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Abstract: Background: Grape phytochemicals prevent intestine-related and subsequent other inflam-

matory diseases. Phytochemicals and vitamin D are useful for the regulation of inflammatory re-

sponses. Phytochemicals is the generic name for terpenoids, carotenoids, and flavonoids that consist of 

a variety of chemicals contained in vegetables and fruits. There are a variety of grape cultivars that 

contain many kinds of phytochemicals in their skin and seeds. Grape phytochemicals including Grape 

Seed Extracts (GSE) have already been used to maintain healthy condition through manipulating in-

flammatory responses by decreasing the expression of inflammation-related factors. 

Discussion: Grape phytochemicals mainly consist of a variety of chemicals that include terpenoid 

(oleanolic acid), carotenoids (β-carotene, lutein), and flavonoids: flavon-3-ols (quercetin), flavan-3-ols 

(catechins), anthocyanins, oligomers and polymers (tannins and proanthocyanidins), and resveratrol. 

Phytochemicals improve the dysbiosis (gut microbiota complication) induced by metabolic syndrome 

and regulate inflammatory diseases induced by TNF-α production. Once absorbed, flavonoids change 

into glucuronide-form, move into the bloodstream and reach the inflammatory sites including liver, 

lung, and sites of arteriosclerosis, where they become active. Furthermore, oleanolic acid acts on TGR5 

- the cholic acid receptor, as an agonist of cholic acid. These anti-inflammatory effects of phytochemi-

cals have been proven by the experimental animal studies and the clinical trials. 

Conclusion: It is expected the new health food products will be created from grape skins and seeds 

since grape phytochemicals participate in the prevention of inflammatory diseases like intestine-related 

inflammatory diseases.�

Keywords: Phytochemicals, Oleanolic acid, Quercetin, TNF-α, microbiota, Treg (Regulatory T cells), Inflammatory bowel 
disease. 

1. INTRODUCTION 

 Chronic inflammation has been the fundamental cause of 
many kinds of diseases such as metabolic syndrome, type 2 
diabetes, dysbiosis, Inflammatory Bowel Disease (IBD), 
arteriosclerosis, Non-Alcoholic Steatohepatitis (NASH), and 
interstitial pneumonia. 

 Digestive tract participates not only in the digestion of 
foods and absorption of the nutrition but also in the immune 
response. Microbiota is symbiosis organism in the digestive 
tract; there are over 100 trillion bacteria living in the colon 
that assist in the function of the digestive tract and maintain 
the healthy condition [1]. Microbiota will change because of 
our dietary habit.  

 Prebiotics consists of dietary-fibres and probiotics such 
as Lactobacillus and Bifidobacterium that are important for  
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the growth of microbiota, having a positive correlation with 
our health condition. Recently, the importance of butyrate- 
producing bacteria that consume water-soluble fibres has 
been observed. It was revealed that short fatty acid butyrate 
binds to the receptors expressed in the digestive tract and 
induces the Regulatory T Cells (Treg) with epigenomic in-
teraction. 

 Instead, the high amount of fat intake in the diet of the 
Western world and cafeteria-style diet causes dysbiosis that 
induces hyperlipidemia, hypertension, diabetes, metabolic 
syndrome, and arteriosclerosis, which are responsible for the 
manifestation of a variety of diseases including brain and 
cardiac diseases, NASH, and IBD [2]. 

 The intake of phytochemicals present in vegetables and 
fruits prevents a variety of inflammation-related diseases 
by suppressing the production of inflammatory cytokine 
TNF-α [3]. In this review, we will show that the phyto-
chemicals mainly present in grapes suppress the develop-
ment of intestine-related and subsequently cause inflamma-
tory diseases. 
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2. VARIETY OF GRAPE PHYTOCHEMICALS 

 Variety of phytochemicals in grapes and their functions 
are shown in Table 1. Terpenoids contain triterpene skele-
tons that include oleanolic acid, ursolic acid, and saponin, 
with the sugar-conjugated form. Grape skin contains an 
enormous amount of oleanolic acid. Oleanolic acid is known 
to have anti-carcinogenic activities, and recently it has been 
revealed that oleanolic acid is an agonist of the receptor for 
cholic acid, a component of bile acid [4]. 

 β-Carotene, β-cryptoxanthin, and astaxanthin are known 
as carotenoids. Carotenoids mainly present in grapes are β-
carotene and lutein that consist of 85% of grape carotenoids. 

β-Ionone is derived from β-carotene, which is the smell of 
violet and one of the smells of an aged Bourgogne wine [5]. 
β-Carotene is the precursor of vitamin A, and vitamin A is 
metabolized into retinoic acid. Vitamin A is required for the 
visual cycle that is essential for the maintenance of vision. In 
this process, all-trans-retinol found is vitamin A in the hu-
man retina by enzymic reactions. Enzymatic reactions 
change retinol to 11-cis-retinal and renew ommochrome. 
Usually, the consumption of both pro-vitamin A carotenoids 
and retinol is a fundamental way of acquiring retinol, and the 
intake of grape phytochemicals is concluded to participate in 
the maintenance of vision [6]. 

 
Table 1. Variety of phytochemicals in grapes. 

Terpenoids 

Class Place to Find Functions References 

Oleanolic acid Skin Intestinal peristalsis 

Cholestasis prevention 

Diabetes prevention 

Anti-fibrosis 

Anti-inflammation 

Anti-carcinogenesis 

[4] 

[11] 

[14] 

[15] 

[15] 

[55] 

Ursolic acid Skin Anti-carcinogenesis 

Anti-Virus and Bacterial 

[57] 

[58] 

Saponin Skin Anti-Bacterial [59] 

Carotenoids 

Class Place to Find Functions References 

β-carotene 

β-cryptoxanthin 

Astaxanthin 

Skin Conversion to vitamin A 

Protect DNA and Cells 

UV protection 

[5] 

Flavonoids 

Class  Sub Class Place to Find Functions References 

Flavon-3-ols Quercetin 

  Kaempferol 

  Myricetin 

Skin (hi)*  

Seed (low)* 

TNF-α suppression 

Anti-carcinogenesis 

Anti-metabolic syndrome 

Anti-Alzheimer’s disease  

Anti-arteriosclerotic 

Anti-fibrosis 

Anti-hypertension 

IBS prevention 

[3] 

[21] 

[22] 

[29] 

[30] 

[34] 

[35] 

[41] 

Flavan-3-ols Catechin 

  Gallocatechin 

  Epigallocatechin 

  Epigallocatechin gallate 

Skin  

Seed (hi) 

Anti-inflammation 

Anti-hypertension 

Anti-metabolic syndrome 

[10] 

[31] 

[53] 

Anthocyanins Malvidin 

  Cyanidin 

  Delphinidin 

Skin (hi)  

Seed 

Anti-inflammation 

Cardio protective 

Insulin resistance  

Anti-cognitive disorder 

[10] 

(hi)* Presence at high concentrations in each place. 
(low)* Presence at low concentrations in each place. 
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 Flavonoid is one of the polyphenols widely found in 
vegetables and fruits, and over 7,000 derivatives are known. 
Flavonoids are classified into flavones (apigenin and luteo-
lin), flavon-3-ols (quercetin and kaempferol), flavan-3-ols 
(catechins), anthocyanidins (cyanidin, malvidin, and del-
phinidin: having estrogen-like effects), flavanone (hesperetin 
and naringin) chalcones, and isoflavones (genistein and 
daidzein) by their chemical structures [7]. 

 Grape skins and seeds contain a variety of flavonoids. In 
addition, the content of phytochemicals in grapes can be al-
tered by the cultivars and epigenomic environmental factors 
like UV exposure [8]. Catechins (flavian-3-ols) in grapes are 
classified into catechin, epicatechin, and epigallocatechin-
gallate (EGCG), etc. The polymerisation of flavan-3-ols has 
a relationship with their bioavailabilities. For example, the 
small intestine easily incorporates monomers like catechins. 
Moreover, oligomeric procyanidins, the complexed 
(epi)catechin are the most abundant procyanidins. Before 
absorption, however, they need to be metabolised into 
smaller molecules by the gut microbiota. 

 Grapes contain large amounts of quercetin (flavon-3-ols) 
next to catechins. Quercetin exists not only as monomers but 
also as water-soluble compounds, such as quercetin 3-
glucoside or quercetin 3-glucuronide. Flavon-3-ols include 
kaempferol and myricetin [9]. Anthocyanins, known as the 
main pigments of vascular plant flowers, are the glycoside-
form of anthocyanidin, which are also abundant in grapes. 

 Effects of phytochemicals depend on their bioavailability 
in terms of absorption at the digestive tract, circulation in the 
blood, and transport to the targeted organs. After absorption 
as aglycones, they are transformed into a glucuronide-form 
with glucuronic acid, etc., and then circulate in the blood-
stream [10]. When orally administered, the concentration of 
quercetin in the blood will increase. However, their anti-
oxidative effect will not enhance. This means that the activ-
ity of quercetin is inhibited by the formation of glucuronide-
form. It is important to estimate whether they have anti-
inflammatory effects in vivo or not, instead of their anti-
oxidant effects in vitro, since the major effects of quercetin 
in the body are anti-inflammatory effects. 

3. ROLE OF OLEANOLIC ACID 

 The white powder of triterpene found on the surface of 
grape skin is oleanolic acid. Recent research reveals that 
oleanolic acid is an agonist of cholic acid receptor TGR5 
(The G protein-coupled bile acid receptor). This receptor 
regulates motions and secretions in the digestive tract. TGR5 
exists on the surface of enteric neurons and enteroendocrine 
cells. 

 Administration of oleanolic acid (1-100μM) to tgr5-tg 
(transgenic) mice that overexpressed TGR5 improved the 
peristalsis movement in comparison with wild-type control 
mice. TGR5 deficient mice experienced constipation. Thus, 
it was expected that oleanolic acid in combination with 
TGR5 would prevent constipation [4]. Furthermore, the list 
of gastrointestinal disorders and the considerable mechanism 
of phytochemicals are summarised in Table 2. 

 Lithocholic acid that causes cholestasis in mice is a sec-
ondary bile acid processed with the intestine microbes. In-

stead, oleanolic acid protects mice from cholestasis induction 
by lithocholic acid. Oleanolic acid in a small amount 
(20mg/kg, i.p.) protects the liver from a variety of hepato-
toxicants [11]. In addition, parenteral nutrition caused re-
markable intestine degeneration in comparison with animals 
orally administrated, while oleanolic acid (50mg/kg/d) 
treatment led to the gut mass preservation shown by gross 
and histological analysts [12]. 

 The intestine has many neurons; thus, the organ is so-

called the second brain. As TGR5 expresses on over 50% of 

intestinal cells, there is a strong relationship between the 

brain and intestine [4]. The strong relationship between the 

digestive tract and the Central Nervous System (CNS) is 

named the gut-brain axis, which offers interactive connection 

via immunological, hormonal, and neural levels [13]. TGR5 

is also expressed in the pancreatic β cells. Thus, oleanolic 

acid (25μM) modulates insulin secretions and controls blood 

sugar levels [14]. Expression of TGR5 is not only found in 

the intestine but also found to be systemic. TGR5 is also 

expressed in the lung tissues, and oleanolic acid downregu-
lates TNF-α production. 

 Bile acid changes gut microbiota. For example, bile acid 

decreases the intestinal sulphur-producing Desulfobacter 
spp. and increases the beneficial bacterium Akkermansia 
muciniphila. The action of bile acid is achieved through the 

activation of TGR5 on the cell membrane, and both vitamin 

D (VDR) or bile acid FXR (farnesoid X receptor) receptors 

in the nucleus. Oleanolic acid prevents inflammations such 

as pulmonary arterial hypertension and pulmonary fibrosis 

through TGR5 pathway, and vitamin D also prevents these 

inflammatory responses through VDR pathway [15]. Oleano-

lic acid participates in the prevention of lung disorders medi-

ated by interstitial pneumonia in mice via the decreased ex-

pression levels of TNF-α. Oleanolic acid in wine pomace (4-

11g/100g) significantly ameliorates obesity-induced insulin 

resistance and prevents hyperlipidemia in high-fat diet SD 

rats. The inhibition of expression of lipogenic genes and in-
flammatory cytokine genes is related to these effects [16]. 

4. EFFECTS OF GRAPE PHYTOCHEMICALS IN 
MICROBIOTA 

 Recently, the gut microbiota has shown a pivotal function 
in the metabolism of humans, thus their failure causes the 
progression of metabolic syndrome [17]. Healthy athletes 
have 22 diversified phyla of intestinal microbiota that have a 
positive relationship with their food intake [18]. 

 Two groups of beneficial bacteria are dominant in the 
human intestine, the Bacteroidetes and the Firmicutes, and 
their balance is important [19]. Decreased Bacteroidetes 
causes dysbiosis. Consumption of a high-fat diet makes a 
remarkable change in gut microbiota that changes cholic acid 
to the secondary metabolite deoxycholic acid, and then the 
liver incorporates deoxycholic acid. Deoxycholic acid in-
duces the mutation of Ras-gene in stellate cells and causes 
hepatocellular carcinoma [20]. Quercetin (20μM) reduces 
Ras oncogene-induced protein, then induces autophagy in 
human colonic cells with Ha-RAS-transformation [21]. 
Quercetin is capable of regulating obesity, metabolic syn-
drome, and Non-Alcoholic Fatty Liver Disease (NAFLD) 
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manifested by dysbiosis. Excessive amounts of fat intakes 
intensify Firmicutes/Bacteroidetes ratio, especially increase 
Helicobacter genus but decrease Gram-negative bacteria. 
Here, quercetin (0.05% (wt/wt)) administration restores dys-
biosis and activation of endotoxemia-mediated TLR-4 sig-
nalling to the normal condition [22]. EGCG is known to have 
strong anti-bacterial and anti-carcinogenic effects. Grapes 
contain polymers of flavan-3-ols that should be biotrans-
formed into small molecules by the gut microbiota before 
absorption [10]. 

 The intestinal environment has been the key to healthy 
longevity. Therefore, maintaining the diversity of gut micro-
biota is important. Prebiotics, probiotics, and phytochemicals 
are important to maintain healthy good gut microbiota [23]. 
Prebiotics are the nutrition for the beneficial bacteria in gut 
microbiota such as water-soluble fibers. Microbiota-

Accessible Carbohydrates (MACs) are carbohydrates derived 
from dietary fibres and digested by gut microbiota. MAC 
contains a lot of complexed carbohydrates derived from 
fruits, vegetables, and beans that are low in Western diet and 
the intake of MAC diversifies and maintains the gut micro-
biota [24]. Probiotics are the good gut microbiota that par-
ticipates in the health of human hosts such as Lactobacillus, 
Bifidobacterium, and butyrate acid-producing bacteria and/or 
microbiota by inhibiting the growth of harmful bacteria to 
the host. 

 Phytochemicals especially present in grapes are known to 
have a beneficial effect to maintain good gut microbiota. For 
example, co-administration of grapes (3-5%) with a high-fat, 
butter-rich diet shows significantly reduced total body fat 
and inguinal fat and lowers liver weights. It also alters gut 
microbiota and the intake of grapes decreases the intestinal 

Table 2. List of gastro intestinal disorders and the considerable mechanism of phytochemicals. 

Gastro Intestinal Disorders Phytochemicals Considerable Mechanism References 

Constipation Oleanolic acid Oleanolic acid prevents constipation through binding to TGR5. [4] 

Cholestasis Oleanolic acid Oleanolic acid prevents cholestasis induced by lithocholic acid. [11] 

Gut atrophy Oleanolic acid Oleanolic acid treatment preserves gut mass atrophy. [12] 

Dysbiosis Grape phytochemicals Grape phytochemicals work as probiotics to keep healthy gut microbi-

ota and prevent dysbiosis. 

[23, 25] 

Dysbiosis Concord grape phytochemicals Concord grape phytochemicals help weight loss, reduce intestinal 

levels of TNF-α, IL-6 and Glut2, and decreases F/B ratio. 

[53] 

Dysbiosis Quercetin Quercetin restores dysbiosis via preventing endotoxins-mediated TLR-

4-NFκ-B signal induced TNF-α production. 

[3, 22] 

Irritable Bowel Syndrome (IBS) Quercetin Quercetin has anti-inflammatory effects by preventing the production 

of histamine and TNF-α. 

[41] 

Obesity (responsible for the 

intestinal diseases) 

Quercetin Obesity is responsible for the intestinal diseases which is caused by 

disrupted secretion of adiponectin and increased production of TNF-α. 

[43] 

Inflammatory Bowel Disease 

(IBD) 

EGCG EGCG damages cell wall of Fusobacterium nucleatum to prevent 

manifestation of IBD. 

[26] 

IBD Grape Seed Extract (GSE) GSE attenuates enteritis through increasing tight junction protein 

claudin2 and beneficial gut microbiota (Lactobacilli and Bacteroides) 

in IL-10-knockout mice. 

[27] 

IBD Wine grape phytochemicals Components of wine is considered as natural approach for the preven-

tion of IBD because phytochemicals work mainly as prebiotics. 

[42] 

IBD Flavian 3-ols  Intake of flavan 3-ols from food can decrease the amounts of TNF-α in 

intestinal mucosa, stool and blood in the patient. 

[10] 

Peptic ulcer Phytochemicals in V. Vinifera. Phytochemicals in V. Vinifera prevent peptic ulcer through anti-H. 
Pylori, anti-inflammatory activity and wound healing. 

[51] 

Intestine-related inflammatory 

diseases 

K-FGF (Fermented grape 

foods from V. Vinifera Koshu) 

K-FGF prevents inflammatory activities including intestine-related 

inflammatory diseases. 

[7] 
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sulphur-producing Desulfobacter spp. and Bifidobacterium, 
Lactobacillus, Allobaculum, and other genera also have a 
relationship with adipose tissue increase [25]. EGCG 
(500μg/mL) displays antibacterial activity by damaging the 
bacterial cell wall of Fusobacterium nucleatum that is asso-
ciated with inflammatory bowel diseases [26]. 

 Both Treg cells and lamina propria macrophages have a 
correlation with Bacteroides fragilis to produce IL-10 that 
generates immune tolerance and inhibits the T helper (h)-17 
cell-induced inflammation. Deficiency of Treg/Th17 homeo-
stasis causes intestinal disorders [23]. Administration of GSE 
(1% of dry feed weight) to IL-10-knockout mice ameliorates 
IBD symptoms. GSE intake attenuates enteritis, decreases 
claudin2: tight junction protein, and increases the growth of 
Lactobacilli and Bacteroides in the intestine [27]. 

5. ANTI-INFLAMMATORY EFFECTS OF GRAPE 

FLAVONOIDS EXPRESSED IN BLOOD VESSELS 

 Anthocyanin that is known to show anti-inflammatory 
effects is a representative flavonoid present in red wine. In 
comparison, both anthocyanin and quercetin present in wine 
formulate conjugate with glucuronide when they move from 
intestine to the bloodstream. Oral administration of quercetin 
increases the level of blood quercetin. However, it is also 
reported that the anti-oxidative response does not increase 
with quercetin administration. This result suggests that quer-
cetin circulates the bloodstream in the form of a conjugate, 
although quercetin-glucuronide does not exhibit anti-
inflammatory action in the body [28]. However, the com-
parison between anthocyanin-glucoside and quercetin-
glucuronide showed that quercetin-glucuronide (0.1-5μM) is 
more effective for the prevention of Alzheimer's Disease 
(AD) [29]. 

 In human atherosclerotic arteries, foam cell formation 
from macrophages by phagocytosis of oxidised LDL-
cholesterol in the artery is considered as a responsive 
mechanism of disease progression. However, the problem is 
whether the blood vessel can be cured by quercetin 3-
glucuronide (20μM) at the atherosclerotic lesions where oxi-
dised LDL-cholesterol is incorporated into foam cells. Oxi-
dised LDL-cholesterol-incorporated foam cells secrete glu-
curonidase, the enzyme de-conjugates quercetin 3-
glucuronide to transform into aglycone, the active form, and 
then the aglycone receives methylation. As a result, class A 
scavenger receptor and CD36 mRNA decrease because of 
quercetin 3-glucuronide administration, as these molecules 
have a critical effect on the differentiation of foam cells. This 
pathway inhibits the progression of atherosclerosis [30]. 

 Inflammatory responses are induced by TNF-α. Endo-
toxin LPS, bonded with TLR4 expressed on the surface of 
macrophage, activates NF-κB cellular signalling pathway. 
Activation of NF-κB bonded to the TNF-α promoter gene 
induces biosynthesis of TNF-α. Quercetin (3-200μM) is ca-
pable of regulating TNF-α production in LPS activated bone 
marrow-derived monocytes. The signalling pathway requires 
lipid raft formation with the accumulation of TLR4. How-
ever, quercetin blocks this raft formation [3]. Catechins pre-
sent in grapes and wine have been shown to suppress hyper-
tension in the clinical trial [31]. 

6. ANTI-INFLAMMATORY EFFECTS OF GRAPE 
FLAVONOIDS ON THE LIVER 

 Non-caloric artificial sweeteners that are related with 
dysbiosis and host metabolic syndrome alter the metabolic 
pathway of gut microbiota [32]. High fructose consumption 
and stress are responsible for the changes in the tight junc-
tion and cause the loss of intestinal permeability [33]. Weak-
ened intestinal tight junction induces leaky gut syndrome 
that triggers the bacterial translocation and influx of endo-
toxins into the bloodstream and the liver, which cause Non-
Alcoholic Steatohepatitis (NASH). C57BL/6J NASH model 
mice manifested liver fibrosis and daily oral administration 
of quercetin inhibited fibrosis with the suppression of TNF-α 
[34]. Supplementation with 162 mg/d quercetin was able to 
improve the states of patients in high blood pressure [35]. 
Type 2 diabetes patients induce insulin resistance because of 
the highly detectable population of living intestinal bacteria 
and their toxins in the circulating fluid [36]. 

 Acetaldehyde is produced by alcohol decomposition in 
the liver and impairs human health. High activity of Alde-
hyde Dehydrogenase (ALDH) takes place in non-heat-
treated mixed juice of vegetables and fruits including grapes. 
A randomised crossover trial revealed that the maximum 
ethanol concentrations in expiratory-air or plasma on post 
intake of grape-containing mixed fruits and vegetable juice 
significantly lowered than water drinking control groups 
[37]. ALDH is gaining more attention because of the capac-
ity for detoxification of aldehydes. When this enzyme is suf-
ficient enough, it becomes less susceptible to alcohol damage 
in the liver. ALDH is considered to be an important enzyme 
for health promotion because ALDH malfunction might 
cause many kinds of human illnesses starting from diabetes 
to cancer [38]. Furthermore, it has been reported that grape 
procyanidins have hepatoprotective effects by upregulating 
hepatic ALD activity [39]. 

7. ANTI-INFLAMMATORY EFFECTS OF 

FLAVONOIDS ON INTESTINE AND OTHER 
ORGANS 

 IBD is one of the inflammatory diseases classified into 
Crohn's Disease (CD) and Ulcerative Colitis (UC) [40]. Re-
cent research shows that the flavonoid quercetin can be help-
ful for irritable bowel syndrome patients [41]. 

 The wine grape phytochemicals have been used to ame-
liorate IBD patients. In Mediterranean diet, daily intake of 
modest amounts of wine is considered as an essential part. 
Non-alcoholic part of wine seems to have a health benefit. 
According to this report, components of wine might be a 
natural approach for the prevention or treatment of IBD. In 
addition, phytochemicals in wine work as prebiotics [42]. In 
IBD patient, TNF-α levels are increased in gut tissues, stool, 
and blood. The manipulation of TNF-α by the food intake 
has been indicated as a valuable and attractive way to sup-
press the inflammation in IBD [10]. Clinical trial supports 
that quercetin has potentially beneficial functions on obesity 
treatment because it is responsible for intestinal diseases. 
Disrupted adiponectin and increased production of TNF-α 
are also involved in the aetiology of obesity [43]. Further-
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more, epidemiological analysis has shown the low vitamin D 
levels to be correlated to the increasing risks for IBD [44]. 

 Manipulation of the dysbiosis is an attractive approach 
for UC therapy. Faecalibacterium prausnitzii is one of the 
most potent candidates of probiotics because laboratory data 
suggests a reduction in F. prausnitzii in IBD and colon can-
cer patients [45]. Co-administration of inulin with Clostrid-
ium butyricum MIYAIRI 588 (CBM) reduces adipocytes 
accumulation and triglycerides in the blood [46]. Colonisa-
tion with some Clostridium species induces Treg cells that 
produce IL-10 and suppress colitis [47]. Colonic butyrate-
producing bacteria produce butyrate from fibres in foods, 
promote anti-inflammation effects of macrophages in the 
colon, and induce Treg cells via their receptor Gpr109a sig-
nalling pathway [48]. In triptolide-induced liver injury, quer-
cetin prevents liver injury by attributing Th17/Treg cell im-
balance to Treg dominance. In addition, quercetin induces 
Treg dominant immune responses through restoring IL-10 
and FoxP3 expression, which is regulated by TNF-α produc-
tion via TLR4-NF-κB signalling pathway [49]. An experi-
ment using powdered red wine pomace seasonings shows 
that the best substrate is dietary fibre from seedless fraction 
to be processed into short chain fatty acids by microbes 
while polyphenols contained in seed fraction were the most 
fermentable in the colon [50]. 

8. VARIETY OF GRAPES AND FEASIBILITY TO 
DEVELOP NEW FUNCTIONAL FOOD PRODUCTS 

FROM GRAPES 

 Vitis vinifera is a widely grown grape species with a va-
riety of wine grape cultivars. This grape is known to have 
anti-H. pylori, and anti-inflammatory properties and promote 
the wound healing property of peptic ulcer [51]. Oleanolic 
acid in wine pomace significantly ameliorates insulin resis-
tance in SD rats [16]. White wine cultivar Chardonnay-
derived GSE (V. vinifera: 10%) diet shows the improvement 
of gut microbiota condition by lowering the F/B ratio in 
high-fat diet fed Golden Syrian hamsters. Chardonnay-
derived GSE diet increases liver CYP7A1 expression that 
modulates bile acid and lipid metabolism [52]. Concord 
grape phytochemicals (V. labrusca: 1%)-fed C57BL/6J mice 
exhibited the attenuation of adverse effects of high-fat diet, 
including weight loss with lower intestinal levels of TNF-α, 
IL-6, and Glut2. Furthermore, these grape phytochemicals 
enhance the rapid increase of Akkermansia muciniphila and 
decrease the F/B ratio. The grape phytochemicals modulate 
the balance of gut microbial community in the intestine, re-
sulting in lower intestinal and systemic inflammation [53]. A 
variety of GSE have been used and attributed to the im-
provement of health and nutrition. Phytochemicals derived 
from grape-based products are used for the prevention of a 
variety of diseases [54]. 

 Flavonoids present in vegetables and fruits are known to 
show anti-inflammatory activities against diabetes, rheuma-
toid arthritis, atherosclerosis, IBD and so on. Orally fer-
mented grape foods from Vitis vinifera Koshu (K-FGF), are 
beneficial to ameliorate allergic diseases. K-FGF is a natural 
product fermented by L. plantarum that contains large 
amounts of oleanolic acid (terpenoid) and quercetin (flavon-
3-ols) [7]. Oleanolic acid is in phase I clinical trials of cancer 

therapy [55]. Further preclinical and clinical trials are re-
quired for understanding safety, bioavailability, and bioeffi-
cacy of grape phytochemicals for intestine-related inflamma-
tory disease patients [56]. 

CONCLUSION 

 In summary, phytochemicals present in grapes have anti-
inflammatory risk reduction effect for chronic inflamma-
tions. Intake of phytochemicals and dietary fibres from fruits 
and vegetables to maintain good gut microbiota can prevent 
us from metabolic syndrome, which triggers chronic in-
flammation. This is in accordance with the idea of so-called 
me-byo (prevent us from the pre-illness condition). The daily 
intake of grape phytochemicals for prevention of intestine 
diseases will also prevent inflammatory diseases in other 
tissues. 

LIST OF ABBREVIATIONS 

AD = Alzheimer's Disease 

ALDH = Aldehyde Dehydrogenase 

CD = Crohn's Disease 

CD36 = Cluster of Differentiation 36 

CNS = Central Nervous System 

CYP7A1 = Cholesterol 7 alpha-hydroxylase 

EGCG = Epigallocatechin-gallate  

FXR = Farnesoid X receptor 

Glut2 = Glucose transporter 2 

Gpr109a = Hydroxycarboxylic acid receptor 2 

GSE = Grape Seed Extracts 

IBD = Inflammatory Bowel Disease 

IL-10 = Interleukin 10 

IL-6 = Interleukin 6 

K-FGF = Fermented Gape Foods from Vitis vinifera 

Koshu 

LDL = Low-density lipoprotein 

LPS = Lipopolysaccharides 

MAC = Microbiota-Accessible Carbohydrates 

NASH = Non-Alcoholic Steatohepatitis 

NF-κB = Nuclear Factor kappa-light-chain-enhancer 

of activated B cells 

TGR5 = The G protein-coupled bile acid receptor 

Th17 = T helper 17 cells 

TLR-4 = Toll-like receptor 4 

TNF-α = Tumour Necrosis Factor-α 

Treg = Regulatory T cells 

UC = Ulcerative Colitis 

UV = Ultraviolet 

VDR = Vitamin D receptor 
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