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Role of Micronutrients and Botanicals in
Enhancement of Human Adaptive
Potential

Dr., Prof. Victor Tutelyan

Federal Research Centre of Nutrition, Biotechnology and Food Safety
Moscow, Russia
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Optimal nutrition
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Optimal nutrition formula - NUTRIOME
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Optimal Nutrition Formula - NUTRIOME
Males older than 60 years, energy value - 2390 kcal)
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Optimal Nutrition Formula - NUTRIOME
Males older than 60 years, energy value - 2390 kcal)
Micronutrients and Botanicals with target physiological
activity
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LOCYAAPCTBEHHOC CANMTAPHO- I IHICMHOION HUCCKOE HOPMUPOBAN ML

Poceniicxoit Meacpannn
L R

2.3.1. PAIIMOHAJIBHOE ITUTAHUI

Hopmbl pusuonornuecknx norpebuocreii
B JHEPIrHH H NHIIEBBLIX BellecTBax
JUISL PA3JIHYHBIX FPYIIT HACEICHHS

Poccniickoit @exepanunn

MeToAHYeCKHE PCKOMCHAANN
MP 2.3.1.2432—08

Hananne ohuunaishoe

Mocksa « 2009

Fundamental research in the field of
evaluation of human requirements in
various nutrients allows to make

Physiological levels of energy and
essential nutrients for various
population groups in the Russian
(MP 2.3.1.2432-08) more precise.

This document provides a basis for
numerous practical applications.



PexoMeHayeMble YPOBHH NMOTPEOISHNS NMHIIeBbLIX
M OMOJIOTHMYECKH aKTHBHBIX BELHECTB

Recommended daily

allowances of over 100

nutrients and 60
biologically active
substances for adults




Adaptive Potential

System
Antioxidant of xenobiotic Immune Apoptosis
defense system metabolism system regulation
enzymes
* Antioxidant activity «CYP1A1 Cytokines eLysosom membrane
of blood plasma *CYP1A2 eInterleukin 2  stability disorders
e Glutathionperoxidase «CYP2B1 einterleukin4  °Release of hydrolases
e Glutathione reductase eInterferon- e Activation of caspases
e Catalase gamma

e Ex vivo microsomal lipid eGlutathione transferase
peroxidation eChinoin reductase
e Malondialdehyde content *UDP-Glucoronosyltransferase

 Xanthine oxydase *Epoxy hydrolase

: : Forming
Cell protection from oxydative of immunity | Cell survivability?

and chemical stress barrier

Homeostasis maintenance




Role of Botanicals in Regulation of Activity of Xenobiotic
Metabolism Enzymes and Antioxidant Defense

Indole ;  isothiocyanates
(indole-3- \ / curcumin
carbinol (I-3-C) phenol acids
indoles

carotenoids

stilbenes
styrenes
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CYP1A1, CYP1A2, CYP1B1, UDP-I'T1A6, IT, XP, IO,
UDP-T'T1A6, I'T, XP re, rn-2

Increased protection from chemical
and oxidative stress

| Homeostasis maintenance |




Possible Role of Lysosomes in Apoptosis

Spirulina,
carotenoids,

Hsp70

Aminofurazan-

indole-3-carbinol / carbonic acid

Lysosomotropic agents

TNF-R

as-R

\ /
Lysosome “—
Bcl2 -
\
AN AFC é
Bax A
[ Catepsins B, D, ]
igh 1l Cytochromes c,
Bid tBi
Mitochondria
—____ [ Apoptosis |
Control I-3-C 1 _ membrane stabilizer
Penetrability 100% 60% * - membrane destabilizer
Catepsin B 100% 75% Bcl2 — anti-apoptotic protein
Apoptosis cells 6,9%0,5 4,1£0,3" Bax, Bid — pro-apoptotic proteins
(100%) (60%) TNF-R, Fas-R — apoptosis receptors




Exogenous Peptides in Regulatory/Proteins Synthesis

Food proteins
digestion

Tissue proteins

‘IIIIIIIIIIIIIIII

proteolysis

Tnl

! N /
Actin Tropomyosin

Components of cardiac muscle

interleukins interferon troponins



Scheme of Local Separation of Chains
due to Binding Regulatory Peptide Ala-Glu-Asp-Gly
in Large Groove of DNA Double Helix

®®@
A ® o
® &

@
X

®@®A

Q)
®
]

= ®) (T = »

i
-
LI

®
I
Ll

@)

Q)
®

- hydrogen bond between adenine and timine (Watson-Crick model)

V. Havinson, 2005
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Results of in vitro research on cell cultures
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Treatment with |-3-C Resulted in Recovery of Activities /_’,_;\ Effect of lycopene on fumonisin hepatotoxicity in
and Gene Expression of CYP1AL, CYP1A2 and CYP3AL rats (in vivo study)
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-\Effo«so{ dihydroquercetin on antioxidant status of rats [~ ' NI T -Jran. - Sa—
at T-2 mycotoxicosis (in vivo study)
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Increased activity (A) and protein expression (B) enzyme
NAD(P)H-quinone oxidoreductase in the liver of rats after separate and
combined action of Quercetin and Resveratrol

Increased activity (A) and protein expression (B) of the enzyme
hemoxygenase-1 in the liver of rats after separate and combined action of
Quercetin and Resveratrol
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NQO activity, % of control

50

HO-1 activity, % of control

50
50

NQO protein expression, % of control

HO-1 protein expression, % of control

Control Q Res Q+Res Control Q Res Q+Res
Control Q Res Q+Res Control Q Res Q+Res

A B A B

Notes: * - statistically significant difference (p<0.05) compared to control group, A - Quercetin
group, O - Resveratrol group.
S —"

Notes: A-statistically significant difference (p<0.05) in comparison with Quercetin
group, O— Resveratrol group.




CYP1A1 activity, % of control

Increased activity of CYP1A1 (A), CYP1A2 (B) and CYP3A (C)
in the liver of rats after separate and combined action of
Curcumin and Quercetin
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Notes: Values marked with different letters (a, b, etc.) have statistically significant differences (p<0.05).



Research of Chemical Composition for 29
29 Vegetables and Fruits

(joint research programme with Science City Michurinsk)

Tomato
Topinambur
Pumpkin
Pumpkin seeds
Garlic

Hot pepper
Serpent root
Sweet pepper

Apples
Cherry
Prunus

Pear
Apricot
Cherry plum

Berries

Raspberry
Hawthorn

Black currant
Garden strawberry
Gooseberry
Actinidia
Honeyberry
Seabuckthorn
Arrowwood
Cornelian cherry
Red currant
Rose hip

White currant
Blackberry

Sun Berry



Food Chemical Composition Database www.ion.ru

HHP®OPMAITHOHHO-AHAIUTHYECKAS CHCTEMA
BA3A JAHHBIX "XUMHYECKHII COCTAB MMAINEBBIX ITPOJYKTORB, HCIIO/Ib3YEMBIX B POCCHICKON ®EJEPAITIH'

\%\--I\/IOJIOKO H MOJIOYHBIC ITPOAYKTEI HauMeéeHOBaAHHE 3HaYeHHe| ~
- STHIeTTP Oy KTHI Bona. B % 36 P
#-MsICO H MACHBIE IIPOIYKTEI -
i poay bBenok, B % 4.8
#-Pp10a. HepbIOHBIE OOBEKTEI IPOMBICTIA H IIPOAYKTIBI H3 HHX
. c o/ JKHp, B % 0.3
#-JKHpoBBIe IPOIYKTHI ((KHPHOCTHIO Golee 50%)
i 0,
#-3epHO H IPOIYKTEI €r0 IepepaboTKH FDKK, B % 0.1
#-5000BEBIe, OpPEXH XonecTepHH, B % 0
=-OpBomH, rpHOBI H IPOIYKTBI HX IIepepaboTKH MJIC, B % 2.7
F-OBomH Kpaxmai, B % 0.4
#-JIHCTOBBIE VriaeBonsl, B % 3.1
-KarmycTa
Ay cts [THIO BOIL, B % 4.2
#-BenoxkodaHHasA
i OpraH KHCII, B % 0.3
;"-‘"Bp}occe:mcxaa"
i 301a, B % 1.3
~KomppalH = 5
~KpacHOKO9aHHAA FlaTpeH, B Mr% L
| @-I[BeTHa KamnuH, B MIr% 375 =
ir-.TIyKOBLIe KansHi, B MI% 34
Kaprodens Marsui, B MIr% 40
- KOpHeT10/151 ®ocdop. B Mr% 78
i ;x»-f{pyrne OBOIIHEIE KYIBTYPEI hKeneso, B Mr% 1.3
#-I"pHOBI
i p PeTHHOII, B MKI'% 0
#-DPYKTBI, ATOAbI H IPOAYKTBI HX IIepepaboTKH
g 0,
#-KOoHIHTEpCKHE H3OETHA KapoThn, B MErd% 300
#-HanuTKH PeTHH 3KB, B MKI'% 50
#-BcromorareabHble ITHINEBbIE IPOIYKTIBI H YIy9IIHTEIH BKyca Toko 3KB, B MI'% 1
THaMHH, B MI% 0.1
PuGodraBHH, B MIr% 0.2
HuaruH, B Mr% 0.7
HuanHH KB, B MIr% 1.5
AckopO0 KHCII, B MI'% 100 —
DHepr LeHH, B KKal. 35 =




Medicinal and Edible Plants as a Source of Botanicals

'::‘ _ Ethnobotanical approaches to the selection

of medicinal and edible plants which are
PACTUTE/IbHbIE UCTOYHUKI OUTOHYTPUEHTOB . o .
ANA CNEUVANM3MPOBAHHBIX MULUEBbIX NPOAYKTOE promising sources of phytonutrlents

AHTUAWABETUYECKOIO JAEACTBUA

Mop pepakuuen

axapemuka PAH B.A. Tytenbaxa
npocheccopa TJI. Kucenesoi
npocheccopa A.A. KoueTkoBo#

En example of development of Food supplements
and foods for special dietary uses for patients with
PLANT SOURCES OF PHYTONUTRIENTS FOR FOODS

FOR SPECIAL USES WITH ANTI-DIABETIC ACTIONS type 2 diabetes

Edited by Victor A. Tutelyan;
Tatiana L. Kiseleva;
Alla A. Kochetkova

Mockea

BUBNWO-TNOBYC Maasrearciondt Aou
2016

Project 14-36-00041 funded by the
Russian Science Foundation



The analysis of 200 prescription reference books of Russia,
Ukraine, Belarus has been done.

There are 66 reference books containing
550 antidiabetic prescriptions,

which includes 237 medicinal plants in
different combinations.
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Among them:
* Leaves of blueberry— 100% of prescriptions (flavonoids)

* Beans shell = 73% of prescriptions (guanidines)

* Leaves of nettle — 65% of prescriptions (complex of
vitamins, flavonoids and phytosterols)

Project 14-36-00041 funded by the
Russian Science Foundation




Analysis of allergy risks of inclusion of extracts from these plants in dietary
supplements and specialized foods has been done.
It is shown that the extract of queberry leaves has m|n|mal risk.

%rrﬂ R L

The efficacy of the extract of blueberry leaves has been demonstrated
on the streptozotocin induced diabetes model (in vivo).
Beneficial effects are hypoglycemic and antioxidant.

Formulations of foods for special dietary uses with modified
carbohydrate profile have been developed.

The efficacy of these products intended for patients with type 2
diabetes mellitus is shown in clinical trial .

This clinical trial has been carried out in Clinic of Federal Research
Centre of Nutrition, Biotechnology and Food Safety

Project 14-36-00041 funded by the
Russian Science Foundation



Food consumption patterns in Russian

T aroa oo S popu lation
: . Overconsumption of high energy foods and vitamins and
. . micronutrients deficiency lead to growth of obesity

. prevalence between adults (up to 23%) and children (up to

19 202

. 7%) as well as decreasing adaptive potential of the popular
S m = = a majority in the Russian Federation

Requirements

Hudd1d91r0X
veodexed

Micronutrients
deficiency
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Calcium Intake in the Russian Adult Population in 2016:
510-560 mg per day

/ Calcium, mg/day

B 555 to 5628 (28)
[ 553 to 555 (11)
@ 551 to 553  (6)
[ 5494 to 551  (16)
[] 509,1 to 5494 (27)

Recommended Daily Intake — 1000 mg




Vitamin C Intake in the Russian Adult Population in 2016:

50-65 mg per day

3o .
; Vitamin C

mg/day

M 654 to 654 (18)

[l 589to 654 (12)

[ 57,9 to 589 (16)
(15)
(27)

Recommended Daily Intake — 100 mg

[0 54 to 579
[] 498 to 54




Intake of Various Nutrients in Population

Daily Intake

Protein, g
Protein ratio %E
Fat, g

Fat ratio %E
Carbs, g

Energy value, kcal
vitanin A, mg
vitamin B1, mg
Vitamin B2, mg
vitamin C, mg
Calcium, mg

61-70y.0. 71-80y.0.
Actual Intake
83,3 74,5
14,1 14,1
100,0 81,5
37,4 34,2
286,5 273,1
2 390 2129
0,59 0,51
1,26 1,13
1,40 1,32
80,1 69,7
820,0 787,6

Aged 60 and Above

Age

81-90 y.o.

67,4
13,94
72,1
32,9
258,35
1953
0,44
0,99
1,23
63,1
754,2

91 and above

63,2
13,8
67,9
32,9
243,3
1838
0,39
0,91
1,17
56,1
744,3

Requirements

68
11,8
77
30
335
2300
0,9
1,5
1,8
90
1200



Intake of Main Groups of Foods in
Population Aged 60 and Above

Daily Intake

Bread and Bakery
Vegetables

Potato

Sugar

Meat and Meat Products
Fish and Sea Food

Milk and Dairy products
Batter

Egges

Vegetable oil

Fruits and Berries

61-70y.0.

251,6
288,7
188,8
65,6
217,9
73,6
800,0
11,8
24,5
25,6
199,8

71-80 y.o0.

241,2
243,3
170,8
61,9
171,4
57,71
776,634
11,0
20,1
19,0
177,6

81-90 y.o.

226,4
197,5
152,7
60,8
146,4
45,6
777,9
10,4
17,1
13,6
175,0

Age
91 and above

211,4
168,1
127,8
61,7
133,3
44,7
762,5
9,0
12,7
11,6
164,2



Overweight and Obesity Prevalence
in Population Aged 60 and Above

Gender
Male Female

80,07
LN —
~ 700
N\
S
= 79,0
()]

_ 724
007 lsg4
61,9 50,2
575
550
523
500 T T T T T T T T
61-70 ner 71-80 net 81-90 net cTtapuwe 91 r 61-70 netr 71-80 net 81-90 neT cTapwe 91 r

Age



BMI %>30

in Population Aged 60 and Above

Obesity Prevalence

Gender
40 0
30,0
20,0 396
327

24 3|

10,0 206 ;
’ 16,0/ | |[16.0]
128
0

T T T T
61-70 net 71-80 net 81-90 neT cTapwe 91
r

Age

T T T T
61-70 net 71-80 net 81-90 net cTapwe 91
r




Detection Rate of Vitamin D Deficiency Associated with Various
Diseases
(concentration of 25-OHD in blood serum)

chronic heart failure St. Petersburg, n=209 (>75)
disseminated sclerosis St. Petersburg, n=33 81 (15)
psoriasis and psoriatic arthritis Irkutsk, n=123 (73,2)

obesity and arterial

hypertension Moscow, 2015 ., n = 93 yen. 51

Kazan, 2015-2016 rr., n = 48

tuberculosis e, 77
inflammatory disease of Arkhangelsk, n=58 98,3
paradontium
| type 2 diabetes mellitus in Sverdlovskaya obl., 2015 r., (93,3)
postmenopause n=15 femails

2016, Ne1, Problems of dietology. 2016; 6(2): 22-29.




/ Q o L |CN2 Second International Conference on Nutrition

A Food a.nd Agriculture @‘ WO['d Health
Y rganization of the § Prbper s
19-21 November 2014, Rome, Italy Unted oo i; # Organization

International research project
«Cross-Cultural Quality of Life Survey. Health and Nutrition»

Partners:

* WHO

* Federal Research Centre of Nutrition, Biotechnology and Food Safety
(former Institute of Nutrition of the Russian Academy of Sciences)

* Vision International People Group

Background:
Implementation of the 2011 Moscow Declaration on NCDs, the 2011 Political Declaration
on NCDs and the 2014 Rome Declaration on Nutrition

Aim:

To develop an Internet-based system to allow the quality of life,

health, and nutrition management through monitoring of these across countries,
detecting NCD risk factors, and providing personalized feedback with health
promotion and disease prevention advice and recommendations.
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Food Consumption Patterns Across Age Groups
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WHO guiceines TEPYOQOCNOCOGHOIro sBOo3pacTa TERYOAOCMNOCOGHOINo
so3IpacTa Wor<amng aoe so3IpacTa
Underage Retiremeaent age



Plate: foods intake ratio across age groups

14.3

WHO guidelines Under 35 years

135 Above 55 yo



Diet Nutritive and Energy Value Across Age Groups

%E
Underage Working age  Retirement age
“ | Energy proteins
- | value,ccal . fats
2 B carbs
r =
..... 'Z%%%E:ehgc oGHOoOTO ;;%g;‘ci;‘; "3‘06 e ?gggé-uc?'a ocoGssoro

so3Ipacra
¥ 1t ao

A Urndwerage Working age Re»tAirré'rh‘eiht age



Health and Functioning Parameters Across Age Groups:
10 years improvement

Body functions and activity
B 2005 2015

~
©

92.75
86.07
82.44
84.72
83.34

80

7168

] 81.68
77.23

75.64

el 80

- 0
3
70
G0
50

U Underage Working age Retirement age

nz2

~ Under 35 yo 35-55yo Above 55yo

Various organ functions

Bannei
Scoras

79.58
8221
86.30
82.10
89.70
90.73
85.02
81.17
90.28
84,33

4
a0
I EC
70

I - I
50
ar

Underage Working age Retirement age Under 35 yo 35-55yo Above 55 vyo




20

Quality of Life Parameters Across Age Groups

Various life parameters

Bannsi
Scores

80.69

7014

Bannsi

Scores

69.45

50
50

0 -
30
ap L

8
2

2005

72.52

68.28

63.80

=
3

Underage Working age

- Total quality of life

-
N
~
w

49.87

Retirement age

1=
= 2
@©
w2
.-
w
Monoxe TpynocnocobHoro Crapwe
rovaccnaocobuoro nOINACTA rovancnocobuoro

Underage Working age Retirement age

100

20

80 |-

Fon
2015
g 2 mm 2 £ 38 g
Under35yo  35-55yo Above 55yo
ok

2
5

Under 35 yo

35-55yo

Above 55 yo



Global Challenges
of 21°T Century

. Micronutrients
Obesit .
deficiency




Technological modified
(natural) foods

Traditional (natural) Foods

(Functional foods)
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Dietary Supplements
(micronutrients +Botanicals)

Genetically modified

natural| foods




Micronutrients and Botanicals — Methodological Background

PYKOBOJCT!
110 METOAAM KOHTPONA
KAYECTBA

M
BESOMNACHOCTH
BMOJIOTUYECKH
AKTHUBHbIX

HOBABOK
K MIMLLYE

A modern multilevel analytical base has been set
up for spotting, identifying and finding out the
guantitative content of macro- and
micronutrients, biologically active substances
and contaminants

160 methods of quality and safety control

of food supplements have been developed,
approved and implemented



Micronutrients and Botanicals for Optimisation of
Preventive and Therapeutical Diets

Flavanoids (resveratrol,

Vitamins (C, D, group B ) . g .
( group B) rutin, hesperidin, quercetine,

epigallocatechin-3-gallate)

Minerals(Ca, Fe)

Indoles (indole-3-carbinol)
PUFAS n-3, n-6

Antioxidants (beta-carotene, Phenolic acids
tocopherols)
Oligosaccharides and polysaccharide Caffeine
(prebiotics)
Some species of beneficial microorganisms Fibers
(probiotics)




Pilot Project «Efficiency Evaluation of Prophilactic Vitamin
Supporting Patients in Hospitals in the Republic of Tatarstan»
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Memorandum of Understanding
Between the Ministry of Health of the
Republic of Tatarstan
and DSM Nutritional Products AG

Amsterdam, 2013
1. Parties

The Minsstry of Health of the Republic of
Tasarstare, repeesented by the of
Health of the Republic of Tatarszan, Mr
AyrZakievichFareskhov, acting on the hasis
of the Constitution of the Republic of
Tatarstan and the Law of the Republic
v

the execution bodies
Regrablic of 1 )

bereinafter referred to as the “Min
Heakh™

and

DSM Nutritional Products AG, a company,

Switzerland, with its re
Wummisweg . CH

Switzerland, repeesented
Sijbesma, C
DSM NV, act

aFower of

Executiv
for these purpos:
Attareey,

hereinafter referred to as“DSM”,

The Ministry of Health and DSM hereimafier
jointly referred as the “Parties” have
into this Messarandum of Undersy
(hecomafier referrad 1 s the
“Memorandum™)

2. Introduction
21,  Followi
Veture Agreement between (he Energy

Department of the Republic of Talarstanand

& the signing of the Joim

Messopamays o corpyannvectse seway Munncreperason
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COMPONENTS OF HEALTHY DIET

« Food Availability
(pocket)

* Foods Assortment of
food products
(counter)

* Knowledge and skills ..
to build a healthy diet ’
(education)




YVKA3

IPE3UJAEHTA POCCUMCKOM ®EJIEPALIMU

O coBepmIEeHCTBOBRHHH IOCY/IapCTBEHHON MOJHTHKH B cdepe
3APaBOOXPAHEn st

2. IlpasutenscrBy Poccuiickoil dejiepallHH COBMECTHO € OpraHaMH
ucn TebHOM BracTH cyobexToB Poccuiickoii ®eaepannm:

OecneduTs AanbHelimylo padoTy, HaNpaBleHHYID Ha PEeaTH3aLHIO
Mepollpfistiii 110 QOpMHpPOBaHMIO 340pOBOre obpa3a JKH3HHM rpaxiaH
Poccuiickoii ®eaepaumy, BKIIOYas TONYJISAPH3ALHIO KYJIbTYPhi 3j10POBOI0
Mevanms,  CHOpTNEEO-COMGURNTEIEE  GBOTPEN " BpOBERETEY
TIKOTONH3MA H HApKOMaHHH, NTPOTUBOICHCTBHE MOTPedIeHHIO Tadaka;

©) paspabdotats no 1 suBaps 2013 r. ¢ yyacTHeM OOL{ECTBEHHBIX
opraun3zaunii  CrparerMio  JeKapCcTBEHHOFO  OOECNeYeHHs  HacesleHus
Poccuiickoit dDejiepauni Ha nepuo Ao 2025 roaa v niaH ee peaau3anuy;
@’TBCPHHTB no 1 wiona 2012 r. niaH MEPONPHATHH NO peanHsailHu
OcH ocynapcTBeHHONH nonuTuku Poccuiickoii ®eaepauun B obnactu
3/10POBOI'0O NUTAHMSA HAaceleHHs Ha neproa 10 2020 roaa;

B.ITytun

Mockea, Kpesas
7 san 2012 roan
Ne 598

Education - the
most effective and
least expensive
way to optimizing
the Nation’s health
through food and
nutrition



POCCUNCKOW ®EOQEPALIUMA
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Educational programmes for the population e e
in the field of health nutrition no Bonpocam

- Development of ideology

FoCyAapcTBEHHLIN HOYNHO-HCCNEROBATECNMCKMA
UEHTP

NMPOOUNAKTUMECKOM
MEQWULMHE]

OdMUmMansHbIA HHTEPHET-NOpTan
MUHWUCTEPCTBO OEPA30OBAHWNA N HAYKW

POCCUICKOM GEEPALIN .\IHHHC}’EPCIBO CEJIBCKOI'O XO35HCTBA -
POCCHHCKOH ®EJEPAIINH .,‘,“,;m‘;‘:‘,:,




Thank you for your
attention!
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