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Macroalgae, or seaweeds, are a rich source of components which may exert beneficial effects on the mammalian
gut microbiota through the enhancement of bacterial diversity and abundance. An imbalance of gut bacteria has
been linked to the development of disorders such as inflammatory bowel disease, immunodeficiency, hypertension,
type-2-diabetes, obesity, and cancer. This review outlines current knowledge from in vitro and in vivo studies
concerning the potential therapeutic application of seaweed-derived polysaccharides, polyphenols and peptides to
modulate the gut microbiota through diet. Polysaccharides such as fucoidan, laminarin, alginate, ulvan and
porphyran are unique to seaweeds. Several studies have shown their potential to act as prebiotics and to positively
modulate the gut microbiota. Prebiotics enhance bacterial populations and often their production of short chain fatty
acids, which are the energy source for gastrointestinal epithelial cells, provide protection against pathogens,
influence immunomodulation, and induce apoptosis of colon cancer cells. The oral bioaccessibility and
bioavailability of seaweed components is also discussed, including the advantages and limitations of static and
dynamic in vitro gastrointestinal models versus ex vivo and in vivo methods. Seaweed bioactives show potential for

use in prevention and, in some instances, treatment of human disease.

seaweed prebiotics gut microbiota polysaccharides polyphenols peptides
colonic fermentation short chain fatty acids bioaccessibility

simulated gastrointestinal and fermentation digestion models

| 1. Introduction

Seaweed-derived components with potential to impact positively on diseases of the body including hypertension [,
cancer [& type-2-diabetes B, obesity 4, oxidation [, inflammation [& and other disorders have been evaluated in a
number of studies to date EIRILOLLI2ISN4IIS] The pathogenesis of these disorders has been linked to the
health of the gut microbiota 18, The microorganisms that inhabit the human gastrointestinal tract—bacteria,
archaea, fungi, protozoa, and viruses—are collectively termed the gut microbiota L4, The gut microbiota is
established during infancy [28. There is a broad variance amongst individuals in microbiota composition because it
is shaped by infant transitions such as the gestational period, delivery method, weaning age, breast-feeding
duration, or use of formula milk 22, The microbiota remains relatively stable throughout adulthood but is affected
by factors such as enterotype, antibiotic use, diet, lifestyle, genetic traits, and body mass index 4. Three
enterotypes have been described in the human gut microbiome based on variations in levels of the bacterial

genera Bacteroides, Prevotella, and Ruminococcus 2. The gut microbiota is regarded as an endocrine organ that
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co-develops with the host throughout its life. It exerts an effect on immunity, metabolism, neuroendocrine

responses, and synthesises vitamins, amino acids, and enzymes (221231,

The gut microbiota also aids in the absorption of dietary minerals and produces important short-chain fatty acids
(SCFA) such as butyrate, propionate, and acetate. These SCFA are the energy source for gastrointestinal epithelial
cells, provide protection against pathogens, influence intestinal mucosal immunity and barrier integrity, and induce
apoptosis of colon cancer cells 241231, SCFA also regulate liver mitochondrial function, insulin secretion, and induce
the production of gut hormones y-aminobutyric acid and serotonin by interacting with their receptors on
enteroendocrine cells 281271 An increase in the gut bacterial population enhances the beneficial effects of the
microbiota and increases SCFA production 29, An imbalance or decreased diversity of beneficial versus harmful
bacterial species in the gut microbiota is termed dysbiosis and is linked to several diseases [28]1291[30][31][32]
Therefore, maintaining the health of the microbiota through diet or supplementary means is thought beneficial to
overall health B9, Seaweed components may exert a beneficial effect on gut health by acting as prebiotics (231341,
The potential bioactivity of seaweed components has been demonstrated previously in in vitro studies [32136]
however the impact of gastrointestinal enzymatic digestion and colonic bacterial fermentation in vivo must also be
considered, since it may have an effect on the bioavailability of prebiotic and other actives BARBEI3I As a
pharmacological concept, bioavailability is a measure of drug absorption defined as the percentage of the drug that
reaches blood circulation, measured by a dose-response curve 29, However, the evaluation of bioavailability in
food-derived extracts differs, since characteristic dose-response curves are not exhibited (41 |n addition, the
bioaccessibility of food-derived active compounds must be taken into account, i.e., the accessible portion of the
active compound released from the food or extract matrix during digestion 4243l Although pharmacokinetic studies
are required for the development of prebiotics destined for human and animal use, such studies are not within the
scope of this review. The pharmacokinetics of seaweed-derived prebiotics in terms of absorption, distribution,
metabolism, and elimination has previously been documented in animal studies after oral administration 44145[46]
[471148] and topical application 49, and recently reviewed by Corino et al. 2% and Shikov et al. B4,
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| 2. Current Insights

Seaweed components that have the potential to exert beneficial effects on the gut by modulating the abundance
and diversity of bacterial populations in the gut microbiota include polysaccharides, polyphenols, and peptides.
Their structure, function, and studies regarding their potential impact on the gut are considered in this review.
Despite the positive results reported from cited studies concerning in vitro and animal work, more research is

required in human dietary intervention studies, with health-related end points, to determine prebiotic potential.

2.1. Polysaccharides

Polysaccharides, or carbohydrates, are repeating units of monosaccharides linked by glycosidic bonds found in all
plants, fungi, and algae. They are considered primary metabolites with structural and energy storage functions (21,
The majority of seaweed polysaccharides are composed of water-soluble and -insoluble fibre B354l The total fibre
content of seaweed varies between species and has been reported to range from 35-62% in brown, to 10-57% in
red and 29-67% in green (DW) [B3IB8IETIBEISI. The principal fibres in brown seaweeds are fucoidan, laminarin, and

alginate; porphyran, carrageenan, hypnean and floridean starch in red; and ulvan, sulphated-rhamnans, -
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arabinogalactans and -mannans in green Y6 Humans do not produce the endogenous enzymes in the upper
gastrointestinal tract required to degrade dietary fibre to monosaccharides. However, fibre is an excellent food
substrate, or prebiotic, for human gut bacteria 6283, prebiotics are food components that are indigestible in the
small intestine but can be metabolised by microorganisms in the large intestine, modulating their composition
and/or activity, thus conferring a beneficial physiological effect on the host 4. Many species of gut bacteria
produce endogenous carbohydrate-degrading enzymes, such as B-glucanase and [(-glucosidase, capable of
hydrolysing the glycosidic linkages of polysaccharides [62l681671(68]  Several polysaccharides within seaweed that
are indigestible in the upper gastrointestinal tract are thought to exert bioactive effects including glycaemic control
69 and the promotion of gut microbial- and immune-modulation by acting as prebiotics in in vitro and in
vivo studies A The bioactivity of polysaccharide fractions is influenced by a number of factors such as
chemical structure, molecular weight (MW), solubility, extraction method, seaweed genus and seasonal variation

(72731 The principal polysaccharides of brown, red, and green seaweeds are detailed below.

2.1.1. Fucoidans

Three polysaccharides—fucoidans, laminarin and alginate—occur within brown seaweeds, each of which have
differing structures and functions /4. Fucoidans comprise 5-20% (DW) of the entire seaweed thallus [Z2I[Z8], They
are water-soluble sulphated-polysaccharides composed of repeating fucose and sulphate groups, and may also
contain galactose, mannose, xylose, rhamnose, arabinose, glucose, acetyl groups, or glucuronic acid . The
molecular weight of fucoidans varies from 7 to 2300 kDa [11l. Fucoidans provide structure for the outer cell wall and
a hydrophilic coating to prevent desiccation of the seaweed during low tide. They also play a role in adapting to
osmotic stress caused by changes in salinity as their sulphate groups can bind to cations such as sodium,
potassium, magnesium, and calcium 879 Fucoidans have previously been shown in in vitro studies to have
potential for use as anticancer Y, antiviral (1], antioxidant L4, and anti-inflammatory 2 agents; and in vivo as
anticoagulants (human trial) 83 anticancer (human trial) B4, antitumour (mouse model) 2 antihyperglycaemic,
and antihyperlipidaemic agents (mouse model) 88, However, the oral bioavailability of fucoidan can be low due its
highly polar nature and limited ability to pass through intestinal epithelial cells 88, In recent years, the prebiotic
status of fucoidan has been recognised in vitro [2B7 and in human 8 and animal BARARLIEZ gastrointestinal

studies.

2.1.2. Laminarin

The energy storage polysaccharide of brown seaweeds is laminarin, composed of 3(1-3)-linked glucose units with
B(1-6)-branches 231, It occurs within the chloroplasts in micro-compartments called pyrenoids 4. Laminarin is
water-soluble, though increased branching of the molecule requires colder temperatures for solubility. It comprises
3-35% of brown seaweed dry mass and is most prevalent in Laminaria species 3. It is a small polysaccharide
with a molecular weight of approximately 5 kDa 28, Laminarin has shown efficacy in in vitro studies carried out
previously and has potential for use as an anticancer 27, antimetastatic 28], antioxidant 22 and immunostimulatory

(2001 5gent 79100 and jn vivo as an immunomodulatory agent 294 and prebiotic to modulate dysbiosis (animal
mode|s) [&]mmm
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2.1.3. Alginate

Alginate comprises up to 45% of brown seaweed dry mass 1981 occurring in the cell walls as salts of alginic acid
bound to sodium, calcium or magnesium ions 227, |t is a water-soluble linear polysaccharide composed of (1-4)-
linked B-D-mannuronate and a-L-guluronate residues 2981, Molecular weight ranges from 20 to 350 kDa (10211101 ¢
is the most abundant polysaccharide in brown seaweed and imparts flexibility to the thallus to withstand the force
of the ocean. Alginate is a phycocolloid that can bind up to 20 times its own mass with water, making it very useful
for food and industrial applications 111 The prebiotic effect of alginate on gut microbiota was demonstrated
previously in vitro by Bai et al. 1221 and Li et al. 113 and in a human study by Mizuno et al. 114, Bai et al.
fermented seaweed-derived alginates in vitro and observed that the alginates were degraded by human-derived
gut bacteria, producing a significant (p < 0.05) increase in SCFA compared to a starch control, and suggested that
further investigations of the prebiotic effects of alginate are warranted. Li et al. also fermented seaweed-derived
alginates with human faecal bacteria in vitro and found a significant (p < 0.05) increase in total SCFA in the alginate
sample (78.6 £ 5.9 mM) compared to the control (62.5 + 5.1 mM). The bacterial Richness index in the alginate
ferment (15.83 + 2.3) was also significantly greater (p < 0.05) than that of the control (12.67 + 2.88). The authors
propounded that alginate may be capable of sustaining the growth of human gut bacteria, and recommended
further study to evaluate the potential impact that alginate food additives may exert on host health. The in
vivo study by Mizuno et al. was an interventional study of 11 elderly patients who required enteral feeding. After 4
weeks of receiving the alginate formula (equivalent to 14.52 g fibre/day) there was a significant increase (p =
0.039) in Clostridium cluster XlI bacteria compared with the baseline. However, there was no increase in
Bifidobacterium, Lactobacillales, or Bacteroides. The patients’ stool form improved (p = 0.044) (Bristol Stool Scale),
as did mean blood concentrations of total SCFA (p = 0.042), acetic acid (p = 0.042), propionic acid (p = 0.027),
serum albumin (p = 0.039), total cholesterol (p = 0.002), and cholinesterase (p = 0.034). The alginate did not
induce any significant changes in stool frequency, body weight, or arm circumference. The authors suggested that
the alginate-containing liquid formula may potentially exert a beneficial prebiotic effect on intestinal function through
increased production of SCFA. However, the limitations of the study were noted due to the small sample size and

single-center study design. In order to validate the findings, the authors recommend a larger, multicenter study.

Alginate may also be useful in the prevention of metabolic syndrome syndrome (1131, |t can increase the viscosity of
gastric contents, reducing postprandial glucose absorption and insulin response 28 and may thereby impact on

hyperlipidaemia and hypertension L7,

2.1.4. Carrageenans

Within red seaweeds, carrageenans and porphyran are the prevalent polysaccharides. The family of linear,
sulphated polysaccharides, carrageenans, occur as a structural component of the extracellular matrix 218, Of the
15 different carrageenan forms, iota (1), kappa (k) and lambda (A) are the most widely used as phycocolloids in the
food industry 119 and as a vegan alternative to beef gelatin in pharmaceutical capsules 129, k and 1-carrageenan
are composed of alternating d-galactose and 3,6-anhydro-galactose units with varying numbers of sulphate groups,

while A-carrageenan lacks 3,6-anhydro-galactose and has alternating a-1,3 and B-1,4 inter-galactose bonds 121,
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Average molecular weight ranges from 453 to 652 kDa 122, All forms of carrageenan are soluble in water above
their gel-melting temperatures (40-70° C). In cold water, only A-carrageenan and the sodium salts of k and I-
carrageenan are soluble 23l |-carrageenan was shown to reverse the symptoms of metabolic syndrome in a rat
model by significantly decreasing systolic blood pressure, body mass (BM), abdominal and liver fat, and total
cholesterol, while also beneficially modulating the gut microbiota 1231, As potential antitumour agents, /i hybrid
carrageenans have shown activity in vitro against colorectal cancer stem cell-enriched tumourspheres 2. However,
simulated gastrointestinal studies have found that k-carrageenan can be both beneficial and harmful by increasing
or decreasing markers of inflammation and the growth of beneficial gut bacteria and SCFA. This is dependent on

the degree of polymerisation of the carrageenan 1241,
2.1.5. Porphyran

Porphyran is a sulphated polysaccharide that occurs in red seaweed, within the genus Porphyra, and comprises
approximately 11-21% of the seaweed dry mass 23, |t is composed of repeating units of galactose and 3,6-
anhydrogalactose, with alternating units of galactose-6-sulphate and 6-O-methyl-galactose 1261, Average molecular
weight ranges from 14 to 201 kDa 1271128] pgrphyran is soluble in hot water and has similar structural functions to
carrageenan, though its higher viscosity limits its pharmaceutical applications 1281291 porphyran has shown
potential antioxidant and anti-inflammatory effects in cell studies using RAW264.7 cell line 123 and was found to
promote cell migration and proliferation in intestinal epithelial cells 27, It also has antitumor activity against HeLa
cells 239 HT-29 colon cancer cells and AGS gastric cancer cells 131 As a prebiotic, porphyran was previously
found to increase beneficial gut bacteria and SCFA production in vitro in simulated digestion studies [1261[132]{133]

and in animal studies as whole red seaweed [13411135][136]

2.1.6. Ulvans

Green seaweeds are dominated by the ulvans, which account for 38-54% of the thallus dry mass 227, Ulvans are
water-soluble, gelling polysaccharides composed of repeating units of sulphated I|-rhamnose, d-xylose, d-
glucuronic acid and its epimer L-iduronic acid 28], Molecular weights range widely from 1 to 2000 kDa depending
upon the degree of sulphation 139 Ulvans have demonstrated potential anticoagulant 229 antibacterial 1411,
antiviral 142 and immunoregulatory (porcine intestinal epithelial cells) 143! activities in vitro. They have also shown
potential for the use as prebiotics in animal studies [144 and in vitro [1321[145](146]

2.2. Gastrointestinal Digestion Studies with Seaweed Polysaccharides

A number of recent studies have used simulated in vitro gastrointestinal digestion or in vivo clinical trials to
investigate the effect of polysaccharides on beneficial bacterial populations and their metabolites. Table
1 summarises the polysaccharide fraction used in each study and its impact on gut bacteria. Further
characterisation and in vivo animal and human dietary intervention studies are required to confirm any potential

therapeutic benefits.

Table 1. The impact of polysaccharides on gut bacteria.
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Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.
* (i) Crude polysaccharide- L. digitata (i) (CE) Hot acid Simulated in vitro After 24 h fermentation, [47]
rich extract (>1 kDa) (CE) and ethanol colonic digestion compared to cellulose
precipitation (0.1 control:
(ii) Depolymerised crude M HCI)
extract (>1 kDa) (DE) « CE increased relative
(ii) (DE) Fenton’s abundance of
reaction with iron Porphyromonadaceae
and hydrogen (p =0.043),
peroxide Lachnospiraceae (p =

0.015) and Dialister (p
= 0.005); and reduced
Fibrobacteraceae (p =
0.026)
Streptococcaceae (p =
0.025), Ruminococcus,
(p = 0.027)
Streptococcus (p =
0.022) and Fibrobacter
(p =0.026).

« DE increased
Parabacteroides (p =
0.017)
Lachnospiraceae (p =
0.039), Dialister (p =
0.008) and reduced
Alcaligenaceae (a
Proteobacterium) (p =
0.030) and
Peptostreptococcaceae
Incertae Sedis (p =
0.027).

CE and DE increased total
SCFA, acetic, propionic,
and butyric acid (all p <
0.05) after 10, 24, 36, and
48 h.

https://encyclopedia.pub/entry/11598 7/55



Seaweeds and Gut Health Benefits | Encyclopedia.pub

Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.

Ratio of propionate to
acetate beneficially
reduced by CE and DE
(both p < 0.05) after 24,
36, and 48 h.

After 24 h fermentation,
growth of bacterial genera
compared to
fructooligosaccharide
(FOS) control:

Porphyran increased
Lactobacilli (10.7%, p <
0.05).

Ulvan increased
b ) Bacteroides (6.7%, p <
yropia,
* Porphyran, ulvan and Simulated in vitro 0.05).
P Ulva and Ethanol (80%) ) [132]

laminarin colonic digestion

Laminaria .
Laminarin increased

Bifidobacteria (8.3%, p <
0.05) and Bacteroides
(13.8%, p < 0.05).

Negative results: no
significant increase at 24 h
in total SCFA, butyrate,
lactate or acetate by
laminarin, ulvan or
porpyran compared to
FOS.

: i ) : i : o 10
* (i) Crude extract fraction E. radiata (i) Enzymatic Simulated in vitro Increases (logio cells/mL) -

(CF) (Viscozyme-[3- colonic digestion after 24 h fermentation (all

glucanase,

https://encyclopedia.pub/entry/11598 8/55



Seaweeds and Gut Health Benefits | Encyclopedia.pub

Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.

(if) Low MW fraction (LPF) hemicellulase, p < 0.05 compared to
arabanase, controls):

(i) High MW fraction (HPF) xylanase)

= Bacteroidetes (CF 7.36 +

(i and iii) 0.03, LPF 7.21 £ 0.05 and
Viscozyme and HPF 7.28 + 0.04) greater
ethanol than cellulose (6.40 +
precipitation 0.05).

= Faecalibacterium
prausnitzii (CF 6.34 £
0.05, LPF 6.42 + 0.08)
greater than inulin (6.17 £
0.04) and cellulose (6.07 £
0.06).

= Clostridium coccoides
(CF 8.29 £ 0.03, LPF 8.56
+ 0.06) greater than inulin
(7.57 £ 0.06) and cellulose
(7.40 £ 0.05)

= Escherichia coli (CF 7.16
+0.04, LPF 7.31 + 0.05
and HPF 6.96 + 0.04)
greater than cellulose
(6.81+ 0.03)

= Bifidobacteria (LPF 7.11
+ 0.12) greater than
cellulose (6.34 £ 0.06)

= Lactobacilli (LPF 6.56 +
0.05) greater than inulin
(6.07 + 0.05) and cellulose
(5.11 £ 0.06)

SCFA production after 24
h (all p < 0.05):
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Polysaccharide Seaweed

Extraction Method

Study Type

Statistically Significant Effects Ref.

= Total SCFA in CF (97.3
pmol/mL), LPF (89.0
pmol/mL) greater than
inulin positive control. HPF
(68.9 ymol/mL) greater
than cellulose (39.7
pmol/mL) but ~20% lower

than inulin.

= Acetic acid HPF (40.8

pmol/mL) > cellulose

= Propionic acid CF (54.6
pmol/mL) > inulin and

cellulose

= Butyric acid LPF (17.3
pmol/mL) > inulin and

cellulose

Ratio of Firmicutes to
Bacteroidetes beneficially
lowered: HPF (1.08 £
0.008), CF (1.14 + 0.001)
and LPF (1.18 £ 0.006)
compared to cellulose
(1.22 + 0.004). Ratio of
propionic acid to acetic
acid beneficially reduced:
0.47 + 0.04 (CF), 0.62 +
0.06 (LPF) and 2.15 +
0.06 (HPF) compared to
4.08 + 0.18 (inulin) and
5.73 £ 0.13 (cellulose).

* (i) Low MW polysaccharide  E. radiata

(LMW) (primarily laminarin)

(i) Enzymatic

(cellulase)

Simulated in vitro

colonic digestion

. 148
24 h post fermentation (all Hedl

differences p < 0.05):
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Polysaccharide

Seaweed

Extraction Method

Statistically Significant Effects Ref.

(if) High MW polysaccharide
acidic water extract (HMW)
(primarily fucoidan and

alginate)

(iif) High MW polysaccharide
water and ethanol precipitate
(HMWW) (primarily fucoidan

and alginate)

(i) Acidic water
(pH 4.5)

(i) Water and
ethanol

precipitation

(i) LMW increased
Bifidobacteria from 5.51 +
0.15 logjp cells/mL (in
cellulose fermented
control) to 6.55 + 0.08
log1o cells/mL;
Lactobacillus from 4.73 £
0.13 (cellulose) to 5.28 +
0.19 logsp cells/mL and
Bacteroidetes from 5.09 +
0.06 (cellulose) to 6.02
0.09 logso cells/mL.
Negative results: no
significant increase by
LMW on populations of £
prausnitzii, Clostridium
leptum, Ruminococcus
bromii, E. coli or

Enterococcus.

(i) HMW increased C.
coccoides from 5.74 +
0.75 (cellulose) to 7.07 =
0.04 logo cells/mL, E. coli
from 6.09 = 0.41
(cellulose) to 7.52 £ 0.07
logio cells/mL and
Enterococcus from 5.02
0.31 (cellulose) to 6.63
0.11 logsp cells/mL.
Negative results: no
significant increase by
HMW in any other

bacterial populations.

(iif) HMWW increased E.
coli from 6.09 £+ 0.41
(cellulose) to 7.01 £ 0.17
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Polysaccharide Seaweed

Extraction Method

Statistically Significant Effects Ref.

logio cells/mL and
Enterococcus from 5.02 £
0.31 (cellulose) to 5.80
0.33 log1o cells/mL.

HMWW also had a
negative effect on several
bacterial populations—
Bifidobacteria reduced
from 5.51 £ 0.15
(cellulose) to 3.21 £ 0.61
logio cells/mL,
Bacteroidetes from 5.09 +
0.06 (cellulose) to 4.08 +
0.12 logso cells/mL,
Lactobacillus 4.73 + 0.13
logig cells/mL (cellulose)
to not detected (ND), C.
coccoides from 5.74 +
0.75 logo cells/mL
(cellulose) to ND, C.
leptum from 6.23 + 0.28
logio cells/mL (cellulose)
to ND and R. bromii from
6.20 £ 0.06 (cellulose) to
4.87 £ 0.29 logio cells/mL.

SCFA increases in
seaweed ferments vs.
cellulose control after 24 h
(all p < 0.05):

¢ LMW

= Total SCFA 63.42 + 1.76
vs. 18.59 + 0.14 pmol/mL
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Polysaccharide Seaweed

Extraction Method Study Type

Statistically Significant Effects Ref.

= Acetic acid 22.81 + 0.91
vs. 9.09 £ 0.07 pmol/mL

= Propionic acid 29.61 +
2.60vs. 3.24 +0.04

pmol/mL

= Butyric acid 9.22 + 1.38
vs. 2.02 £ 0.03 pmol/mL

2. HMW

= Total SCFA 62.86 + 0.20
vs. 18.59 + 0.14 pmol/mL

= Acetic acid 20.59 + 0.21
vs. 9.09 £ 0.07 pmol/mL

= Propionic acid 36.79 £
0.57 vs. 36.79 £ 0.57

pmol/mL

= Butyric acid 4.27 + 0.48
vs. 2.02 £ 0.03 pmol/mL

3. HMWW

= Total SCFA50.70 + 1.10
vs. 18.59 + 0.14 pmol/mL

= Acetic acid 27.05 + 0.58
vs. 9.09 £ 0.07 pmol/mL

= Propionic acid 18.20 £
0.38vs. 3.24 £0.04

pmol/mL

= Butyric acid—no

significant increase
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Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.
** (i) Polysaccharide fraction E. radiata (i) Enzymatic In vivo trial with After 7 days 1)
(PF) (primarily fucoidan and (Viscozyme) healthy Sprague- supplementation (all
alginate) Dawley rats (7 d, differences p < 0.05):
(i) Whole dried 504 PF or 5% WS
(if) Whole seaweed (WS) E. radiata added to feed) Reduction in potentially

pathogenic Enterococci in
WS group (6.04 + 0.09
logio cells/mL) vs. control
(5.59 + 0.08 logio

cells/mL)

Increase in butyrate-
producing F. prausnitzii in
PF group (5.32 + 0.11
logio cells/mL) vs. control
(4.87 £ 0.11 log1o

cells/mL)

2-fold increase in caecal
digesta mass 1.36 + 0.17
(PF) vs. 0.60 + 0.06 g/100
g BM (control)

Putrefactive microbial
products reduced (all
values ug/g caecal
digesta):

e phenol in WS (0.36 +
0.03) and PF (0.49 =
0.02) vs. control (2.91
+0.70)

e p-cresol in WS (0.47
0.05)

SCFA increase in WS
(213.25 £ 14.40 pmol) and

https://encyclopedia.pub/entry/11598 14/55



Seaweeds and Gut Health Benefits | Encyclopedia.pub

Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.
PF (208.59 + 23.32 umol)
vs. control (159.96 + 13.10
pmol)Negative results:
— No significant p-cresol
decrease in PF fed rats
(19.34 + 5.14) vs. control
(25.18 £+ 6.18 pg/g caecal
digesta)
All differences p < 0.05
compared to non-
supplemented control
* (i) conventional chemical PP
. medium:
extraction (CCE) (11.9%
fucoidan .
) L. caseiand L. Increase in L. delbrueckii
= . . (i, i, and iii) delbrueckii ssp. ssp. bulgaricus by CCE,
(if) microwave-assisted )
) Ethanol followed bulgaricus broth MAE, UAE and EAE at
extraction (MAE) (5.71% o
) by acidic water cultures, 3.75% 0.1%, 0.3% and 0.5%.
fucoidan) 0.01 M HCI /
. Viv).
A. nodosum ( ) i) | G 671
. ncrease (24. inL.
(iii) ultrasound-assisted ) ( ‘)
(iv) Cellulase, A. nodosum casei only by MAE at

extraction (UAE) (4.56%
fucoidan)

(iv) enzyme-assisted
extraction (EAE) (3.89%

fucoidan)

acetate buffer
(pH 4.5)

extracts added at
0.1%, 0.3% and
0.5% (wlv)

0.5% inclusion.

Negative results:

— No significant increase
in L. casei by CCE, UAE
or EAE vs. non-

supplemented media.

* Crude sulphated C. pilulifera
polysaccharide (716 kDa)
(90% galactose, 9.07%

sulphate)

Acidic extraction
(0.0.1 M HCI)
and ethanol

precipitation

Simulated in vitro
saliva, gastric,
small intestinal
and colonic

digestion

After 24 h, all differences p 10

< 0.05 compared to inulin

control:

Increase in Bacteroides,
Parabacteroides,
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Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.

Megamonas and
Veillonella.

Increase in total SCFA
(22.17 £ 0.82 mmol/L) vs.
control (16.17 mmol/L +
0.39).

Negative results:

— No significant increase
in butyrate, lactate, iso-
butyrate, valerate or iso-
valerate in seaweed
polysaccharide

supplemented ferments.

After 24 h, all differences p
< 0.05 compared to FOS
(i) Methanol, control

) ] dichloromethane,
* (i) Polysaccharides (SJP)

water and « Increase in beneficial
(138 kDa) .

ethanol Bacteroidetes and
(Fucose:galactose:glucuronic . o .

] ] Simulated in vitro decrease in [01]

acid:mannose, molar ratio of  S. japonica . . . .

(i) Methanol, colonic digestion Proteobacteria (SJP
AL 23 L dichloromethane, and SJO).
L . water and
(ii) Oligosaccharides (SJO) .

ethanol, followed  Increased ratio of

by 0.6 M HCI Bacteroidetes to

Firmicutes (SJP and
SJO).
. - 151

** Crude sulphated G. Ultrasound- In vivo trial with After 9 d, seaweed
polysaccharide (SP) (28.807  pacificum assisted water lincomycin polysaccharide group vs.
kDa) (Galactose (59.7%), extraction hydrochloride non-supplemented normal
galacturonic acid (19.8%), followed by induced diarrhoeal  recovery group (all

ethanol, acetone differences p < 0.05):
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Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref.
xylose (7.1%) and sulphate and petroleum mice (9 days, 75 Increase in beneficial
(8.8%)) precipitation mg SP/kg BM) Bacteroides, Oscillospira

and Bifidobacterium.

Decrease in
Parabacteroides,
Sutterella and AF12.

Reduction in inflammatory
cytokines, TNF-q, IL-1(3
and IL-2.

Improved (lower)
diarrhoea status scores,
water intake, and less

weight loss.

Increase in total SCFA,

acetate and propionate.

** Fucoidan (300 kDa) (60% @ Method not In vivo trial with Fucoidan group vs. =
fucose, 14.3% sulphate) okamuranus  specified Traf3 ip2-mutant cellulose control group (all
psoriasis mice differences p < 0.05). ymposed
(fucoidan diet d to one
[152] group n = 14, After 56 days: d thallus
normal diet group Ty
. 0 i an
n=9, 63 days, Increase (% relative
[153] 5 o abundance) in reen and
154][155][156 added to feed) Bacteroidetes (78.2 + 6.42 es from
[157][158] vs. 59.4 £ 969%), ]-dens|ty
i +
e 15 Proteobacteria (3.05 £ 161 g
0.62 vs. 1.73 + 0.53%),
162 163
[—an% Paraprevotellaceae. ver, only
y. Large
= Decrease in Firmicutes bioactive
AT 5 (16.3+£4.98vs. 34.3 = /phenols
9.05%) and TM7
— fies with

germfree animals have shown that bioactive phenolic metabolites—normally found after oral administration of
polyphenols—are absent in their gut (1681 This shows the importance of the gut microbiota in polyphenol

metabolism.

In terrestrial plants, the predominant polyphenols are flavonoids, stilbenes, lignans, and phenolic acids 262,

Seaweeds also produce flavonoids, coumarins, phenolic terpenoids, phenolic acids, luteolin, regiolone, and
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Polysaccharide Seaweed  Extraction Method Study 8171 Stdtistically Significant Effects Ref. 1ols and
[173]

Saccharibacteria (3.80 +
0.24 vs. 1.23 + 0.11%).

= After 21 days increase in

. o i [174]
mucin production in ileum Ine :
and faeces arbivores
175 176][177 eaweed,
= After 63 days increase in
178 o aweeds,
IgA production in cecum+
t al. @72
= Reduction in psoriasis 4 ng/g in
180 aresaqnd severity index182] ti-cancer
183 [184] [185] (PASI) and ethological
scratch-test
Negative results:
— Decreases in enyl ring
Deferribacteres and ins [186]
187 Actinobacteria after 56 [188] and
days were not significant
(189] > type of
(220] ——ols have
** Laminarin and fucoidan Laminaria Method not In vivo trial (10 Compared with non- [191] The
(10% laminarin,8% fucoidan hyperborea specified pregnant supplemented group, )
contain
and 82% ash) sows/treatment) seaweed extract /
192 193 194
(10 g/days supplemented (SWE) 300 kDa
195 seaweed extract sows had: ons and
196][197 from day 107 of _oras a
= Greater colostrum IgA (p . .
) ) cation In
gestation until <0.01) and IgG (p =
196 i
weaning (day 26)) 0.062) rotannin
and ex vivo V of total
lipopolysaccharide = Decreased faecal for their
Enterobacterigceae
(LPS) 198 » t ?{t‘is?]_t_ ser [200]
i i opulations at parturition
[201] 202 (203 e eTice 204] . 205 rebiotic
<0.05 P
challenge (o
[10][206][207]

T 1T VIV QLU 1T VIVY UAoU VITILTOUTIAl WIYTOoUIVIT QIUUITO VWil TAavwwoocu rviypliciivio

The effect of polyphenols, particularly phlorotannins, on the gut, metabolic syndrome, and DNA damage has been

reported in some in vitro and in vivo studies which are discussed below.

2.4.1. Prebiotic Function and Attenuation of Metabolic Syndrome by Phlorotannins

https://encyclopedia.pub/entry/11598 18/55
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Polysaccharide [10] Seaweed Extraction Method Study Type Statistically Significant Effects Ref. tracts in
ignificant
= Reduced faecal )
k)
Enterobacteriaceae on 2 10 their
10
= 10 expected farrowing date cellulose
10 10 (7.26 vs. 8.60 log1o cellulose
0 CFU/g, pooled SEM 10 cells/mL)
0.463, p < 0.05
10 P ) ;and E.
10 LPS challenge increased -+ 0.03
10 pro-inflammatory with the
cytokines IL-1a and IL-6 (p
<0.01) in ileal tissue and
tumor necrosis factor .
[170] prolifera,
(TNF)-a in colonic (p < q
b
0.01) tissue pxtracte
‘act was
Piglets suckling SWE ariocitrin,
had: . .
SRl atic mice
= Greater TNF-a after ex ' a high-
vivo LPS challenge (p < 2 of non-
0.05)
= Increased serum IgG (p o
ia in the
< 0.05) on day 14
Jction (p
= Decreased colonic E. coli 5, fasting
population (p < 0.01) at ) < 0.05)
weaning
= Greater Lactobacilli:
E.coli ratio (p < 0.05) age and
ited with
Negative results: .
-terminal
208 i
_ No increase in faccal22  lile over-
(209 5)atile fatty , MRNA
concentrations in SWE /as even
'S
cessfully

UUWITHTTYUIULCU VY NUIYNMIITHIVE QUNMNICTHTIITTHILULIVIT QU VWWAD TUVTT (VU ~ V.UY) Uidll UIc 111IVuUCT Yyilvup.

Yuan et al. 219 jnvestigated the ability of polyphenol extracts from the brown seaweed, Lessonia trabeculata,
harvested in China, to alter the gut microbiota of rats in response to type-2-diabetes. Microwave-assisted methanol
extraction was followed by solvent fractionation and macroporous resin adsorption separation. The polyphenol-rich
fractions produced were composed primarily of phlorotannins, followed by phenolic acids and gallocatechin

derivatives. Diabetes was induced in C57BL/6J rats using streptozotocin (STZ). STZ damages the insulin-
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Polysaccharide Seaweed Extraction Method Study Type Statistically Significant Effects Ref. up) (PE)
trol (DC)
— SWE diet had no effect
on TNF-a mRNA food.
expression in
unchallenged sow ileal )etic rats
tissue ) < 0.05)
IS serum
— Piglet birth and weaning )
. sistance
weight, and small
intestinal morphology C group.
unaffected by SWE sow 0.14 vs.
diet yoprotein
< 0.01))

and non-esterified fatty acids (1.86 £ 0.05 vs. 2.02 + 0.11 mmol/L (p < 0.05)). The dyslipidaemia observed in the
DC group who did not receive polyphenol supplementation was most likely due to the deficiency of circulating

insulin, which increases lipase activity and fatty acid mobilisation from adipose tissue 21 16S rRNA gene

* = in vitro studjes; ** = in vivo anima studies. . S . .
sequencing o %aecal samples from %e Hla%etlc rats revealed that there was a significant (p < 0.01) increase in gut

bacterial diversity within the polyphenol-fed PE group compared to the DC and NC groups. The PE group had a
significantly greater abundance of Bacteroidetes, less Proteobacteria, and an improved (lower) ratio of Firmicutes
to Bacteroidetes compared to DC (p < 0.01). An overabundance of Proteobacteria has been reported as a pro-
inflammatory phylum and linked with the imbalance of glucose homeostasis in type-2-diabetes 279, At the genus
level, the PE group had approximately 10 times more Odoribacter (p < 0.008) and Muribaculum (p < 0.005), and
twice the population of Alistipes (p < 0.006), Lachnospiraceae (p < 0.015) and Parabacteroides (p < 0.022)
compared to the DC group. Lachnospiraceae and Alistipes are butyric acid producing bacteria that contribute to the
maintenance of colonic epithelial tissue 212, The Odoribacter genus, part of the Bacteroidetes phylum, is an acetic,
propionic and butyric acid producer. Its abundance ameliorates inflammation by increasing SCFA availability 2131,
An increase in Muribaculum and Parabacteroides numbers has been reported to combat dyslipidaemia, weight

gain, inflammation, and insulin resistance resistance 214215]

Quantification of gut SCFA showed a 61.1% increase in total SCFA production (from 491.31 + 10.39 to 1276.34 +
16.86 ug/g (p < 0.01)) by the rats after 4 weeks of polyphenol supplementation. The PE group also produced
68.6% more acetic acid (1202.49 + 11.55 compared to 377.77 + 3.46 pg/g (p < 0.01)) and 74.4% more butyric acid
(39.77 £ 1.85 compared to 10.18 £+ 0.58 ug/g (p < 0.01)) than the DC group. The authors of the study concluded

that seaweed polyphenols may have regulated dysbiosis of the gut microbiota in diabetic rats.

2.4.2. Impact of Digestion on Phlorotannin Bioactivity, Attenuation of DNA Damage, and
Cancer Cell Proliferation In Vitro

Corona et al. [218] studied the effect of in vitro gastrointestinal digestion and colonic fermentation on the
polyphenolic content and bioactivity of high molecular weight (HMW > 10 KDa) and low molecular weight (LMW 1—

10 KDa) ethanol-extracted phlorotannins from A. nodosum harvested in Scotland. To assess changes in
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phlorotannin bioactivity post-gastric digestion and -fermentation, the ability of the extracts to prevent H,O, induced
DNA damage in HT-29 colon cancer cells and inhibit cell proliferation was also measured. The HMW extract had
the greatest total polyphenol and total phlorotannin contents before and after digestion. The HMW extract also had
the highest Trolox equivalent antioxidant capacity. The molecular weight of total phlorotannins before and after
gastric digestion and colonic fermentation was evaluated by normal phase HPLC. Gastric digestion reduced the
level of very high molecular weight components present in the HMW fraction by only 5.4%, while colonic
fermentation caused an 89.9% reduction. In the LMW extracts, gastric digestion reduced the level of very high
molecular weight components by 52.8% and colonic fermentation by 62.0%. In both cases, colonic fermentation
had a far greater impact on the breakdown of phlorotannins compared to enzymatic gastric digestion, suggesting

that phlorotannins have the potential to be metabolised by human gut bacteria.

A sulforhodamine B assay was used to measure changes in HT-29 colon cancer cell biomass. The addition of post-
gastric digested HMW and LMW at a concentration of 500 ug/mL significantly inhibited (p < 0.01) HT-29 cell
proliferation (number of cells by division), with HMW being the most effective. Post-gastric digested LMW did not
inhibit cell growth (mass accumulation) at any concentration, but HMW did (p < 0.05) at concentrations of 250 and
500 upg/mL. High molecular weight phlorotannins may therefore have a potential protective effect on colonocytes
against cancer. H,O, induced DNA damage in HT-29 cells was evaluated by single cell gel electrophoresis (Comet)
assay. Three of the four phlorotannin extracts (at 100 pg/mL) were successful in reducing DNA damage. Post-
gastric digested HMW significantly (p < 0.01) reduced DNA damage compared to the control, while post-gastric
digested LMW had no effect. However, both the HMW and LMW post-colonic fermented extracts significantly (p
< 0.001) reduced DNA damage, suggesting that colonic bacteria may potentially metabolise phlorotannins into

molecules with different bioactivity than their parent structures.

Although in vitro studies and animal trials do not replicate the human gut environment identically, these results
show that the abundance of bacteria which normally colonise the mammalian gut may potentially be enhanced by
the inclusion of dietary polyphenols. The findings are an indication of prebiotic potential, which may be used to
inform the design of future human clinical studies. Table 2 summarises the polyphenol used in each study and its
potential impact on the gut microbiota in vitro and in vivo, the modulation of hyperglycaemia in animal models, and

attenuation of DNA damage in vitro.

Table 2. The potential impact of polyphenols on the gut microbiota in vitro and in vivo, modulation of

hyperglycaemia in animal models and DNA damage in vitro.

Extraction Statistically Significant
Polyphenol Seaweed Method Study Type Effects Ref.
* Phlorotannin  E. radiata Ethanol Simulated in Increases (all p < 0.05) in [10]
enriched (90%) vitro colonic Bacteroidetes (6.52 + 0.04
fraction digestion logqg cells/mL) compared to the

cellulose control (6.40 + 0.05
logqg cells/mL); F

prausnitzii (6.57 + 0.05

logqg cells/mL) compared to
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Polyphenol

*%

Polyphenols
(3 kDa)
(luteolin-6-c-
glucoside,
regiolone,
neoeriocitrin
and estr-
5(10)-ene-
3,17-diol)

*%

Polyphenol-
rich fraction
(primarily
phlorotannins,
phenolic
acids and
gallocatechin
derivatives)

Seaweed

E. prolifera

L.
trabeculata

Extraction
Method

Ultrasound
assisted
ethanol
extraction
(55%) and
ultrafiltration
(3 kDa)

Microwave
assisted
methanol
extraction,
solvent
fractionation
and
macroporous
resin
adsorption
separation

Study Type

In vivo trial with
diabetic mice (4
weeks, 300 mg
polyphenol
extract/kg BM/day)

In vivo trial with
diabetic rats (4
weeks, 200 mg/day
phlorotannin
extract/kg BM)

Statistically Significant
Effects

cellulose and inulin controls
(6.17 £ 0.04 and 6.07 £ 0.06
log1o cells/mL, respectively); C.
coccoides (7.97 + 0.05
logio cells/mL) compared to
inulin and cellulose controls
(7.57 £ 0.06 and 7.40 £ 0.05
logio cells/mL, respectively);
and E. coli (8.09 + 0.02
logio cells/mL) compared to
inulin and cellulose controls
(6.81 £ 0.03 and 6.94 + 0.03
logio cells/mL, respectively).

Reduction after 14 days (p

< 0.05) in mean BM of E.
prolifera-fed diabetic group
compared to model diabetic
group.

Reduction after 28 days (p

< 0.05) in mean fasting blood
glucose levels of E. prolifera-
fed diabetic group and glucose
tolerance increased (p < 0.05)
compared to the model diabetic
group.

Increase in Alistipes (p < 0.05)
in E. prolifera-fed diabetic group
compared to model diabetic
group.

Hypoglycaemic effect via
increase (p <0.01) in
phosphatidylinositol 3-kinase
and suppression (p < 0.05) of c-
Jun N-terminal kinase in E.
prolifera-fed diabetic group
livers compared to model
diabetic group.

Increase in genera of the
phylum Bacteroidetes in the PE
group compared to the DC
group: Odoribacter (p < 0.008),
Muribaculum (p < 0.005),
Alistipes (p < 0.006),
Lachnospiraceae (p < 0.015)
and Parabacteroides (p
<0.022).

Decrease in Proteobacteria,
and ratio of Firmicutes to

Ref.

170
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Extraction

Polyphenol Seaweed Method

@i* A. nodosum  Ethanol
Phlorotannin

(HMW > 10

kDa)

(i)

Phlorotannin

(LMW 1-10

kDa)

Study Type

@) In

vitro gastrointestinal
digestion and
colonic
fermentation

(b) H20O3 induced
DNA damage in HT-
29 colon cancer
cells

Statistically Significant
Effects

Bacteroidetes (p < 0.05 PE vs.
DC group).
Increase in total SCFA (491.31
+10.39 (DC), 1276.34 + 16.86
ug/g (PE) (p < 0.01)), acetic
acid (377.77 £ 3.46 (DC),
1202.49 + 11.55 pg/g (PE) (p <
0.01)) and butyric acid (10.18 *
0.58 (DC), 39.77 + 1.85 ug/g
(PE) (p < 0.01)).
Reduction in the PE group
versus the DC group in: fasting
blood glucose (10.55 £ 0.94 vs.
13.99 £ 0.87 mmol/L (p <
0.05)), serum insulin (14.69 +
0.11vs.17.70 £ 0.22 mU/L (p <
0.01)), HOMA-IR insulin
resistance value (6.89 + 0.42
vs. 11.01 £ 0.98 (p < 0.01)),
total cholesterol (4.92 + 0.14 vs.
5.64 + 0.16 mmol/L (p < 0.01)),
triglycerides (0.99 + 0.04 vs.
1.43 + 0.10 mmol/L (p < 0.01)),
LDL cholesterol (0.68 + 0.03 vs.
1.06 + 0.06 (p < 0.01)),
glycated serum protein (2.15 +
0.16 vs. 2.74 £ 0.15 (p < 0.01))
and non-esterified fatty acids
(1.86 £ 0.05vs. 2.02 £ 0.11
mmol/L (p < 0.05)).

Ref.

(a) Reduction in MW of [216]
phlorotannins (89.9% HMW,
62.0% LMW) by colonic
fermentation, compared to
enzymatic gastric digestion
(5.4% HMW, 52.8% LMW),
suggesting phlorotannins may
potentially be metabolised by
human gut bacteria.

(b) Compared to the control,
HMW and LMW phlorotannin
extracts at a concentration of
500 pg/mL inhibited (p < 0.01)
HT-29 colon cancer cell
proliferation (number of cells by
division),

HMW inhibited (p < 0.05) HT-29
cell growth (mass
accumulation) at concentrations

1. Strain, C.R.; Collins, K.C.; Naughton, V.; McSorley, E.M.; Stanton, C.; Smyth, T.J.; Soler-Vila, A.;
Rea, M.C.; Ross, P.R.; Cherry, P.; et al. Effects of a polysaccharide-rich extract derived from Irish-
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Extraction Statistically Significant srobi

Method Study Type Effects Ref, “Toblola
of 250 and 500 pg/mL.
H20> induced DNA damage in
HT-29 cells reduced by post-
gastric digested HMW extract fo)
(p <0.01) and HMW and LMW
post-colonic fermented extracts
(both p < 0.001).

Polyphenol Seaweed

le and
phlorotannin-enriched extracts of the brown seaweed Ecklonia radiata influence human gut
* = migksbidtdiesid feimereaaidmahstigies]. Appl. Phycol. 2017, 29, 2407-2416.

4. Charoensiddhi, S.; Conlon, M.A.; Vuaran, M.S.; Franco, C.M.M.; Zhang, W. Impact of extraction
processes on prebiotic potential of the brown seaweed Ecklonia radiata by in vitro human gut

2.5 Beanr&dDeiived Peplides. Foods 2016, 24, 221-230.

s HRREORIAE Mo stiads WUOE Miohee METRRRARCRs FinbIBRCBr Fell MazS U Fist &0 LoV GG RRE e
(AT S, L BEAN N, R BRYLEE A S IR 2t digta AR RO ACDA LSS AGINONRI AR Ry adn B Rf.
am)r/?a%%qbﬂf F#e@cgls%%%c\j/% rzeop]c')thgzm%ZEBQUSrﬁuIatory (2211 antitumor 222, anti-coagulant 223, antioxidative &/,
@ 1d0Kulibyr@rolydesion 28! adblitin] RerePistsedentsnisieipe s @. oMb @emsivemfativg imfiifencertsiatewsith
aniertrattites tEEHNAIotyids ornitusierd prdtiicgiraiddeicrg Stk mivddysip peetititedf e pidtantiskiraats fealh
benkficiephifticis aiquipydes. iIFdoded yal o ot @ P1BIL80 WAB 2eprides derived from the red seaweed Palmaria

p7aln\7\</91ta using both in vitro and anjmal models (226] pg j[ides were isolated from the seaweed and characterised to

ang, Y.; Chen, G.; Peng, Y.; Rui, Y.; Zeng, X.; Ye, H. Simuylated dlﬂestlon and fermentation in
completion, However, another study carried out by Allsopp et al. found that the same_seaweed had a pro-
~vitro with human gut microbiota of polysaccharides from Coralline pilulifera. LWT 2019, 100, 167—
|nflalr?2atory effect when consumed as a whole seaweed in a bread product. This highlights the importance of

extraction and characterisation of seaweed bioactives for potential use as therapeutic agents. Allsopp et al.
Shiggbaiad. that tHeiodine RenteXt-62 ihAwesaeddImiynenRddenlreSpatrtalison BleSasehaiing japmiGaatory
effdeolysacehntiflescady plisasacehatidss b maritecahaisrabiotrid \WELRR0s b3Ged&§3Sucidated

ﬁaﬂ’ﬁﬁq\ﬁ’fpf%ﬁ af—'fi ;tW5H5’,agEVEﬁ3%YifW: ”EiE{',”'%’:; %5’, ‘WOBeneficial effects of sulfated

polysaccharides from the red seaweed Gelidium pacificum Okamura on mice with antibiotic-

Table 3. Amino acid sequences of recently elucidated seaweed-derived peptides and their bioactivities in vitro, in
,I,asso,uated diarrhea. Food Funct. 2020, 11, 4625-4637.
silico or in vivo.

10. Takahashi, M.; Takahashi, K.; Abe, S.: Yamada, K.; Suzuki, M.; Masahisa, M.;: Endo, M.; Abe, K.;
Extraction

Seaweed Method Amino Acid Sequence Bioactivity Ref.
*Tu. Enzymatic (i) Ala-Thr-Lys-Pro-Ala-Asn Peptides (i) to (vii) ACE-I, DPP- ol

1 lactuca (Papain), (i) Ser-Gly-Ala-Ala-Ser-Ala-Ser-Gly- IV, and enzyme 3-hydroxy-3-
MWCO Ala-Ala methyl-glutaryl-CoA reductase
filtration, (iii) Ala-Gly-Gly-Pro-Asn-GIn-Pro- inhibition (in silico predictive mune
preparative Pro-Asn activity)
RP-HPLC (iv) Ala-Ala-Asn-lle-Thr-Val-Pro-Ala- In vitro ACE-I inhibitory activity

1 and in Ala-Asn (%) (all assayed at conc. of
silico enzyme  (v) Glu-Ala-Glu-Pro-Ala-Glu-Ala-Ala Img/mL):
cleavage (vi) Gly-Ala-Ala-Pro-Thr-Pro-Pro-Ser-  (a) crude seaweed protein 79.87 ay
simulation Pro-Pro-Pro-Ala-Thr-Lys-Pro-Ser- +0.18%

https://encyclopedia.pub/entry/11598 24/55



Seaweeds and Gut Health Benefits | Encyclopedia.pub

JSeaweed

1*P
palmata

1*P
palmata

*P
palmata

*

1 Porphyra
(Laver—
species
not

2 specified)

*P
palmata

* '** U
pinnatifida

Extraction
Method

Enzymatic
(Papain)

Enzymatic
(Protease)

Enzymatic
(Papain)

Enzymatic
(Viscozyme,
Alcalase,
Neutrase,
Pepsin and
Trypsin)

Thermolysin
hydrolysis

Enzymatic
(Protease)

Amino Acid Sequence

Thr-Pro-Pro-Lys-Pro-Pro-Thr

(vii) Pro-Pro-Asn-Pro-Pro-Asn-Pro-
Pro-Asn

Amino acid sequences not defined:
(a) crude seaweed protein

(b) full peptide hydrolysate

(c) 1 kba-UFH (ultra-filtered
hydrolysate)

(d) 3 kDa-UFH

(e) 10 kDa-UFH

lle-Arg-Leu-lle-lle-Val-Leu-Met-Pro-
lle-Leu-Met-Ala

() lle-Leu-Ala-Pro
(ii) Leu-Leu-Ala-Pro
(iii) Met-Ala-Gly-Val-Asp-His-lle

Asn-lle-Gly-Lys

(i) Gly-Gly-Ser-Lys
(i) Glu-Leu-Ser

(i) Leu-Arg-Tyr
(i) Val-Tyr-Arg-Thr

(i) Val-Tyr

(i) lle-Tyr

(iii) Phe-Tyr

(iv) lle-Trp

(v) Ala-Trpvi) Val-Trp
(vii) Leu-Trp

Bioactivity

(b) full peptide hydrolysate 82.37
+ 0.05%

(c) 1 kDa-UFH (ultra-filtered
hysrolysate) 93.03 + 0.87%

(d) 3 kDa-UFH 86.64 + 2.17%
(e) 10 kDa-UFH 88.12 + 0.02%

Renin inhibition
(58.97 * 1.26% inhibition in
vitro at 1 mg/mL)

DPP-IV inhibition

ICsq values in vitro:

() 43.40 £ 1.40 uM

(i) 53.67 £ 0.82 uyM
(iii) 159.37 + 13.67 uM

PAF-AH inhibition
ICsp value in vitro 2.32 + 2.12
mM

a-amylase inhibition
ICs0 values in vitro:
() 2.58 £ 0.08 mM
(i) 2.62 £ 0.05 mM

ACE-I inhibition
ICsq values in vitro:
(i) 0.044 um

(ii) 0.14 pM

ACE-I inhibition

ICsq values in vitro:

(i) 35.2 uM

(i) 6.1 uyM

(iii) 42.3 pM

(iv) 1.5 yM

(v) 18.8 uM(vi) 3.3 uM

(vii) 23.6 uM

In vivo antihypertensive effect in
spontaneously hypertensive rats
(single oral dose, 1 mg/kg of
BW). Blood pressure decreases
(pre-administration vs. 9 h post):

Ref.

217

218

220

228

ons of
43.

, A.P.;

)sition,

iweed
studies

us

me: A

human
Mol.

anging

robes
1, 2020;

5, G.R.;
1, 473,

and

organ:

in fatty

20. Fdlaud velleyds, U., UE Id FUEIILE, IVI.A., LalluUSKIUIl, G., Gullzdies, IVI.J., Wueld, K., uiksira, G.;

Harmsen, H.J.; Faber, K.N.; Hermoso, M.A. Short chain fatty acids (SCFAs)-mediated gut
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Seaweed I\En)éttr:;:(tjlon Amino Acid Sequence Bioactivity Ref. -

(i) Val-Tyr (228.2 £ 3.4 vs. 206.7
+ 9.5 mmHg) (p < 0.05) .

2 (ii) lle-Tyr (205.6 + 5.2 vs. 184.3 3 In gut-
+ 4.5 mmHg) (p < 0.05)
(iii) Phe-Tyr (208.7 + 4.4 vs.

2 193.0+ 5.1 (p < 0.01) \ort-
(iv) lle-Trp (213.3 £ 3.4 vs. 199.5

+5.9) (b <0.05) 5.
2 i Jiota in
: ACE-I inhibition
. (1) Ala-lle-Tyr-Lys ICs0 values in vitro:((i) 213 uM
*U. Enzymatic (i) Tyr-Lys-Tyr-Tyr (i) 64.2 uM [230]
pinnatifida  (Pepsin) (i) Lys-Phe-Tyr-Gly A H
2 V) Tvr-Asn-Lvs-L (iii) 90.5 uM gut
(iv) Tyr-Asn-Lys-Leu (iv) 21.0 UM
tzii in
Antioxidant activity after
simulated gastrointestinal
2 digestion: \lat.
. Oxygen radical absorbance
*P, Enzymatic Ser-Asp-lle-Thr-Arg-Pro-Gly-Gly- cage?city 152 43 + 273 nM Trolox  28L
palmata (Protease) Asn-Met S

equivalents (TE)/umol peptide
and ferric reducing antioxidant
power activity 21.23 + 0.90 nM
TE/umol peptide,

(@8]

3. llau, L., Zlldily, ., UVIly, A., VVU, O., LdlIll, 1.T., vvdlly, A., Fu, M., AUE, A, LU, L., IVid, J., et al.
Gut bacteria selectively promoted by dietary fibers alleviate type 2 diabetes. Science 2018, 359,

1151-1156. o e .
* = jn vitro studies; ** = in vivo animal studies; ' = in silico studies.

33. Charoensiddhi, S.; Abraham, R.E.; Su, P.; Zhang, W. Chapter Four-Seaweed and seaweed-
Protiny ezhchetriivkie scas hreehbiotidsasn AdvadcesbsirieotyasdrivutfiticlieR egeaotinidabdcderta, Bdlyding
Entﬂwdeﬁeﬁadéeesguﬂiamdmidgea,NWdUBéﬁLMﬁﬁO[iMﬂim&ae@% Ed9Thel ¥nera Peptostreptococcus and

BT Gong! . AR e 0 5 RN B S EER B e e SR e
"DS81EBane0 By LRl TSR SPLB NS E RIS L 25350 05 SA g mevaborsed by microbia
proteases and peptidases via deamination or decarboxylation reactions to generate amino acids or SCFA, which

3&reAii ilvbdte SRiEdearadaivaabnRor BilBilYlmitpaecl- omdbRanth RAAIN3SI ol it o erdbfigRtBrein
ferrlentygshieagtivie Motesules i, Uik ppiestiglhiatnent floRMRITSaY whévtolemiasdZad kedfntation

is doh@ffant. Amino acids cannot be absorbed through the intestinal epithelium in the colon, therefore protein

JBRAFAIRIPP RIERININGS ARt ACY PARIGPKIRIOHAPABEIE Ferisafatem RINAMEHSE AsidtanFfipdenain
aMipg A9RGB S LANBLYS WSS RRb otROBREEH B M HRPG R T RERIBRSA R Ssastigat

236][237][238][239 ; T ; ; ;
Lﬁ—o—fb’—&e’—]ggﬂg%grotem metabolites include hydrogen sulphide, phenylacetate, indoles, ammonia, and p-
cresol, an excess of which can impair epithelial barrier function 2401 However, this has only been reported to occur

3F ISAIARALAS YRRk TR Aok RAS:Otintestingl migiaBiniadn b RiRayABRIIAARY. requces
oroRiYFinlegicabiupstions of fisiary Pelvpgnols. Molecules 2019, 24, 370.

38. Quigley, E.M.M. Prebiotics and probiotics in digestive health. Clin. Gastroenterol. Hepatol. 2019,
2.61f5a°%t§g§ht§§tinal Digestion Studies with Seaweed Peptides
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3Ssioetm, being. nfethbulzed. BiioQliviaragclds Bradi dtendfcidl &xtrs, RedMentbd@vadRop Riode ghi@s patShtially
benEgitdaE gud hyRintadcinlythngvitwehgast noilfesdtival ofi gesttoalisyitactiardie bioaccessibility and
antioxidant capacity of bioactive compounds from tomato flours obtained after conventional and

ModulatiapaflntestinabkpitheliabCell Differpntiation

40 NenkiM234Chap adardgeakisiogpiiors distahitionaadeptdetionrbtitedioal Pearslaseioge@tRorphyra
yeZcdasiee idthetliiabéeablMaitfefettiadomnnMiteyidesSoms: Epidanth UEQROR Gy aitadile arliniareated with
the (AozesRedi© pebiidd @y Y2020At concentrations of 125, 250, 500, and 1000 ng/mL for 24 h. An MTS tetrazolium

AR, VS RV ATRBR) S AILEAEA Q2P aliHSs e iRl M ah drRri e
i SRS AR O e ARPLP BRI SRS URTEESS, K56 (091 13,0888 0
deci%}g:ég\_e mechanism by which the peptide exerted this effect, proteins related to the insulin-like growth factor-I
receptor (IGF-IR) signalling pathway were measured in the cells. Four main insulin receptor substrate (IRS)

Aofesroandpgdiacite pSRNBIAErEHIGR 8 1P 5% NG R oo It YR P8RS e sRP It SPRBRETIRN AR
go)armedictipatael af sttt SHireRay B fHaR A9 2P ndadas B8, protein and mRNA expression

4%, BaRRoN SUBESaPHiRe IRASKnA ReteNtAl AeqBRIAA I aRtnSEMYaS RyteRtedvRytisers bloting, and
reveisterHARRSAIRRANAISIRS artHib deRe bR G et BoIRpENIAas AnBNatiafes. i h. PY-PE
SUCHAsST A EPTaaIAel MBI ATChER YA FPEEESERTY CBiACER SsHyNEY RS BIBRVERBARY SONRIrRHERE
reaime B RAIVE BN SiadsaBHmba OP3) e88fhiva, J.M.A., Cravotto, G., Lorenzo, J.M., Eds.;

Woodhead Publishing: Cambridge, UK, 2019; pp. 23-54.
The IGF-IR pathway in turn activates the mitogen-activated protein kinase (MAPK) signalling pathway. MAPK is a

Ain 207 SRRt Arihe SN MR Mat FERHRIQYR Mh¥bnRPIHGRIBSHAY B BireKOStBAMa M poYidesetas!
ExdresdikRiRY. ¥ GrdeNarBrofEIBRUGRAAHsSURLIStIRHEARIal Srridag rasy kiiaus YBiERIOBYS anti-
phdRiRb-Qrah A MISHali R A0 AR B P HESHROIH1338L 8%38). Treatment with PY-PE did increase (p <

4% OR)i SMIKRAREESPION Ok G48< 2 alfaiiGERSINY celigria quepterdergaact. Mriteetidie Wae b N2 rAsRla g a0
effest AiKtE oMSR sHC AYREESSH RSB HIHEhPERINE aRiM & ETeee LR ARG etion Rral g digeoulates
cell Hryrirng rRIpHYIalita e R 204 BrRShIESCtiveiad SyMelly [ifetheer #184etaBiBtdieRnol. Biochem.

2008, 72, 2184-2190.
The effect of PY-PE on the PI3K-Akt signalling pathway was also examined by measuring the intermediates p85,

46 19 BBIG:, SiniRAIKIGUEFi MpalFlGH Qs Arm OGS i car i bieMEISN et @R BEBUNSTHRERSh oL driteYsnd
thrFHRHEUAABYSHonRIRAEV TG, GG AR SAMM I BIBRIPHE HRUAPLHIAGIKUIGHS SHIEPBKDaNd
p—A@tmgéuﬂ%gb Tﬁwc@!og)oi?’pirﬁétégpfé@ﬁtreated with PY-PE, dose dependently. Lastly, the p42/p44

APYeANRS tiratedherofeinzkaaser (MAWAS Ly Patfany, wasgByRpligates]; AhiD difmatRmisiasdBraasiiveign of
transefEHeP bR HIEE.CoHFY /S ApPHIRatiOROs pHaATRIBkERL PRk, I IPhaM. SEPS0pc3gnodulate cell

proliferation and differentiation. Again, PY-PE treatment successfully upregulated protein and mRNA expression of

4(:8—3&#5%6; CF.’E‘& I(r?d gg‘s%udéjpérwgrﬂ%ghhgrhen’ K.; Shi, L.; Zhu, G.; Chen, C.; Li, L.; Geng, M.; et al.

Pharmacokinetics, distribution, and excretion of sodium oligomannate, a recently approved anti-
Dué BNRREE TS S8 ae8 LGN LkHBR: dJr BT RHdRQ2d further analysis with the P. yezoensis derived

AFEREES %ﬂtsﬁﬁ?d? rediRrAAIRGECAN e meritiRkayae EReNNgb @RV . [Fter JRaeRiacOkiridtL signalling
patwdwdﬂ@q%@g Hbﬁ@eﬁiéﬁt@@é@%ﬁﬂ“bﬂ'@scgﬁlg hf7!E§g’f{ signalling pathway influences cell

functions such as proliferation and involves several proteins including phosphorylated (p-)EGFR, Shc, growth
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S@cGoriveptor;: Hou ki gioinitbo(@rh Ayl acinsgrSof seRossssRS B &3 c rHentsraf\gdaweqokptide (125-1000
ng/phlysacd herides: th pagsinfamidnalRNO 2predsitd 68 p-EGFR, Shc, Grb2 and SOS in the intestinal epithelial
SEIRHRON AR BRI E DL oD SRhURIS LR BRI AR g aton o

pepr%%lﬁopgerﬂlecli)drugs. Mar. Drugs 2020, 18, 557.

502G MR hatnatedha. 8 a4/ Rhfgvesl MVARIS sidhafioly patohayrides:clasdifieatitima hemidat jmopertiese cell
surtziod foltihee retspe BiYe Taephc atizoes ik fielpisiofiphasssaicetpgyssion Ibiele git elamedlisineifPoreadaw tofs
patbowene it g Rl aticogearzd tivacaheitg poldatikliies Y ME B0 iy pEaxviosl L2 2dgnal-regulated kinase (ERK)

X r%gé%jﬂg%we#rgreﬁgr%gt@, ﬁ"%’ Marine Biotechnology for Production of Food Ingredients. In
Advances in tFood anPI Lﬁrltl n eseFlrcr] Academic Press: Cambrld MA USA, 2007; VoI
The expressmn of intestinal epithelial cell cycle-related proteins was also examln After 24 h treatment Wlt
% 237-2 F
peptide, expression levels of proteins required for cell proliferation—cyclin D1, cyclin E, Cdk2, Cdk4, Cdk6 and pRb
SiRefmer(dRs ba®nmnidvkelR obeGxphasaimwitzinke. ofetepmtdihs, Nielo afil SEawieedsassdafollowing
tredtmattondl ing regietd fr1aahe altiyadieldvade Prodsn KA elidhBddrs that regulate cell-cycle arrest for the
iff (2501 - Although th f Il I I
PSRy CkTeematiny, P e S WiaTiiation o7'S9MTE S r%r&é% e a0 Gresh Sesudaan:
the||5ove e>igressmn as been I|ni<ed to_ mucosal délmaglg and uI eratlv ohtls
art —Proximate composition, amino acl les and somé physico-chemical properties. Food

Flnaclflg]/ the eigr) o?]he4IZS)7e42%enSIs peptide on cell cycle progression was measured using flow cytometry during
S6e Cupriy(B1) PHdasanfCelMiadsien. Aldkatvie Sorliey, e Mephds ¢ppo Prly/RRis s ducddoenefits: o fof @t rane,
56.edd2ls sadveaerds.illotirdawattitar With 307282950, 500, and 1000 ng/mL of peptide, respectively, in the
57° &?g'gﬂ %f E’%Iap errbez %gBP s%hcecﬁéjrtn?é% Cnog\(/:gdaegpflca gr]]es %% %tﬁﬂ'c?cs)ktqat é%rb i reat%esr-'ved
O R B e i R B RS o PR e
of intestinal epithelial gﬂlf
jeka, Croatia, 2.

SthalbickesivisyRapesp, Jddectds Meptde, wabmake IMeyaise ko MheEmigsgeitssaraasab prghiotiessubstrates
of Seaweedsiandnricooalgheadviae Dnagss201t6e Ivbokd .P. yezoensis studies. This is known as enzymatic
o G ESERES BT S, 3 M SRR, AT ErGh A BLRAS S RE . BeeroBBHEN 1R
Co D 3 BRSNS AL o SRS NS 5 SRR M. AP FRIEPES MR T SHEFERIe™
bln%lagyvré] hﬁsagt%%glte of the enzyme in their stead. Non-competitive inhibitors bind to allosteric sites on the
enzyme, disrupting the conformational arrangement of amino acids at the active site required for activity, thus
6etainaNiR dBsrak oK dhg b {8- bR Un¥ovpAlaat RAIKRES BRAdeShE @ithHl-BiPagtMEcomplex,
whisHR$taReasopieaspresticakoprlicrinfss 6f kidReyrigirtrcBNRle R Qh8wA % Havd tRemical structures
SRS ARIY 46, 3 B AMBEFAEAgSRIERETCAT ComposTioN Bt Fedl SHRUBATSRR HFOARR IeaPed R &3¢
stugh@rRigndianeeicsaskssrygsn pieynn! spitslial cells in vitro.

6rablanaekwicedVeckidd Heptitdsd diaighithiecfiake psor saarnrtifiesineshasichaaatty acid
production by the gut microbiota. J. R. Soc. N. Z. 2020, 50, 434-455.

63. Hjorth, M.F.; Astrup, A. The role of viscous fiber for weight loss: Food for thought and gut bacteria.
Am. J. Clin. Nutr. 2020.
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EPeptide Seaweed Study Type

€

€ «ala-Leu-
Glu-Gly-Gly- ) ) ) o

In vitro rat intestinal epithelial
Lys-Ser-Ser- ) o
P. cells—investigating the
Gly-Gly-Gly- ) )
yezoensis modulation of cell

Glu-Ala-Thr- ] o

€ differentiation.
Arg-Asp-Pro-
Glu-Pro-Thr

€

€ " Ala-Leu- P. In vitro rat intestinal epithelial
Glu-Gly-Gly- yezoensis cells—investigating the
Lys-Ser-Ser- epidermal growth factor
Gly-Gly-Gly- receptor signalling pathway and

7 Glu-Ala-Thr- Ras/Raf-p42/p44 MAPK
Arg-Asp-Pro- signalling pathway, mediating
Glu-Pro-Thr signal transduction from cell

surface to nucleus.

1

7

1

1

Statistically Significant Effects

At concentrations of 125-1000
ng/mL, the peptide, dose-
depenently (p < 0.05):

= Induced intestinal epithelial cell

proliferation

= Upregulated insulin receptor
substrates IGF-IR, IRS-1, Shc and
PY-99

= Increased mRNA expression of
p110, PDK1, p-Akt, c-Jun, c-Fos,
and MAPK protein ERK1/2

At concentrations of 125-1000
ng/mL, the peptide dose-
dependently(p < 0.05):

— Increased mRNA expression of p-
EGFR, Shc, Grb2, SOS, Ras, Raf,
mitogen activated extracellular
kinase, and p-extracellular signal-

regulated kinase.

— Increased mRNA expression of p-
EGFR, Shc, Grb2, SOS Ras, Raf,
mitogen activated extracellular
kinase, and p-extracellular signal-

regulated kinase.

— Increased mRNA expression of
proteins required for cell
proliferation: cyclin D1, cyclin E,
Cdk2, Cdk4, Cdk6, and pRb

— Increased cell growth during Gap
1 phase (47.6, 50.6, 56.8, 62.8 and

Ref.

[244]

247

ept for

ates by

vies,

arides.

1977,

.ad. Sci.

cts of
3-way,

romotes
18106.

JIfated
an gut

rown
aw. Int.

biotics:
2019,

roalgae:
ood

75. Usov, A.; Zelinsky, N. Chapter 2-Chemical structures of algal polysaccharides. In Functional
Ingredients from Algae for Foods and Nutraceuticals; Dominguez, H., Ed.; Woodhead Publishing:

Cambridge, UK, 2013; pp. 23-86.
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7Peptide Seaweed Study Type Statistically Significant Effects Ref. :tivity,

64.4% following treatment with O,

! 125, 250, 500, and 1000 ng/mL of n
peptide, respectively) '8-185.
/ — Decreased mRNA expression of glal cell
p21 and p27 associated with rties and
mucosal damage and ulcerative
1 colitis. le in

80. Usoltseva, R.V.; Anastyuk, S.D.; Surits, V.V.; Shevchenko, N.M.; Thinh, P.D.; Zadorozhny, P.A,;

* = PriffEke\VY4ies. P. Comparison of structure and in vitro anticancer activity of native and modified
fucoidans from Sargassum feldmannii and S. duplicatum. Int. J. Biol. Macromol. 2019, 124, 220—
228.

82.7¢ Bioadeéssibiliey and Bioavaikabiity.E.; Ricque-Marie, D.; Mendoza-Gamboa, E.; Rodriguez-
Padilla, C.; Trejo-Avila, L.M. In vitro characterization of the antiviral activity of fucoidan from

BlogyatbSiphBRYGRA ARG Aa R R {/ ARG SEHEE N A QAT oMo d ghagggaches the systemic

circulation and is utilised by the body (2571 Numerous factors influence the bioavailability of compounds in food
SR GeMenith AN NhelHaWada NGRC G UnBr dctibhd withr o RVABRIS U YRR HGRIdRgaRh,
and SR UG UERXATRIRSBRE R e ERWE A BRI IRUBRILI GR A BB PHABM AN ASMHIRS tha
bio%@.zé?&y&e’gggﬂt{/\lQrthg%ﬁxaag&Gofqge ingested compound that is released from its food matrix and is
e aitphiadn; APRIPHIRGR, teHNessRr RTaIBRaVIVIDI i HimRiaipsicrlyed iy =00 aterseon faRb agrarent and
invel¥EvitABSRAEAR e BRI ThAdRITEib7Igsy4es WR0 0Y e AT ign puik other biomolecules, biotransformation

and/or metabolism, and the induction of a physiological response 289, _ )
84. Tsali, H.-L.; Tai, C.-J.; Huang, C.-W.; Chang, F.-R.; Wang, J.-Y. Efficacy of low-molecular-weight

ThdUGAIBB AT ASHRRI SN RSUA! dhe BB F RSTAG ARG SAN G DALRNLSHGeOPIRANBES, or ex
viv&%m%%qlﬁg&%m%imo%@' Q&Hgalggﬂtz'&aﬁ’t;ez%easured using an animal-free method such as the
SBOMANHERREDIIY-CPERME AMING HaishFARID, T, eRIERAINS, 17 AMMALITRSEIBCHERG AR IMTHu RS pisHaly
megsRsk 4b Y/ YQceiEn @Wéb@dwm%Wﬁ%f Ui agxapiaagifng. [nieliens0o3im virp4A%RIsus ex
VivgRil dbke e iriBodacce Sser1ovingMay 2020).

85:7'.—1015'\711%; E?@Hcé(égsilﬁi‘@mﬁtﬂé&g’ W.-J.; Hwang, P.-A. Effects of low-molecular-weight

fucoidan and high stability fucoxanthin on glucose homeostasis, lipid metabolism, and liver

In vigactiowlRted eigrasiomioelapds giseAneabieussdar Diely=0n st S datgrmine the oral bioaccessibility

of a food-derived component as they can be conducted in a Iaboratoe/ using chemicals_and enzymes that mimic
87. Okolie, C.L.; Mason, B.; Mohan, A; Pitts, N.: Udenigwe, C.C. The comparative influence of noygl,
the environment of the stomach, and intestine without the“need for live animals or human participants .
extraction technologles on in vitro prebl_otlc-lnducmlg chemical properties of fucoidan extracts from
Experimental processes Tor in vitro simulated digestion involve several incubation steps (1-3 h) of the sample at
Ascophyllum nodosum._Food Hydrocoll.”2019, 90, 462—-471. o [264] o
physiological temperatures (37 °C) and conditions that simulate the mammalian digestive tract . Oral digestion

of the homogenised food sample begins with lingual a-amylase at pH 5-7, followed by adjustment of pH to 1-3 to
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88inarelstidirehgnditoimelnt; adoaas Mididdrooigh®endbmmyddde, lnepsit; Eh@melly, B, pH Bheljusted to 6-
8 teonmhitateo snadl Mitte atinze phid earanekbtinc Gl dampititatsoh gainiss e hpootease pantl diph g Stritiddaddvith or
witladtetsilg #E3hicrobiota: A double-blinded, placebo-controlled study. Eur. J. Nutr. 2020, 59, 1655-

1666.

In vitro methods are divided into four categorles these are solublllt dlalysablllty gastromtestlnal models and ceII
a]k%shl . Takahashi, K.; Abe, S.; Yamada, K.; Suzuki, M.; Masahisa, M.; Endo, M.; Abe, K

Inoue R.; Hoshi, H. Improvement of psoriasis by alteration of the gut environment by oral
mﬂ%ﬁiﬂ&?&ﬁﬂpﬂi&\i%‘aﬂﬁﬂv from Cladosiphon okamuranus. Mar. Drugs 2020, 18, 154.

90 Parnell, J.A.; Reimer, R.A. Prebiotic fiber modulatlon of the gut microbiota improves risk factors
Solubility involves centrifugation of the digested sample and quan frcatron of the nutrient of interest in the

for obesity and the metabolic syndrome. Gut Microbes 2012, 3
supernatant by various techniques such as atomic absorptron spectrophotometry (AA), mass spectrometry and

HAprZbandgsX.; Likaphir&hest X.€Q.; Addya, ebtimdtdeongheK.-lbidaatabsibsim of Gacchasma japonicaizikia
fusipshisarohmjee sralcheligonaseh apiskass higihg aran feeakononabiotanddVdianed bt ad, 109635.

92. Shanﬁjt ; Shan, X.; Cai, C.; Hao, J.; L, Dietary fucoidan modulates the ut mlcroblota
Dialysabi y was first descrlbed' bE\; Miller ‘et aI in 1981 to measure the bioaccessibility of iron by equilibrium
in mice b mcreasrn the abundance of Lactobacillus and Ruminococcaceae. Food Funct. 2016,
dlal¥3|s and as een modified to quantify the bioaccessibility of other micronutrients. After acidic pepsin digestion
of thé food sample dialysis tubing of the required MW is filled with a basic buffer such as sodium bicarbonate and
O detatoryi vessAlgcitaiBopoky rearsidindier eiodirgvifoaindne usis adBignifiteaberand dseensuestahe
dialysiplicatienand peingeis datheea deianPSwvdzerl andd @6 the sample and incubated. The dialysate that
9%“‘@a®é?athﬁ9“%*‘aﬁ*2§ot%'”&H%St‘%rbé"&‘i%%%”i F5F8F A4 1ROF e RRyze RSN E5RggMgYed from the
vesgel and %Lhanjrfreél [258]
ec ds.; 'Springer: Dordrecht, The Netherlands, 2015; pp. 31-55.

SStativraad DyHamlid, Gastioimtestinal MealelsZ.; Wang, Y. Chapter 5-Algal polysaccharides, novel
application, and outlook. In Algae Based Polymers, Blends, and Composites; Zia, K.M., Zuber, M.,

CagipiRiPSEasM RIS AR RTHT P4 PRUCNRRHE TARAYRS 261 e 'ps 0 ¥ two methods and involve the

oral, gastric, and small intestinal stages described above. The reactions are carried out in a single bioreactor or
WK IR imng - BRI reRes Rla P el S8 hyM it U0 S St M- b Y8 ISR uRy FMASRRHS acid
and-@5RI0AT IRy HiomdLisRdrewn seawaRasARoaNUIME RAHBSYR ndd-3mINaHEEYRETRARE due to the
dive SR YeSBRRISTEEXBRFNRAR: PRAIRRLAY RGN AN IRAEIVIRG: e RIUSS AR e it/ ot ir
oeugEnyhich xan pe ey, R citsairabbig agtenal. (on ,flmggﬁﬁ%;(@@%ﬂﬁﬁ‘f&ﬁﬁ@?@)%@%ﬁﬁ%%r’fime’
PH ineRiEIsigithen4ga raftiprror irtindl s GeirNte detapdet 200 FaBplEsRsiaLEBEEP, also vary from one

method to another 2791, In order to address this lack of cohesron in simulated di estlve methods, the European

ggoé\é)ggtlon in Sc%hcl:re and Telglgn rIrg)gy CISS% M'Sgﬁ‘ %'h EU- fﬁrﬁ%led gcf?‘on\l/r!OZO eld Ilrl]\lhlzlg&% 'vaolvmg

nase activity. an mor metast Sis by Jamjnarin sulfate and s nthetlc hos or th ate
smentg ?rom 45a counl¥|es %I In 2014, anainterngtljona, consensus was reaghed andp sta static in

vitro cgggs%oxyng&gg tls%ﬁgbllemfo foo%nvc\:/gg %)88I?sh%§ t%/ZMTne?l?us et al. 269 pased on physiologically relevant
9Sr@itiong thaiX chrarméenariplioetargladamny ehbpoints.alfjae Betrgals seronmesidse spesifiactioie e amnditot € adrtd
coraitorityfdipaxyigeaa se dtailtitit otra cliydktcn & givys \oas e taistine p o ties fadtorlchdsikg @eb Soiariation,
the BextihinoHe2@20nakjcBlof which was found to be improved by pH stabilisation 262, Subsequent inter-laboratory

[&]
10 BRI Tielee 201 95K S S T B BRRE AR B PHI ae FRgy e

INF, T method del d d for the bility of td ti tudi R t
5’6%??m8‘&se°ma8r'¥>%rﬁag'8§feﬁfo"rec% E%%H, Pf 183 4TbR1APY of in vitro digestion studies. Recen
studies have used the INFOGEST method to evaluate the potential bioaccessibility of seaweed components such
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10ds keeswraial, 1Bindtale &8y chrrRpbasnB28) Botheaoyaskesfervefimiitewmialise &4 edtatidracidels have the
adwsnpyy)e noé migitig nirex srcilian ggakgyletog tewt ha rau deo radt i meauirdt s peeltc tequipiceatl orwasvdr neotingous
mechspioalsaegafitrnais extviverdgropalysadclvandexqbalienge nbvaniantSand2@de?, Bhl, rePiedbd he dynamic
T 2T IR G LA A VA SN o ot VS A [ kA T e ST E A e 2 U
Dy R e e G R R UG T PG e POSIVE AR LRI foo
samMpﬂar'conn (S;te2 9’p]é8rfsg'a?tl7c' pumps 2781 The temperature, pH, enzyme concentration, incubation time and
10&8iRRadtigare, &. eSoieeneybd:;idMadrarol®d DhcantomplterREfUTIze GrstQ@iDohertial Hyhdraim atioiniektinal
moeéaitraat ingmevgsdgovitep erjormitakae, el (e siintab Mathbidady, QermisxiueSsioamfindtSerntific
Resrangp(rterepaxd tedangeténtestippdlijk cdabéat cak(poSiocadd pitke BN G thod reeitioa postdel (TIM).
ThevEERiINgqtiads BiurJediytartA@hes, 123 e2&%irAG8e stomach, duodenum, jejunum, and ileum connected by
1o LR RIB PP RSP e SR 5 e RIS s Y SRR A Ve TR BB sy T
oS e A RS AR 4Tl RRoiedN R MR DI BB SErB S SRS e el
e YA IR Ay e o 0SS SRR S5 18 b I 2 pient
absorption 277, The main advantage of the TIM system is that it is a holistic in vitro gastrointestinal model which

10RedrPanRees R A wERRY the: SHRNGhi&siiteinBddiforsaig chn BBkakenti€ ady: fdfle & 1Re digestive
probase iR HlisLRRIENRAE dRpMGHLRPEID QW R 3e3NYGES kAR VAR IR ORISA-ARRIR AR ARSI relatath
systeRfWG PR MAH UG AW SFofiO s higaisinRighofat fietrindsgues: RrRAEHNGH 4%ure the
10orRsesAvR, o IMAABHyPesAUR LS s TGy tainte i Slatsriasied umitrsacsts Gamns tes, toran.
flous RIRICLEIROMP Wi EYRREH S4B Tor MshiTealouchifhae HeRR'aBISICAION RRsR: BREE GYeiem
hassk’)%ggg%@4gssess the bioaccessibility of heavy metals 2821 and essential minerals 283 in seaweed. Drug
bioaccessibility was assessed in a study by Blanquet et al. 2841 comparing the ability of TIM-1 to measure the
104, BRIty SrPacdiatriR RIS & 18R Met DA AR ARG Hen R Qe ME AL R re
conSEEHTWRGR bR ARl RO Lfe S vty B4 IR EARR s R KR rER kR 4 benaviour.
1080WéwkrXas Glitarad, IN.vish eretdodZ harvyoYfackare sCetExpfiesgiepsaaite chereateldastive, oira nwyabolisation
by ialgitiase dpiithiie proteitreprpsenisif§itool for investigating alginate. Carbohydr. Polym. 2020, 246,

116645.
The Institute of Food Research in Norwich, England also developed a dynamic method, published by Wickham et
109, BAMRSJ? 5+ SilANE g MM SRsiand ol it Tekelasd Ay SLARiIe M- vicenigediea
aspel Br YAlIRER RIS WS HRLADG Mz 10 DSATSRIGRE SR IarRseRNghine RgiRakan A

ma tEga Ie0 Iggr'n'p:) eOI(Sj y eEOgI%U\inZ (o)\:}'gr' tZZ ’C%Ur]é%'of several minutes to mimic the swallowing of food. The DGM

11gysMerfuiniseve Midntehamnglly. diB@ressingsin; vWasitdeimpsilinéiedricedoialgirsapeo cesreditrationcdnel human
stomrsle cueroneigftit reégrastondispitapertiesdofiinayoemhaiss SRV 2002235 e52ym&2 8 the flexible main

body around the food bolus, which is then gently kneaded, Contents then move to the antrum, where they are
111. Jonsson, M.; Allahgholi, L.; Sardari, R.R.: Hrgggpwésson, G.0.; Nordberg Karlsson, E. Extraction
subjected to physiological shear and (r:;rlndmg forces 22l The sample, or chyme, can be removed at this stage or
and modification of macroalgal polysaccharides for current and next-generatlon applications.

further digested_in_the duodenal chamber with pancreatic enzymes, bile salts,
Molecules 2020, 25, 930. _ _ _ _ _ o
often used for gastro-resistant pharmaceutical formulations to monitor dispersal and dissolution in the duodenal

11ghA3ail28); KhemyHy Yatdakouléd aYVI28¥Uedrhpaie /g diXint¥datibnCoiRn pRradivie S tuslyapmtide dn tiBrogm
syseffeciaobReavdamorRas @R ginesaian d seangsshadgirajesseadyman @impaistobiotastitoh Gbde
prediddidly bBseldd Whep. the same beads were given to human volunteers 287, The DGM system was found to

ecithin and cholesterol, which is
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113 kupktiplLip Gie Sisowutioh ;Aphamtus. USB;IMWanBithre Zilas, da ;syjnifivany differendéaberseintivitiaiman trial
datfesmithtaDanMofnaliginiatetisatdt itscdenpaadivie 3dowdn oeeiiaug vl Mucabistatedingeahelie 2ah @a38ic gedtion
114 MRS SBERES 62 ARy AE ke NPERINAL ) gh B MAEnIRATAIRG viResien peeasss ey

simulate the changing physicochemical conditions, and peristaltic, forces of the,gastrointestinal tract; howeyer, the
enteral nu I’I'[I%ngf(g)l’ ula on derecation, mtesteraeI MmICrobio a, anCPSthI’ -&am a?ty acid pl’OCYUC‘tIOﬂY

i (264]
are jn?_rﬁ rﬁ:&s.,tpz gggshabezk?’ng}:d}m%t than static models )

11AItHeeggrdenisaranbeniteddgestiorCanK hgtarteaiplity, feesthitatidstitpod bibHtaey afeatgmai@ly used in
ressaieplesdentalmny iwite|atinito digygsstite reghiatothen dre eiatbaliayislatactats .o ide neerfraamtative of
bioattiveadigestibmimais siudies.O kosnRpy. 2313 ubduk28iclgbiome that cannot currently be replicated in in
118 G e SR D RO e MR S Y S PR g P P RS HR SP So iR alginage BT 7

vitro s'{mulatte mo«iiels do ;c){ovide useful guide concernin %16 Rreakdown of cIoods/foo .bioaf.tives by enzymes in
nutrient digestion an metabolic re ponses urlna oth I vitro and in vivo Igestion process.

the'_%%rgq_clgdar\ggo UtZd:éléthib-?eX%Igg@ﬁm of in vitro static and dynamic models is required to give a true
representation of how the microbiome and proteome of the gut impact digestion of seaweed and food bioactives.

11Z o fibhréofcenSwéer 888 VMynEMicT- cE0 aRd MaRal YshiPs2 JRIRHPRIE 8 PRESESIANNS-IRFHI R hese
moBsimaary hypertension by restraining the activation of P-selectin/p38MAPK/NF-kB pathway in

rats. Biomed. Pharmacother. 2019, 109, 1319-1326.

Cell Models
118. Amimi, A.; Mouradi, A.; Bennasser, L.; Givernaud, T. Seasonal variations in thalli and carrageenan

Thectonmposiiegoof @ igastinanpittilata ((ernelin)iGtackbdelsa (RivadiBpieytat€diganiirates) diaew estechalian
epithidiad disienddiaie coast afeVgneseotayy obintBeinalEtlihebdl, cbii8edd 8e used to mimic the ability of food

onents to, be ahsgrbed, and activel assjvely transported and assjmilated .across the intestinal epithelium
11%5;?%0, .;tgu, C?.;Sﬂ'nang, H %Cwarl),/ ﬂ.g.%he%lcal éjtrucfjures andrgloactlv[glge]s of su }a%eda P
. Cell lines commanly used for bipaccessibility. studies.include 0: T-29 , GLUTag, murine STC-1,
po ysa'cc andes from marine a{f)gae.ﬁ'a'r.' rulés'efolﬁ,ug, l%aé_ﬁéﬂ g. mur
human NCI-H716, 299 and porcine IPEC-J2 221, The Caco-2 cell line is a human colon carcinoma cell line which

120, Qaczadahbosohadh N-gihaficSinNatthie Sdie: (K a8 Bp Miakdahoasiahtaddn FamntHi9Adhonolayer of
cel BrapgitiegfpE ualle MoHHisRbRRSQISIAKCREEATARSIRRRABHINBS oA AHREDALIN R R BRIBEIRING |ahn et al.
[293pBAsAABER WhieRl PRRSIRS i CATRANYAIE ROV M LERh mdPBd4Rselbed by Miller et al. 2881 by developing a

12TORRERGMASF e SRIMD RIS TS BBINKETHIG & ARP; AnFEl 1Rt NieaFHIFy MY Rk WRKSSRAT heifaigd peptic and
IntesiNglloriion oy Fagel BatrayiRARC ARd BErMEYREhARS ASHYNSH BrRaL R RSP IRIGRK GE s can
be apRIHY {VSRBAIREIBBY IR the' BPAPIItItENEMRI RV/CPDIGE ERIlSRHAIOTAT BI85 (Ca79-2 cells by digestive

enzymes. Normally, if a food sample that had been digested in pepsin and pancreatin were added to the media in
L28nitdN a1l WD Q8w SR unly Sl dui AT R Nreil QIR oMRICEHIE S AL IS HLREIP i RLes
12,5853 AR K, A ARG L 98 L RS SR SN AR YR ORISR SR G dnto the

cellrs,r,]evvﬁﬁg 'tﬁg Qré“e‘?détnz%gt%@re%g@% ’ajfg’r?qu’ _b7a?:%.' The iron that is absorbed by the cells can then be

12BeBurPde@he ResiaulsiNg: tMe ot ¢l pieralied hbmieh Bn; VitsomhaerpTigrPsindieal 25! Kt FRedveen Lused recently
by Digragfean&Ad frodettraniegl theavieredeSsitiidneihachlifeerh biotsivaatd loyeaptbais [ERU prtdinRhicinguez-
Gonaéletbeliel s At r@moeuiredatise RiahrDrelgsut0Z0mes)087to assess the bioavailability of iron and iodine from

seaweeds. The lack of mucus production by Caco-2 cells can be a disadvantage for some studies, but may be
124. Sun, Y.; Cui, X.; Duan, M.; Ai, C.; Song, S.; Chen, X. In vitro fermentation of k-carrageenan )
overcome by cho—c,ulturlng with @ human mucu%—.producmg cell line, such as HT29-MTX to more closely resemble in
e |gos_?cc [ides by human gut microbiota and’its inflammatory effect on HT29 cells. J Func.
vivo conditigns .
Foods 2019, 59, 80-91.
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12, dsmkiagr . aBlantd§esNd kazaromSthddsuger; dtemm Md Kimy®indde, theAnbioxdostntaagel saate capacity,
higintrasaprataryaadtitiesiaf pbrpdyreat isolated fnovl disaatko edanbna( Paxipity rahielz de nsigy. drtticdl. The
majsidimivkaioroistile 203&ncAlofGBe-ihie physiological conditions of the human digestive tract such as peristalsis,

12%5, " PARSTE, JTIERYUBEAY! K00 RO Tarld, OCREGAS R ipbftl reftec the
conghions, e BTbATS NS eSS s REareR B Rt SRR STb B 0B R G
nut%x—‘gg,s,f}bfglggt.i—nutritional components such as phytic acid and lectins, gastric enzyme specificity, and the
different absorptive capacities at each stage of the gastrointestinal tract [27Ql29811299][3001 1 yjtro methods offer a

124od reimiMaryVRRERRR! ¥MBibacces¥ibili bu\blodvatab @2 0Bich s 4§MgsRotfeal-Bi nlet&pBR erapidint,
can¥ Sy husigensy it tirdhxgicasemiaal properties and potential beneficial effects of

porphyran from Porphyra haitanensis on intestinal epithelial cells. Carbohydr. Polym. 2020, 246,
2.7:2 Exd/ivo Bioavailability Methods

128x ZihaodandinaingerioQde)d-hreZdismgséd. rd\ine 2$ur theordlibidaRégdication calcpaor phydatofnements. Ex
vivd® orpihygcs haitaengisuantbtize astiesidanb@eatigitiekeaf tlvendegradedigparphyramnsniditn differentatural
physiolegicaastaeiER. IThe LoBiebtMasrmole\RfjEd38, Yssiad 202 in 1946 to measure the active transport of
128 BITAER L™ SRS A RICBASITRE "RY. KA AIES KPS ARG AR 1RSI ARVAR Ko RASTEED A " RISh A"
S T A Bty e eh A Fr T TR Ae S Pe By an. PRAMSasoan Rersug! o wipoe
diffri[\elgﬁe that is produced as the samglﬁgﬁfg%éa)golution from one side of the epithelium to the other (3031 "For

/allable online: (accessed on 020). _ _
oral bioavailability studies, the required mammalian intestinal mucosal tissue (from duodenum to colon) is mounted

136k therPvid\dhah chifhdrs SiURitdre& RGNS ColWaNOrHE - chitholmd BeiRtbreSt, Wahd\vittRBlodiclrabal: is
adRABIMETRINASEVEY aioRrRbY PR SXHIRGIEE Hom: RyigRifYeZeeRR T GRRARRADHABHBANGAES al
bloS&!IdNES of oBfeje i PRAH\AHE-ARH A8xi8d 2355 ZRPmaintained 3241 The active transport of the compound

1390 TRAGI6RA . the, Rpifheia! oot fiosmitBBrRabin CRNSPBRh iR 'BSPBRSHES PYHBRIB ffer sRsfodnisterence by
PasSHE R IHHSRESHTBAReRSRIT B h ANKFISCHRERF RIS IESIRNS IS BIBESLRHh SHIIB0RaSEE B3 lprgical
CUf&ﬁ@éﬂéﬁ?é%ﬁ’ﬂ’iﬁ@‘ﬁi‘b%%%%%ﬁ&i@‘%iw é%%oé\_dvantages of the Ussing chamber model are its precision in

measuring the electrical and transport parameters of intact epithelium, and the ability to study any type of intestinal
13imERNG: B BaPad blrier®QudhSuskiil SatindiBarkial 22N Ry FAMRRIEIY S RUAYSIZ G vely 1ow-
thr UGN LIRS I S5a4RsT BOVSASENE S AN araN AR DXREE: A RO ST ot fully

des@HH?eatHJ%g?nIJIe@r(nB gst%ﬁlcgjgrilcd] 's;EsL{Qrcr:]t'o t%%qr“?’tezs i%gr r%ZCés%%G'

133. Xu, S.-Y.; Chen, X.-Q.; Liu, Y.; Cheong, K.-L. Ultrasonic/microwave-assisted extraction, simulated
AN HlssEnBhseame i rmRssttidh dRvGifersy haRRin Mt APy B galyA4L EHERBBY ST BGHIPRRRE to
theﬁé?%ﬁg?mﬁf.'119@%i@ﬁ-aE?Sr%‘Fﬁ@%(ﬁ%ﬂE“?ﬂ@ﬁ%was first described in 1954 by Agar et al. % to

measure the uptake of histidine by rat intestinal segments. The intestinal segment model measures the absorption
136 dSHISOURSLINR s RANAFRE s Ratrl BRI & 1 d N2 R bl U Spifre TR Ar ARG s Yre use
of fUBRIE)s Bbee drURRIG SRAIOR MM JRI3PRWREHE SRR GRS A RSO BSRnced
solfRATIRELY: SSRGS RRHRI MaNC RIS A LR Bk UL ORIIR LN NIRRT Wlad akkts
mos%%o%n%%ﬂ%%cs)éld due to the physiological resemblance of human and pig intestines B9, Small circles of tissue

13sdnents. akeapidabemyuSand irmugated Kinyfe n2AKelikeleresTwitH affdrigstico@piechibyhieTindEvate) Fhe
quaptithiviithf BsRebistineHbstsbetidigtisijnttstinehsedrvith itheuenitfieatEd cthe datnssiod| Genenusodel
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hascHeyrsagewiihelrtictoJskno-shaciarideds mostaninii sy, leomnicaciobiatd aas g gigmicoiahigher
thrangipbofi@s. BMC Complement. Altern. Med. 2015, 15, 279.

136. Bal ramanian, B.; Shanm .. Park, S.; Recharla, N.; .S.; Andr . Kim, I.H.
3'Fshe gdegrtljt%g% 0 e)iJl Vivo (’)rgar?l moclllggrpri ge’nerg[ (’)\%r’ sir% e %eﬁl’lineé t|<sotﬂl':1'f] tk?ei/ ared ae%%hll-ée'ﬁ system and

Supplemental impact of marine red seaweed (Halymenia palmata) on the gr rformance, .
thereHPrg more representative of ntestinal eplthellalebeI(IaVKXJr in terms orp%o absorptlgnqw Compared to in

. total tract nutrient digesti illity, blood ﬁ)]rofiles int stine histomor ho'%’ﬁ” meat gualit_ , fecal gas
VIVO studles, ex vivo organ modeils remove ne need for human participarnits. LI ations of ex vivo organ models

inclﬁ (aistﬁtlaolgbl?ggirr\gigg%l%i%lf %?J%Jpnti%rlo gll’?rlll Jghc':béngrrl] Itlsmzeoczo%’sg'réfn;[l'sz.%%é epithelial intestinal tissue must be
1 35k ciszldayen ke dMiRas pitbino s oot hacefiterisadi ore ofabiigp sacebsimdetston dwe tHe@xigidaarnvaegins
is saynles tulvatestheleforepluyts)ider futadany arbiasea@aabitityystudRasthaDegyuBe4ndreline B3, The
138 R R e e e P R S e B A S R S e PSR e & R At n b actera Sffe of
e ey e R o Al S & o P B e i P P IR Y S R RIS 5r CH8L s In the
Sanﬂﬁasr%ueti nozrilrt%?ég;slijﬁﬁc%?]é, A., Ed.; Woodhead Publishing: Cambridge, UK, 2013; pp. 429-464.

13373t Vitre FermsmtationMadels,s R.; Glasson, C.R.K. Ulvan: A systematic review of

xtraction, composition and function. Algal Res. 2019, 39, 101422. , . o
In v(/atro ermentation models allow ther}mpact g}‘%ut microl32|al popu%tlons on %ood bioaccessibility and bioactivity to

146= Atddied,vAthddonsiet AyasSivéobunian Geaardoaim&hohtadaaria of ¢yBrdiaUehehrdicpagutan eatividyuséd

(3155 Btatadarlvanasotatechfierartiag tireesembaresadga Weaetigitier MareDbigsoR0iliond ¢p@@ihing the food

I tract of i t in steril ' ich is added eith ixed, bacterial cylt f I

14 TS gkTAER N ; PrafBoon: 3" . qamtin, K A tTRe B R B e e A AR Al activitfed orec®

slur%/ f?tl:nented for ~2 to 24* h [316] Jhe atdvantaﬁ]e of hatch n%od Is.is that theg are simgle to se u,el and

local Thal green macroalgae crude extracts m pacitic white shrimp (Litopenaeus v nnamelt). ar.

ine{?ensiv%d%vevgr,fj{ge it is a static sealed model, fermentation products such as SCFA can accumulate, and
rugs , 18, .

there is a finite amount of substrate available for the bacteria, all of which can affect the fermentation environment

14216C B nhmicnaBs e \WaB8is Xarf e dsefPidadlidibo M iBsddVian basesarsistadhstruttyral described a
thré s etimaliRB Rl uianirayaidivaneriusaiand HeRntiviiat ActhdtviaorRitsiMegi g SEMaLis that
rephlepidBting BlokIMAHPIOhLBA%iMAY trdRs4se and distal colon. Since the 1980s, more sophisticated,

140TRRHATINAY BYRGRIC odalsibave Beemdpyiiersd Dekting, the; M@ preniouebp it upsRAUNSSIFBHAION
the AuRsRtRs T MITBRN G QeuvsRS SR Dand B AR PatRasliP SRR 4 a5 i FRIE intestinal

cytokine production. Algal Res. 2017, 28, 39-47.
The SHIME model is a 5-step multi-chamber bioreactor developed by Molly et al. 318 jn 1993 that simulates the

144hfrealigBnieatite Bm RUIRRFGI@IBNATHE BIAE SysRAMRSIVES MHawRe YRldagoMaiistiflis sifantal
for Wvaorigidadied) Qrothednigsinaldnteamithant sepiashaiesterahand viglyeapdscantedioinbacterial
popfiilens - ah\BRIFE RYSAl A 818 17386R1v3R4 models have been developed from the original SHIME

143/SSataby MSAMa BSERE GefvgBrEthRlRoohsdReRedi e R NS MG cacds e bt vRs
rung%%@%&ﬁl—ﬂ%@d%ﬁgﬁ(sj niskpgot Aqesikie Qﬂ@e?’s jhegimpact of different diets or antibiotics on the

same gut microbiota, as well as the metabolism and bioaccessibility of nutrients, and the pre- and probiotic effect of
148 KO Purs B NerSorGaRRmY. VAR An DL ¥IE & & D lan, of sl lGd POVEALCRAISE O Fe -

SHIVRITSIRENE LelBRONICa BYe IR JE AL Bl LI tRLIM JorBiQlcblar R 010 R SR bc hdeinus

14nu8samai@l. Red@otlney's Ko astan gatorre VigivieBartese . (. {Btawtepifi@liu8miith, SFUM SoletelAlas Aised
by RaoMict #d32 P RyeSkuate e petetid e bisoifan polysddietefidetisistesatacntiavivied Fron ishet
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al. Séliretd=daninadiat cig Edthto e thieate thpasiticrnaga mietabolic acthétpioftbeskitittaofgutenicriodiotae
seausiadsatizikizifwsifootanimdnadiel. Eur. J. Nutr. 2020, 59, 309-325.

148. Charoensiddhj, S.: lon, M,A.; Vuaran, M.S,; Franco, C.M.M.: Zhang, W. Im f extraction
A8dv%nt%g%es c%%%ll\?ll:smgl%é?ealll\s/luc reprlége%tatlon%ft e%p%%r gnyl lowér ‘ljges ve tract.g ?a%gr t%atn tcé ?:olon

rocesses on prebiotic potential of the brown segweed Ecklonia radiata by in vitro human gut
alorﬁ)e; ong-term Sl%.E)IlIIy 0 t‘%e microbiome, which can%e assesseé) as it adapts; ){)ptlon to set the model to

pargr%%ttglsafc];ﬁ”g%néﬁ[gr@é aioﬁjlsg%tucﬁ]ogsdﬁu%noa%gi gréw‘rihﬁza S],-EIZS%%'Sed, healthy, elderly, or infants (Baby-SHIME)
14%25C Inaraken sidolipiarS griCafinddtar Mt tr it asa (wiNRS HANBY; 0ar@. sblity, SucieatZ anhgniiél Guthealtbsal
midoetiefits (NISEWES&i8&SEtklomizatiadiatel ahd igHIE sacdbaiithsidembanritratecatistity pénisaiais,
experadiel sét-Epinosid:aod a2hée 37 a6iby<iBdomponent and mucosal cells (in the original model) 3281,
L VS M iimbe i ot Snattier Fub chambe S aIgeRton and fementaton Mman
inteara e T Bt O RO A R O G L g, R T, 3 B O o
the 'stomach chamber are mixed by peristaltic movements. Two rigid outer chambers surround an inner unit with
15%exbid, sMcpddovallfR ANAfaatn driheZ has gyl df e, watelfawh Besafitialoatte cisaofeutfatetinner unit creates
a rquiigtzesichiuidesofrgmattiog eastsieawWeB dTGe Bilium pavifichas Okasankasonamingesvithddmibiotics as the
orighssceiateE aiadehadoraved EUIMEGL I12320¢ Lihjqte25advd6Rige of the inclusion of simulated peristalsis that is
15'&%%”,1'.? Warten E Y SRy Y RS B a e A A oAt a Polyphema ag vironment
inhibitors of alpha-amylase. Trends Food Sci. Technol. 2019, 91, 262-273.

1538vévkinmiecadvavitaddicielial Cdyiraoliogicad disnciien cvk pbetiol o aiets po uindt st isynmbte dikessinepretiecoithe
huraigaguabdcaaag assest Aurave deairialintvathienes IC ysingeiraase nsuotisltedaihcb Ryygidothia feceaniadon
protessDetileh disMaltoBsioEmgcR@R2QeBed@riments than static batch models 39, Dynamic models have good

- g . g [ﬁ] . .
157 PO SRS SR YompotRaS 17 s w e G Bur oS ar fod P A s lichtioRs Ry ation to

as %Sési é:lgzlr}%e.s jn Rsﬁﬁ?rﬁ%gwajwfiaﬂg’tgﬂéﬁgéag{olites, and the ethical constraints that limit in vivo trials are

absent . Limitations of dynamic models include the lack of intestinal epithelial and immune cells in some

15@3%9@ Cladk & iﬁ&tﬁﬂidﬂﬁi@‘(ﬂ!@npﬁﬂym,&ﬁ@a@%—§a&i9@gﬁ§ﬁm Relye Q?Qféll% from dhe J%@Wrbarameters
sucﬁeéﬁ’\b‘?-ﬁ%§Q%BM{MW%QQMMimé@é@@ﬁﬁ@aﬂ%tiﬂﬁﬁgfﬁﬁmmﬁa)l%t B@@ﬁ@%te@gé%f iy
grogp<LE2.8.

15§.7\./X(_ahr‘e\,lf\‘4lb 'igg\slgha}‘%'"}{gﬁgeﬁggs\].; Holmelid, B.; Jordheim, M. Quantification of polyphenols

in seaweeds: A case study of Ulva intestinalis. Antioxidants 2019, 8, 612.

157 QTR A BORER!, B, BRI, e i el e 09 FReRS ARG Chaliaar ==
M e A G L g anbtg i
models are used but they can never fully express the digestive fate of a food component in a living person or

158hiktgilenielegrimariy ROBIRAMD: SR e SaBinaGliNRPHIARI GG PBLBARI SO ReR IR RiQastives
reaCHARGRAL!BRS dreytrdvianiag FogsrRiarid Aninal SpvweesadiEmandazitatiesMaiRs HEERERes of
libeMtidR dgos MR BlrskyurimChishe sistiddtfor @b Byl dd &FRination 1257, Balance studies can be used

156, RARAS, 10e: 250l BloaIRNIY S RUSERBYeNena oY Bt R, I SliiAIiet B Galols ere QI RRURM AL A
uringifng BORIBIRISHIGHAOsBARRMY BRAHEL RIdRSABHEHIDLC RHISHRIRSISVAIPHEVRENGEYA Birupeks B2
Balance studies provide accuracy, but are laborious and more suited to laboratory animal models than human

subjects [238]. Tissue distribution studies also provide bioavailability data on the extent of absorption, but are almost
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exchisivey kersiof el romiantlisea saaigk e oversieighitiad wtshA placshoedéitidfe thramdamised tristLidies,
the Nititr bidictiahilit 024 bidd8#ve food component is most commonly measured by analysis of its metabolites in
160 PSSR ANERY, T 30k SR A SB8ud" P RS E &AM Levinton, ¢ " RENAEY®

methods used in the seaweed bioavailability studies discussed in the folJowing sectigns. .
BB AZUte post-prglvnglaP'co\gljn'lﬁv'e' ERECLS of Brown seaweed extract m himans. Nutrients 2018,

AIth%?J’gﬁSIh vivo studies are considered the gold standard for assessing the oral bioavailability of food components
16353HadeneY dibkakajimge K exischitiemdater Hid akayit. ; ddakana,vh Glinleal effeatsnof brioven apprvestdior in
vivdstdaitis ipifan atdrd alifficakaiue Jo omehioedtjpiessorehin inpp ddenasikel solbjects. a. HlmrBiaciogrant| utnd
in RO c&ds4BebBecessary sacrifice of animal subjects 431, |n vivo studies are generally more expensive and

163N E529034m S B elher gihests ARG NRHIRSIE 18" AbrSHeRR S SESEnine Rloe R s us
N o A8 S B APEBS B SR LA 981 T3 RIS b paiss: e
ca Iaaeg etsh.el\/{gpggi.”%(yﬁhrr.eé%tess%'lg,' ]\_/ ,olér' S ]i_%%\./ing small cohorts may not be reflective of the
bioavailability of a nutrient in the wider population 3431,

163. Murray, M.; Dordevic, A.L.; Ryan, L.; Bonham, M.P. A single-dose of a polyphenol-rich Fucus

Howesgiculosigslietatich ssanesufiiiciesty i blaighthcbgl headedapasipsamdidlodoaikbgletiesethespomnses effect
of digbitiedfinst peaktmycsahdisrn HasyenihgitAansiodoatizechosssioxidrialadn fiexidattoa k0 as, offly
16 TS o Andres-L BT MR SHAES. SIRMERTRET. bl S5sRLiRS, RE PEYEHE oS
A e T P SR S o S RS Sl T 3588, o (G ESCLALy e §itgies s more
clinffﬂ)éie_ll_%f\?ﬂt and any side-effects induced by the consumed sample can be observed [262113481 Although gaps
exist in in vitro methods of measuring digestion and bioavailability compared to animal models, in vitro studies still
16nolR@azBaderan by sRetiaudk iedediy HicadtisiRaipnsMiaW isipRRIa MR digldRtages and
limiRRYRheNQlsrand FORRRINANEES T8 waMNdYealth. Curr. Opin. Clin. Nutr. Metab. Care 2016, 19,

471-476.

16&%%@9 ?H@ﬁ?ﬁ\ﬁ‘”&é{m‘éﬂ?%‘? %ﬂ%%tf?ﬂt.?%%ar{éﬁf?/,dﬁgfﬁt{%%né?ﬁé?ﬁtw;s'Gupta, A.; Rosaria Lauro,
In \l\,iltr.lof\Aul.A_- A . MNaia Fo.NawmAdai:, A I/ DamAafinaial A ntn ~f At imahsialaaca Ala Aaa Ao ..A:roblota
Bioaccessibility Advantages Limitations
Methods

1€ ochem.

« Simple and inexpensive to conduct with

enzymes and dialysis filters that chemically DO e S

mimic oral, gastric and small intestinal _ _ L . .
e ’ movements, secretions, or gastric srobiota:

- digestion )
Solubility and g emptying of the Gl tract
Dialysability
1€ « Inexpensive L 11, 6,
e No gut microbial component
+ No human or animal subjects required
17 ralgae
licroflora
Static Gl models » Simple to conduct in single bioreactor or » Broad variance in results due to
flask with stirring and pH adjustments reagent diversity, particularly
17 digestive enzymes which differin  from
Scavwecus il yapall. J. TURYU ULV, FIDlL. £UVO, 00U, 1—U. Avallavit vl HIIE. (aLlLtddtcu Uil o JU|y
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In Vitro
Bioaccessibility Advantages Limitations
17Methods
* Inexpensive activity dependent on their source
(human, porcine, rabbit, bacterial,
e No human or animal subjects required or fungal)
17 « Continuous mechanical agitation is
not representative of complex
i peristaltic movements, secretions,
17 or gastric emptying of the Gl tract
» No gut microbial component
17
Addresses worldwide lack of cohesion in
simulated digestive methods
17
Standardised static method suitable for
food based on physiologically relevant . . o
- phy giealy e Continuous mechanical agitation is
17 conditions which can be applied for various .
not representative of complex
endpoints . . .
INFOGEST peristaltic movements, secretions,
static in or gastric emptying of the Gl tract
1 vitro model Pepsin determined to be the factor causing . ALY
most variation—activity determination may . .
» No gut microbial component
be improved by pH stabilisation
17 .
Inexpensive
18 No human or animal subjects required
Dynamic Gl Holistic in vitro gastrointestinal model o More costly and lower throughput
models . . . . .
18 incorporating the large and small intestine than static models
More representative of human Gl digestion » Lack of in vivo factors such as first
as changing physicochemical conditions pass effect, renal clearance, and
18 and peristaltic forces are simulated in metabolisation by intestinal
functionally distinct zones epithelial cells.
Human faecal inoculum included to study
18 the effect of colonic fermentation on the
dilu Ledulesid rdlld exudCl 111 VIVU. Ul J. Uledl UL LITHIUL. ZUUY, £1, £ [—LOL.

y of
121-

51N
0, 18,

nins
us. Am.

Se.

ur
1: North

pecies

activity,
ein

neric
vities.

lent

vitro

184. Shi, D.; Li, X.; Li, J.; Guo, S.; Su, H.; Fan, X. Antithrombotic effects of bromophenol, an alga-
derived thrombin inhibitor. Chin. J. Oceanol. Limnol. 2010, 28, 96-98.
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1&In Vitro it
Bioaccessibility Advantages Limitations
Methods
18 food sample and nutrient absorption ic
« Samples can be taken at any stage of the
) . . ) grass
digestive process without pausing the
experiment
18
» Bioaccessibility results of dynamic models
have been shown to correlate with
bioavailability of the same nutrient in vivo
1€ 1 of
+ No human or animal subjects required 2010
1€ . R - nins.
» Representative of intestinal epithelial cells
I o ) ) " « Time-consuming to culture cell
« Parallels human in vivo absorption studies )
19 ) iines D.M;
* May be used to mimic the ability of food
e Costly 29

components to be actively or passively

transported and assimilated across the .
« First pass effect, renal clearance,

intestinal epithelium interaction of the food sample with  rapeutic

1S cell models
) other nutrients and anti-nutrients,
» Human cell lines can be used as well as ] ] -
) and different absorptive capacities 1
animal cells o
at each stage of the

19 — t and
e Mucus-producing cell lines can be co- LTI D

>09—
cultured to more closely resemble in (el
vivo conditions
19 2lanson,
) ) ) ) 1 Mass
Ex o Multi-cell systems are more representative » Extensive preparation
vivo bioavailability of intestinal epithelial behaviour in terms of
methods _ . . .
1¢ food absorption than single cell lines * Lack of inclusion of gut microbial
influence
23.
» Animal organ or tissue models can
1€ measure the oral bioavailability of bioactive ~ * Low throughput (mounted tissue
food components models, such as Ussing littorea.
chambers)
1¢ riation

in phlorotannin levels in an assemblage of brown algae. Bot. Mar. 2004, 47, 410-416.
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1¢In Vitro
Bioaccessibility Advantages
Methods
e Mimics arterial blood haemoglobin delivery
1¢ by maintaining oxygen and carbon dioxide
7 levels
1¢ » Precise measurement of electrical and
transport parameters of intact epithelium
» Any type of intestinal epithelium from
2C duodenum to colon can be studied, as well
as other epithelia, such as the placental
barrier
* No human subjects required
2C
2C
2C
In » Static batch or dynamic fermentation
vitro fermentation
models can be used
models
2C « Batch models are simple to set up and
inexpensive
» Evaluates the impact of gut microbial
2C populations on food bioaccessibility and
bioactivity without using invasive human or
2C animal methods
» Dynamic multistage models overcome the
issue of fermentation product build-up in
2C static batch models. pH and nutrient

availability within each chamber are

controlled throughout fermentation

Limitations

 Intestinal segment models have
greater throughput, but no
distinction between apical and
basolateral side of the epithelium
as tissue segments are fully

submerged

« Short viability—epithelial intestinal
tissue must be excised from

animal within ~5 min of sacrifice

 Viability of intestinal tissues once
the experiment begins is only ~150
min and not suitable for many oral
bioavailability studies that require

more time

« Limited range of measurements
that do not fully describe the
complex physiological system of
the intestinal mucosa

» Dynamic multistage models are

costly and complex to set-up

« In static sealed batch models,
fermentation products such as
SCFA and p-cresol can
accumulate and there is a finite
amount of substrate available for

the bacteria

« Lack of realistic peristalsis;
expensive set-up costs; and
absence of a dialysis component
and mucosal cells (in the original
SHIME model)

)ation of
sonal

1S from

1hibitory
1. Food

nized

'rod.

ed
57—

1
. Drugs

921-

unter-

lins

and, I.
icts on

dosum
Sci.

208. Zhao, C.; Yang, C.; Chen, M.; Lv, X.; Liu, B.; Vi, L.; Cornara, L.; Wei, M.-C.; Yang, Y.-C.; Tundis,

R.; et al. Regulatory efficacy of brown seaweed Lessonia nigrescens extract on the gene
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2C

21

21

21

21

21

21

21

21

21

In Vitro
Bioaccessibility
Methods

In
vivo bioavailability
methods

172, 400-406.

Advantages

Computerised dynamic models such as
TIM-2, SHIME and SIMGI create an
anaerobic environment representative of
the upper and lower digestive tracts rather
than the colon alone in terms of bacterial

populations and SCFA production

Long-term stability of the microbiome—can

be assessed as it adapts

SHIME has option to set parameters found
in diverse groups—humans, animals,
diseased, healthy, elderly, or infants, and

compare alternate treatments in parallel

Possible to create a luminal or a mucosal
microbiome

Easier to obtain ethical approval compared

to in vivo studies

Considered the gold standard and most
accurate method for measuring
bioavailability — analysis of metabolites in
blood plasma and/or urine after a single

dose, or controlled long-term consumption

Reflects complete effect of digestion, first
pass metabolism, Phase I/II
biotransformation, host microbiota and
fermentation on an orally consumed

nutrient

Balance studies collecting urine and stools

to measure oral bioavailability are accurate

Limitations

e Lack of realistic peristalsis in
SHIME model and absence of a
dialysis component and mucosal

cells (in the original model)

e Lack of intestinal epithelial and
immune cells in some systems. No
feed-back mechanisms

e Use of parameters such as pH,
redox potential, and transit time
based on healthy individuals may
not be representative of many

groups

o Balance studies are laborious and
more suited to laboratory animal

models than human subjects

 Tissue distribution studies almost
exclusively conducted on animals

due to invasive nature

« Difficult to obtain ethical approval

due to potential harm to animal or

)18, 62,

J, 333-

rom
biota in
\72—

na

ulates
»A 2014,

Shah,
\atory

salt diet

young,
e anti-
2.

I. Effect
stivity of

human participants and sacrifice of '

animals

« Usually more expensive and time-

consuming than other methods

3s from

. 2015,

219. Fitzgerald, C.; Gallagher, E.; O’Connor, P.; Prieto, J.; Mora-Soler, L.; Grealy, M.; Hayes, M.
Development of a seaweed derived platelet activating factor acetylhydrolase (PAF-AH) inhibitory
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In Vitro yrafish
Bioaccessibility Advantages Limitations
Methods
22 o Tissue distribution studies provide « Not suitable for high-throughput a-
bioavailability data on the extent of screening of bioavailability o Spp)
absorption '
» More difficult to control all
29 « Data from in vivo studies is more clinically variables due to naturally occurring jina. E:
relevant and any side-effects induced by differences in living organisms ate
the consumed sample can be observed
L : APK
* In vivo trials involving small
cohorts may not be reflective of
29 the bioavailability of a nutrient in va. L.S.:
the wider population Res.

223. Venkatraman, K.L.; Syed, A.A.; Indumathi, P.; Mehta, A. VITPOR Al, a coagulation factor Xlla
inhibitor from Porphyra yezoensis: In vivo mode of action and assessment of platelet function

analysis. Protein Pept. Lett. 2020, 27, 243-250.

A number of recent studies have evaluated the bioaccessibility of seaweed-derived polﬁsaccharides, poléphenols,

224. McLaughlin, C.M.; Sharkey, S.J.; Harnedy-Rothwell, P.; Parthsarathy, V.; Allsopp, P.J.; McSorley,
and peptides after mgestlon in himan and animal subjects and aré discussed below.

.M.; FitzGerald, R.J.; O’'Harte, F.P.M. Twice daily oral administration of Palmaria palmata protein

Z_ﬂggyéeﬁwuﬁﬁ%fgpgé%%%wﬁgﬁgtgégmmwuced diabetic mice, improving glycaemic
control and lipid profiles. J. Funct. Foods 2020, 73, 104101.

Gueven et al, B4 showed that a single_dose of orally ingested fucoidan is sufficient to affect the expression of
225. Dave, L.A.; Hayes, M.; Mora, L.; Rutherfurd, S.M:; Montoya, C.A.; Moughan, P.J. Bioactive
genes related to immupnity, inflammation, cancer, and neurological function. A placebo-controlled double-blind study
peptides originating from gastrointestinal endogenous proteins in the growing pig: In vivo
was performed in nine healthy, male volunteers (age 25—65 gears-old). Fucoidan (85.1% pure, MW 47.7 kDa) was
identification. Curr. Pharm. Des. 2021, 27, 1382-1395. o
water-extracted from U. pinnatifida harvested in Tasmania. A capsule containing 1 g seaweed extract (851 mg

220 chittzgesala celiuibdekslatR o wWaossmimidbidd aBIbbi vwddayren ivhnRefiariiabeforereninZininibiieryingestion.
75petideRiRMiRN el SeavcoeRabraia palmalaas @ dunsbinaadieost ingradiiitoHawing. Fucoidan
ing & iR e iR cie RN of indayinoéensire eitaet ianspss tRNepeGlatp eiBnshe Uity ulated
andABVC dbRAtbgtiBRIN. MIBNALReAB28mB#P0to both the placebo and fucoidan groups. The pathways and

2P ORISR BN HRA MR N AR ATR AR RIS el AR RFPRE SERg. 115 PLBIRFRRY!
of 9&"?‘!%&5&%‘? E’?J%Eoéiﬂﬂhdf.Tf”fﬁ‘.?reF81'!‘?'%‘Wé"&#%‘g{'bﬁﬂé&ﬁ§8ﬁ‘?ﬁ%&r1ﬂBTHQrfgcﬁgﬁq{até‘%W&?éa%@ﬁS BRPK
donHﬁHﬁWﬁﬂgF?lmgrkers, antioxidant status, lipid profile and thyroid function in a randomised

placebo-controlI%intervention trial in healthy adults. Eur. J. Nutr. 2016, 55, 1951-1962. _
Ikeda-Ohtsubo et al. evaluated the in vivo modulatory effects of fucoidan on the gut microbiota in an animal

228 ok wtacoidailipalses Yur¥asiw Ho, &inmghiias xtkigbimitia, Elabaginian sitamoeiner iogiRvey mezuku)
haridRtedanyIpeiices desed diamdaRyrabdipsappiemehdulse1h i anicopaliiaia Weakdrugprthce of
prol4ndZnti-inflammatory cytokines was determined by quantitative (q)PCR. Then, 16S rRNA sequencing was

22458 ARV ERoSBRAAGS, 7 N SERRIAE TTRBUAS,  SIRAISRRGRS ISR aPP PSRy RIR £ e Pro
i aeRBARL Y AR ik FreaHGRISNLEH RLALRMARGRRIS R MR ABNER) eipiBR S RaGgatGhanoes o
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the Wakaiietd | hdariarpifuealifid a)gaifiddhbir entimgpartdnsiieceffigctin spompasidonsty nypshansiaeterial.
Bad@téa hfAyeciakded. Rhieobic2662, (gene24hiedaP.and Comamonadaceae (genus unclassified) became
i t at th f j- ted Enterpbacteri . Intestinal Enterobacteri h b ted
2 O o RORa A . S B P S e S R SRS EB6 L Bl coq gy repore
to h -infl tory. eff T tign i b ' ter fucoid I tati
© Giehiie R it ). 2. NlF BRRem S5b807 44 e er fucoitan supplementation may
have been responsible for the downregulation of the pro-inflammatory cytokine IL-1(3. This illustrates the potential

23%ohlRaReHYeIE-6r sQAkiaRiSoIMBeh Rl ralt ded itAsiieRaHEE Richidgntification of antioxidant
peptides from an enzymatically hydrolysed Palmaria palmata protein isolate. Food Res. Int. 2017,
Fucbhrdebradid. from Japanese Okinawa mozuku was also shown to be bioaccessible to rats fed 2% fucoidan-
2SS PRISIREDHE A0 49 81 K Simon T TH S et dhic8! SAing Ve b ueaira) N g Assbed
AeTERe Sy A R BRI R B ST brten: deganerL i eBRA%ES PRGN Gt RicroBiota. Eront e
research EgﬂpZ%ﬁ_@, Oibt.o investigate factors concerning the absorption of the Okinawa mozuku-derived fucoidan

ICro
in a cross-sectional human study (n = 396) by Kadena et al. 3211, Okinawa mozuku is a species of brown seaweed

23 JNRiR, (5-B-shfan H6IPNG iSahbis siBenseRe Sapandie ralgRiHnicsntiahaikRAR b rERRbRlIsMdgid0 D
the%wbﬁfﬁ{iwté@%t\%a@%ﬁ% @@Qﬁ%%@while 32% were from other regions of Japan. Participants (227

23n3ABikFRIeNAE, FRIAY (BB ARICHHDréieH ALNIBIT ST R fordtein > ARtk Mg 3 9
purﬁqﬁgyeyémgggmmhgﬁgj%w@ggbM@ﬂ@%ﬁ@ gn fyerage MW of 73.4 kDa and a composition of 51.2%

L-fucose, 14.4% uronic acid, and 18.8% sulphate. Participants refrained from consuming seaweed or fucoidan
23§Up';%rr]1ﬁe|?1't'sL[iiﬁeLtial§eozte (()arié AaﬁaEtﬁlr%rlpg}cﬁmt §1é gahye b]Dt'rliaM%Jr?rgé I\éla?r%ap é)s!itv(vagrg fcgi%thgé %E%?tiena%%qnistration
and?SPEIAGR Y IIRSUITAL MISLOReS AR SRR B3GR QN ity Y ol Sse i foSBhiea B oA szt 63405y
antl%%éy was specific to fucoidan and did not react with other sulphated polysaccharides. Fucoidan concentration
23BadipesteKas/dl leorregeche RN MaetT 0er it aTiegidsol s fugoidenhums aal gulateridobéosneiviejbto one
eighgroianiaaivrekygieddueatnired their impact on host health. Microbiome 2019, 7, 91.

23 K iks EIGSESL MaBAaRaY: SeBifickplolh e MAANASH B AU VALK A B Y Suay
par |c?ﬁ%1ri1?stlzi§8ge{)m§5'é?.ﬂ?ﬂe?£ Ov(\fgsmailni%g%%i/dagbr}llfﬂgn ecril eir%rpcaecbe)rig'd.:(ﬁlyl% Mié:c{i%g;logblgg%t%g(%ﬁ’ nza ive
Oki‘n"gv5v§4p6a§ticipants compared to those from other regions. Eight of the 11 participants who did not excrete

238calimehivedroutdide gitinBwi uriea 9, 1. e ToralemBarEffewty dfendiar caoid d @fivedvie Rk wagiatbolitasts
(33213 g aserlowits BitHé | wnaaten doph\stdp shiho | tyiszioon stn eegiess Abd P@Els R AU N8 3 847 -6

that excreted the hilglhest levels fucoidan_(>1200 ug/%Cr) were native to Qkinawa. By age bracket, participants in
239. Feng, W.; Ao, H.; Peng, C. Gut microbiota, short-chain fatty acids, and herbal medicines. Front.

their 40”s had the %—reatest mean urinary fucoidan value (392.8 ug/gCr). The authors hypothesised that the gut
Pharmacol. 2018, 9, 1354. _ _ _ o
bacteria of native Okinawa participants may have acquired genes from marine bacteria that produce the digestive

246k R0 Eoilfad asB eaME ABHiz bhta Ddatikete AofMie MmNk acBAnciRIlify, SevieriaY tHathBreaMPiciRHRIe dnd
feedliotnBe pretaimaehrbalissy aedhealtnealaigsbputeRmesiat hewe Gidasaf Heaweda. fbrendssan@s of
yeapcBsRasHiE203%) 57 Pt B, 213-232.

245.‘7\.(&08%&&%&%*@' b@@é%gaip%%%l%qigle: Insights into colonic protein fermentation, its

modulation and potential health implications. Aliment. Pharmacol. Ther. 2016, 43, 181-196.

Human clinical studies .on the bioaccessibility of seaweed polyphenols are limited to brown species, and
242. Korpela, K. Diet, microbiota, and metabolic health: Trade-off between saccharolyticand
phlorotannjns in_particular. Table 6 summarises the polyphenol used in each study and the impact of digestion on
proteolytic fermentation. Annu. Rev. Food Sci."Technol. 2018, 9, 65-84.
thelir bioaccessibilty.
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24mbléam @iotcdesbibiiy G . RavzestabiyphdnpSailer, M.; Theis, S.; Rastall, R.A. Prebiotic
supplementation of in vitro fecal fermentations inhibits proteolysis by gut bacteria, and host diet

Extraction

Observed

. )19, 85,
Seaweed Polyphenol Method Study Type Effects Ref
\(/i/?trlg astrointestinal Phlorotannin
24 Ethanolic crude 9 - . metabolites ne
hlorotannin enzymatic digestion, detected in 15
Extract (CE) colonic fermentation, of 24 athway.
and hiah- and dialysis to simulate articinants
molecSIar- e zfter 23 h
24 . weight (HMw) ~ Dioodstream. (total rane
' Phlorotannins  fraction (>10 e o phlorotannins 206]
A. nodosum kDa) b human clinical trial (12 ranaed from on
y. male, 12 female, 9 thol
tangential flow 0.011-7.76 athol.
ultrafiltration healthy 18-65 years- /mL in blood
Combined a.s old) (one capsule Elilsma and
101.89 mg
24 CH:II\EA\(/SEzOfZ);;d phlorotannins). Blood ;rgrgzo.lf;;L in 1asov,
) and urine collected (0 to -2~ MY | cancer
24 h). urine). :
24 week crossover
24 study (8 weeks, 100 mg cts of
Ethanol CE phlorotannin/d, or or
extract and placebo capsule) (39 Polyphenol
HMW fraction men, 41 women, mean metabolites
BMI 30.2, mean age (0.5-11.8
24 oex (>10 kDa) by
. : 42.7 years-old), 8 mg/day total 358
Phlorotannins  tangential flow
A. nodosum ultrafiltration weeks washout phase, polyphenols)
Combined a.s then repeat 8 weeks detected in 36
24 CE (57%) and intervention or placebo of 78 \athway
HMW (43%) trgatment. Plasma and participants. )
urine collected
before/after each phase )
25 153 in

(0, 8, 16 and 24 weeks).

I 116 BRE COUBUBEST LI 1G SV © U TREELT 11 1RLF VELRE] @B HSLSECN WL TRBLSAVEE SBIBIYOUNT LB Y LIGET 1LIRELIY K 8681 Less Lt B LoV e, {REE
a cRo0reTNOh-B6t oral bioaccessibilty of polyphenols in some individuals is poor. There are a number of

25rfaEczinl?nf8(/ fQ'SBsuléF] SFn ré% tbreLFteractor T (Iagﬁ cap( be ?/ns %fac%%res‘blgcl d”&gve% ender, %en?tlcs and

wer_tlag ressio cyclin-
eﬂﬁmﬁen élrllj'tl %%ng ?8%?51 Inni ﬁoﬁﬂmﬁﬁn giw%s%agrr(l:cor%n onr]lemaec(tt“flll nllsnrtr?SotPg;(treaH%[etrI]mel and gut

micr, osition intestinal factors such tr zyme_activity,_jntestinal transit tlme and gut microflora
ena LEJCGI’ an fceratlve colitis. F%Sggg hc %?)]Ybn 3 b&f i 9
composmon . The food matrix in which polyphenols are consumed and interactions with macronutrients impact

25z040dednml: (. iNasHeMvBasie and sAFeNLAANABCERIBIB ARG RATIMEvRFRNS ¥eVRRRtIBBRHS with the
carboRdid G0 SEFUsSyRrafaiyiSeve latRASAteraRnss Nigdvatablifyy bremgsshrodnsgindeehnratadslta, B8m.

Singél%n%es are proteins, polyphenols also interact with their amine groups, further inhibiting digestion. [2811:362],

251G 4APARKOH, ROVBBEP'Y. 9. BRSLAL: SHAftRSs BF IS Heilel SIRcaiNg das R fevigeed

pol%@aq}\se§um %Ralomga@y’r@s_,d&ye a MW of up to 100 kDa 283l making them suitable candidates for

multiple protein-polyphenol interactions.
254. Vizcaino, A.J.; Galafat, A.; Saez, M.l.; Martinez, T.F.; Alarcon, F.J. Partial characterization of

LipiEotRRsedasibErsa 9ty Wanaheei gkl efiesicebstitgstivaippansasabiisns e dsibaM ainiby ugs
pol?&%ﬂo%ﬁi&ga protective effect and increase the stability of polyphenols during digestion 284, Complexing
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25bitiMpitnecao dedly indréasBithieSadaeiy htioZ ehgaty(Ben@ziakiheZliyde kihidh; 4t zvew a)dv; r8ireae, sk rvoir
thaPpiainihgalaoeiKrekiends . liieRenpassony, BEIR . Rolysadtieuddezy rimetirhibitoryf pliopeytitse Seamomitalyith
polypbtablitehprbjitiesxaingtsupdtiviapicie emaly Steraf ideoge avue rdts wittath® nixgge2020mi &f 188:saccharide
25RO RRER S o5y R RS IR B N IARASHEE S 1 AR ShmstEngnpymes ©
R R R LIS R ABR SRR BRI RO AR T ARl oo diestble
PSR Bt B il S, S8, 9 8y epp) digesiive enzymes 55, In fec
polysaccharides such as alginate have been used to encapsulate polyphenols, delaying their release until they
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detoxification system that modifies compounds that the body perceives as xenobiotics for easier excretion via
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Minneapolis, MN, USA, 2017; Available online: (accessed on 19 July 2020).
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Statistically Significant

e Seaweed Peptide Extraction Method  Study Type Effects Post-Digestion Ref. i
(. () Tyr-  Hot water In vivo study in (a) All dipeptides decreased (p < B4
pinnatifida His spontaneously 0.05) blood pressure after single plant

(i) Lys- hypertensive rats.  oral dose: -436.
Tyr (a) Single oral « Tyr-His decreased 50 mm Hg

2€ (iii) administration of a, R.;
Phe- each dipeptide (50 LGS
Tyr mg/kg BM) on
(iv) lle- (b) Continuous e Lys-Tyr decreased 45 mm Hg
Tyr administration for after 6 h

2€ ilability

methods Tor calcium, carotenolds, folate, Iron, magnesium, polypnenols, zinc, and vitamins B6,
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Seaweed Peptide Extraction Method  Study Type Effects Post-Digestion Ref.
2€ 7 days (10 « Phe-Tyr decreased 46 mm 1ssibility
mg/day/kg BM) Hg after 3 h 6085.
2€ o lleTyr decreased Hg 33 mm imation
Hg after 3 h

(b) After 7 days continuous oral

2€ administration blood pressure trou, R.;
was lowered (all p < 0.05 an
compared to pre-adminstraton):
o Tyr-His decreased 34 mm Hg

27 imple-
o Lys-Tyr decreased 26 mm Hg

27 e Phe-Tyr decreased 34 mm D.; De

Hg as of

o lleTyr decreased 25 mm Hg

27 2ntura,
Hypotensive effect of all four
dipeptides lasted 3-8 weeks
after ceasing continuous 7.
administration.

27 nn, L.
[V (i) lle- Enzymatic (@) In vitro ACE-l  (a) No loss in ACE-I inhibitory 229 )pa-
pinnatifida Trp (Protease inhibitory activity — activity post in

(i) Val-  from Bacillus digestion stability  vitro digestion.ICsg values:
27 Trp stearothermophilus) study with pepsin, (i) lle-Trp 1.5 uM
(iii) lle- and HPLC trypsin and (i) Val-Trp 3.3 uM
Tyr separation to chymotrypsin.  (iii) lle-Tyr 6.1 uM
(iv) butanol-soluble (b) In vivo study in  (iv) Ala-Trp 18.8 uM ; of the
Ala-Trp  fractions spontaneously  (v) Leu-Trp 23.6 uM
(v) hypertensive rats.  (vi) Val-Tyr 35.2 uM
27 Leu- Single oral  (vii) Phe-Tyr 42.3 uM X d
Trp administration of  (b) In vivo antihypertensive € an
(vi) each dipeptide (1  effect in spontaneously 012, 30,
Val-Tyr mg/kg BM).  hypertensive rats (single oral
(vii) dose, all 1 mg/kg of BW). Blood
- Phe- pressure decreases (pre-
21 Tyr administration vs. 9h post): del
(i) Val-Tyr (228.2 + 3.4 vs. 206.7 kx, K.,
+ 9.5 mmHg) (p < 0.05) D
(ii) lle-Tyr (205.6 + 5.2 vs. 184.3 N
+ 4.5 mmHg) (p < 0.05)
(iii) Phe-Tyr (208.7 £ 4.4 vs.
27 193.0 £5.1 (p < 0.01) )mputer-
(iv) lle-Trp (213.3 £ 3.4 vs. 199.5 197—
209.
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+5.9) (p < 0.05)
Captopril control (238.7 + 6.9 vs.
224.9 + 4.1 (p < 0.05)
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er a?&:f’ ﬁl gp ‘?10—1 14.
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SRt Tokida added o To0U Tias 1o adverse Siect on availability Tor Absorption of dvalent-
can reduce the  bio ccessibilirt% fand bioavailabilig/ of 8e?w?ed components. These.inﬁlude arEa%ca"listic or

minerals In the dynamic multicompartmental model of the upper gastrointestinal tract. Fo

synergistic. interactions with er food components; physiochemical digestibility parameters such as solubility,
YBgastion 2014, 5, 18 98 " pOnents, PIysoe JestbIy parame /
polarity, molecular weight, surrounding food matrix; and the impact of first-pass metabolism. However, the low
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