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Salt
reduced
foods

Fat
reduced
foods

Sugar
reduced
foods

Synbiotic
foods Anthosyanins
Prebiotic
foods Isoflavones
Probiotic Functional
taods o Phytosterols

Products of Fruits and Vegetables in Functional Foods -



Health benefits of functional foods

FUNCTIONAL FOOD

- PLANTBASED -

-  ANIMAL BASED -

PROBIOTICS
B e
‘_: E ot e

VEGETABLES  NUTS FRUITS

= e

“ria

OMEGA 3
YCOPEN ASCORBIC - Docosahexaenoic
LYCOPENE i XANTHOPHYLLS ANTHOCYNINS acid(DHA) FATTYACIDS

VITAMINS

INFLAMMATORY

ANTICANCER PARKINSON'S

CARDIO DISEASE

VASCULAR
DISEASES

MULTIPLE ALZHEIMER'S
SCLEROSIS DISEASE
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Benefits for the athlete

Production of bioactive metabolites (i.e.short
chain fatty acids, neurotransmitters)
Maintenance of intestinal barrier function
Modulation of immune system

Improved energy harvest and utilization
Regulation of muscle metabolism

GUT EXERCISE & /O\
MICROBIOTA PERFORMANCE "o W N

Benefits on the gut microbiota V /Z " O v
* Higher microbial richness ,
* Higher abundancy of beneficial Akkermansia,
Veillonella, Prevotella r —]
+ Selection advantage for lactate-utilizing bacteria

DU 9029y lism S Jalad
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Exercise

i Butyrate producing bacteria

T SCFAs
T Gut barrier health
J LPS translocation

colorectal cancer (CRC)

/

J Risk of CRC incidence
and recurrence

Human gut microbiota

| Butyrate producing bacteria
J SCFAs
J Gut barrier health

T LPS translocation

; ' " . T Dysbiosis

The Journal of

Physiology
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Normal anatomy
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Diseased colon

- - - -

Disturbed brain-gut axis
Cognitive declme

Low SCFA production
Decreased/Unhealthy gut function
Low microbial diversity

Loss colonization resistance

Gut mflammation (cytokines,
endotoxins etc. )

Insulin resistance

weak mucus layer

Activation of antigens and exposure
to bacterial toxin

Increased lipid production

Health effect

Diabetes
Hypercholesterolemia
Obesity

Colorectal cancer
Inflammatory bowel disease
Diarthea and constipation
Metabolic syndrome
Cardiovascular disease

4 ;)

Dysbiosis

Gut microbiota

o 4

Eubiosis |

Healthy colon

High SCFA production (synthesis of
vitamins)

Increased gut barvier function
High diversity

Colonization resistance (decreased
risk of nfections)

Low gut inflammation

Insulin sensitivity

Healthy mucus layer

Decreased cell proliferation
Increased in anticancer potential
Decreased metastasis

Decreased angiogenesis

Decreased toxicity

Improved lipid metabolism
Decreased oxidation stress
Decrease ileal content of bile acid

Decrease blood cholesterol, glicose,

and serum level of lipids
Reduce body weight and visceral
adipose tissues weight

(Ssmed sl e 9 Jsmis) Jalaiall g Jalatia sUigm g Saa
A D) hd sl (Scan B 5L Criaad g s a9 g il il S (L0 g2 glaa U uaa (il 38
AR A ) Ala g b ddaa ) Sl glia W 5 ban
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Mediterraneandiet Westerndiet

&N
Lo\ [
& %ﬁ

Gut microbiota Gut microbiota

1 Bifidobacteria | Bifidobacteria
1 Bacteroides | Bacteroides

1 Prevotella | Prevotella

| Firmicutes T Firmicutes

SCFA SCFA

1 Acetate | Acetate
T Butyrate | Butyrate

T Propionate | Propionate

835, Ugmg S quS 5 salaia & f) 8 a9 1A sda A }
A1 SCFA g 4 A s L
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Maintaining gene expression

in the microbiota and host I
™ Introducing live s
2 = - - 9
; bacteria Set pH and transit time P
(Probiotics) ™
$9 L)
= 8 Fermented foods Adequate substrates such as ;‘
g g fibers and fermentable 2
= o components 3
me m
) E Foods containing Maintaining host cell g
S bacteria secretions (bile, mucin, and
_ digestive enzymes)

Age, gender, available diet, density of
the bacterial community, bacterial
| adaptation '
| COMPOSITION & FUNCTIONAL
MICROBIOTA
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Risk Factors
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Autism

Psychiatric disorders | Neurodegenerative disorders
Asthma Gut- , .
P | ,
Pneumonia | Brain A Atherosclerosis
Obstructive Axis \ & Thrombosis
Pulmonary :
Diseases Gut-
A Heart Heart Failure
"""f‘ &{% & ¢ Sﬂ Diseases ‘
Lung Cancer Ak ,‘
< X
| Y
{ -~
P
o s
T2 Diabetes Metabolism Dysbiosis of the [:> [ Acne Vulgaris J
Human Microbiota
Mitochondrial (?“f’%‘ % [ Skin cancer ]
Dysfunction RJ

Cancer

. . . .. . 43
The human microbial dysbiosis in human diseases



Ultra-processed foods (UPFs)

| » Emulsifiers & thickeners -
. Q«) « Colorants J.e-"-‘
0 . « Artificial sweeteners § ¥
- { R ° Salt w3 .2
3 ¢ 3
- % €« Phosphate SR
_— _— C— LN - X2
Dysbiosis N
(CGN, CMC, P80, Saccharin, é
Cyclamate, Sucralose, NaCl ) Ciﬁé
w14 o (5 50 2
. L Mucus ¥
il cMC,p80) (UPFs)
09y
= K v —
o & Pro-inflammatory Permeability + !
pathways * (CGN, CMC, P80, Aspartame, . e
(CGN, CMC, P80, Azo dyes, Ti0,, ~ Sucralose) ;éxéz
Saccharin, Sucralose, NaCl,
Phosphate)

\_» Tight junction disruption

CGN, carrageenan; CMC, carboxymethylcellulose; P80, polysorbate-80; NaCl, sodium
chloride; TiO2, titanium dioxide. Created with Biorender.com. 44
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High salt diet
— . "\ Hypertensogenic
&) gutmicrobiota

NEW 5 & KNOWN

| ‘4’\*’»;‘;-_» | Ll | .
@J/ Bacteroides fragilis 5 : S (I f@‘l’ Lactobacillus sp.

1 V| JI/ S -::::—:fCA\‘ I/ fi/ E
( I\ = ) / : v

PMsolevuglandins from
" dendritic cells?

'I‘ intestinal cortlcosterone v OOActlvatlon of Th17 cells

\ . @ 7 intestinal inflammation

M&kj\w\ﬁ ﬁj\)ﬁdﬂdﬂd‘)d“é\s&wmﬁ
Ag o O5A L Ll 2 Ay jada 0 gy Ui g S

[
,'"/ | |

e C : :\Z: /i <) -2-lacti :
@ L Arachldomc acid \\E 7 : ' Indole-3-lactic acid

M Blood
pressure
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medium-chain fatty acids (MCFAs), monounsaturated fatty acids

(MUFAS), polyunsaturated fatty acids (PUFAs), long-chain fatty acids
(LCFAS),



(Starch, complex carbohydrate, pectin, gum,
hemicellulose, galactose-oligosaccharide)

1 Resistant nutrients

1 SCFAs

= Systemic health
Bacteria Gram positive
Svstemic health
Immune system

1 Adipocyte and lipogenesis
Satiety
Cellular activation
Intracellular and gut lumen PH

Adjpocp'tes lipol_v sis and adjpogenesis

Inflammatorv bowel diseases,

CVD, colon c-ancer, obesity, diabetes

Bacteria Gramne gative

N

{Bropionate
=»Plasma fatty acids
=»Gluconeogenesis in the liver
atietv
Gut hormones
Cholesterol synthesis
Food intake
olon cancer and adenoma

d

t Acetate
=» Processes of de novo lipogenesis
= Cholesterol synthesis
= Bacteria growth
= Transform C3 intoglucose
Stimulate leptin
Inflammatory cvtokines
Free fatty acids to the liver

f Butyrate
Gut bacteria

= Cell proliferation

= Gut hormone
Apoptosis of colon cancer cells
Intestinal gluconeogenesis
Epithelial cells to B-oxidation
Anti-inflammatoryeffects
Food intake
Cancers and adenoma

il )3 O gLl Ja 9 oliss 0l b L) Al g jd 035 (U g g S (A
(aal 838 (6 sba ) (5 Sty 9 bl L) Ay (530 SaS AS clead) (5 S 91538

Abbreviation: 1 = significant increase; | = significant decrease; — = stable performance C3 =
propionate; and CVD = cardiovascular diseases.
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Endometrial cancer

Gut microbiome

Firmicutes (Lactobacillusand Streptococcus species) 65%
Bacteroidetes (Bacteroides intestinalis) 30%.
Proteobacteria ( £ coli) } 59%

Actinobacteria (Bifidobacteria).

Endometriosis

Follicular microbiome
(Lactobacillusspp.(97.56%)

V* Endometrial microbiome
Lactobacillusspp.(30.6%).
Acinetobacter (9.07%),
Cervical canal Pseudomonas (9.09%),

Sphingobium (5%), and
Vagococcus (7.29%)

microbiome
(Lactobacillusspp. (97.56%)

Vaginal microbiome
(Lactobacillusspp.(99.99%)
L. crispatus, L. gasseri, L. iners, or L. jensenii

Cervical cancer

Pre-term birth
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Male

Semen quality -

Testicular function -
Prostate health -
Reproductive outcomes

Follicular development -

Placental function =

Fetal development -

Female

——————
» s

~ o~ -
-

Healthy gut or Unbalanced gut
reproductive or reproductive
microbiome  podulationof ~ Microbiome

microbiota

AN

Metabolism regulation
Barrier integrity promoting
Immune function enhancing

Microorganisms in the reproductive system and
probiotic's regulatory effects on reproductive health

Male
— Poor semen quality

— Prostatitis

—~ Infertility

~ Poor outcomes

~- PCOS

- BV

~ Endometrial diseases
— GDM

Female

————————————————————————————————————————————————————————————————————————————————————————————————————————

BV: Bacterial vaginosis
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Male

’ Probiotics
4‘.‘?\‘)

Female

{ Probiotics
o U
<o
Ny
T4

Reproductive health

Reproductive health
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‘I* de novo lipogenesis 1. satiety
J- insulin sensitivity “caloric intake

«J- lipid clearance \
i

J-muscle insulin sensitivity

T inflammation

i e g . .
‘I~ fat deposition / i \ ‘I~ oxidative stress
— "
- .,
— T,
e e _‘
insulin resistance weight gain hypertension
diabetes mellitus obesity coronary heart disease

metabolic syndrome -



N Bile Acids Metabolism ——» Increase Secondry Bile Acids
Gut Microbiota Dietry Fibers — ’ SCFA, Oligo-mono saccharides -
Dysbiosis = Choline Metabolism ——— Increase Trimethyleamines (TMA)
Gut Metabolites ——  Ethanol and acetones etc (Hepatotoxic)
2 Gluose and Lipid Metabolism—p  Increase Free Farty Acid synthesis -

=l ¥ "”‘ Fry i

ﬁxidaﬂveSu'ess,lnﬂammatoryCytohnaandEndotoxinemm
IO PRI Y nll AP

\

>
Epithelial Cells

it -—-—-“

<«— Translocation t FFA, t VLDL , LPL, tMetabolites, 1 TMA, 1SCFA
B ——
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3 @ Gladiia
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Normal/ Gut Microbiome Obese/

MetS
T Firmicutes .

T Gram negative
| Diversity + Stability

Non-obese
. T Bacteroidetes
T Proteobacteria
1 Diversity + stability

Gut Epithelium

T TJintegrity Q= we l ey
Y RN Lo LPS, inflammation
T IEC differentiation g 8 oM. T

_ | TUintegrity
T SFCA production
l Energy harvest

Metabolic Outcomes
T Insulin sensitivity

1 Adaptive immunity
| Inflammation
| cvD risk

1 Insulin resistance
1 LDL-C, triglycerides
1 Adiposity

T Insulin resistance

Balanced Microbiome Dysbiotic Microbiome -



Alterations in gut
microbiome

!

Metabolic syndrome

tWaist-to-hip ratio
Dyslipidemia

Low-grade chonic inflammation
Hyperglycaemia
Hypertension

Synbiotic

Al g —
u_&;y . Microbiome
= IR restoration
¢ Al Al S
dALS J\ JJ.A,A\
93 )
cladaia Metabolic homeostasis
by pa alide } Waist-to-hip ratio
a i Ly 4 Blood lipids
S eilia { Insuline resistance
e { Blood glucose levels
Sl

{ Low-grade chronic

. = 72
inflammation
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e Prebiotics © -

Fermentation

Bifidogenesis ®_o"e
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o Xa J l HEALTHY MICROBIOME Other
metabolites?
SCFAS Bacteriocidal
=g activity
\\
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Trophic
Effects

T protein expression

Immunomodulation

d Cytokine production
d PlasmaLPs

4 Inflammation

VT R
SAA )
~ 4 ) i
1

Metabolic Changes

T Epithelial cell turnover
T Mucus secretion

Hormone Production

Neural Signalling

Changes in gene expression
T Lipid oxidation
i Energy expenditure

T Insulin sensitivity

«J/ —~~ T Satiety
4 Energy intake
Mood modulation?
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Gestational Diabetes

High blood
glucose levels
in mother

A

Brings extra glucose
to baby 3

*ADAM.
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