 2011. In vivo animal studies of NAFLD 
were included in which berry extracts of different parts of the plant were adminis-
tered and significantly improved altered biomarkers related to the pathology, such 
as lipid metabolism and hepatic steatosis, glucose and glycogen metabolism, and 
antioxidant and anti-inflammatory biomarkers. Data Extraction: Of a total of 
203 articles identified, 31 studies were included after implementation of the inclu-
sion and exclusion criteria. Data Analysis: Most of the studies showed a decrease 
in steatosis and a stimulation of genes related to β-oxidation and downregulation 
of lipogenic genes, with administration of berry extracts. Berry extracts also attenu-
ated inflammation and oxidative stress. Conclusions: Administration of berry 
extracts seems to have promising potential in the design of enriched foodstuffs or 
nutraceuticals for the treatment of NAFLD.

Key words: nonalcoholic fatty liver disease (NAFLD), berries, plant extract, lipid metabolism, anti-
oxidants, inflammation. 

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a metabolic 

condition caused by a range of metabolic disorders, 

including excessive lipid accumulation, lipid oxidative 

stress, inflammation, and apoptosis.1,2 It is the most 

common cause of chronic liver disease in Western 

countries, and the prevalence of this alteration in the 

general population ranges from 25% to -40%.3,4 This 

disease has been considered as the hepatic manifestation 

of metabolic syndrome5 and is strongly associated with 

obesity, dyslipidemia, insulin resistance, and hyperten-

sion.3,6 Moreover, the prevalence of this pathology is 

increased in patients with type 2 diabetes.7 The initial 

stage of NAFLD is hepatic steatosis, marked by an 

excessive triglyceride (TG) accumulation (>5% of liver 
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weight). In this pathology, lipid deposition is unrelated 

to alcohol consumption, hepatitis C, Wilson’s disease, 

Reye’s syndrome, or medication consumption,8 and 

induces hepatic oxidative stress and inflammation in 

this organ, which can aggravate liver status, causing 

progression to fibrosis, cirrhosis, and hepatocarci-

noma.2,5,9 Due to the many risk factors of this pathol-

ogy, especially metabolic dysregulation factors, an 

international panel of experts in 2020 led a consensus- 

driven process to develop a more appropriate term for 

the study of this disease. The term proposed was 

“metabolic dysfunction-associated fatty liver disease”.10

Due to ineffectiveness of pharmacological 

approaches, lifestyle interventions are the main available 

strategies for the amelioration or prevention of NAFLD. 

Plant-derived bioactive substances, including phenolic 

compounds, flavonoids, and anthocyanins, act as anti-

oxidants, anti-inflammatory compounds, lipid-lowering 

agents, and insulin sensitizers. Thus, they may contrib-

ute as an adjacent strategy to the treatment of metabolic 

diseases. In this regard, berries are considered high- 

nutritional foods because they have a high concentra-

tion of bioactive compounds, beyond basic nutrients, 

that provide several health benefits. They are rich in 

polyphenols, including anthocyanins, quercetin, proan-

thocyanidins, flavonoids, tannins, and phenolic acids, 

all of which contribute to the reduction of oxidative 

stress and inflammation and produce beneficial modifi-

cations to intestinal microbiota. Flavonoids, given their 

particular structure, are potent in vitro antioxidants. 

Their ability to scavenge reactive oxygen species (ROS) 

and reactive nitrogen species is mainly determined by 

the hydroxyl configuration of the flavonoid B-ring, 

because they can donate several electrons, thus reducing 

free radicals such as superoxide (O�2 ), hydroxyl (−OH), 

peroxyl (ROO−), and peroxynitrite (ONOO−) with 

highly oxidative potential.11–13 Furthermore, certain fla-

vonoids are associated specifically with a decrease in 

ROS production, exhibiting inhibitory action in mito-

chondrial complexes I and III. The decline in mitochon-

drial membrane potential due to an elevated flow of Hþ

into the mitochondrial matrix leads to a reduction of 

ROS formation.13 Moreover, most of the flavonoids, 

upon digestion, reach the colon unabsorbed and thus 

increase the abundance of beneficial bacteria and the 

production of short-chain fatty acids (FAs).14–16

Interestingly, some of the resulting metabolites of these 

flavonoids after metabolization by the gut microbiome 

have shown anti-inflammatory and antitumor 

properties.17

Berries represent a variety of small fruits with dif-

ferent colors, such as red, purple and blue.7 The most 

commonly consumed are blackberries (Rubus spp.), red 

raspberries (R. idaeus), black raspberries (R. 

occidentalis), blueberries (Vaccinium spp.), cranberries 

(V. macrocarpon), bilberries (V. myrtillus), blackcurrant 

(Ribes nigrum), and strawberries (Fragaria spp.). Less 

commonly consumed berries include chokeberries 

(Aronia melanocarpa), açai berries (Euterpe oleraceae), 

goji berries (Lycium barbarum), Indian gooseberry 

(Phyllanthus emblica L.), and mulberries (Morus 

alba).18–22 Furthermore, another widely cultivated fruit 

with antioxidant properties, which could be considered 

a berry, is the grape (Vitis vinifera L.).23 They are con-

sumed both as fresh products as well as processed foods 

(eg, juices, beverages, jams, freeze-dried).24 In general, 

berries exhibit a remarkable polyphenol content includ-

ing flavonoids, condensed tannins, hydrolyzable tan-

nins, phenolic acids, stilbenoids, and lignans,18,25

although their concentration may vary according to spe-

cies, genotype, and growing and post-harvesting condi-

tions.22 Nowadays, the development of dietary 

supplements based on concentrated extracts or nutra-

ceuticals that combine different plant extracts to acquire 

optimal nutritional value is growing rapidly. Therefore, 

there is a need to identify plants that can fulfill this pur-

pose. In this regard, the products of berry cultivation 

(fruits as well as different plant components like leaves, 

stem, or roots) are revealing increasing potential.

Considering the need to develop nutritional thera-

peutic strategies to combat NAFLD, our aim for this 

systematic review was to examine research in animal 

models, published in the academic literature, that 

studied the benefits that extracts from different parts of 

berry plants can offer to revert metabolic alterations 

caused by the onset of NAFLD. The inclusion of animal 

studies allows us to compare results not only in plasma 

but other tissues, and to analyze the key mechanisms 

responsible for the observed effects. Putting together 

these findings can help establish a wide base of knowl-

edge that will guide and encourage the design of clinical 

studies including different extracts of berries, or even a 

combination of them, for the treatment of NAFLD.

METHODS

Information sources and search strategy

A literature search for the present systematic review was 

conducted in the following electronic databases: 

MedLars Online International Literature, via PubMed; 

SCOPUS, Web of Science, and Cochrane Library Plus. 

For the inclusion of the different genera of the berries, 

the following Medical Subject Headings were used: 

“Actaea,” “Arctostaphylos,” “Euterpe,” “Fragaria,” 

“Hippophae,” “Lycium,” “Mahonia,” “Morus,” 

“Photinia,” “Phyllanthus,” “Prunus,” “Ribes,” “Rubus,” 

“Sambucus,” “Ulmus,” “Viburnum,” “Vitis,” 

2                                                                                                                                                                           Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



“Vaccinium,” “non-alcoholic fatty liver disease,” and 

“plant extracts.”

The resulting algorithm was ((Plant Extracts[MeSH 

Terms]) AND ((((((((((((((((((Actaea[MeSH Terms]) OR 

(Arctostaphylos[MeSH Terms])) OR (Euterpe[MeSH 

Terms])) OR (Fragaria[MeSH Terms])) OR (Hippophae 

[MeSH Terms])) OR (Mahonia[MeSH Terms])) OR 

(Morus[MeSH Terms])) OR (Photinia[MeSH Terms])) 

OR (Phyllanthus[MeSH Terms])) OR (Prunus[MeSH 

Terms])) OR (Ribes[MeSH Terms])) OR (Rubus[MeSH 

Terms])) OR (Sambucus[MeSH Terms])) OR (Ulmus 

[MeSH Terms])) OR (Viburnum[MeSH Terms])) OR 

(Vitis[MeSH Terms])) OR (Vaccinium[MeSH Terms])) 

OR (Lycium[MeSH Terms]))) AND ((((((((((((((Non- 

alcoholic Fatty Liver Disease[MeSH Terms]) OR (Fatty 

Liver, Nonalcoholic[Title/Abstract])) OR (Fatty Livers, 

Nonalcoholic[Title/Abstract])) OR (Liver, Nonalcoholic 

Fatty[Title/Abstract])) OR (Livers, Nonalcoholic Fatty 

[Title/Abstract])) OR (NAFLD[Title/Abstract])) OR 

(Non alcoholic Fatty Liver Disease[Title/Abstract])) OR 

(Nonalcoholic Fatty Liver[Title/Abstract])) OR 

(Nonalcoholic Fatty Liver Disease[Title/Abstract])) OR 

(Nonalcoholic Fatty Livers[Title/Abstract])) OR 

(Nonalcoholic Steatohepatitides[Title/Abstract])) OR 

(Nonalcoholic Steatohepatitis[Title/Abstract])) OR 

(Steatohepatitides, Nonalcoholic[Title/Abstract])) OR 

(Steatohepatitis, Nonalcoholic[Title/Abstract])).

The same algorithm, with some adaptations when 

needed, was used in the different databases (Appendix 

S1). Next, a list of relevant studies was made, avoiding 

duplicated articles, and it was completed by searching 

the reference list of selected publications and imple-

menting the inclusion and exclusion criteria.

The systematic review was carried out according to 

the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses guidelines20 (Table S1). The period 

of the search was set to the 10 years inclusive of January 

2011 to December 2021, to include the most recent 

information on the subject. The use of high-nutritional 

foods and plant extracts in studies of metabolic diseases 

have increased in recent years. Therefore, the Burton- 

Kebler index was used for obsolescence to help us 

include the most current scientific texts published on 

this topic according to the median age or median pro-

duction.21 In addition, the term “NAFLD” was used in 

the search instead of “MAFLD” (for metabolic 

dysfunction-associated fatty liver disease), because the 

latter was proposed in 2020. Established PICOS criteria 

for the included studies are shown in Table 1.

Article selection

Two of this study’s authors (A.G.-B. and A.L.M.) carried 

out the first screening of the literature separately, 

reviewed the abstracts of the retrieved articles, and 

selected the appropriate ones for further full-text exami-

nation. At this point, bibliographic reviews, epidemio-

logical studies, editorials, case reports, and book 

chapters were excluded. There were no language restric-

tions so all relevant studies could be included. In the 

second stage of the selection process, the same 2 authors 

examined the full-text articles and decided which 

should be included in the review. Because the aim of 

this work was to review the existing data on animal 

intervention studies, in vitro studies as well as human 

clinical trials were manually excluded at this point.  

Figure 1 shows the flow diagram of the selection process 

for this systematic review.

Data extraction

After the study selection, the same 2 authors independ-

ently reviewed and extracted information from the 

selected articles. Risk-of-bias assessment was conducted 

in accordance with a tool developed for animal studies 

by the Systematic Review Centre for Laboratory Animal 

Table 1. PICOS Criteria for Inclusion and Exclusion of Studies
Inclusion criteria Exclusion criteria

Population In vivo animal models of diet-induced or 
genetic nonalcoholic fatty liver disease

Clinical studies, in vitro studies, biblio-
graphic reviews, and meta-analyses

Intervention Inclusion of berry extracts made from any 
part of the plant in the diet or otherwise 
administered orally or injected, added in 
the drinking water

Inclusion of a combination of several ber-
ries extracts or nutraceuticals Inclusion 
of berries but not as an extract

Comparators Control group or group without berry 
intake, placebo group

No control group

Outcome Significant improvements in lipid metabo-
lism, hepatic steatosis, glucose and gly-
cogen metabolism, antioxidant and 
inflammation biomarkers

No significant improvements

Study Design Experimental, placebo-controlled studies Bibliographic/systematic reviews and 
meta-analyses, clinical studies, theses, 
dissertations, book chapters
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Experimentation.22 Moreover, the ARRIVE 2.0 guide-

lines26 for reporting animal research were used to 

evaluate the quality of the studies according to Garc�ıa- 

Gonz�alez et al.27 Briefly, the evaluation of the 21 items 

(formed by different subitems) included the use of the 

following scale: “reported” (2 points) if the publication 

complied with all subitems; “not reported” (0 points) if 

it did not; and “unclear” (1 point) if the details were not 

provided for all the subitems. In this way, a predefined 

quality coefficient (excellent, 0.8-1; average, 0.5-0.8; 

poor, <0.5) was applied to each study, calculated as the 

sum of the points obtained and divided by 42 (the maxi-

mum possible points). Studies with a quality coefficient 

<0.5 were excluded. The agreement between the 2 

reviewers was acceptable according to the Cohen κ stat-

istical test28 (κ > 0.60).29 Any discrepancies were 

resolved in consensus between A.G.-B. and A.L.M. or 

between 2 other authors (R.M.M. and G.K.), if 

necessary.

RESULTS

As shown in Figure 1, 203 studies were identified in the 

initial systematic search of the different databases. After 

the exclusion of duplicated studies, 109 potentially eligi-

ble studies were found. The first screening resulted in 

the exclusion of other bibliographic reviews (n¼ 19) 

and book chapters (n¼ 2). The remaining eligible 

studies were then reduced to 88. The second screening, 

which was manually performed, resulted in the exclu-

sion of articles without full-text access (n¼ 1), another 

topic irrelevant to this review (n¼ 1), and articles on 

studies including humans (n¼ 5), exclusively in vitro 

studies (n¼ 9), studies including alcoholic fatty liver 

disease (n¼ 5), studies that did not include berries in 

the intervention (n¼ 2), studies that combined a mix of 

several berries extracts or their nutraceuticals (n¼ 11), 

studies that included a berry consumption as an inter-

vention but not administered as an extract (n¼ 21), and 

5 articles that failed the quality scale. After the second 

screening, 28 eligible articles remained. Next, the refer-

ence lists of these 28 articles were checked for articles 

that met the inclusion criteria and did not appear in the 

initial search. Finally, 3 more articles were added, and 

the final number of eligible studies was 31. The interob-

server raw agreement was calculated at 88.89% 

(k¼ 0.647).

A summary of the family and genus, and the part of 

the plant used for the development of the extracts, as 

well as the isolated compounds, is presented in Table 2. 

In Table 3, detailed information is presented on the ani-

mal models used, specific interventions, and their prin-

cipal outcomes on altered biomarkers due to the 

development of NAFLD.

Upon examining these 31 articles, we found that 

over the past 10 years, most of the studies have focused 

Records identified from:
Databases (N = 203)

· MEDLINE (n = 41)
· Web of Science 

(n = 104)
· Scopus (n = 58)
· Cochrane (n = 0)

Records removed before 
screening:

Duplicate records removed 
(n = 94)

Records screened
(n = 109)

Records excluded
(n = 21)

Reports sought for retrieval
(n = 88)

Reports not retrieved
(n = 1)

Reports assessed for eligibility
(n = 87)

Reports excluded:
· Irrelevant topic to this review 

(n = 1)
· Including humans (n = 5)
· Exclusively in vitro studies (n= 9)
· Including alcoholic fatty liver 

disease (n = 5)
· Not including berries (n = 2)
· Combination of a mix of berry

extracts or their nutraceuticals 
(n = 11) 

· Berries not administered as an 
extract (n = 21)

Records identified from:
Citation searching (n = 12)

Reports assessed for eligibility
(n = 3)

Reports excluded:
· Not including berries (n = 2)
· Irrelevant topic to this review 

(n = 5)
· Including alcoholic fatty liver 

disease (n = 1)
· Previous to 2010 (n = 1)

Studies included in review
(n = 28)
Reports of included studies
(n = 3)

Identification of studies via databases and registers Identification of studies via other methods

n
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Reports sought for retrieval
(n = 12)

Reports not retrieved
(n = 0)

Figure 1. Flow Diagram for Systematic Reviews (Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020).

4                                                                                                                                                                           Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
2.

 D
es

cr
ip

tio
n 

of
 th

e 
Ch

ar
ac

te
ris

tic
s 

of
 B

er
ry

 E
xt

ra
ct

s 
in

 th
e 

Re
tr

ie
ve

d 
St

ud
ie

s
Re

fe
re

nc
e

Fa
m

ily
Sp

ec
ie

s
Pl

an
t 

po
rt

io
n

Ex
tr

ac
ti

on
 m

et
ho

d
Ch

em
is

tr
y 

co
m

po
si

ti
on

Al
 Z

ar
zo

ur
 e

t a
l1

Eu
ph

or
bi

ac
ea

e
Ph

yl
la

nt
hu

s 
ni

ru
ri

W
ho

le
 p

la
nt

W
at

er
, 5

0%
 m

et
ha

no
l a

nd
 

m
et

ha
no

l
El

la
gi

c 
ac

id
, p

hy
lla

nt
in

Ta
va

re
s 

et
 a

l2
Ar

ec
ac

ea
e

Eu
te

rp
e 

ol
er

ac
ea

 M
ar

t.
Se

ed
s

1.
 W

at
er

Pr
oa

nt
ho

cy
an

id
in

s,
 c

at
ec

hi
n,

 e
pi

ca
te

ch
in

2.
 E

th
an

ol
D

e 
O

liv
ei

ra
 e

t a
l3

Ar
ec

ac
ea

e
Eu

te
rp

e 
ol

er
ac

ea
 M

ar
t.

Se
ed

s
1.

 W
at

er
Pr

oa
nt

ho
cy

an
id

in
s,

 c
at

ec
hi

n,
 e

pi
ca

te
ch

in
2.

 E
th

an
ol

M
or

ris
on

 e
t a

l4
Er

ic
ac

ea
e

Va
cc

in
iu

m
 m

yr
til

lu
s 

L.
Fr

ui
t

Co
m

m
er

ci
al

 e
xt

ra
ct

: M
irt

os
el

ec
t

An
th

oc
ya

ni
ns

Pa
rk

 e
t a

l5
Ro

sa
ce

ae
Ar

on
ia

 m
el

an
oc

ar
pa

–
Co

m
m

er
ci

al
 e

th
an

ol
 e

xt
ra

ct
 

(D
ae

sa
n 

Co
.)

Ch
lo

ro
ge

ni
c 

ac
id

, n
eo

ch
lo

ro
ge

ni
c 

ac
id

, f
la

va
-

no
ls

, c
ya

ni
di

n 
3-

ga
la

ct
os

id
e,

 c
ya

ni
di

n-
3-

gl
u-

co
si

de
, c

ya
ni

di
n-

3-
ar

ab
in

os
id

e,
 c

ya
ni

di
n-

3-
 

xy
lo

si
de

, p
ro

cy
an

id
in

s
Pa

rk
 e

t a
l36

Ro
sa

ce
ae

Ru
bu

s 
fr

ut
ic

os
us

Fr
ui

t a
nd

 le
av

es
50

%
 e

th
an

ol
Cy

an
id

in
-3

-g
lu

co
si

de
 (f

ru
it 

ex
tr

ac
t)

, e
lla

gi
c 

ac
id

 
(le

av
e 

ex
tr

ac
t)

Xu
 e

t a
l30

M
or

ac
ea

e
M

or
us

 a
lb

a 
L.

Le
av

es
1.

 W
at

er
–

2.
 7

0%
 e

th
an

ol
3.

 E
th

yl
 a

ce
ta

te
 a

nd
 p

et
ro

-
le

um
 e

th
er

An
n 

et
 a

l32
M

or
ac

ea
e

M
or

us
 a

lb
a 

L.
Le

av
es

70
%

 e
th

an
ol

D
eo

xy
no

jir
im

yc
in

 (3
.7

5%
), 

re
sv

er
at

ro
l (

0.
01

5%
)

H
u 

et
 a

l33
M

or
ac

ea
e

M
or

us
 a

lb
a 

L.
Le

av
es

M
et

ha
no

l
Q

ue
rc

et
in

 (0
.9

%
), 

ru
tin

 (2
.6

%
)

Le
e 

et
 a

l34
M

or
ac

ea
e

M
or

us
 a

lb
a

Le
av

es
M

ul
be

rr
y 

po
w

de
r þ

50
%

 s
ilk

-
w

or
m

 p
ow

de
r þ

10
%

 
Co

rd
yc

ep
s 

m
ili

ta
ris

 (v
/w

) f
er

-
m

en
te

d 
fo

r 4
w

k;
 e

xt
ra

ct
io

n 
w

ith
 9

5%
 e

th
an

ol

–

M
a 

et
 a

l35
M

or
ac

ea
e

M
or

us
 a

lb
a

Ro
ot

 b
ar

k
70

%
 e

th
an

ol
–

Pa
rk

 e
t a

l9
M

or
ac

ea
e

M
or

us
 a

lb
a 

L.
Fr

ui
t

W
at

er
To

ta
l p

ol
yp

he
no

ls
 (3

5.
1

±
0.

7)
, t

ot
al

 fl
av

on
oi

ds
 

(2
4.

8
±

0.
6)

, c
ya

ni
di

n-
3-

gl
uc

os
id

e 
(6

.5
1

±
 

0.
04

), 
hy

dr
ox

yb
en

zo
ic

 a
ci

d 
(3

.7
1

±
0.

14
), 

ru
tin

 (8
.8

2
±

0.
06

).
Pe

ng
 e

t a
l6

M
or

ac
ea

e
M

or
us

 a
lb

a
Le

av
es

W
at

er
N

eo
ch

lo
ro

ge
ni

c 
ac

id
 (3

5.
5%

), 
cr

yp
to

ch
lo

ro
-

ge
ni

c 
ac

id
 (3

1.
7%

), 
ch

lo
ro

ge
ni

c 
ac

id
 (2

3.
8%

), 
ru

tin
 (9

.2
%

), 
is

oq
ue

rc
itr

in
 (5

.6
%

), 
as

tr
ag

al
in

 
ac

id
 (5

.3
%

), 
ni

co
tif

lo
rin

 (3
.5

%
), 

pr
ot

oc
at

e-
ch

ui
c 

ac
id

 (1
.3

%
)

So
ng

 e
t a

l31
M

or
ac

ea
e

M
or

us
 n

ig
ra

 L
.

Fr
ui

t
80

%
 e

th
an

ol
 a

nd
 0

.1
%

 tr
ifl

uo
ro

-
ac

et
ic

 a
ci

d
Cy

an
id

in
-3

-O
-g

lu
co

si
de

 (2
28

.1
5

±
15

.4
2

m
g 

g−
1 ), 

cy
an

id
in

-3
-r

ut
in

os
id

e 
(1

21
.6

5
±

7.
13

m
g 

g−
1 ), 

pe
la

rg
on

id
in

-3
-g

lu
co

si
de

 (1
9.

26
±

 
0.

97
m

g 
g−

1 ), 
to

ta
l p

ol
yp

he
no

ls
 (2

9.
02

±
 

3.
18

m
g 

ga
lli

c 
ac

id
 g

−
1 ), 

to
ta

l f
la

vo
no

id
s 

(3
6.

94
±

8.
19

m
g 

ru
tin

 g
−

1 ), 
to

ta
l s

ug
ar

 
(4

0.
29

±
6.

27
m

g 
g−

1 )
Ya

ng
 e

t a
l37

M
or

ac
ea

e
M

or
us

 a
lb

a
Fr

ui
t

70
%

 e
th

an
ol

Cy
an

id
in

-3
-g

lu
co

si
de

 (1
53

.7
m

g 
g−

1 ), 
cy

an
id

in
- 

3-
ru

tin
 (5

3.
6

m
g 

g−
1 )

(c
on

tin
ue

d)
 

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                            5 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
2.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Fa
m

ily
Sp

ec
ie

s
Pl

an
t 

po
rt

io
n

Ex
tr

ac
ti

on
 m

et
ho

d
Ch

em
is

tr
y 

co
m

po
si

ti
on

Fo
ts

ch
ki

 e
t a

l38
Ro

sa
ce

ae
Ru

bu
s 

id
ae

us
 L

.
Po

m
ac

e
30

/7
0 

(v
/v

) a
ce

to
ne

/w
at

er
La

m
be

rt
ia

ni
n 

C,
 s

an
gu

iin
 h

-6
, e

lla
gi

c 
ac

id
, 

(þ
)-

ca
te

ch
in

, (
−

)-
ep

ic
at

ec
hi

n,
 p

ro
an

th
oc

ya
-

ni
di

ns
, c

ya
ni

di
n-

3-
O

-s
po

ho
ro

si
de

, c
ya

ni
di

n-
3-

 
O

-g
lu

co
sy

l-r
ut

in
os

id
e,

 c
ya

ni
di

n-
3-

O
-g

lu
co

-
si

de
, c

ya
ni

di
n-

3-
O

-r
ut

in
os

id
e,

 p
el

ar
go

ni
di

n-
 

3-
O

-g
lu

co
si

de
Li

 e
t a

l39
Ro

sa
ce

ae
Ru

bu
s 

al
ea

ef
ol

iu
s 

Po
ir

Ro
ot

s
Ch

lo
ro

fo
rm

: m
et

ha
no

l: 
am

m
o-

ni
a 

so
lu

tio
n 

(1
5:

4:
3)

Fr
uc

to
se

, g
lu

co
sa

m
in

e,
 g

al
ac

to
se

, g
lu

co
se

, 
m

an
no

se
N

am
 e

t a
l40

Ro
sa

ce
ae

Ru
bu

s 
co

re
an

us
Fr

ui
t

Co
m

m
er

ci
al

 e
xt

ra
ct

 (L
ee

’s 
Bi

ot
ec

h 
Co

., 
Lt

d.
)

–

Zh
ao

 e
t a

l41
Ro

sa
ce

ae
Ru

bu
s 

al
ea

ef
ol

iu
s 

Po
ir.

Ro
ot

s
Ch

lo
ro

fo
rm

: m
et

ha
no

l: 
am

m
o-

ni
a 

so
lu

tio
n 

(1
5:

4:
3)

Al
ka

lo
id

 (0
.8

1
m

g 
g−

1 )

Ba
e 

et
 a

l42
So

la
na

ce
ae

Ly
ci

um
 c

hi
ne

ns
e

Fr
ui

t
W

at
er

Fr
uc

to
se

, g
lu

co
sa

m
in

e,
 g

al
ac

to
se

, g
lu

co
se

, 
m

an
no

se
G

lis
an

 e
t a

l43
Er

ic
ac

ea
e

Va
cc

in
iu

m
 m

ac
ro

ca
rp

on
Fr

ui
t

Ac
et

on
e:

 w
at

er
: a

ce
tic

 a
ci

d 
(8

0:
19

.9
:0

.1
, v

:v
:v

)
A-

ty
pe

 p
ro

an
th

oc
ya

ni
di

n 
di

m
er

 (0
.8

62
m

g/
g 

ex
tr

ac
t)

 
B-

ty
pe

 p
ro

an
th

oc
ya

ni
di

n 
di

m
er

 (0
.1

00
m

g 
g−

1 

ex
tr

ac
t)

 
B-

ty
pe

 p
ro

an
th

oc
ya

ni
di

n 
tr

im
er

 (0
.0

44
m

g 
g−

1 

ex
tr

ac
t)

 
Cy

an
id

in
-6

-a
ce

ty
l-3

-g
lu

co
si

de
 (0

.0
01

m
g 

g−
1 

ex
tr

ac
t)

 
Cy

an
id

in
 g

al
ac

to
si

de
 o

r g
lu

co
si

de
 (0

.6
59

m
g 

g−
1 

ex
tr

ac
t)

 
D

el
ph

in
id

in
 a

ra
bi

no
si

de
 (0

.0
76

m
g 

g−
1 

ex
tr

ac
t)

 
D

el
ph

in
id

in
-6

-a
ce

ty
l-3

-g
lu

co
si

de
 (0

.2
91

m
g/

g 
ex

tr
ac

t)
 

M
al

vi
di

n-
6-

ac
et

yl
-3

 g
lu

co
si

de
 o

r g
al

ac
to

si
de

 1
 

(0
.1

88
m

g 
g−

1 
ex

tr
ac

t)
, M

al
vi

di
n-

6-
ac

et
yl

-3
 g

lu
-

co
si

de
 o

r g
al

ac
to

si
de

 2
 (0

.3
47

m
g 

g−
1 

ex
tr

ac
t)

, 
Pe

on
id

in
 a

ra
bi

no
si

de
 1

 (0
.1

18
m

g 
g−

1 
ex

tr
ac

t)
, 

pe
on

id
in

 a
ra

bi
no

si
de

 2
 (0

.9
55

m
g 

g−
1 

ex
tr

ac
t)

, 
pe

on
id

in
 g

al
ac

to
si

de
 (3

.9
7

m
g 

g−
1 

ex
tr

ac
t)

, 
pe

tu
ni

di
n 

gl
yc

os
id

e 
(0

.6
38

m
g 

g−
1 

ex
tr

ac
t)

 
H

ua
ng

 e
t a

l44
Eu

ph
or

bi
ac

ea
e

Ph
yl

la
nt

us
 e

m
bl

ic
a 

L.
Fr

ui
t

W
at

er
–

Tu
ng

 e
t a

l52
Eu

ph
or

bi
ac

ea
e

Ph
yl

la
nt

hu
s 

em
bl

ic
a 

L.
Fr

ui
t

W
at

er
 (r

ev
er

se
 o

sm
os

is
)

–
Xi

ao
 e

t a
l45

So
la

na
ce

ae
Ly

ci
um

 b
ar

ba
ru

m
 L

yn
n

Fr
ui

ts
1.

 E
th

an
ol

–
2.

 W
at

er
Pa

k 
et

 a
l23

Vi
ta

ce
ae

Vi
tis

 c
oi

gn
et

ia
e 

Pu
lli

at
Le

av
es

W
at

er
–

Al
 Z

ar
zo

ur
 e

t a
l47

Eu
ph

or
bi

ac
ea

e
Ph

yl
la

nt
hu

s 
ni

ru
ri

W
ho

le
 p

la
nt

50
%

 m
et

ha
no

l
–

(c
on

tin
ue

d)
 

6                                                                                                                                                                           Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
2.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Fa
m

ily
Sp

ec
ie

s
Pl

an
t 

po
rt

io
n

Ex
tr

ac
ti

on
 m

et
ho

d
Ch

em
is

tr
y 

co
m

po
si

ti
on

N
an

as
hi

m
a 

et
 a

l50
G

ro
ss

ul
ar

ia
ce

ae
Ri

be
s 

ni
gr

um
 L

.
–

Co
m

m
er

ci
al

 (K
oy

o 
M

er
ca

nt
ile

 
Co

.)
Po

ly
ph

en
ol

s 
(3

7.
6

g 
10

0 
g−

1 
ex

tr
ac

t)
, 

An
th

oc
ya

ni
ns

 (3
8

g 
10

0 
g−

1 
ex

tr
ac

t)
Sa

nt
os

 e
t a

l48
Vi

ta
ce

ae
Vi

tis
 v

in
ife

ra
 L

.
Sk

in
1.

 W
at

er
Pe

on
id

in
-3

-O
-g

lu
co

si
de

, p
et

un
id

in
-3

-O
-g

lu
co

-
si

de
, m

al
vi

di
n-

3-
O

-g
lu

co
si

de
, m

al
vi

di
n-

3-
(6

- 
O

-t
ra

ns
-p

-c
ou

m
ar

yl
)-

5-
O

-d
ig

lic
os

id
e

2.
 Io

n-
ex

ch
an

ge
 re

si
n 

co
lu

m
n 

w
as

he
d 

w
ith

 e
th

an
ol

 o
r 

w
at

er
Ch

ar
ra

di
 e

t a
l51

Vi
ta

ce
ae

Vi
tis

 v
in

ife
ra

Se
ed

 a
nd

 s
ki

n
10

%
 e

th
an

ol
Ca

te
ch

in
 (1

.3
1%

), 
ep

ic
at

ec
hi

n 
(1

.6
1%

), 
pr

oc
ya

-
ni

di
n 

di
m

er
 (0

.2
3%

), 
qu

er
ce

tin
 (0

.5
5%

), 
re

sv
er

at
ro

l (
0.

07
%

), 
ru

tin
 (1

.0
0%

), 
va

ni
lli

n 
(9

.2
1%

), 
ga

lli
c 

ac
id

 (4
1.

53
%

), 
p-

co
um

ar
ic

 a
ci

d 
(0

.1
9%

), 
ro

sm
ar

in
ic

 a
ci

d 
(0

.3
7%

), 
2,

5-
di

hy
-

dr
ox

yb
en

zo
ic

 a
ci

d 
(4

1.
26

%
), 

ca
ffe

ic
 a

ci
d 

(1
.4

0%
), 

ch
lo

ro
ge

ni
c 

ac
id

 (0
.1

7%
), 

fe
ru

lic
 

ac
id

 (1
.0

0%
)

D
e 

Be
m

 e
t a

l46
Ar

ec
ac

ea
e

Eu
te

rp
e 

ol
er

ac
ea

 M
ar

t.
Se

ed
s

1.
 W

at
er

Pr
oa

nt
ho

cy
an

id
in

s 
(8

8%
), 

ca
te

ch
in

, e
pi

ca
te

ch
in

2.
 E

th
an

ol
Fr

ei
ta

s 
et

 a
l49

Ar
ec

ac
ea

e
Eu

te
rp

e 
ed

ul
is

Pu
lp

Et
hy

l e
th

er
 (S

ox
hl

et
 e

xt
ra

ct
io

n)
Po

ly
ph

en
ol

s 
(m

g 
G

AE
 g

−
1 ) 4

.1
0

±
0.

13
 (B

E)
, 

4.
95

±
0.

07
 (d

ef
at

te
d 

BE
); 

an
th

oc
ya

ni
ns

 (m
g 

G
AE

 g
−

1 ) 2
13

0
±

11
4 

(B
E)

, 3
12

1
±

13
9 

(d
ef

at
-

te
d 

BE
); 

α-
to

co
ph

er
ol

 3
2.

17
±

0.
61

 (B
E)

, 2
.1

0 
±

0.
30

 (d
ef

at
te

d 
BE

), 
14

0.
45

±
3.

56
 (B

E 
oi

l);
 

β-
to

co
ph

er
ol

 1
.5

0
±

0.
01

 (B
E)

, 0
.1

1
±

0.
01

 
(d

ef
at

te
d 

BE
), 

7.
10

±
0.

07
 (B

E 
oi

l);
 γ

-t
oc

o-
ph

er
ol

 1
.7

1
±

0.
01

 (B
E)

, 0
.1

0
±

0.
01

 (d
ef

at
te

d 
BE

), 
7.

37
±

0.
03

 (o
il 

BE
)

Ab
br

ev
ia

tio
ns

: B
E,

 b
er

ry
 e

xt
ra

ct
; G

AE
, g

al
lic

 a
ci

d 
eq

ui
va

le
nt

s.

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                            7 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 E
ffe

ct
s 

of
 F

un
ct

io
na

l B
er

ry
 E

xt
ra

ct
s 

on
 L

iv
er

 a
nd

 O
th

er
 T

iss
ue

s 
of

 N
AF

LD
 A

ni
m

al
 M

od
el

s
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

Al
 Z

ar
zo

ur
 e

t a
l, 

20
17

1
Ph

yl
la

nt
hu

s 
ni

ru
ri,

 
M

eO
H

-W
 e

xt
ra

ct
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 1

0
w

k 
1.

 N
D

 þ
D

W
 (1

0
m

L 
kg

-1
 BW

) 
2.

 H
FD

 (N
D

 þ
10

%
 m

ar
ga

rin
e 

 
(w

t/
w

t)
, 1

0%
 g

he
e 

fa
t (

w
t/

w
t)

, 1
%

 
CH

O
L 

an
d 

0.
5%

 c
ho

lic
 a

ci
d)

 þ
D

W
 

(1
0

m
L 

kg
-1

 BW
), 

O
G

 
3.

 H
FD

 þ
m

et
fo

rm
in

 5
00

m
g 

kg
-1

 BW
 

(1
0

m
L 

kg
-1

 BW
), 

O
G

 
4.

 H
FD

 þ
BE

 (W
): 

10
m

L 
kg

-1
 BW

, O
G

 
5.

 H
FD

 þ
BE

 (5
0%

 M
eO

H
, 5

0%
 W

): 
10

m
L 

kg
-1

 BW
, O

G
 

6.
 H

FD
 þ

BE
 (M

eO
H

): 
10

m
L 

kg
-1

 BW
, 

O
G

 
N

AF
LD

I: 
4

w
k 

TP
: 4

w
k 

D
os

e-
re

sp
on

se
 a

ss
ay

: 
1.

 N
D

 þ
D

W
 (1

0
m

L 
kg

-1
 BW

), 
O

G
 

2.
 H

FD
 þ

D
W

 (1
0

m
L 

kg
-1

 BW
), 

O
G

 
4.

 H
FD

 þ
BE

 (5
0%

 M
eO

H
 -5

0%
 W

) 
10

00
m

g 
kg

-1
 (1

0
m

L 
kg

-1
 BW

), 
O

G
 

5.
 H

FD
 þ

BE
 (5

0%
 M

eO
H

-5
0%

 W
) 

50
0

m
g 

kg
-1

 (1
0

m
L 

kg
-1

 BW
) O

G
 

6.
 H

FD
 þ

BE
 (5

0%
 M

eO
H

-5
0%

 W
) 

25
0

m
g 

kg
-1

 (1
0

m
L 

kg
-1

 BW
) O

G
 

N
AF

LD
I: 

4
w

k 
TP

: 4
w

k 

G
ro

up
s 

4,
 5

, 6
: #

st
ea

to
si

s,
 T

C 
an

d 
M

D
A 

le
ve

ls
 

G
ro

up
 5

: #
LW

 
G

ro
up

s 
5,

 6
: #

lo
bu

la
r i

nf
la

m
-

m
at

io
n,

 T
G

 
D

os
e 

re
sp

on
se

 a
ss

ay
: H

FD
 þ

BE
 

(5
0%

 M
eO

H
-5

0%
 W

) 
#

LW
, l

ob
ul

ar
 in

fla
m

m
at

io
n 

an
d 

st
ea

to
si

s 

G
ro

up
s 

4,
 5

, 6
: #

vi
sc

er
al

 fa
t, 

In
s,

 H
O

M
A-

IR
, T

C,
 F

FA
, a

nd
 

LD
L 

(s
er

um
) 

G
ro

up
s 

5,
 6

: #
AL

T 
(s

er
um

) 
G

ro
up

 5
: #

AL
P 

(s
er

um
) 

D
os

e 
re

sp
on

se
 a

ss
ay

: 
G

ro
up

s 
4,

 5
, 6

: #
TC

, L
D

L,
 A

LT
 

an
d 

In
s,

 "
AS

T 
to

 A
LT

 ra
tio

 
(s

er
um

) 
G

ro
up

s 
4,

 5
: #

AL
P,

 G
lu

 (s
er

um
) 

G
ro

up
 4

: #
vi

sc
er

al
 fa

t 

Ta
va

re
s 

et
 a

l, 
20

20
2

Eu
te

rp
e 

ol
er

ac
ea

 
M

ar
t. 

hy
dr

oa
lc

o-
ho

lic
 e

xt
ra

ct

M
: M

al
e 

C5
7B

L/
6 

m
ic

e 
A/

W
: 4

w
k 

1.
 N

D
 

2.
 H

FD
 (6

0%
 k

ca
l f

at
) þ

V,
 IG

 
3.

 H
FD
þ

BE
 3

00
m

g 
kg

-1
 d-1

, I
G

 
N

AF
LD

I: 
8

w
k 

TP
: 4

w
k 

#
LW

 a
nd

 li
pi

d 
ac

cu
m

ul
at

io
n 

#
M

D
A 

an
d 

ca
rb

on
yl

 le
ve

ls
 

#
SO

D
, G

Px
, a

nd
 C

AT
 e

nz
ym

at
ic

 
ac

tiv
ity

 

#
BW

 
#

TG
, T

C,
 L

D
L,

 V
LD

L,
 a

nd
 A

LT
 

(s
er

um
) 

D
e 

O
liv

ei
ra

 e
t 

al
,2

01
53

Eu
te

rp
e 

ol
er

ac
ea

 
M

ar
t. 

hy
dr

oa
lc

o-
ho

lic
 e

xt
ra

ct

M
: M

al
e 

C5
7B

L/
6 

m
ic

e 
A/

W
: 4

w
k 

1.
 N

D
 

2.
 N

D
 þ

30
0

m
g 

kg
-1

 d-1
 BE

, I
G

 
3.

 H
FD

 (6
0%

 fa
t)

 
4.

 H
FD

 þ
30

0
m

g 
kg

-1
 d-1

 BE
, I

G
 

TP
: 1

2
w

k 

#
LW

 a
nd

 s
te

at
os

is
 

#
TC

, T
G

, M
D

A,
 a

nd
 c

ar
bo

ny
l 

pr
ot

ei
n 

le
ve

ls
 

"
pA

M
PK

, p
AC

AC
A 

to
 A

CA
CA

 
ra

tio
, A

BC
G

5 
an

d 
AB

CG
8 
#

H
M

G
CR

, a
nd

 S
RE

BP
-1

c 
"

SO
D

, C
AT

, a
nd

 G
Px

 e
nz

ym
at

ic
 

ac
tiv

ity
 

#
BW

, e
pi

di
dy

m
al

 a
nd

 re
tr

op
er

i-
to

ne
al

 a
di

po
se

 ti
ss

ue
s 

w
ei

gh
ts

 
#

TC
, T

G
, L

D
L,

 V
LD

L 
(s

er
um

) 
#

Le
pt

in
 (p

la
sm

a)
 

"
Ad

ip
on

ec
tin

 (p
la

sm
a)

 

(c
on

tin
ue

d)
 

8                                                                                                                                                                           Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

M
or

ris
on

 e
t a

l, 
20

15
4

Va
cc

in
iu

m
 m

yr
til

lu
s 

L.
 e

xt
ra

ct
M

: F
em

al
e 

E3
L 

m
ic

e 
A/

W
: –

 
1.

 W
TD

 (1
5%

 C
CB

, 1
%

 C
O

, 4
0.

5%
 

SU
C,

 2
0%

 a
ci

d 
ca

se
in

, 1
0%

 C
S,

 a
nd

 
6.

2%
 C

EL
) þ

1%
 C

H
O

L 
2.

 W
TD

 
3.

 W
TD
þ

1%
 C

H
O

Lþ
0.

1%
 B

E 
N

AF
LD

I: 
4

w
k 

TP
: 1

6
w

k 

#
M

ac
ro

- a
nd

 m
ic

ro
ve

si
cu

la
r 

st
ea

to
si

s 
#

H
ep

at
oc

el
lu

la
r d

am
ag

e 
(C

K-
 

18
) 

#
In

fla
m

m
at

or
y 

ce
ll 

ag
gr

eg
at

es
 

#
In

tr
ah

ep
at

ic
 C

H
O

L 
cr

ys
ta

l 
fo

rm
at

io
n 

#
Co

lla
ge

n 
an

d 
TC

, #
Co

l1
a1

 
an

d 
M

po
, #

p6
5-

N
F-

κB
 a

ct
iv

ity
 

–

Pa
rk

 e
t a

l, 
20

17
5

Ar
on

ia
 m

el
an

oc
ar

pa
 

et
ha

no
lic

 e
xt

ra
ct

M
: M

al
e 

C5
7B

L/
6N

 
m

ic
e 

A/
W

: 5
w

k 

1.
 N

D
 

2.
 H

FD
 (6

0%
 k

ca
l f

at
) 

3.
 H

FD
 þ

BE
 5

0
m

g 
kg

-1
 d-1

, O
G

 
TP

: 1
2

w
k 

#
LW

 
#

Li
pi

d 
de

po
si

tio
n,

 T
G

 a
nd

 F
AS

 
#

Pp
ar

g2
 

#
Fa

bp
4 

an
d 

Lp
l (

m
RN

A 
an

d 
pr

ot
ei

n)
 

"
SO

D
 a

nd
 T

EA
C 

en
zy

m
at

ic
 

ac
tiv

ity
 

#
BW

 
#

AS
T,

 A
LT

, a
nd

 le
pt

in
 (s

er
um

) 

Pa
rk

 e
t a

l, 
20

19
36

W
at

er
 e

xt
ra

ct
 o

f 
m

ul
be

rr
y 

an
d 

si
lk

 
am

in
o 

ac
id

s

M
: M

al
e 

SD
 ra

ts
 

A/
W

: 1
1

w
k;

 3
06

±
 

20
g 

1.
 N

D
 

2.
 H

FD
 (5

1%
 fa

t)
 þ

CE
L 

0.
6%

 
3.

 H
FD

 þ
BE

 a
nd

 S
A 

(1
:3

) 2
00

m
g 

kg
-1

 

BW
 p

er
 d

ay
 

4.
 H

FD
 þ

BE
 a

nd
 S

A 
(1

:3
) 6

00
m

g 
kg

-1
 

BW
 p

er
 d

ay
 

5.
 H

FD
 þ

BE
 a

nd
 S

A 
(1

:5
) 2

00
m

g 
kg

-1
 

BW
 p

er
 d

ay
 

6.
 H

FD
 þ

BE
 a

nd
 S

A 
(1

:5
) 6

00
m

g 
kg

-1
 

BW
 p

er
 d

ay
 

TP
: 1

2
w

k 

G
ro

up
s 

3,
 4

, 5
, 6

: #
LW

, b
al

lo
on

-
in

g 
de

ge
ne

ra
tio

n,
 m

ac
ro

-
ph

ag
e 

in
fil

tr
at

io
n,

 #
TN

F-
α,

 
Tn

fa
, 

G
ro

up
s 

4 
&

 6
: #

Li
ve

r c
el

lu
la

r 
da

m
ag

e,
 li

ve
r s

iz
e 

an
d 

fa
t 

ac
cu

m
ul

at
io

n,
 "

pA
KT

/A
KT

, 
pA

CA
CA

/A
CA

CA
 a

nd
 A

CA
CA

, 
#

Cy
p2

e1
 

G
ro

up
s 

4,
 5

, 6
: #

TG
 a

nd
 T

C 
an

d 
M

D
A 

le
ve

ls
, I

l1
b,

 F
as

n 
an

d 
Sr

eb
f1

, "
gl

yc
og

en
 le

ve
ls

, 
Cp

t1
a 

G
ro

up
s 

3,
 4

, 6
: "

G
SH

-p
er

ox
i-

da
se

 e
nz

ym
at

ic
 a

ct
iv

ity
 a

nd
 

G
SH

 le
ve

ls
 

G
ro

up
 4

: "
SO

D
 e

nz
ym

at
ic

 
ac

tiv
ity

 

G
ro

up
s 

3,
 4

, 5
, 6

: #
AS

T 
an

d 
γ-

G
PT

, H
O

M
A-

IR
 (s

er
um

), 
BW

 
ga

in
, #

AU
C 

(G
lu

 &
 In

s)
 

G
ro

up
s 

3,
 4

, 6
: "

H
D

L 
G

ro
up

s 
4,

 5
, 6

: #
TN

Fa
, #

G
lu

 
an

d 
no

ne
st

er
ifi

ed
 F

As
 (s

er
um

) 
G

ro
up

s 
4,

 6
: #

LD
L 

an
d 

In
s 

(s
er

um
) 

G
ro

up
s 

5,
 6

: #
BW

, e
pi

di
dy

m
al

 
an

d 
re

tr
op

er
ito

ne
al

 fa
t m

as
s,

 
TG

 
G

ro
up

 6
: #

AL
T 

(s
er

um
) 

G
ro

up
 3

, 4
: "

Ba
ct

er
oi

da
le

s 
to

 
Cl

os
tr

id
ia

le
s 

ra
tio

 
G

ro
up

 4
: "

gu
t b

ac
te

ria
l s

pe
ci

es
 

Xu
 e

t a
l, 

20
17

30
M

or
us

 a
lb

a 
L.

 h
yd

ro
-

al
co

ho
lic

 e
xt

ra
ct

M
: M

al
e 

C5
7B

L/
6 

m
ic

e 
A/

W
: 4

w
k 

1.
 N

D
 

2.
 H

FD
 (6

0%
 k

ca
l f

at
) 

3.
 H

FD
þ

β-
gl

uc
an

 2
00

m
g 

 
kg

-1
 d-1

, O
G

 
4.

 H
FD

 þ
BE

 2
00

m
g 

kg
-1

 d-1
, O

G
 

5.
 H

FD
 þ

β-
gl

uc
an

 2
00

m
g 

kg
-1

 d-1
 

þ
BE

 2
00

m
g 

kg
-1

 d-1
, O

G
 

TP
: 1

2
w

k 

G
ro

up
s 

4,
 5

: #
LW

 
G

ro
up

 5
: #

TG
 a

nd
 T

C,
 "

G
ST

, 
G

SS
G

, C
u/

Zn
-S

O
D

 e
nz

ym
at

ic
 

ac
tiv

ity
, G

SH
/G

SS
G

 a
nd

 R
O

S 
co

nt
en

t 

G
ro

up
s 

4,
 5

: #
BW

, #
TG

, F
FA

, 
CH

O
L,

 L
D

L-
c,

 le
pt

in
, A

ST
, A

LT
, 

IL
1b

, I
L4

, a
nd

 T
N

F-
α 

(s
er

um
), 

#
pe

rin
ea

l f
at

 m
as

s 
G

ro
up

 5
: #

AU
C 

an
d 

fa
st

in
g 

G
lu

 
an

d 
In

s 

(c
on

tin
ue

d)
 

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                            9 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

An
n 

et
 a

l, 
20

15
32

M
or

us
 a

lb
a 

L.
 e

th
a-

no
lic

 e
xt

ra
ct

M
: C

57
BL

/6
 m

ic
e 

A/
W

: 4
w

k 
1.

 N
D

 þ
D

W
 

2.
 H

FD
 (4

5%
 k

ca
l f

at
) þ

D
W

 
3.

 H
FD

 þ
BE

 1
33

m
g 

kg
-1

 d-1
 5 

tim
es

/ 
w

k 
O

G
 

4.
 H

FD
 þ

BE
 6

66
m

g 
kg

-1
 d-1

 5 
tim

es
/ 

w
k 

O
G

 
TP

: 1
2

w
k 

G
ro

up
s 

3,
 4

: #
fa

t a
cc

um
ul

at
io

n,
 

Lp
l, 

Sr
eb

f1
, F

ab
p4

, U
cp

2,
 

Pp
ar

a,
 #

SR
EB

P-
1c

 a
nd

 A
CT

A2
 

G
ro

up
 4

: #
N

r1
h3

, F
as

n,
 C

eb
pa

, 
Co

l1
a1

, #
LP

L,
 4

-H
N

E,
 n

uc
le

ar
 

N
RF

2,
 H

O
-1

, G
Px

 e
nz

ym
at

ic
 

ac
tiv

ity
 

G
ro

up
s 

3,
 4

: "
H

D
L,

 #
TG

, T
C,

 
LD

L,
 A

I, 
4-

H
N

E,
 #

G
O

T,
 G

PT
, 

G
Px

, a
nd

 H
O

-1
 p

la
sm

a 
en

zy
-

m
at

ic
 a

ct
iv

ity
 

G
ro

up
 3

: #
ep

id
id

ym
al

 a
nd

 re
t-

ro
pe

rit
on

ea
l f

at
 

H
u 

et
 a

l, 
20

20
33

M
or

us
 a

lb
a 

L.
 m

et
h-

an
ol

ic
 e

xt
ra

ct
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 1

00
-1

20
g;

 
4

w
k 

1.
 N

D
 

2.
 O

AD
 (N

D
 þ

1%
 O

A 
þ

33
%

 S
U

C)
 

3.
 O

AD
 þ

fe
no

fib
ra

te
 5

0
m

g 
kg

-1
 d-1

 

O
G

 
4.

 O
AD

 þ
BE

 5
0

m
g 

kg
-1

 d-1
 O

G
 

5.
 O

AD
 þ

BE
 1

00
m

g 
kg

-1
 d-1

 O
G

 
6.

 O
AD

 þ
BE

 2
00

m
g 

kg
-1

 d-1
 O

G
 

TP
: U

nk
no

w
n 

G
ro

up
s 

4,
 5

, 6
: #

TC
 a

nd
 T

G
, #

no
. o

f l
ip

id
 d

ro
pl

et
s 

an
d 

hi
st

o-
lo

gi
ca

l l
es

io
n,

 #
H

m
gc

r a
nd

 
m

iR
-3

3a
 

G
ro

up
s 

5,
 6

: #
Sr

eb
f2

 
G

ro
up

s 
4,

 5
: "

Cy
p7

a1
 

–

Le
e 

et
 a

l, 
20

20
34

M
or

us
 a

lb
a 

fe
r-

m
en

te
d 

ex
tr

ac
t

M
: M

al
e 

C5
7B

L/
6N

 
m

ic
e 

A/
W

: 8
w

k 

1.
 N

D
 

2.
 H

FD
 (6

0%
 k

ca
l f

at
) þ

V 
10

m
g/

kg
 

(O
O
þ

1%
 D

M
SO

) 5
 ti

m
es

 w
k-1

, O
G

 
3.

 H
FD
þ

or
lis

ta
t 1

0
m

g 
kg

-1
 5 

tim
es

 
w

k-1
, O

G
 

4.
 H

FD
 þ

BE
 5

0
m

g 
kg

-1
 5 

tim
es

 w
k-1

, 
O

G
 

TP
: 1

2
w

k 

#
LW

, #
no

. a
nd

 s
iz

e 
of

 li
pi

d 
dr

op
le

ts
, a

nd
 s

te
at

os
is

 to
ta

l 
sc

or
e 

#
Pp

ar
g,

 F
ab

p4
, F

as
n,

 K
lf2

, N
os

2,
 

Pt
gs

2,
 Il

1b
, I

l6
, T

nf
a,

 N
fk

b,
 

At
g4

b,
 A

tg
5,

 A
tg

7,
 a

nd
 A

tg
12

; 
#

p-
JN

K,
 p

-p
38

, p
-m

TO
R,

 
be

cl
in

, a
nd

 L
C3

 le
ve

ls
; "

p-
 

PI
3K

, p
-A

KT
, a

nd
 p

-E
RK

 le
ve

ls
 

#
BW

M
a 

et
 a

l, 
20

18
35

M
or

us
 a

lb
a 

et
ha

-
no

lic
 e

xt
ra

ct
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 8

w
k;

 2
75

±
 

25
g 

1.
 N

D
 

2.
 N

D
 þ

BE
 

3.
 H

FD
 (6

0%
 k

ca
l f

ro
m

 fa
t)

 
4.

 H
FD

 þ
BE

 p
re

ve
nt

io
n 

(1
0

g 
kg

-1
 d-1

) 
4

m
o 
þ

BE
 th

er
ap

eu
tic

 (1
0

g 
kg

-1
 d-1

) 
2

m
o 

O
G

 
5.

 H
FD

 þ
BE

 th
er

ap
eu

tic
 (1

0
g 

kg
-1

 d-1
) 

3
m

o 
O

G
 

N
AF

LD
I: 

3
m

o 
H

FD
. I

m
m

ed
ia

te
ly

 a
ft

er
 

ST
Z/

ci
tr

at
e 

bu
ffe

r (
CT

) I
P 

 
(4

0
m

g 
kg

-1
) 

TP
: 6

m
o 

G
ro

up
s 

4,
 5

: #
Sr

eb
f1

 a
nd

 M
lx

ip
l 

G
ro

up
 4

: #
Fa

sn
G

ro
up

s 
4,

 5
: #

fa
st

in
g 

G
lu

 a
nd

 
H

O
M

A-
IR

, "
In

s,
 #

TG
, F

FA
, 

AS
T,

 A
LT

 (s
er

um
) 

G
ro

up
 4

: #
TC

 (s
er

um
) (c

on
tin

ue
d)

 

10                                                                                                                                                                         Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

Pa
rk

 e
t a

l, 
20

19
9

Ru
bu

s 
fr

ut
ic

os
us

 
et

ha
no

lic
 e

xt
ra

ct
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 1

1
w

k;
 1

95
±

 
11

g 

1.
 N

D
 

2.
 H

FD
 (5

1%
 k

ca
l f

at
) þ

de
xt

rin
 

(4
50

m
g 

kg
-1

 BW
 p

er
 d

ay
) 

3.
 H

FD
 þ

m
ilk

 th
is

tle
 e

xt
ra

ct
s 

(1
50

m
g 

kg
-1

 BW
 p

er
 d

ay
) 

4.
 H

FD
 þ

50
%

 B
E 

le
af

 (4
50

m
g 

kg
-1

 

BW
 p

er
 d

ay
) 

5.
 H

FD
 þ

50
%

 B
E 

fr
ui

t (
45

0
m

g 
kg

-1
 

BW
 p

er
 d

ay
) 

6.
 H

FD
 þ

BE
 le

af
 a

nd
 fr

ui
t (

2:
1)

 
(1

50
m

g 
kg

-1
 BW

 p
er

 d
ay

) 
TP

: 1
2

w
k 

G
ro

up
s 

4,
 5

, 6
: #

TG
, M

D
A,

 a
nd

 
TN

Fa
, A

ca
ca

, F
as

n,
 T

N
Fa

; 
"

gl
yc

og
en

 le
ve

ls
, "

SO
D

 e
nz

y-
m

at
ic

 a
ct

iv
ity

 
G

ro
up

s 
4,

 6
: #

en
la

rg
em

en
t o

f 
th

e 
nu

cl
eu

s 
an

d 
th

e 
ce

ll 
si

ze
, 

m
ac

ro
ph

ag
e 

in
fil

tr
at

io
n,

 
CH

O
L,

 S
re

bf
1 

an
d 

Il1
b,

 "
Cp

t1
a 

G
ro

up
 6

: "
G

SH
 e

nz
ym

at
ic

 
ac

tiv
ity

 

G
ro

up
s 

4,
 5

 &
 6

: #
ep

id
id

ym
al

 
an

d 
re

tr
op

er
ito

ne
al

 fa
t, 

#
Se

ru
m

 le
ve

ls
 o

f A
ST

, A
LT

, T
C,

 
LD

L,
 n

on
es

te
rif

ie
d 

FF
As

, A
U

C 
(G

lu
 &

 In
s)

 
G

ro
up

s 
4,

 5
: #

TG
 (s

er
um

) 
G

ro
up

s 
4,

 6
: #

In
s 

se
ru

m
 le

ve
ls

, 
H

O
M

A-
IR

, "
%

 g
ob

le
t c

el
ls

, "
Ak

ke
rm

an
sia

 a
nd

 L
ac

to
ba

ci
llu

s 
po

pu
la

tio
n 

in
 fe

ce
s 

G
ro

up
 6

: "
in

te
st

in
al

 s
ur

fa
ce

 
ar

ea
 

Pe
ng

 e
t a

l, 
20

17
6

M
or

us
 a

lb
a 

aq
ue

ou
s 

ex
tr

ac
t

M
: M

al
e 

W
is

ta
r r

at
s 

A/
W

: 2
20

±
10

g 
1.

 N
D

 
2.

 H
FD

 (N
D

 þ
20

%
 fa

t þ
2%

 C
H

O
L)

 
3.

 H
FD

 þ
BE

 0
.5

%
 

4.
 H

FD
 þ

BE
 1

%
 

5.
 H

FD
 þ

BE
 2

%
 

N
AF

LD
I: 

4
w

k 
TP

: 1
0

w
k 

G
ro

up
s 

3,
 4

, 5
: #

FA
SN

, H
M

G
CR

, 
an

d 
TB

AR
S;

 "
CP

T1
 

G
ro

up
s 

4,
 5

: #
TC

, T
G

 le
ve

ls
, a

nd
 

lip
id

 a
cc

um
ul

at
io

n;
 #

AG
PA

T;
 

"
SO

D
 e

nz
ym

at
ic

 a
ct

iv
ity

; "
PP

AR
a 

G
ro

up
s 

3,
 4

, 5
: #

BW
, #

to
ta

l 
pe

rip
he

ra
l a

nd
 to

ta
l b

od
y 

fa
t, 

#
TN

F-
α 

an
d 

le
pt

in
 s

er
um

 
le

ve
ls

 
G

ro
up

s 
4,

 5
: #

AL
T,

 T
G

, T
C,

 a
nd

 
LD

L 
(s

er
um

) 
G

ro
up

 5
: #

pe
rin

ea
l, 

m
es

en
te

ric
, 

su
bc

ut
an

eo
us

, a
nd

 g
ro

in
 fa

t; 
"

ad
ip

on
ec

tin
 (s

er
um

) 
So

ng
 e

t a
l, 

20
16

31
M

or
us

 n
ig

ra
 L

. e
th

a-
no

lic
 e

xt
ra

ct
M

: M
al

e 
C5

7B
L/

6J
 

m
ic

e 
A/

W
: 4

w
k 

1.
 L

FD
 þ

sa
lin

e 
10

0
m

g 
kg

-1
 d-1

 O
G

 
2.

 H
FD

 (4
5%

 fa
t)

 þ
sa

lin
e 

10
0

m
g 

kg
- 

1 
d-1

 O
G

 
3.

 H
FD

 þ
BE

 1
00

m
g 

kg
-1

 d-1
 O

G
 

TP
: 1

4
w

k 

#
St

ea
to

si
s 

gr
ad

e 
#

TG
 a

nd
 T

C 
le

ve
ls

, #
G

k 
an

d 
Fa

ds
2,

 "
Ad

ip
or

2 
an

d 
In

sig
1 

#
BW

, #
re

la
tiv

e 
pe

rin
ea

l a
nd

 
ep

id
id

ym
al

 fa
t w

ei
gh

t 
#

TC
, L

D
L,

 A
ST

, A
LT

, G
lu

, I
ns

 
(s

er
um

), 
H

O
M

A-
IR

, H
O

M
A-

IS
, 

ad
ip

on
ec

tin
 (s

er
um

); 
"

le
pt

in
 

(s
er

um
) 

Ya
ng

 e
t a

l, 
20

18
37

M
or

us
 a

lb
a 

et
ha

-
no

lic
 e

xt
ra

ct
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 2

40
-2

60
g 

1.
 S

D
 þ

D
W

, O
G

 
2.

 H
FD

 þ
D

W
, O

G
 

3.
 H

FD
 þ

BE
 1

00
m

g 
kg

-1
 BW

, O
G

 
4.

 H
FD

 þ
BE

 2
00

m
g 

kg
-1

 BW
, O

G
 

TP
: 1

0
w

k 

#
LW

, i
nt

ra
ce

llu
la

r l
ip

id
 a

cc
u-

m
ul

at
io

n,
 T

G
 le

ve
ls

, S
re

bf
1,

 
Fa

sn
, A

ca
ca

, a
nd

 S
cd

1 
#

M
ito

ch
on

dr
ia

l R
O

S 
pr

od
uc

-
tio

n 
an

d 
N

AD
PH

 o
xi

da
se

 
ac

tiv
ity

 
#

M
D

A,
 4

-H
N

E,
 a

nd
 N

O
X4

, "
SO

D
 e

nz
ym

at
ic

 a
ct

iv
ity

, "
m

ito
ch

on
dr

ia
l c

om
pl

ex
-I 

an
d 

co
m

pl
ex

-II
 a

ct
iv

iti
es

, "
AT

P 
co

nt
en

t 

#
TG

, T
C,

 L
D

L,
 A

ST
, a

nd
 A

LT
, "

H
D

L 
(s

er
um

)

(c
on

tin
ue

d)
 

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                          11 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

Fo
ts

ch
ki

 e
t a

l, 
20

21
38

Ru
bu

s 
id

ae
us

 L
. a

ce
-

to
ne

-w
at

er
 

ex
tr

ac
t

M
: M

al
e 

W
is

ta
r r

at
s 

A/
W

: 8
w

k;
 1

65
.3

±
 

1.
43

g 

1.
 H

FD
 (2

3%
 fa

t)
 

2.
 H

FD
 þ

BE
 0

.6
4%

 
3.

 H
FD

 þ
BE

 0
.6

4%
 þ

fr
uc

to
-o

lig
o-

sa
cc

ha
rid

es
 3

%
 

4.
 H

FD
 þ

BE
 0

.6
4%

 þ
pe

ct
in

s 
3%

 
TP

: 1
2

w
k 

G
ro

up
s 

2,
 3

, 4
: #

ba
llo

on
in

g 
an

d 
po

rt
al

 in
fla

m
m

at
io

n,
 #

Pp
ar

g 
G

ro
up

s 
2,

 3
: #

lo
bu

la
r i

nf
la

m
-

m
at

io
n,

 #
M

D
A 

le
ve

ls
, #

Il6
 

G
ro

up
s 

3,
 4

: #
st

ea
to

si
s,

 #
fa

t 
co

nt
en

t 
G

ro
up

 3
: "

LW
, #

TC
 a

nd
 T

G
 le

v-
el

s,
 #

Pp
ar

a 
an

d 
An

gp
lt4

 

G
ro

up
s 

2,
 3

: #
AS

T 
(p

la
sm

a)
 

G
ro

up
s 

3,
 4

: "
ce

cu
m

 m
as

s 
G

ro
up

 3
: #

TG
 (p

la
sm

a)
 

G
ro

up
 4

: #
ce

cu
m

 p
H

 

Li
 e

t a
l, 

20
14

39
Ru

bu
s 

al
ea

ef
ol

iu
s 

Po
ir 

ex
tr

ac
t

M
: M

al
e 

Sp
ra

gu
e-

 
D

aw
le

y 
ra

ts
 

A/
W

: 8
w

k;
 1

80
- 

20
0

g 

1.
 N

D
 þ

10
m

L 
kg

-1
 D

W
 

2.
 m

H
FD

 (1
0%

 la
rd

 þ
2 

%
 C

H
O

L)
 þ

D
W

 1
0

m
L 

kg
-1

 O
G

 
3.

 m
H

FD
 þ

BE
 1

.4
4

g 
kg

-1
 BW

 p
er

 
da

y,
 O

G
 

4.
 m

H
FD

 þ
BE

 0
.7

2
g 

kg
-1

 BW
 p

er
 

da
y,

 O
G

 
N

AF
LD

I: 
8

w
k 

TP
: 2

8
d 

#
Fa

t a
cc

um
ul

at
io

n,
 h

ep
at

oc
yt

e 
ba

llo
on

in
g,

 s
ca

tt
er

ed
 lo

bu
la

r 
in

fla
m

m
at

or
y 

ce
ll 

in
fil

tr
at

io
n,

 
an

d 
in

fla
m

m
at

or
y 

fo
ci

, #
Ac

ac
a,

 F
as

n,
 C

pt
1a

#
TG

, T
C,

 L
D

L;
 "

H
D

L 
(s

er
um

)

N
am

 e
t a

l, 
20

14
40

Ru
bu

s 
co

re
an

us
M

: M
al

e 
C5

7B
L/

6 
m

ic
e 

A/
W

: –
 

1.
 N

D
 

2.
 H

FD
 (6

0%
 k

ca
l f

at
) 

3.
 H

FD
þ

BE
 1

00
m

g 
kg

-1
 

TP
: 1

0
w

k 

#
LW

, T
G

, a
nd

 T
C,

 N
r1

h3
, S

re
bf

1,
 

Ac
ac

a,
 C

d3
6,

 F
as

n,
 F

AS
N

, a
nd

 
H

M
G

CR
 re

du
ct

as
e 

ac
tiv

ity
; 

"
CP

T 
ac

tiv
ity

#
BW

, #
ep

id
id

ym
al

 fa
t m

as
s 

#
AS

T,
 A

LT
, T

C,
 T

G
, L

D
L,

 a
nd

 
le

pt
in

 p
la

sm
a 

le
ve

ls
 

Zh
ao

 e
t a

l, 
20

13
41

Ru
bu

s 
al

ea
ef

ol
iu

s 
Po

ir.
 e

xt
ra

ct
M

: M
al

e 
SD

 
A/

W
: 8

w
k;

 1
80

- 
20

0
g 

1.
 C

T 
þ

D
W

, I
G

 
2.

 H
FD

 (1
0%

 la
rd

 þ
2%

 C
H

O
L)

 þ
D

W
, 

IG
 

3.
 H

FD
 þ

po
ly

en
e 

ph
os

ph
at

id
yl

ch
o-

lin
e 

76
m

g 
kg

-1
 BW

 p
er

 d
ay

 IG
 

4.
 H

FD
 þ

BE
 1

.4
4

g 
kg

-1
 BW

 p
er

 d
ay

 
IG

 
5.

 H
FD

 þ
BE

 0
.7

2
g 

kg
-1

 BW
 p

er
 d

ay
 

IG
 

N
AF

LD
I: 

8
w

k 
TP

: 7
d 

G
ro

up
s 

4,
 5

: #
he

pa
to

cy
te

 b
al

-
lo

on
in

g,
 s

ca
tt

er
ed

 lo
bu

la
r 

in
fla

m
m

at
or

y 
ce

ll 
in

fil
tr

at
io

n,
 

an
d 

in
fla

m
m

at
or

y 
fo

ci
 

#
N

fk
b,

 T
nf

a,
 P

tg
s2

, a
nd

 Il
6 

pr
o-

te
in

 a
nd

 m
RN

A 
ex

pr
es

si
on

 

G
ro

up
s 

4,
 5

: #
BW

 #
AL

T,
 A

ST
, 

G
G

T,
 A

LP
, T

C,
 T

G
, a

nd
 L

D
L 

se
ru

m
 le

ve
ls

Ba
e 

et
 a

l, 
20

17
42

Ly
ci

um
 c

hi
ne

ns
e 

aq
ue

ou
s 

ex
tr

ac
t

M
: M

al
e 

C5
7B

LS
/J

-m
 

m
ic

e 
A/

W
: 7

w
k 

1.
 N

D
 

2.
 M

CD
 þ

PB
S 

O
G

 
3.

 M
CD

 þ
be

ta
in

e 
10

m
g 

kg
-1

 d-1
, O

G
 

4.
 M

CD
 þ

BE
 1

00
m

g 
kg

-1
 d-1

, O
G

 
5.

 M
CD

 þ
BE

 2
00

m
g 

kg
-1

 d-1
, O

G
 

6.
 M

CD
 þ

BE
 4

00
m

g 
kg

-1
 d-1

, O
G

 
TP

: 4
w

k 

G
ro

up
 6

: #
LW

 
G

ro
up

s 
5,

 6
: #

lip
id

 a
cc

um
ul

a-
tio

n,
 #

TG
, G

SH
, a

nd
 M

D
A 

le
v-

el
s,

 F
4/

80
, I

tg
ax

, C
cl

2,
 Ic

am
1,

 
Tn

fa
, I

l6
, I

l1
b,

 T
gf

b,
 C

ol
1a

1,
 

Ac
ta

2;
 "

SO
D

 a
nd

 C
AT

 e
nz

y-
m

at
ic

 a
ct

iv
ity

, p
ER

K;
 #

pJ
N

K 

#
AS

T 
an

d 
AL

T 
pl

as
m

a 
le

ve
ls

(c
on

tin
ue

d)
 

12                                                                                                                                                                         Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

G
lis

an
 e

t a
l, 

20
16

43
Va

cc
in

iu
m

 m
ac

ro
ca

r-
po

n 
ac

et
on

e:
 

w
at

er
:a

ce
tic

 a
ci

d 
(8

0:
19

.9
:0

.1
, v

:v
:v

) 
ex

tr
ac

t

M
: M

al
e 

C5
7B

L/
6J

 
m

ic
e 

A/
W

: 4
w

k 

1.
 H

FD
 (6

0%
 k

ca
l f

ro
m

 fa
t)

 
2.

 H
FD

 þ
BE

 0
.8

%
 

N
AF

LD
I: 

11
w

k 
TP

: 1
0

w
k 

#
D

eg
re

e 
of

 li
pi

do
si

s 
an

d 
lip

id
 

dr
op

le
ts

 a
re

a,
 #

TN
F-

α,
 C

CL
2,

 
an

d 
IL

1b
; #

Tl
r4

, N
FK

B,
 T

nf
a,

 
Il1

b,
 U

cp
2,

 P
tg

s2
, C

cr
2,

 C
cl

3,
 

N
lrp

3,
 C

as
p1

, P
pa

ra
, T

xn
ip

#
FF

A,
 IL

-1
b,

 A
LT

 p
la

sm
a 

le
ve

ls

H
ua

ng
 e

t a
l, 

20
17

44
Ph

yl
la

nt
us

 e
m

bl
ic

a 
L.

 
aq

ue
ou

s 
ex

tr
ac

t
M

: M
al

e 
SD

 ra
ts

 
A/

W
: 1

60
±

10
g 

1.
 N

D
 

2.
 H

FD
 (4

0%
 fa

t)
 

3.
 H

FD
 þ

G
A 

10
0

m
g 

kg
-1

, O
G

 
4.

 H
FD

 þ
BE

 1
25

m
g 

kg
-1

 BW
, O

G
 

5.
 H

FD
 þ

BE
 2

50
m

g 
kg

-1
 BW

, O
G

 
6.

 H
FD

 þ
BE

 5
00

m
g 

kg
-1

 BW
, O

G
 

TP
: 2

0
w

k 

G
ro

up
s 

4,
 5

, 6
: #

Sr
eb

f1
, "

CA
T 

an
d 

G
ST

 e
nz

ym
at

ic
 a

ct
iv

ity
 

G
ro

up
 5

: "
Pp

ar
a 

G
ro

up
 6

: #
lip

id
 d

ro
pl

et
s 

an
d 

fa
t d

ep
os

iti
on

, #
N

r1
h3

, "
G

Rd
 

en
zy

m
at

ic
 a

ct
iv

ity
 

G
ro

up
s 

4,
 5

, 6
: #

BW
, #

AS
T 

(s
er

um
), 
"

ad
ip

on
ec

tin
 (p

er
i-

to
ne

al
 fa

t)
 

G
ro

up
s 

5,
 6

: #
pe

rit
on

ea
l a

nd
 

ep
id

id
ym

al
 fa

t w
ei

gh
t 

G
ro

up
 6

: #
AL

T 
an

d 
LD

L 
(s

er
um

) 

Tu
ng

 e
t a

l, 
20

18
52

Ph
yl

la
nt

hu
s 

em
bl

ic
a 

L.
 re

ve
rs

e 
os

m
os

is
 

aq
ue

ou
s 

ex
tr

ac
t

M
: M

al
e 

C5
7B

L/
 

6J
N

ar
l m

ic
e 

w
ith

 
sp

ec
ifi

c 
pa

th
og

en
- 

fr
ee

 c
on

di
tio

ns
 

A/
W

: 5
w

k;
 2

0
±

2
g 

1.
 N

D
 

2.
 M

CD
 

3.
 M

CD
 þ

G
A 

10
0

m
g 

kg
-1

 BW
 p

er
 

da
y 

O
G

 
4.

 M
CD

 þ
BE

 1
25

m
g 

kg
-1

 BW
 p

er
 d

ay
 

O
G

 
5.

 M
CD

 þ
BE

 2
50

m
g 

kg
-1

 BW
 p

er
 d

ay
 

O
G

 
6.

 M
CD

 þ
BE

 5
00

m
g 

kg
-1

 BW
 p

er
 d

ay
 

O
G

 
TP

: 4
 o

r 8
w

k 

G
ro

up
s 

4,
 5

, 6
: "

G
ST

, S
O

D
, 

#
CA

T 
ac

tiv
ity

 (w
k 

8)
, #

Cy
p2

e1
, 

Tn
fa

 (w
ee

ks
 4

 a
nd

 8
), 
#

Il1
b 

(w
ee

k 
8)

 
G

ro
up

s 
4,

 6
: #

TB
AR

s 
le

ve
ls

 
(w

ee
k 

4)
 

G
ro

up
 5

: #
TB

AR
 le

ve
ls

 (w
ee

k 
8)

 
G

ro
up

 6
: #

G
Px

 e
nz

ym
at

ic
 a

ct
iv

-
ity

 (w
ee

ks
 4

 a
nd

 8
) 

G
ro

up
 4

, 5
, 6

: #
AS

T 
an

d 
AL

T 
(w

ee
ks

 4
 a

nd
 8

), 
"

TG
 s

er
um

 
(w

ee
k 

8)
 

G
ro

up
 6

: "
TG

 s
er

um
 le

ve
ls

 
(w

ee
k 

4)
 

Xi
ao

 e
t a

l, 
20

18
45

Ly
ci

um
 b

ar
ba

ru
m

 
Ly

nn
 a

qu
eo

us
 

ex
tr

ac
t

M
: M

al
e 

an
d 

fe
m

al
e 

C5
7B

L/
6N

 m
ic

e 
A/

W
: 2

0-
25

g 

1.
 N

D
 

2.
 M

CD
 

3.
 N

D
 þ

BE
 1

m
g/

kg
/ 

O
G

 
4.

 M
CD

 þ
BE

 1
m

g 
kg

-1
 d-1

 O
G

 
N

AF
LD

I: 
3

w
k 

TP
: 3

w
k 

#
N

AS
 s

co
re

 a
nd

 a
po

pt
ot

ic
 c

el
ls

 
nu

m
be

r 
#

AC
TA

2,
 S

M
AD

2,
 T

G
Fb

1,
 p

- 
SM

AD
2,

 M
D

A,
 T

XN
IP

, T
N

F-
α,

 
IL

10
, N

FK
B 

p5
0,

 N
FK

BI
A,

 B
AX

- 
1,

 c
yt

oc
hr

om
e 

c,
 C

YP
2E

1,
 

cl
ea

ve
d 

CA
SP

1,
 A

SC
, N

LR
P3

, 
an

d 
N

LR
P6

, "
CA

T,
 G

Px
 a

nd
 

BC
L-

2 

"
BW

 
#

IL
-1

8 
an

d 
IL

-1
b 

Pa
k 

et
 a

l,2
01

223
Vi

tis
 c

oi
gn

et
ia

e 
Pu

lli
at

 a
qu

eo
us

 
ex

tr
ac

t

M
: M

al
e 

W
is

ta
r r

at
s 

A/
W

: 6
w

k 
1.

 N
D

 
2.

 C
D

 H
FD

 
3.

 C
D

 H
FD

 þ
BE

 1
00

m
g 

kg
-1

 d-1
 O

G
 

4.
 C

D
 H

FD
 þ

BE
 3

00
m

g 
kg

-1
 d-1

 O
G

 
N

AF
LD

I: 
13

w
k 

(4
w

k 
H

FD
þ

9
w

k 
H

FD
 

an
d 

N
aN

O
₂ 4

0
m

g 
kg

-1
 d-1

 IP
) 

TP
: w

ee
ks

 1
0 

to
 1

3 

G
ro

up
s 

3,
 4

: "
re

la
tiv

e 
LW

, #
m

ito
ch

on
dr

ia
 R

O
S 

de
riv

at
io

n,
 

#
M

PO
 a

ct
iv

ity
, #

N
FK

B 
p6

5 
G

ro
up

 4
: #

%
 o

f f
ib

ro
si

s 
ar

ea
 

G
ro

up
 3

, 4
: #

AL
T 

pl
as

m
a 

le
ve

ls
 

G
ro

up
 4

: "
SO

D
 e

nz
ym

at
ic

 a
ct

iv
-

ity
 (s

er
um

) 

(c
on

tin
ue

d)
 

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                          13 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

Al
 Z

ar
zo

ur
 e

t a
l, 

20
18

47
Ph

yl
la

nt
hu

s 
ni

ru
ri 

m
et

ha
no

lic
 

ex
tr

ac
t

M
: M

al
e 

SD
 ra

ts
 

A/
W

: 1
0

w
k 

1.
 N

D
 þ

D
W

 (1
0

m
L 

kg
-1

 BW
) O

G
 

2.
 H

FD
 (8

.2
3%

 m
ar

ga
rin

e 
(w

t/
w

t)
, 

8.
23

%
 g

he
e 

fa
t (

w
t/

w
t)

, 0
.8

2%
 

CH
O

L,
 a

nd
 0

.4
1%

 c
ho

lic
 a

ci
d)

 þ
D

W
 

(1
0

m
L 

kg
-1

 BW
) O

G
 

3.
 H

FD
 þ

m
et

fo
rm

in
 5

00
m

g 
kg

-1
 BW

 
O

G
 

4.
 H

FD
 þ

BE
 1

00
0

m
g 

kg
-1

 BW
 O

G
 

N
AF

LD
I: 

5
w

k 
TP

: 3
w

k 

#
M

ic
ro

- a
nd

 m
ac

ro
ve

si
cl

es
 a

nd
 

fib
ro

si
s 

#
Pp

ar
g,

 C
ol

1a
1,

 a
nd

 S
lc

10
a2

 

"
Ad

ip
on

ec
tin

 s
er

um
 le

ve
ls

 
#

TN
F-

α,
 R

BP
4,

 v
as

pi
n,

 a
nd

 IL
-6

 
(s

er
um

) 

N
an

as
hi

m
a 

et
 a

l, 
20

20
50

Ri
be

s 
ni

gr
um

 L
. c

om
-

m
er

ci
al

 e
xt

ra
ct

M
: o

va
rie

ct
om

iz
ed

 
an

d 
sh

am
 s

ur
ge

ry
 

fe
m

al
e 

SD
 ra

ts
 

A/
W

: 1
2

w
k;

 2
49

.7
±

 
10

.2
g 

1.
 N

D
 o

va
rie

ct
om

iz
ed

 ra
ts

 (A
IN

-9
3M

) 
2.

 N
D

 s
ha

m
 s

ur
ge

ry
 ra

ts
 (A

IN
-9

3M
) 

3.
 O

va
rie

ct
om

iz
ed

 ra
ts

: N
D

 (A
IN

-9
3M

) 
þ

BE
 3

%
 

TP
: 1

2
w

k 

#
Ad

ip
oc

yt
e 

di
am

et
er

 
#

Tn
fa

, I
l6

, a
nd

 Il
1b

 
#

BW
 

#
Vi

sc
er

al
 fa

t w
ei

gh
t 

#
TG

, T
C,

 L
D

L,
 a

di
po

ne
ct

in
, a

nd
 

le
pt

in
 (s

er
um

) 

Sa
nt

os
 e

t a
l, 

20
17

48
Vi

tis
 v

in
ife

ra
 L

. 
hy

dr
oa

lc
oh

ol
ic

 
ex

tr
ac

t

M
: M

al
e 

C5
7B

L/
6 

m
ic

e 
A/

W
: 4

w
k 

1.
 N

D
 þ

W
, O

G
 

2.
 H

FD
 (6

0%
 fa

t)
 þ

W
, O

G
 

3.
 N

D
 þ

BE
 2

00
m

g 
kg

-1
 d-1

, O
G

 
4.

 H
FD

 þ
BE

 2
00

m
g 

kg
-1

 d-1
, O

G
 

TP
: 1

2
w

k 

#
LW

, #
liv

er
 fa

t d
en

si
ty

 
#

TC
, T

G
, a

nd
 g

ly
co

ge
n 

le
ve

ls
 

#
M

D
A 

an
d 

ca
rb

on
yl

 p
ro

te
in

 
le

ve
ls

 
"

p-
IR

S-
1,

 p
AK

T,
 P

I3
-1

K,
 

SL
C2

A2
, p

LK
B1

, p
AC

AC
A,

 
H

M
G

CR
, a

nd
 p

AM
PK

/A
M

PK
 

ra
tio

, A
BC

G
5 

an
d 

AB
CG

8,
 #

SR
EB

P-
1c

,"
CA

T,
 G

Px
, a

nd
 

SO
D

 e
nz

ym
at

ic
 a

ct
iv

ity
 

#
BW

 
#

Ep
id

id
ym

al
 a

nd
 re

tr
op

er
ito

-
ne

al
 fa

t m
as

s 
#

G
lu

 a
nd

 In
s,

 H
O

M
A-

IR
 (s

er
um

) 

Ch
ar

ra
di

 e
t a

l, 
20

14
51

Vi
tis

 v
in

ife
ra

 e
th

a-
no

lic
 e

xt
ra

ct
M

: M
al

e 
W

is
ta

r r
at

s 
A/

W
: 2

10
-2

30
g 

1.
 N

D
 þ

10
%

 e
th

an
ol

 IP
 (d

ai
ly

) 
2.

 H
FD

 (3
9%

 k
ca

l f
at

) þ
et

ha
no

l 1
0%

 
IP

 (d
ai

ly
) 

3.
 N

D
 þ

BE
 5

00
m

g 
kg

-1
 d-1

 BW
 IP

 
4.

 H
FD

 þ
BE

 5
00

m
g 

kg
-1

 d-1
 BW

 IP
 

TP
: 6

w
k 

#
Re

la
tiv

e 
LW

, m
ac

ro
ve

si
cu

la
r 

st
ea

to
si

s,
 d

ila
ta

tio
n,

 a
nd

 fa
t 

ac
cu

m
ul

at
io

n 
w

ith
in

 h
ep

at
o-

cy
te

s 
an

d 
si

nu
so

id
s,

 #
TG

, T
C,

 
LD

L/
H

D
L 

ra
tio

, T
PL

, 
(L

D
Lþ

VL
D

L)
 to

 H
D

L 
ra

tio
, A

po
 

B 
to

 A
po

 A
I r

at
io

, M
D

A,
 c

ar
-

bo
ny

l p
ro

te
in

, a
nd

 G
SS

G
 le

v-
el

s;
 "

le
ve

ls
 o

f A
po

AI
, G

SH
, 

an
d 

G
SH

 to
 G

SS
G

 ra
tio

, "
G

Px
 

an
d 

to
ta

l-,
 C

u/
Zn

-, 
M

n-
, a

nd
 

Fe
-S

O
D

 e
nz

ym
at

ic
 a

ct
iv

ity
 

#
AL

AT
, A

SA
T,

 a
nd

 li
pa

se
 

ac
tiv

ity
 

"
Li

ve
r a

lc
oh

ol
 d

eh
yd

ro
ge

na
se

 
ac

tiv
ity

, #
Zn

 d
ep

le
tio

n 

–

(c
on

tin
ue

d)
 

14                                                                                                                                                                         Nutrition ReviewsVR Vol. 00(0):1–23 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



Ta
bl

e 
3.

 C
on

tin
ue

d 
Re

fe
re

nc
e

Ex
tr

ac
t 

in
te

rv
en

ti
on

A
ni

m
al

 m
od

el
In

te
rv

en
ti

on
 a

nd
 a

ni
m

al
 g

ro
up

s
Ef

fe
ct

s 
on

 li
ve

r 
of

 e
xp

er
im

en
-

ta
l g

ro
up

s 
th

at
 r

ec
ei

ve
d 

be
rr

y 
ex

tr
ac

t 
vs

 N
A

FL
D

I 
gr

ou
p1

Ef
fe

ct
s 

on
 o

th
er

 t
is

su
es

 o
f 

ex
pe

ri
m

en
ta

l g
ro

up
s 

th
at

 
re

ce
iv

ed
 b

er
ry

 e
xt

ra
ct

 v
s 

N
A

FL
D

I g
ro

up
1

D
e 

Be
m

 e
t a

l, 
20

18
46

Eu
te

rp
e 

ol
er

ac
ea

 
M

ar
t. 

hy
dr

oa
lc

o-
ho

lic
 e

xt
ra

ct

M
: M

al
e 

W
is

ta
r r

at
s 

A/
W

: 1
80

-2
00

g 
1.

 N
D

 
2.

 N
D

 þ
EX

E 
(t

re
ad

m
ill

 3
0

m
in

 d
-1

; 5
d 

w
k-1

) 
3.

 N
D

 þ
BE

 2
00

m
g 

kg
-1

 d-1
 IG

 
4.

 N
D

 þ
EX

E 
þ

BE
 2

00
m

g 
kg

-1
 d-1

 IG
 

5.
 H

FD
 (4

5%
 k

ca
l f

at
) 

6.
 H

FD
 þ

EX
E 

(t
re

ad
m

ill
 3

0
m

in
 d

-1
; 

5
d 

w
k-1

) 
7.

 H
FD

 þ
BE

 2
00

m
g 

kg
-1

 d-1
 IG

 
8.

 H
FD

 þ
EX

E 
þ

BE
 2

00
m

g 
kg

-1
 d-1

 

IG
 

N
AF

LD
I: 

5
w

k 
(s

tr
ep

to
zo

to
ci

n/
ci

tr
at

e 
bu

ffe
r [

CT
] I

P 
[3

5
m

g 
kg

-1
] o

nc
e 

in
 

w
k 

3)
 

TP
: 4

w
k 

G
ro

up
s 

7,
 8

: #
LW

 a
nd

 s
te

at
os

is
, 

TC
, T

G
, M

D
A,

 p
ro

te
in

 c
ar

bo
ny

l 
an

d 
8-

is
op

ro
st

an
e 

le
ve

ls
; "

AB
CG

5,
 p

AM
PK

, p
LK

B1
 to

 
LK

B1
 ra

tio
, p

AM
PK

/A
M

PK
, 

pA
CC

/A
CC

; #
SR

EB
P-

1c
, 

AC
AC

A,
 H

M
G

CR
; "

SO
D

 a
nd

 
G

Px
 e

nz
ym

at
ic

 a
ct

iv
ity

 
G

ro
up

 7
: "

pA
CC

 
G

ro
up

 8
: #

gl
yc

og
en

 le
ve

ls
, 

AM
PK

 

G
ro

up
s 

7,
 8

: #
TC

, T
G

, V
LD

L,
 

AL
T,

 M
D

A,
 a

nd
 p

ro
te

in
 c

ar
-

bo
ny

l (
se

ru
m

) 
G

ro
up

 8
: #

AS
T 

(s
er

um
) 

Fr
ei

ta
s 

et
 a

l, 
20

16
49

Eu
te

rp
e 

ed
ul

is 
oi

l 
ex

tr
ac

t o
r d

ef
at

-
te

d 
ex

tr
ac

t

M
: M

al
e 

W
is

ta
r r

at
s 

A/
W

: 4
w

k;
 8

5
±

5
g 

1.
 N

D
 

2.
 H

FD
 (5

0%
 fa

t)
 

3.
 H

FD
 þ

BE
 o

il 
4%

 
4.

 H
FD

 þ
BE

 p
ul

p 
5%

 
5.

 H
FD

 þ
BE

 p
ul

p 
10

%
 

6.
 H

FD
 þ

de
fa

tt
ed

 B
E 

5%
 

7.
 H

FD
 þ

de
fa

tt
ed

 B
E 

10
%

 
N

AF
LD

I: 
4

w
k 

TP
: 4

w
k 

G
ro

up
s 

3,
 4

, 5
, 6

: #
CA

T,
 S

O
D

 
en

zy
m

at
ic

 a
ct

iv
ity

 
G

ro
up

s 
3,

 4
, 6

: #
TB

AR
s 

G
ro

up
s 

4,
 6

: #
in

fla
m

m
at

or
y 

in
fil

tr
at

io
n 

an
d 

he
pa

to
cy

te
s 

nu
cl

eu
s,

 G
ST

 e
nz

ym
at

ic
 

ac
tiv

ity
 

G
ro

up
 6

: "
TC

 s
er

um
 le

ve
ls

1 O
ut

co
m

es
 re

fe
r t

o 
gr

ou
ps

 w
ith

 b
er

ry
 e

xt
ra

ct
 a

dm
in

is
tr

at
io

n 
vs

 g
ro

up
s 

af
te

r N
AF

LD
 in

du
ct

io
n,

 u
nl

es
s 

ot
he

rw
is

e 
sp

ec
ifi

ed
.

Ab
br

ev
ia

tio
ns

: A
/W

, a
ge

/w
ei

gh
t; 

AI
, a

th
er

og
en

ic
 in

de
x 

(A
I);

 A
U

C 
RO

C,
 a

re
a 

un
de

r t
he

 re
ce

iv
er

 o
pe

ra
tin

g 
ch

ar
ac

te
ris

tic
 c

ur
ve

; B
E,

 b
er

ry
 e

xt
ra

ct
; B

W
, b

od
y 

w
ei

gh
t; 

CC
B,

 c
oc

oa
 b

ut
te

r; 
CE

L,
 c

el
lu

-
lo

se
; C

H
O

L,
 c

ho
le

st
er

ol
; C

O
, c

or
n 

oi
l; 

CS
, c

or
n 

st
ar

ch
; D

W
, d

is
til

le
d 

w
at

er
; F

A,
 fa

tt
y 

ac
id

; F
FA

, f
re

e 
fa

tt
y 

ac
id

; G
lu

, g
lu

co
se

; H
FD

, h
ig

h-
fa

t d
ie

t; 
IG

, i
nt

ra
ga

st
ric

; I
ns

, i
ns

ul
in

; I
P,

 in
tr

ap
er

ito
ne

al
; 

LF
D

, l
ow

-f
at

 d
ie

t; 
LW

, l
iv

er
 w

ei
gh

t; 
M

, a
ni

m
al

 m
od

el
; M

CD
, m

et
hi

on
in

e-
ch

ol
in

e–
de

fic
ie

nt
 d

ie
t; 

M
eO

H
, m

et
ha

no
l; 

m
H

FD
, m

od
ifi

ed
 h

ig
h-

fa
t d

ie
t; 

N
AF

LD
I, 

no
na

lc
oh

ol
ic

 fa
tt

y 
liv

er
 d

is
ea

se
 in

du
c-

tio
n;

 N
D

, n
or

m
al

 d
ie

t; 
O

A,
 o

ro
tic

 a
ci

d;
 O

AD
, o

ro
tic

 a
ci

d 
di

et
; O

G
, o

ra
l g

av
ag

e;
 O

O
, o

liv
e 

oi
l; 

SA
, s

ilk
 a

m
in

o 
ac

id
; S

D
, S

pr
ag

ue
-D

aw
le

y 
ra

ts
; S

TZ
, s

tr
ep

to
zo

to
ci

n;
 S

U
C,

 s
uc

ro
se

; T
G

, t
rig

ly
ce

rid
e;

 
TE

AC
, t

ro
lo

x 
eq

ui
va

le
nt

 a
nt

io
xi

da
nt

 c
ap

ac
ity

; T
P,

 tr
ea

tm
en

t p
er

io
d;

 V
, v

eh
ic

le
; W

, w
at

er
; W

TD
, W

es
te

rn
-t

yp
e 

di
et

.
Bi

om
ar

ke
r a

bb
re

vi
at

io
ns

 (g
en

es
 a

nd
 p

ro
te

in
s)

: A
BC

G
5,

 A
BC

G
8:

 A
TP

 b
in

di
ng

 c
as

se
tt

e 
su

bf
am

ily
 G

 m
em

be
r 5

 a
nd

 8
; A

CC
 o

r A
CA

CA
: a

ce
ty

l-C
oA

 c
ar

bo
xy

la
se

; A
di

po
R2

: a
di

po
ne

ct
in

 R
ec

ep
to

r 2
; 

AG
PA

T:
 1

-a
cy

lg
ly

ce
ro

l-3
-p

ho
sp

ha
te

-O
-a

cy
ltr

an
sf

er
as

e 
en

zy
m

e;
 A

LA
T:

 a
la

ni
ne

 tr
an

sa
m

in
as

e;
 A

LP
, a

lk
al

in
e 

ph
os

ph
at

as
e;

 A
N

G
PT

L4
: a

ng
io

po
ie

tin
-li

ke
 4

 g
en

e;
 A

po
: a

po
lip

op
ro

te
in

; a
P2

 o
r 

FA
BP

4:
 fa

tt
y 

ac
id

 b
in

di
ng

 p
ro

te
in

 4
; A

SA
T:

 a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; A
SC

 o
r P

YC
AR

D
: a

po
pt

os
is

-a
ss

oc
ia

te
d 

sp
ec

k-
lik

e 
pr

ot
ei

n 
co

nt
ai

ni
ng

 a
 C

AR
D

; α
-S

M
A 

or
 A

ct
a2

: α
 sm

oo
th

 m
us

cl
e 

ac
tin

; 
AS

T:
 a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; A

tg
4b

, A
tg

5,
 A

tg
7,

 A
tg

12
: a

ut
op

ha
gy

-r
el

at
ed

 c
ys

te
in

e 
pe

pt
id

as
e 

4,
 5

, 7
, a

nd
 1

2;
 B

ax
-1

: a
po

pt
os

is
 re

gu
la

to
r B

AX
; B

cl
-2

: B
-c

el
l l

ym
ph

om
a 

2;
 C

AT
: c

at
al

as
e;

 
CA

SP
1:

 C
as

pa
ria

n 
st

rip
 m

em
br

an
e 

pr
ot

ei
n 

1;
 C

CR
2:

 C
-C

 c
he

m
ok

in
e 

re
ce

pt
or

 ty
pe

 2
; C

CL
2 

or
 3

: C
-C

 m
ot

if 
ch

em
ok

in
e 

lig
an

d 
2 

or
 3

 p
ro

te
in

; C
D

11
c 

or
 It

ga
x:

 in
te

gr
in

 α
-X

; C
D

36
: p

la
te

le
t g

ly
co

-
pr

ot
ei

n 
4;

 C
/E

BP
α 

or
 C

eb
pa

: C
CA

AT
-e

nh
an

ce
r-

bi
nd

in
g 

pr
ot

ei
ns

; C
K-

18
: c

yt
ok

er
at

in
 1

8;
 C

YP
7A

1:
 c

ho
le

st
er

ol
 7

-α
-m

on
oo

xy
ge

na
se

; C
YP

2E
1:

 c
yt

oc
hr

om
e 

P4
50

 2
E1

; C
PT

1:
 c

ar
ni

tin
e 

pa
lm

ito
yl

-
tr

an
sf

er
as

e;
 C

ol
1a

1:
 c

ol
la

ge
n 

ty
pe

 I 
α 

1 
ch

ai
n;

 C
O

X2
 o

r P
tg

s2
: c

yc
lo

ox
yg

en
as

e-
2;

 M
lx

ip
l; 

Ch
RE

BP
: c

ar
bo

hy
dr

at
e-

re
sp

on
si

ve
 e

le
m

en
t-

bi
nd

in
g 

pr
ot

ei
n;

 C
YP

2E
1:

 N
-n

itr
os

od
im

et
hy

l-a
m

in
e 

de
m

et
hy

la
se

; E
RK

: e
xt

ra
ce

llu
la

r-
si

gn
al

-r
eg

ul
at

ed
 k

in
as

e;
 F

ab
p4

: f
at

ty
 a

ci
d-

bi
nd

in
g 

pr
ot

ei
n 

4;
 F

AS
N

: f
at

ty
 a

ci
d 

sy
nt

ha
se

 e
nz

ym
e;

 F
ad

s2
: a

cy
l-C

oA
 6

-d
es

at
ur

as
e;

 F
4/

80
: r

at
 a

nt
i–

m
ou

se
 F

4/
80

 
an

tib
od

y;
 G

SH
: g

lu
ta

th
io

ne
 re

du
ct

as
e;

 G
SS

G
: g

lu
ta

th
io

ne
 d

is
ul

fid
e;

 G
ST

: g
lu

ta
th

io
ne

 S
-t

ra
ns

fe
ra

se
; G

Px
: g

lu
ta

th
io

ne
 p

er
ox

id
e;

 G
Rd

: g
lu

ta
th

io
ne

 re
du

ct
as

e;
 G

k 
or

 G
YK

: g
ly

ce
ro

l k
in

as
e;

 S
LC

2A
2 

or
 G

lu
t 2

: g
lu

co
se

 tr
an

sp
or

te
r 2

; 4
-H

N
E:

 4
-h

yd
ro

xy
no

ne
na

l; 
H

M
G

CR
: 3

-h
yd

ro
xy

-3
-m

et
hy

-g
lu

ta
ril

-C
oA

 re
du

ct
as

e 
en

zy
m

e;
 H

O
-1

: h
em

e 
ox

yg
en

as
e-

1;
 IC

AM
-1

: i
nt

er
ce

llu
la

r a
dh

es
io

n 
m

ol
ec

ul
e;

 
Iκ

B-
α 

or
 N

fk
bi

a:
 n

uc
le

ar
 fa

ct
or

 o
f κ

 li
gh

t p
ol

yp
ep

tid
e 

ge
ne

 e
nh

an
ce

r i
n 

B-
ce

lls
 in

hi
bi

to
r, 

α;
 IL

-6
: i

nt
er

le
uk

in
 6

 c
yt

ok
in

e 
fe

at
ur

in
g 

pl
ei

ot
ro

pi
c 

ac
tiv

ity
; I

L-
1β

: i
nt

er
le

uk
in

 -1
 β

 p
ro

-in
fla

m
m

at
or

y 
cy

to
ki

ne
 p

ro
du

ce
d 

by
 c

el
ls

 o
f t

he
 in

na
te

 im
m

un
e 

sy
st

em
; N

os
2 

or
 iN

O
S:

 in
du

ci
bl

e 
ni

tr
ic

 o
xi

de
 s

yn
th

as
e;

 IN
SI

G
1:

 in
su

lin
 in

du
ce

d 
ge

ne
 1

; J
N

K:
 J

un
 N

-t
er

m
in

al
 k

in
as

e;
 K

lf2
: K

r€ u
pp

el
-li

ke
 fa

ct
or

 2
; 

LC
3:

 m
ic

ro
tu

bu
le

-a
ss

oc
ia

te
d 

pr
ot

ei
n 

lig
ht

 c
ha

in
 3

; L
PL

: l
ip

op
ro

te
in

 li
pa

se
; L

XR
a 

or
 N

r1
h3

: l
iv

er
 X

 re
ce

pt
or

 α
; M

D
A:

 m
al

on
di

al
de

hy
de

; M
PO

: m
ye

lo
pe

ro
xi

da
se

; m
iR

-3
3a

: m
ic

ro
RN

A 
33

a;
 N

AD
PH

: 
ni

co
tin

am
id

e 
ad

en
in

e 
di

nu
cl

eo
tid

e 
ph

os
ph

at
e;

 N
AS

: N
AF

LD
 A

ct
iv

ity
 S

co
re

; N
F-

κB
: n

uc
le

ar
 fa

ct
or

 κ
 B

; N
LR

P3
: N

AC
H

T,
 L

RR
, a

nd
 P

YD
 d

om
ai

ns
-c

on
ta

in
in

g 
pr

ot
ei

n 
3;

 N
LR

P6
: N

O
D

-li
ke

 re
ce

pt
or

 
fa

m
ily

 p
yr

in
 d

om
ai

n 
co

nt
ai

ni
ng

 6
; N

rf
2:

 n
uc

le
ar

 fa
ct

or
 e

ry
th

ro
id

 2
-r

el
at

ed
 fa

ct
or

 2
; N

O
X4

: N
AD

PH
 o

xi
da

se
 4

; P
PA

R-
γ: 

pe
ro

xi
so

m
e 

pr
ol

ife
ra

to
r-

ac
tiv

at
ed

 re
ce

pt
or

 γ
; p

AM
PK

: p
ho

sp
ho

ry
la

te
d 

AM
P-

ac
tiv

at
ed

 p
ro

te
in

 k
in

as
e;

 p
AK

T:
 p

ho
sp

ho
-A

KT
; p

-E
RK

: e
xt

ra
ce

llu
la

r s
ig

na
l-r

el
at

ed
 k

in
as

e;
 p

-IR
S-

1:
 p

ho
sp

ho
ry

la
te

d 
in

su
lin

 re
ce

pt
or

 s
ub

st
ra

te
; P

I3
-1

K:
 p

ho
sp

ha
tid

yl
in

os
ito

l 3
-k

in
as

e 
1;

 p
- 

m
TO

R:
 p

ho
sp

ho
ry

la
te

d 
se

rin
e/

th
re

on
in

e-
pr

ot
ei

n 
ki

na
se

 m
TO

R;
 p

-J
N

K:
 p

ho
sp

ho
ry

la
te

d 
Ju

n 
N

-t
er

m
in

al
 k

in
as

e;
 L

KB
1:

 s
er

in
e/

th
re

on
in

e 
pr

ot
ei

n 
ki

na
se

 li
ve

r k
in

as
e 

B1
; p

-P
I3

K:
 p

ho
sp

ho
ry

la
te

d 
ph

os
ph

at
id

yl
in

os
ito

l-3
 k

in
as

e;
 P

PA
Rα

: p
er

ox
is

om
e 

pr
ol

ife
ra

to
r-

ac
tiv

at
ed

 re
ce

pt
or

 α
; R

O
S:

 re
ac

tiv
e 

ox
yg

en
 s

pe
ci

es
; S

CD
-1

: s
te

ar
oy

l-c
oe

nz
ym

e 
A 

de
sa

tu
ra

se
 1

; S
O

D
: s

up
er

ox
id

e 
di

sm
ut

as
e;

 
SL

C1
0A

2:
 il

ea
l s

od
iu

m
/b

ile
 a

ci
d 

co
tr

an
sp

or
te

r; 
Sm

ad
2:

 M
ot

he
rs

 A
ga

in
st

 D
ec

an
ta

pl
eg

ic
 h

om
ol

og
 2

; S
RE

BP
: s

te
ro

l r
eg

ul
at

or
y 

el
em

en
t-

bi
nd

in
g 

pr
ot

ei
n;

 S
re

bf
1:

 s
te

ro
l r

eg
ul

at
or

y 
el

em
en

t b
in

d-
in

g 
tr

an
sc

rip
tio

n 
fa

ct
or

 1
; T

G
F-

β:
 tr

an
sf

or
m

in
g 

gr
ow

th
 fa

ct
or

 β
; T

XN
IP

: t
hi

or
ed

ox
in

-in
te

ra
ct

in
g 

pr
ot

ei
n;

 T
BA

RS
: t

hi
ob

ar
bi

tu
ric

 a
ci

d 
re

ac
tiv

e 
su

bs
ta

nc
es

; T
PL

: p
ro

te
in

 T
O

PL
ES

S;
 T

N
F-

α:
 tu

m
or

 
ne

cr
os

is
 fa

ct
or

 α
; T

lr4
: T

ol
l-l

ik
e 

re
ce

pt
or

 4
; U

CP
2:

 m
ito

ch
on

dr
ia

l u
nc

ou
pl

in
g 

pr
ot

ei
n 

2.

Nutrition ReviewsVR Vol. 00(0):1–23                                                                                                                                                                          15 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuae132/7811260 by U
niversidad de G

ranada - Biblioteca user on 23 O
ctober 2024



on antioxidant activity of extracts from species of the 

genera Morus (n¼ 9)6,30–37 and Rubus (n¼ 5).9,38–41

The plant material mostly used to obtain the extracts 

was the fruit (n¼ 10),4,31,36,37,40,42–45 followed by leaves 

(n¼ 6),6,23,30,32–34 seeds (n¼ 3),2,3,46 and roots 

(n¼ 2).39,41 In contrast, the whole plant (n¼ 2),1,47 skin 

(n¼ 1),48 pulp or pomace (n¼ 2),38,49 or root bark 

(n¼ 1)35 have been seldom studied. Two of the 

retrieved articles did not mention the source of the 

plant material used for their intervention,5,50 and 2 

studies used a mixture of different parts from the plant 

fruits and leaves9 or seed and skin.51 The chemical com-

position of the extracts was reported in 221–6,9,31–33, 

36–39,41–43,46,48–51 of the 31 articles described in this 

review (Table 2).

The biological effects of the berry extracts in differ-

ent animal models are summarized in Table 3. Male 

(n¼ 27)1–3,5,6,9,23,30–32,34–44,46–49,51,52 and female 

(n¼ 2)4,50 rodents were selected as animal models to 

study NAFLD. In 1 study, both male and female animals 

were included (n¼ 1)45; in 1 study, the sex was not 

mentioned.32 Fourteen articles studied the effect of 

berry extract administration on mice.2–5,30–32,34, 

40,42,43,45,52 In the remaining 17 articles, the animal 

model used was rat.1,5,6,23,33,35–39,41,44,46,47,49–51 The 

induction of NAFLD was mainly carried out by the 

inclusion of a high-fat diet (HFD) in different fat per-

centages (n¼ 15)2,3,5,9,30–32,34,36,38,40,43,44,48,51; the com-

bination of a high-fat and high-cholesterol diet (HFD- 

HCD) (n¼ 6)1,6,37,39,41,47; or a Western-type (n¼ 1)4 or 

cafeteria diet (n¼ 1).49 In 2 studies, hepatic steatosis 

was also induced by an HFD plus streptozotocin 

(n¼ 2)35,46 or an orotic acid diet (n¼ 1).33 Other strat-

egies also included a methionine choline–deficient diet 

alone (n¼ 3)42,45,52 to induce this pathology or in com-

bination with sodium nitrite injection (n¼ 1).18 Only 1 

study did not develop a diet-induced NAFLD model 

(n¼ 1)50 but instead used ovariectomized Sprague- 

Dawley rats to study the risk of NAFLD development 

due to estrogen deficit.

The most common form of berry extract adminis-

tration was by oral gavage (n¼ 17)1,5,23,30– 

35,37,39,42,44,45,47,48,52; other studies mixed it with the 

rodent diet (n¼ 9)4,6,9,36,38,40,43,49,50 or used intragastric 

administration (n¼ 4)2,3,41,46 or intraperitoneal admin-

istration (n¼ 1).51 After reviewing the collected studies, 

we found most of them used berry extract as the sole 

intervention. Nevertheless, in 1 article, the treatment 

with berry extract was combined with a protocol of 

physical activity,46 and in others, berry extracts were co- 

administered with β-glucan,30 silk amino acids,36 and 

fructo-oligosaccharides or pectins38 to enhance their 

activity.

The treatment period varied among articles, rang-

ing from <4 weeks (n¼ 4),23,41,45,47 to 4-8 weeks 

(n¼ 8),1,2,39,42,46,49,51,52 9-13 weeks 

(n¼ 14),3,5,6,9,30,32,34,36–38,40,43,48,50 or 14-24 weeks 

(n¼ 4).31,35,39,44 In 1 article, this period was not speci-

fied.33 The most common duration of the treatment was 

12 weeks (n¼ 10).3,5,9,30,32,34,36,38,48,50 The obtained 

results of the different genera of the berries included in 

the retrieved studies are presented next.

Euterpe extract

As shown in Table 3, 4 of the retrieved studies assayed 

the antioxidant activity of berries belonging to the 

Euterpe genus on Wistar rats,46,49 C57BL/62 and 

C57BL/6J3 mice with NAFLD during 42,46,49 or 

12 weeks.3 These articles reported on studies of the 

seeds extracts of E. oleracea Mart.2,3,46 and the pulp 

ethyl ether extract of E. edulis.49 The intragastric admin-

istration of 2 doses (200 mg kg-1 d-1 46 and 300 mg kg-1 

d-1 2,3) of E. oleracea or the inclusion of E. edulis oil 

(4%), pulp, or defatted pulp (5% and 10%) in the diet 

resulted in a decrease in body weight (BW),2,3 liver 

weight, and hepatic steatosis of the animals.2,3,46,47 In 

addition, they reduced hepatic and serum2,3,46 levels of 

total cholesterol (TC), TGs, and low-density lipoprotein 

(LDL) as well as hepatic lipogenic gene expression 

(Srebf1, Hmgcr, Acaca).3,46 However, E. edulis extracts 

increased serum TC levels.47 Different effects on antiox-

idant enzyme activities were reported in response to the 

inclusion of the extracts. In 1 case, superoxide dismu-

tase (SOD), glutathione peroxide (GPx), and catalase 

(CAT) activities decreased,2,49 whereas SOD, GPx, and 

CAT activities increased in the other 2 articles.3,46 In 

addition, a decrease in glutathione S-transferase (GST) 

enzymatic activity and thiobarbituric acid reactive sub-

stances (TBARS) were also observed.38 Furthermore, 

the AMP-activated protein kinase (AMPK) activity3,46

and the expression of ABCG5 and ABCG8, transporters 

responsible for biliary and transintestinal secretion of 

cholesterol and dietary sterols,3 were increased. de Bem 

et al46 studied the combination of the administration of 

berry extract with physical activity, and they observed 

an improvement of the beneficial effects on lipid metab-

olism, reducing hepatic lipogenic proteins and choles-

terol transporters.

Vaccinium extract

Fruit extracts were obtained from Vaccinium myrtillus 

L.4 and V. macrocarpon.43 One extract was commer-

cially obtained4 and the other was obtained by an 

extraction method using different solvents such as ace-

tone, water, and acetic acid solutions.43 These extracts 
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were tested on E3L4 and C57BL/6J43 mice models for 

1043 or 164 weeks. Several effects were observed in the 

liver, such as a decrease in steatosis (measured by a 

reduction in the degree of lipidosis and lipid droplets 

area43), macrovesicular and microvesicular steatosis, 

hepatocellular damage, or inflammatory cell aggre-

gates.4 The administration of both extracts also 

decreased protein hepatic levels of TNF-α, CCL2, and 

IL-1β, and hepatic mRNA expression of inflammation 

markers.4,43

Phyllanthus extract

Two of the 4 studies of the genus Phyllanthus used the 

whole plant to produce a functional extract of P. nir-

uri,1,47 and the remaining 2 used extracts from P. embl-

ica L. fruit.44,52 These extracts were tested on Sprague- 

Dawley rats1,44,47 and C57BL/6Narl mice,52 using doses 

from 125 to 1000 mg kg-1 BW by oral gavage. 

Phyllanthus extracts reduced serum levels of alkaline 

phosphatase, alanine transaminase (ALT), aspartate 

transaminase (AST),1,44,52 and visceral, peritoneal, and 

epididymal fat.1,44 In addition, administration of the 

extracts increased the activity of antioxidant enzymes 

(CAT, GST, SOD, and GPx) in liver and plasma,44,52

and downregulated hepatic gene expression of inflam-

matory (Tnfa, Il1b, Nr1h3/Lxra)44,52 and lipogenic 

(Srebf1)44 markers. Al Zarzour et al1 observed that all 

doses of 50% methanol extract (1000, 500, and 250 mg 

kg-1 d-1) of P. niruri significantly improved serum 

parameters, and the highest dose significantly improved 

the histological parameters. Together with these results, 

Al Zarzour et al47 observed that the extract reduced 

micro- and macrovesicular steatosis and fibrosis in the 

liver; decreased serum levels of TNF-α, RBP4, vaspin, 

and IL-6; and increased adiponectin serum levels.

Ribes extract

The Ribes genus was studied in 1 article. A commercial 

extract of R. nigrum L. was used.50 Different concentra-

tions of berry extract (10, 100, and 200 mg kg-1) were 

administered by oral gavage to C57BL/6 mice. Higher 

doses improved NAFLD status, decreased hepatic stea-

tosis, and reduced body and visceral fat weight. In addi-

tion, it also reduced TC, TG, LDL, adiponectin, and 

leptin serum levels. The highest extract dose decreased 

hepatic Tnfa, Il6, and Il1b mRNA expression and 

increased serum levels of high-density lipoprotein.

Morus extract

Most of the articles (n¼ 8) reporting on research of this 

genus focused on Morus alba L. extracts from different 

plant parts, such as leaves (n¼ 5),6,30,32–34 fruit 

(n¼ 2),36,37 and root bark (n¼ 1)35 and 1 on M. nigra 

L. fruit.31 C57BL/6,32,33 C57BL/6J,48 and C57BL/6N 

mice,34 and Wistar6 and Sprague-Dawley33,35–37 rats 

were used as animals models to test Morus extracts 

effects on NAFLD. In mice models, the doses used were 

between 100 and 600 mg kg-1, whereas in rats, they 

ranged from 0.05 to 10 g kg-1. Morus extracts decreased 

body and liver weight,6,31,33,34,36 liver steatosis, TG 

levels,30,31,36,37 lipogenic metabolism, and inflammatory 

status.6,32–37 Moreover, extracts enhanced lipid β-oxida-

tion via increased Cpt1a gene expression.6,36 Regarding 

liver oxidative status, Morus extract decreased NADPH 

oxidase activity,37 TBARS, and ROS levels6,30 and 

increased SOD, GST, and glutathione disulfide antioxi-

dant enzymatic activity.6,30–34,36,37 Likewise, fat weight 

was also decreased.6,30–32,36 Furthermore, the adminis-

tration of the different extracts reduced serum levels of 

ALT, AST, TC, TG, LDL,6,30–32,35 leptin,6,31 and adipo-

nectin,6 and improved glucose metabolism decreasing 

glucose and insulin serum levels, area under the receiver 

operating characteristic curve (AUC) (after oral glucose 

tolerance test) and homeostatic model assessment for 

insulin resistance (HOMA)-IR and HOMA for insulin 

sensitivity (HOMA-IS).31,35,36 Finally, the results 

observed by Xu et al30 after the berry extract adminis-

tration were enhanced with the inclusion of β-glucan 

(200 mg kg-1 d-1).

Rubus extract

Five of the retrieved articles reported on studies of dif-

ferent species and plant portions belonging to the genus 

Rubus. Two of them evaluated the effects of root 

extracts from Rubus aleaefolius Poir,39,41 1 of them 

included raspberry pomace (Rubus spp.) extracted with 

30% acetone,38 and the other used fruits and leaves of 

blackberry (Rubus spp.), using 50% ethyl alcohol as sol-

vent.9 A commercial fruit extract of R. coreanus was 

also used.40 Rubus extracts were assayed on different 

models, such as Wistar38 and Sprague-Dawley 

rats,9,39,41 and on C57BL/6 mice.40 The extract was 

administered mostly by oral gavage,38–40 in the diet,9 or 

by intragastric injection,41 using doses between 0.1 and 

1.44 g kg-1 BW per day. Rubus extracts decreased 

body40,41 and liver weight,40 liver steatosis,9,39,41 as well 

as epididymal and retroperitoneal fat.9,40 Furthermore, 

Rubus extracts reduced plasma and/or serum levels of 

ALT, AST, alkaline phosphatase, GGT, TC, TG, and 

LDL,9,38–41and improved glucose metabolism, resulting 

in a decrease of insulin and AUC of serum glucose lev-

els during either glucose or insulin tolerance testing.9 In 

addition, lipogenic metabolism and inflammatory status 

in the liver was improved,9,38–41 and lipid β-oxidation 
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was favored by an increase in Cpt1a gene expres-

sion.9,39,40 In addition, the hepatic antioxidant capacity 

was also increased by SOD and glutathione reductase 

(GSH) enzymatic activity after Rubus extract adminis-

tration.9 Fotschki et al38 observed that benefits of Rubus 

spp. extracts were enhanced by the inclusion of fructo- 

oligosaccharides (3%) and pectins (3%).

Photinia extract

One of the retrieved studies5 focused on Aronia melano-

carpa, formerly Photinia melanocarpa. The effects of a 

50 mg kg-1 d-1 dose (orally administered) of a commer-

cial ethanolic extract (portion not specified) were tested 

on male C57BL/6N mice for 12 weeks. Results included 

a reduction in BW, liver weight, and serum levels of 

AST, ALT, and leptin. The extract also caused a reduc-

tion in hepatic lipid deposition, hepatic levels of TG and 

Fatty Acid Synthase (FAS), and in hepatic Pparg2, 

Fabp4, and Lpl mRNA and protein expression. On the 

other hand, SOD enzymatic activity and trolox equiva-

lent antioxidant capacity increased after the consump-

tion of this extract.

Lycium extract

Fruit aqueous extract from Lycium chinense42 was 

studied in 1 study, and a second study used L. barbarum 

fruit extract that was prepared sequentially by decolora-

tion, delipidation in alcohol, and boiling in distilled 

water.45 Lycium extracts were tested in C57BL/6 and 

C57BLS/J-m mice by oral gavage, implementing 4 dif-

ferent doses (1, 100, 200, or 400 mg kg-1 d-1).42,45 A 

decrease in liver weight, as well as in plasma and serum 

levels of TG, AST, and ALT, was achieved after the 

administration of the extract.42 Moreover, Lycium 

extracts improved liver steatosis,42,45 which was related 

to a reduction in protein and gene expression of inflam-

matory markers in liver and an increase in antioxidant 

enzymes activities.42,45

Vitis extract

One of the 3 articles reporting on studies involving the 

genus Vitis focused on a V. coignetiae aqueous extract of 

leaves,23 and the other 2 articles reported on studies of 

V. vinifera extracts of skin and a mixture of seed and 

skin, using water48 and ethanol51 as solvents, respec-

tively. The doses administered (100, 300, 200, or 500 mg 

kg-1 d-1) were tested in Wistar rats23,51 and C57BL/6 

mice.48 Reductions in BW, epididymal and retroperito-

neal fat mass, as well as hepatic steatosis23,48,51 were 

observed. Liver weight was reduced in 2 studies,48,51

although V. coignetiae increased this parameter.23 In 

addition, hepatic levels of TG and TC48,51 were 

decreased, whereas AMPK antioxidant enzymatic activ-

ity (GPx, SOD, CAT) were increased.48,51 Furthermore, 

Santos et al48 observed that V. vinifera aqueous extract 

improved insulin resistance via reduction of glucose 

and serum insulin levels, increased expression of hepatic 

insulin cascade proteins, and resulted in a decrease in 

hepatic lipogenic factors. V. coignetiae23 treatment 

showed a beneficial effect on NAFLD by reducing the 

percentage of fibrosis area and NF-κB expression. 

Oxidative status was also improved, as seen by increased 

plasma antioxidant activity.

Therefore, Vitis genus treatments presented benefi-

cial effects on the treatment of NAFLD. V. vinifera 

showed positive effects in lipid and glucose metabolism, 

whereas V. coignetiae contributed to modulate the inter-

action between inflammation and oxidative stress.

DISCUSSION

In the present systematic review, we aimed to provide a 

complete description of the benefits of berry extracts on 

NAFLD. Antioxidant properties of the berries and their 

therapeutic use to treat different metabolic pathologies 

are well known. Kowalska and Olejnik53 reviewed the 

beneficial effects of berry fruits in the prevention and 

treatment of metabolic syndrome, showing their antiox-

idant effect and potential to treat obesity and diabetes, 

improve hepatic and plasma lipid profile, and protect 

against NAFLD through the modulation of lipogenic 

and inflammatory genes. Keeping in mind the impor-

tance of circular economy, in this review, the beneficial 

effects of berry extracts made from other parts of the 

plant in addition to fruit were gathered that have benefi-

cial properties against metabolic diseases.

After performing an extensive screening, 31 articles 

were included, using extracts from numerous genera 

(Euterpe, Vaccinium, Phyllanthus, Ribes, Morus, Rubus, 

Photinia, Lycium, and Vitis) whose fruit are considered 

berries. These species are commonly used for nutri-

tional purposes and most are consumed worldwide. 

Extracts were obtained using different methodologies 

and from different parts of the plants. This systematic 

review is a first attempt, to our knowledge, to collect 

information on the impact that extracts of different 

plant components of berries have on NAFLD and its 

associated metabolic outcomes. The available informa-

tion was organized so that future studies could take it 

into account. According ARRIVE guidelines, the quality 

of the retrieved studies was good, although there was 

great heterogeneity among them.

Induction of NAFLD in animal models was mainly 

performed by the inclusion of an HFD with different fat 

percentages or modifications. In a few studies, the 
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pathology was established by methionine choline–defi-

cient diet or orotic acid addition. In this regard, diet- 

induced obesity models are similar to the onset of this 

pathology in humans.54,55

The plant materials most used to obtain the func-

tional extracts were the fruit and leaves. The most 

common berry extract administration was by oral gav-

age, followed by its inclusion in the diet. Moreover, 

no toxicity effects of the administration of berries in 

any form were reported. The most common study 

treatment period was between 9 and 13 weeks, and 

doses ranged from 50 to 1000 mg kg-1. The extraction 

process is critical for the isolation of bioactive com-

pounds and depends on the intended use of the final 

products.56 The most frequently used solvents in the 

studies in this systematic review were water and etha-

nol with different purity percentages (Table 2). In 

general, regardless of the type of plant portion, most 

of the compounds isolated were polyphenols, flavo-

noids, and anthocyanins. In the genus Morus, Peng et 

al6 reported that, through water extraction, the main 

identified components were neochlorogenic, crypto-

chlorogenic, and chlorogenic acid, whereas Ann et 

al32 using ethanol as the solvent and identified 1- 

deoxynojirimycin and resveratrol. Using another part 

of the plant and the same solvents, M. alba36,37 and 

M. nigra31 fruit extracts contained cyanidin-3-O-glu-

coside. It seemed that M. alba36 water extract had a 

higher content of polyphenols, whereas M. nigra31

ethanolic extract had more flavonoids. In Rubus spp., 

chloroform:methanol:ammonia extracts from roots39,41

were mainly composed of carbohydrates and alkaloids, 

whereas the acetone:water extract of Rubus pomace38

had a high polyphenol content. Euterpe spp.2,3,46,49

presented remarkably high anthocyanidin and antho-

cyanin content in seeds and pulp when either hydro-

alcoholic or soxhlet extraction was carried out, 

respectively. Similar results were obtained in different 

members of Vaccinium.4,43 Finally, bioactive com-

pounds present in Vitis vinifera seeds and skin have 

been studied by Charradi et al51 and Santos et al,48

who found that seeds were mainly composed of poly-

phenols (gallic acid and 2,5-dihydroxybenzoic acid), 

whereas skin contained mostly anthocyanins.

The development of NAFLD by the theory of 2 

“hits” or stages is widespread. The first hit is triggered 

by TG accumulation in hepatocytes, caused by exacer-

bated fat intake and insulin resistance. This condition 

increases the liver’s vulnerability to other damaging fac-

tors, such as increased levels of oxidative stress, activa-

tion of inflammatory pathways, and the onset of 

fibrosis, collectively referred to as the second hit.57 The 

most widely studied parameters related to NAFLD are 

liver weight, hepatic steatosis, hepatic and serum TG 

and TC levels, lipid metabolism, and inflammatory sta-

tus. In this regard, a summary of the most representa-

tive effects of berry extracts on the alterations of 

NAFLD are summarized in Figure 2.

Figure 2. Representative Effects of Berry Extracts on the Alterations of Nonalcoholic Fatty Liver Disease. Abbreviations: ALT, alanine transa-
minase; AST, aspartate transaminase; CAT, catalase; GPx, glutathione peroxide; GSH, glutathione reductase; MDA, malondialdehyde; ROS, 
reactive oxygen species; SOD, superoxide dismutase; TBARS, thiobarbituric acid reactive substances.
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Lipid metabolism and hepatic steatosis

Hepatic fat deposition ensues as an unbalance among hep-

atic FA synthesis, de novo lipogenesis (DNL), hepatic avail-

ability of free fatty acids (FFAs) from hepatic lipolysis, and 

lipid exportation from the liver in the form of triglyceride- 

rich very-low-density lipoprotein. FFAs can be generated 

from several pathways, including increased hepatic DNL, 

delivery of FFAs from adipose tissue lipolysis, delivery of 

dietary fat, and reduced FA oxidation.58 Regarding the 

effect of the functional plant extracts on the liver, a general 

decrease in liver weight and steatosis caused by a decrease 

in lipid deposition has been observed,2,5,6,32,33,36– 

39,42,43,45,48,51 together with a reduction in macrovesicular 

and microvesicular steatosis,1,3,4,9,31,33,34,36,39,41,43,45–47,51

and TG1,3,6,9,30,31,33,36,37,40,42,46,48,51 and TC hepatic 

content.1,3,4,6,30,31,33,36,38,39,46,48,51 In addition, administra-

tion of berry extracts led to a general decrease in plasma 

and serum TG,2,6,30,32,35–41,46,50 TC,1–3,6,30–32,35–37,39–41,46,50

LDL,1–3,6,30–32,36,37,39–41,44,50 and very-low-density 

lipoprotein2,3,46 content. Therefore, berry extracts could 

improve NAFLD by acting against the first hit hypothesis, 

decreasing plasma and serum leptin levels, preventing insu-

lin resistance, and inhibiting lipogenesis.3,5,6,30,40,50 Liver- 

weight reduction is a biomarker related to an improvement 

of NAFLD.57 Berry extracts improved this biomarker with 

the exception of 2 studies in which liver weight was 

increased.23,38 Although Pak et al23 observed an increase in 

the relative liver weight, the Vitis coignetiae Pulliat. leaves 

extract alleviated liver fibrosis, improving nonalcoholic 

steatohepatitis by, theoretically, inhibition of the second 

hit.

One of the main actions of berry extracts was the 

hepatic DNL amelioration, in particular a decrease in 

the expression of genes such as Srebf1,3,32,33, 

35–37,40,44,46,48 Mlxipl (ChREBP),35 Acaca,9,37,39,40,46

Fasn,6,32,35–37,39,40 Scd1,37 and Pparg,5,34,38,47 which are 

genes that play a key role in this metabolic pathway.59

Thus, lipid production and storage in NAFLD are atte-

nuated after treatment with berry extract treatment, and 

there is a decrease in circulating FFAs levels.1,30,35,43

Less FFA mobilization from adipose tissue is also 

related to decreased epididymal,3,31,32,36,40,44,48

retroperitoneal,3,31,32,36 perineal,6,30,31,44 visceral,1,50

peripheral, mesenteric, and subcutaneous repository 

levels, as well as groin and body crude fat levels.6

Another important mechanism of lipid metabolism 

in hepatocytes is the β-oxidation of FAs in mitochon-

dria, with the upregulation of its major transcriptional 

peroxisome proliferator-activated receptor–-α60 by 

berry extracts.6,32,44 In addition, AMPK phosphoryla-

tion was enhanced,3,46 and this enzyme inactivated met-

abolic enzymes involved in FA and cholesterol 

synthesis, such as acetyl-coenzyme A (CoA) carboxylase 

(ACACA), and 3-hydroxy-3-methylglutaryl CoA reduc-

tase. In the first case, it was observed by an increase in 

the ratio of phosphorylated ACACA to ACACA,3,36,46

leading as well to an increase in Cpt1a expres-

sion.6,9,39,40 Cholesterol metabolism was also improved 

by a decrease in Hmgcr3,6,33,40,46 and an increase in 

Cyp7a1 gene expression.33

It is well known that the administration of an HFD 

also affects the expression of different genes regulated 

by transcription factors such as SREBP-1 and PPARG, 

which contribute to DNL. First, they reduce both hep-

atic and plasmatic lipid accumulation, correlated with 

liver weight reduction. In this sense, hepatic steatosis 

was ameliorated by an increase in enzymes involved in 

β-oxidation and a decrease in DNL. Liver function was 

also improved by berry extracts, as indicated by the 

reduction of AST5,9,30,31,35,37,38,40–42,44,46,52 and ALT 

levels,1,2,5,6,9,23,30,31,35,37,40–44,46,52 both linked to cellular 

damage and loss of functional integrity of the cell 

membranes.46

Glucose and glycogen metabolism

The most common risk factor for NAFLD development 

and progression is insulin resistance.61 Systemic insulin 

resistance is characterized by the inability of insulin to 

reduce blood glucose levels appropriately, whereas hep-

atic insulin resistance is caused by interrupting hepatic 

glucose production but increasing lipogenesis stimula-

tion. Insulin is also a key inhibitor of hepatic glucose 

production by suppression of glucose production 

through glycogenolysis and gluconeogenesis. Therefore, 

insulin resistance induces an elevation of glycogenolysis 

and an increase in hepatic glycolytic intermediates, 

which lead to raised glycolysis.58 Despite its importance, 

only 2 studies included the effect of berry extracts on 

glycogen deposition.9,36 In both articles, berry extracts 

increased glycogen content in NAFLD rats. In 1 study, 

blackberry leaf extract enhanced glycogen content more 

than the fruit extract, whereas in the second study, a 

high ratio or high dose of Morus alba extract in combi-

nation with silk amino acids increased glycogen content 

in NAFLD rats. Increased glycogen content may indi-

cate decreased hepatic gluconeogenesis, favored by 

enhanced intrahepatic TG content. The reduction of 

TG content seems to explain the way that berries modu-

late glucose metabolism. The studies of Park et al9,36

showed that both blackberry and mulberry extracts 

decreased serum glucose and insulin levels, as well as 

AUC of serum glucose levels during either glucose and 

insulin tolerance testing. Similarly, M. nigra L. and M. 

alba extracts,30,31,35 Phyllanthus niruri,1 and Vitis vini-

fera L.48 decreased AUC after oral glucose tolerance 
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testing, HOMA-IR, HOMA-IS, and glucose and insulin 

levels.

Anti-inflammatory and antioxidant properties

NAFLD is a pro-inflammatory condition, and inflam-

mation and oxidative stress are critical for nonalcoholic 

steatohepatitis development and progression. Actually, 

inflammation and its main consequence, fibrosis, are 

key determinants of the long-term prognosis of the dis-

ease.57 Therefore, a great variety of articles focused on 

the factors of the second hit hypothesis, such as effects 

on inflammatory markers and antioxidant enzymes. 

The inflammatory process was attenuated by berry 

extracts by decreasing inflammatory cell 

infiltration9,36,39,41,49 and gene and protein expression 

of inflammatory markers such as TNFa,9,34,36,41– 

43,45,50,52 Il1b,9,34,36,42,43,50,52 Il6,34,38,41,42,50 Il10,45

Nfkb,4,23,34,41,43,45 Ppara,38,43 Ptgs2 (COX-2),34,41,43

Ccl2,18,43 Ccl3,43 Ccr2,43 Tgfb,42,45 Nlrp3,43,45 Nlrp6,45

Casp1,43,45 Nr1h3 (Lxra),32,40,44 Icam1,42 Itgax 

(CD11c),42 Fabp4,5,32,34 F4/80,42 Pycard (ASC),45 and 

Tlr4.43 In the same way, inflammatory markers such as 

TNF-α,6,30,36,47,52 IL-1β,30,52 IL-4,30 and IL-647,52 were 

decreased in serum. Even short periods of berry extracts 

(eg, 3-week administration of Phyllanthus niruri47 and 

Lycium barbarum Lynn45) or 1-week administration 

of Rubus aleaefolius Poir. extract41 resulted in a 

significant improvement in the anti-inflammatory 

status. Moreover, berry extracts enhanced the 

antioxidant capacity of the liver by increasing the activ-

ity of key role antioxidant enzymes (namely, 

SOD,3,6,9,30,36,37,42,46,48,51,52 CAT,3,42,44,45,48,52 GPX,3,

6,45,46,48,51,52 GRd,44 UCP2,32 and GSH9,36,51) and 

decreasing pro-oxidant markers (ie, Nrf2, malondialde-

hyde [MDA],2,3,9,36–38,42,45,46,48 carbonyl protein,2,3,46,48

TBARs,6,49 4-HNE,32,37 8-isoprostane,46 and ROS30). In 

general, it has been observed that berries with the same 

extraction protocol and treatment period (aqueous 

extract; 4 weeks) but of different genera (L. chinense42

and P. emblica L.52) had similar effects on the decrease 

of TBARS52 and GSH and MDA levels.42 Such benefi-

cial actions could be explained by the presence of differ-

ent compounds, such as flavonoids, anthocyanins, 

catechin, epicatechin, proanthocyanidins, gallic acid, 

and ellagic acid, which are well known for their antioxi-

dant and anti-inflammatory properties.3,37,42,44,52 In 

addition, berry extracts cause decrease of the secretion 

of various adipokines that contribute to hepatic inflam-

mation.32 The most representative effects of berry 

extracts against NAFLD and its associated alterations 

are summarized in Figure 2.

One of the principal limitations of this study is the 

difficulty in defining the term “berry” and the lack of a 

global Medical Subject Heading term for it. Therefore, 

this study included the most cultivated and commercial-

ized berry genera. Another limitation was the difficulty 

of including clinical studies, due to the small number of 

studies that tested berry extracts in humans (n¼ 5). 

This corroborates the fundamental aspect of collecting 

the already existing results from animal studies for the 

encouragement of future clinical trials. Moreover, only 

3 articles included female rodent models, which indi-

cates lack of information for proving any sex inferences 

on the observed effects. The high variability of the treat-

ment periods of the studies limits the value of the com-

parison of the observed effects of berry extracts. 

Therefore, there is a need for homogenization of the 

methodology. Also, the heterogeneity of extraction 

methodologies and solvents, as well as NAFLD induc-

tion protocols are a limitation to comparing the benefi-

cial effects of the berry extracts. In addition, the 

chemical composition of the extracts is difficult to com-

pare and unreliable because there is no established pro-

tocol for analysis of compounds, and each study used 

the standards and analyses the compounds the research-

ers deemed convenient.

CONCLUSIONS

In conclusion, all the studies in this systematic review 

reported beneficial effects of functional extracts of ber-

ries on altered biomarkers associated with NAFLD, 

although a wide discrepancy in the elaboration of the 

extracts was observed. Administration of berry extracts 

to genetically or diet-induced obese animal models 

demonstrates positive effects on lipid and glucose 

metabolism, ameliorating first-hit parameters such as 

body, liver, and fat weight. Additionally, they exhibit 

antioxidant and anti-inflammatory properties, counter-

acting the alterations involved in the 2-hit hypothesis. 

These results are encouraging for the inclusion of berry 

extracts in clinical trials as a complementary approach 

for the amelioration of certain disrupted biomarkers 

linked to NAFLD onset.

This systematic review primarily focuses on in vivo 

preclinical models that replicate some of the NAFLD- 

derived alterations to delve into the molecular mecha-

nisms underlying these alterations and how they are 

influenced by the administration of the mentioned 

functional ingredients. Although these insights are 

promising, future research involving humans is neces-

sary to fully understand the potential therapeutic bene-

fits of berry extracts. Thus, these findings provide 

valuable groundwork for designing future clinical 

studies.
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