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FUNCTIONAL INGREDIENTS

S 4 o .
\’. +® Lipidic Ingredients from vegetable products
Tocopherols Sterols  Carotenoids

WhHat a

Other antioxidants

Why' functional ingredients? (bioactivity)

Do youhaverscientific evidence? Articles
Do yaul naye clipical stidizs? mlaalin clairms
¥V 0K, Lets do it
Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?
Available, compatible, complementary

Different cases:tocos-sterols-carots-etc

FUNCTIONAL INGREDIENTS

Short introduction




FUNCTIONAL FOODS

Lipidic Ingredients from vegetable products
Functional Foods

Son alimentos que tienen un efecto beneficioso sobre
una o mas funciones en el cuerpo, por encima y mas alla
de los efectos habituales de dicho alimento, tales como
mejorar el estado de salud y bienestar o reducir el riesgo

de enfermedad.
European International Life Sciences Institute (LSI)

FUNCTIONAL FOODS

‘ ﬂ 1l

NEW Functional Foods
Opportunities




FUNCTIONAL FOODS
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...or extraction of bioactive and health
promoting ingredients from other products

FUNCTIONAL FOODS
Lipophilic Ingredients from vegetable products

Bioactive and health promoting ingredients
from vegetable products

|

Potential functional food ingredients




FUNCTIONAL FOODS

Functional Ingredients from vegetable products

Bioactive and health promoting ingredients
from vegetable products

1. FATTY ACIDS (OLEIC, LINOLENIC, OMEGA-3, ETC.)
2. TOCOPHEROLS

3. STEROLS

4. CAROTENOIDS

5. OTHER ANTIOXIDANTS: PHENOLIC DITERPENES

6. ISOFLAVONES AND ISOFLAVONOIDS

7. FLAVONOIDS

8. PHENOLIC COMPOUNDS

9. ORGANOSULFUR COMPOUNDS

10. ETC...

FUNCTIONAL FOODS

Lipophilic Ingredients from vegetable products

Which lipophilic plant ingredients ?
o TOCOPHEROLS
o STEROLS
o CAROTENOIDS
0 OTHER ANTIOXIDANTS: PHENOLIC DITERPENES




FUNCTIONAL FOODS

Lipophilic Ingredients from vegetable products

Which lipophilic plant ingredients ?
0 TOCOPHEROLS
a STEROLS
o CAROTENOIDS
0 OTHER ANTIOXIDANTS: PHENOLIC DITERPENES

Research and development on these ingredients ?

FUNCTIONAL INGREDIENTS

"_',:*,:‘ Lipidic Ingredients from vegetable products
Tocopherols  Sterols Carotenoids
Other antioxidants

Wh;functional ingredients? (bieactivity)

DEYOUFnaVeE SCIENtficrEVIdENCeFArtICIES

Do you navye clipical stidigs? mlazalin clairms
Vv 0K, Letsdo it
Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?

Available, compatible, complementary

Produce and sell it !




TOCOPHEROLS

VITAMIN E...

...Functional food ingredient?

TOCOPHEROLS

Vitamin E

» The term vitamin E refers to a family of eight
related compounds, the tocopherols and the
tocotrienols

» The four major forms of vitamin E are designated a,
B, 8, y,on the basis of the number and position of

the methyl group on the chromanol ring




TOCOPHEROLS

What are they? Structure - types-function

Structure

HO
-alpha-tocopherol W\
o

HO
«alpha-tocotrienol

TOCOPHEROLS

What are they? Structure - types-function

« Bioactivity of different Isomers: Vitamin E
*4 tocopherols + 4 tocotrienols

«alpha-tocopherol 3 chiral centers

HO
«All Natural form are RRR Oj\\/\)\/\/l\/\')\

«Synthetic is all-rac-alpha-tocopherol (mixture of 8 isomers)

«Part of antioxidant network in biological systems (with Vitamin C)




TOCOPHEROLS

Why functional ingredients? (bioactivity)

«Biological effect: Vitamin E activity:

*RRR-alpha-tocopherol 1.49 IU /mg highest activity

«Alpha-tocopherol ---highest bioavailability
epredominant in human plasma and tissues
sselective incorporation into nascent VLDL

TOCOPHEROLS

Bioactivity and function

Antioxidant

Free radical scavenger
Scavenge lipid peroxyl radicals
Efficient oxygen quencher

*OH PUFA
Protects cell membranes X
Protects LDL from oxidation HOH MUEA Fadical

Prevention of rancidity (PUFA-)
Works in conjunction with selenium

Protection of double bonds in
polyunsaturated fatty acids

— Protects lungs from pollutants

— Protects DNA . .
_ Protects heart Main activity of Tocopherols:

— Others? Most important lipid soluble
antioxidant




TOCOPHEROLS

« Health protection:

Stabilize reactions or situations
that typically produce free
radicals

- Nucleic acid and protein
metabolism

- Mitochondrial metabolism

- Supplementation may
increase antibody production

- When supplemented prior to
slaughter, helps maintain
meat quality (shelf life, color)

» Food protection:
Main natural antioxidant in lipids

VITAMIN E: FROM SOURCE TO DESTINATION

Plant sources  Animal sources
(poer)
Small intestine \4
Chylomicrons (5]
(]

Liver
Adipose tissue (0]

| Peripheral tissues

Antioxidant

Lungs DNA Other

tissues.

Cell Heart
membrane

7 A

TOCOPHEROLS

Key
"5“ Free

= e

~ radical &““{
Vitamin E
Neutralized

free
radical

y

Watery interior of cell

= |_d
2 amaged phospholipid’
‘ olecules

Neutralized
free radical




TOCOPHEROLS

Is there any scientific evidence?

+Chemical characterization and Different tests (activity in-
vitro...): hundreds

«Epidemiological studies: several evidences

«Animal model tests (in-vivo)

«Pre-clinical:Dose effects, toxicological risks, etc.
«Clinical studies, Intervention studies: many

«Reliability: Total
«Controversial:

*None on effect

*Possible on need of supplementation
*Accepted: yes

«Approved health claims:
o??

TOCOPHEROLS

Are there clinical studies? Health claims

« Biological activity
«Antioxidant

*Health promoting effects:
«Protection against Atherosclerosis and Coronary Heart Disease
*Reduce LDL oxidation : numerous studies (Lapointe, 2006)

«Protection against some cancers: under study
«hormonal, digestive tract...

«Recommended daily intake: 10 mg a—tocopherol/day (15 1U)
«Supplementation 15-30 mg a-tocopherol/day to 100mg

«Related to intake of PUFA




TOCOPHEROLS

Do you have clinical studies? Health claims

4 A. Lapointe et al. / Jowrnal of Nutritional Biochemisiy xc {2006) xo—oo
Table 1
Studics i i the cifects of P ion on LDL oxidation
Authors {date) Subjects’ characteristics Study design/duration  Dosage (per day) Outeomes
Reaven ot al Mildly hyperipidemic Randomized 1600 mg, contral 7 Lag phase with AT after 4 and
(1993) [66] subjects (n=16) Free-living % wecks comparad to control
Supplement provided = Maximum matc of propagation
& weeks
Jialal etal. Healthy subjects (n=48) Randomized 60, 200, 400, 800 or T Lag phase with AT {400, £00 and
(1995) [60] Free-living 1200 1, placebo 1200 [U/day) compared to baseline
Supplements provided  (soybean ail) | Oxidation rate (D) with AT (800
% weeks and 1200 [1)/day) compared to baseline
Princen et al. Healthy subjects (r=210) Pamallel 25, 50, 100, 200, T Lag phase with AT (25, 100, 200, 400 and
(1995) [59] Free-living 400 or 800 TU #00 TU/day) compared 1o bascline
Supplements provided | Propagation mak with AT {400
2 weeks and 800 Ul/day) comparcd b previous dose
Reaven ct al T2D males (m=21) Randomized 1600 IU or placcho T Lag phasc with AT compared to provious
(1995 [64] Freeliving dose
Supplements provided
10 wedks
Surukawa ct al. Healthy subjects (n=8) Free-living 150 mg (1 weck) and 7 Lag phase with AT compared to
(1995) [58] Supplements provided 300 mg (3 wecks) bascline
4 weeks | Propagation rate compared o
bascline
Fuller ct al Disbatic subjects (n=28) Randomized 1200 IU or placcbo T Lag phasc with AT compared to
(1996) [65] Frec-living bascline and to placcho
Supplements provided | Oxidation mate (CD)
# weeks with AT compared to
baseline
Mal et al TID suhjects (r=11) Free-living 00 10 1 Lag phase in three groups
(1997) [61] Healthy subjects (n=14) Supplements provided compared 1o baseline

Do you navye clipical stidigs? mlazalin clairms

* OK, Lets make it

Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?

Available, compatible, complementary

nt cases:tocos-sterols-carots-etc




TOCOPHEROLS

Where are they? Natural sources

» Found in all photosynthetic organisms
.always located in membrane of the cell

*Sources in diet:
«Fats and oils (corn, soybean, palm, cottonseed, sunflower..)
«Cereal grains (minor)
*Vegetable products

«Effect of growing conditions
*Higher levels at higher temperatures

«Extraction from natural sources
«Deodorization distillates from edible oil processing
«From soybean oil (10-14% tocos) or corn

«Chemical synthesis
«Synthesis of 8 stereoisomers- high yield---esterification
(stable)—purification (vacuum distillation)




TOCOPHEROLS

Where are they? Sources-industrial production

Soy DOD
[FFA, 16, Sarcls, Tocooherslsh

Roflox at 75 °C for Ha30 y=hlethenal +
BOmin v myrogaliod

MaCH » Mathanal
Saponincation &
Andficanon. Reflux at
7500 tor 45 min

TG- other unsapontistles
Tocopherals

h J
FANE + FFAfrom Giyceddes of DOD +
Tocopherols + Sterols+Recddud TG+other UEM
&t 4°C, crysiallizstion &
¥
Sharals
FF&+ FAME + resiaual ‘ {7.0%)

HaS0+Methancl +myrogaliol
Rafhed 21 75 %Cfor 60 min

FAME + Residual TG+
other unzapon fiable
maes + Tacopnan

1 Schematic representation of chemical modification process
of soy DOD

TOCOPHEROLS

Where are they? Sources-industrial production

. K. agrain - . Masmshar - K. Uilays Sasdsr
Enrichment of tocopherols in modified soy deodorizer distillate
wsing supercritical carbon dioxide extraction

Food
Chemistry
ELSEVIER Fod € 3 = -

%

Developing functional foods using red palm olein. IV,
Tocopherols and tocotrienols

Jiwan . Sidhu**, Suad N. Al-Hooti®,
atifn Al-Haj®, Nissar Ahmed®, lsa B. Ma

1 AL Al-Amiri
i, Johari Minal*

Jamila M. Al-Sage
Amani Al-Othman

Mttt




TOCOPHEROLS

What functional food is the ideal for this ingredient?

CONCLUSION: Functional food ingredient?
«Any food with lipids
«Especially, food with PUFA
*New enriched omega-3 food

«Combination with other antioxidants
*Synergistic effects

*No regulation problem, natural and frequent ingredient

«Important to combine with other active components in new
functional foods

TOCOPHEROLS

CONCLUSION:

VITAMIN E...

...Functional food ingredient?




FUNCTIONAL INGREDIENTS

Lipidic Ingredients from vegetable products

Tocopherols Sterols Carotenoids
Other antioxidants

Why' functional ingredients? (bioactivity)

Do youhaverscientific evidence? Articles
Do yaul naye clipical stidizs? mlaalin clairms
¥V 0K, Lets do it
Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?
Available, compatible, complementary

Produce and sell it !

STEROLS

PHYTOSTEROLS.....

STEROLS
STANOLS
STEROL ESTERS
STANOL ESTERS

...added EVERYWHERE




STEROLS

What are they? Structure - classes

e  Sterols and Stanols
e Sterol esters and stanol Esters
e Minor components in oils (unsaponifiable)

« Both tocopherols and carotenoids are groups of well known
compounds with interesting activity

« Very common, frequent in small amounts

« Not clear beneficial activity

Cholesterol €= Phytosterols

STEROLS

What are they? Structure - classes

p-Sitosterol




STEROLS

What are they? Structure - types-function

o Structure: Sterols and Stanols
«Phytosterols: Sterol and stanol Esters

*Main activity: Inhibit cholesterol absorption
«Compete in micelles for absorption of lipids with cholesterol

eNatural, mostly sterols

*STANOL : no absorption

eDiverse family - similar behaviour
eIndustrial sources:

«tall oil
edeodorizer oil distillates

*Hydrogenated to produce stanols

STEROLS

at are they? Structure - types-function

« Structure: Sterols and Stanols

«Sterol and stanol Esters

R R
{Oﬁﬁ oﬁ' \D/(@ [

Free sterol Steryl estar

R 33

CH,0H CH,

o0
L]
0H
Steryl glvcoside
HO H

OH

Acylared steryl
. hycoside
H

FIGURE 1. Examples of basic structures of free stercl and steryl conjugates. R (side chain) varies betwesn
dilferent sterals.




STEROLS

What are they? Structure - types-function

Sterols and Stanols
cholesterol

HO
D-5-avenasterol

HO HO

beta-sitosterol

He campesterol

» Main biological effect: competition in micelles

«Other demonstrated Cholestery] eater.

effects: Phospholipid
LDL-c Unesterified cholesterol

Apolipoprotein B-100




STEROLS

What are they? Structure - types-function

 Phytosterols:
« Sterols and Stanols
« Sterol Esters and stanol Esters

*Main activity:
*Reduce the absorption of cholesterol from the gut and so lower
serum concentrations of cholesterol

«Plant sterols or stanols that have been esterified to increase
their lipid solubility can be incorporated into foods

STEROLS

Atherosclerosis

» hardening of the arteries
due to the deposition of
atheromas

» heart disease is the
leading cause of death

» caused by the deposition
of cholesteryl esters on
the walls of arteries

» atherosclerosis is
correlated with high LDL
and low HDL




STEROLS

What are they? Structure - types-function

«Sterols Hydrogenated to produce stanols
*Free Sterols Esterified to produce sterol esters (stanol esters)

«Sterol Esters and stanol Esters

«Plant sterols or stanols that have been esterified to increase
their lipid solubility can be incorporated into foods

«Diverse family - similar behaviour

Main activity:
Reduce the absorption of cholesterol from the gut
and so lower serum concentrations of cholesterol

STEROLS

« Structure: Sterols and Stanols

«Sterol and Stanol Esters

D g@}

Free sterol Stexyl ester

o S
CH,0H C(H.
o [
L] ]
0H H
i Steryl glvcoside - Acylaed steryl
HO = ) zlycoside
OH H

FIGURE 1. Examples of basic structures of free stercl and steryl conjugates. R (side chain) varies betwesn
dilferent sterals.




STEROLS

Is there any scientific evidence? Articles

«Chemical characterization and Different tests (activity in-vitro...):
many

«Epidemiological studies: several evidences

«Animal model tests (in-vivo)

«Pre-clinical:Dose effects, toxicological risks, etc.: studied
«Clinical studies, Intervention studies: many

Stanols and sterols have been well tolerated in numerous clinical trials
on over 1800 people, with doses up to 25 g per day.

Studies have established that at least 1 gram of stanol and sterol in
ester form can result in a statistically significant reduction in
cholesterol.

Recent studies of plant sterol and stanol esters in humans have shown,
however, that maximum cholesterol-lowering benefits are
achieved at doses of 2-3 g per day.

STEROLS

Is there any scientific evidence? Articles

«Chemical characterization and Different tests (activity in-
vitro...): many

«Epidemiological studies: several evidences

«Animal model tests (in-vivo)

«Pre-clinical:Dose effects, toxicological risks, etc.: studied
«Clinical studies, Intervention studies: many

*Reliability: Total
«Controversial: very little for a new product
*None on effect
*Some on high dose supplementation effect
*Much on interaction with fat-soluble vitamins and
carotenoids
*Accepted: completely
«Approved health claims: yes, Ok (US, UE, etc.)




STEROLS

Where are they? Sources

 Phytosterols:

« Sterols and Stanols

« Sterol Esters and stanol Esters
eIndustrial sources:

«tall oil

edeodorizer oil distillates

*Hydrogenated to produce stanols

«Sterol Esters and stanol Esters

«Plant sterols or stanols that have been esterified to increase
their lipid solubility can be incorporated into foods

STEROLS

Are ther clinical studies? Health claims

Properties: (When at least 1 gram per day is consumed in
ester form for statistically significant effects)

*Reduce total cholesterol

*Reduce LDL cholesterol

«Do not affect HDL cholesterol or triglycerides

“Foods that may qualify for the health claim

based on plant sterol ester content include spreads and
salad dressings. Among the foods that may qualify for
claims based on plant stanol ester content are spreads,
salad dressings, snack bars, and dietary supplements in
softgel form. Foods that carry the claim must also meet
the requirements for low saturated fat and low cholesterol,
and must also contain no more than 13 grams of total fat
per serving and per 50 grams.” (FDA, 2000)




STEROLS

Are ther clinical studies? Health claims

Health claims:

Diets low in saturated fat and cholesterol that include at least
1.3 grams of plant sterol esters or 3.4 grams of plant stanol
esters, consumed in 2 meals with other foods, may reduce the
risk of heart disease. In addition to and in the presence of the
health claim, products with plant stanol/sterol esters may also
state that they can reduce cholesterol levels.

Plant sterols first came on the European market in 1995 in a fortified margarine called
Benecal, lau in Finland b ife Sciences. But even after hitting US shores in
1999 by Mc Benecol) and L ver (Take Contral), sales did not live up to
expectations. The cholesterol-lowering potential of < 5 and sterols had been known
for 50 years, and with an estimated 105 million Americans with borderling or high

#  cholesterol, the market potential certainly was there. What happened?

The trouble was, margarines are not commonly associated in consumers’ minds with
healthful eating, and in America at least, spreads are not routinely found on the daily dinner table.

In 2002, the Food & Drug Administration finally allowed the cholesterol-lowering heart-health claim for plant
sterols to be available to a wider range of foods, and if the flurry of product launches of the past few years is
any indication, the train has finally taken off,

STEROLS

Are ther clinical studies? Health claims

*Accepted health claims: Now in a second phase:
+ LONG TERM STUDIES
* Possible problems for very large daily ingestion

« Interactions:

M. Richelle, M. Enslen, C. Hager, M. Groux, |. Tavazzi, J.-P. Godin, A. Berger, S.
Metairon, S. Quaile, C. Piguet-Welsch, L. Sagalowicz, H. Green, and L. B. Fay

Both free and esterified plant sterols reduce cholesterol absorption and the
bioavailability of {beta}-carotene and {alpha}-tocopherol in
normocholesterolemic humans

Am. J. Clinical Nutrition, July 1, 2004; 80(1): 171 - 177.

Noakes, M., Clifton, P., Ntanios, F., Shrapnel, W., Record, I. & Mclnerney, J. (2002)
An increase in dietary carotenoids when consuming plant sterols or stanols is
effective in maintaining plasma carotenoid concentrations. Am. J. Clin. Nutr. p.79




STEROLS

PHYTOSTEROLS.....

STEROLS
STANOLS
STEROL ESTERS
STANOL ESTERS

...added EVERYWHERE

B FUNCTIONAL INGREDIENTS
\". é.‘_"‘ Lipidic Ingredients from vegetable products

Tocopherols Sterols Carotenoids

Do you navye clipical stidigs? mlazalin clairms
Vv 0K, Letsdo it
Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?

Available, compatible, complementary

Produce and sell it !




FUNCTIONAL INGREDIENTS

Different cases:tocos-sterols-carots-etc

Tocoferoles Carotenoides Esteroles

Complexity: Sterols (like one)-Tocos (4+4)-
Carotenoids (100s)

Level of scientific evidence? Articles-controversy

Status of clinical studies? Health claims posed

Sources-industrial production:
Tall oil (sterols) DOD (sterols+toco) Plants and
algae (carotenoids)

What functional food is the ideal for this ingredient?
Available, compatible, complementary

CAROTENOIDS

CAROTENOIDS...

NATURAL DIVERSITY

..COMPLEXITY OF EFFECTS




CAROTENOIDS

What are they? Structure - types-function

G-Carotene
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CAROTENOIDS

What are they? Structure - types-function

o Structure
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CAROTENOIDS

Where are they? Sources-industrial production

. Vegetable products

«Natural Mixed Carotenoids

family of naturally occurring yellow, orange and red
pigments

found in various fruits, cruciferous, yellow and dark -
green vegetables and also abundantly in algae.

CAROTENOIDS

What are they? Structure - types-function

o Structure

S M M e T e N N iy
Zeaxanthia

04

e S e N N N N Ny

Aslaxanthin
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Canthaxanthin




CAROTENOIDS

What are they? Structure - types-function

 Structure

Violaxanthin  ~

O\\\\\‘\'\.‘\\

B:Carolene-5, 6-epoxide

CAROTENOIDS

What are they? Structure - types-function

« Structure: Carotenes and xanthophylls

CAROTENES = HYDROCARBONS  XANTHOPHYLLS = OXYCAROTENOIDS

- i o = Sy
all-trans B- Carotene Lutein
H
TR Ny =
e
al pha- Caretens Zeaxanthin
|
rs -
Lycopene - Cryptoxanthin
M\. e
Retinol

Retinoic acid




CAROTENOIDS

What are they? Structure - types-function

«Main activity: antioxidant
*Pro - Vitamin A
*Natural (some synthetic)

«Diverse and complex family

CAROTENOIDS
Why functional ingredients? (bioactivity)
CAROTENOIDS: FROM SOURCE TO DESTINATION
Plant sources
» Main biological effect
. ok ©
Some pro.Vltamm A Small intestine | =
k!
*Mostly antioxidants
Chylomicrons
«Other demonstrated effect Adipose ﬂr o
. lissue Stora
«Cancer prevention e
1/ Circulation
Antioxidant Vision Cancer :!;';“
N
Lutein and zeaxanthin
are linked to normal
macular function




CAROTENOIDS

Why functional ingredients? (bioactivity)

» Additional physiologic effects
 Main biological effect: beyond vitamin A

- Serving as an “antioxidant”

+ Remove excess “electrons”
«Other demonstrated effect: from cell system

« Electrons (free radicals)
damage cells and DNA
- Can cause mutations
Protecting from cancer (related
to antioxidant function?)
Protecting from heart disease?
Supports immune system
function

CAROTENOIDS

Carotenoids. Roles in the Body

» Promote vision (retinal)
- Maintenance of the cornea
- Converting light energy into nerve impulses

 Participate in protein synthesis and cell
differentiation
- Differentiation of epithelial and goblet cells (retinoic acid)

» Support reproduction and growth

» Support immunity (retinoic acid and carotenoids)
 Involved in bone growth and remodeling

» Synthesis of glycoproteins

« Antioxidant activity (B-carotene....)




CAROTENOIDS

Do you have clinical studies? Health claims

 Pre-clinical for some of them

«Different tests (in-vitro, in-vivo...)
» Agreement on antioxidant activity

«Epidemiological studies form natural mixtures of carotenoids
«Clinical studies:

«Controversial: Strong
«Problem with beta-carotene and smokers

«Enrichment Accepted: ??

*Accepted health claims:

CAROTENOIDS

Where are they? Sources

Sources: Carotenes and xanthophylls
*Natural (some synthetic)
«Diverse and complex family

eIndustrial sources:

biotechnological production with yeasts/fermentation
microalgae (Dunaliella, Haematoccocus, etc.)

chemically synthesized




FUNCTIONAL INGREDIENTS

Different cases:tocos-sterols-carots-etc

Tocoferoles Carotenoides Esteroles

Complexity: Sterols (like one)-Tocos (4+4)-
Carotenoids (100s)

Level of scientific evidence? Articles-controversy

Status of clinical studies? Health claims posed

Sources-industrial production:
Tall oil (sterols) DOD (sterols+toco) Plants and
algae (carotenoids)

What functional food is the ideal for this ingredient?
Available, compatible, complementary

CAROTENOIDS

Lycopene from tomato

« Structure of lycopene

Lycopens




CAROTENOIDS

Lycopene from tomato

S S Sy R S e e iy S

» Biological activity
«Antioxidant

«Efficient oxygen quencher and trap peroxyl radicals

Lycapene

«Fresh tomatoes:
«80-90% of total carotenoids
« all-trans-lycopene
«0,7-20 mg/100g Wet basis

*Processed tomatoes: increased cis-lycopene (4-27%)

eHuman serum: > 50% cis-lycopene

«Skin and pericarp rich in lycopene ---industrial waste material
(Al-Wandawi, 1985)

CAROTENOIDS

Lycopene from tomato

. . o e T
« Biological activity SOSTRTS DO S

«Antioxidant Lycapane
«Protection of DN..

«Lycopene content affected by agricultural practices:
eirrigation, fertilization, temperature and light, variety,
degree of maturity at harvest, harvest time, postharvest
storage (Shi, 2002)

Lyc-0-Mato

The arigiaal Natwral famato Lycegens

1o help maintais heaith & weil MV

«Bioavaliability for humans:
Isomeric form
food matrix
lipid content
other interactions (fiber)




CAROTENOIDS

Lycopene from tomato

« Biological activity
«Antioxidant = e = s S
Lycapene
*Health promoting effeci
«Protection against some cancers:
«Prostate, breast, digestive tract, epithelial... (Colditz,
1985, Gerster,1997)

«Studies (90" s) on tomato consumption and protection against
digestive cancer (Franchesi, 1994,

«Giovannucci, 1995, prostate cancer in 48,000 men / 4 years / 46
fruits@vegetables
lower risk strongly associated with tomato sauce comsumption

«Atherosclerosis and Coronary Heart Disease
*Reduce LDL oxidation (Kristenson, 1997)

«Recomendacioén diaria 10-50 mg

CAROTENOIDS

Lycopene from tomato

Roche Lycopene Self-Affirmed GRAS
Mission Statement

LycoRed Matural Products Industries Ltd., is a research
and development company dedicated to the scientific
and commercial development, production and
marketing of natural products based on the
shytanutrients from bomato, including the carstencids
lycopene, bata-carctane, phytoene and phytofiuens,
phytosterols and other impartant phytochemicals,

PARSIPPANY, N.J—Foche Vitan armounced & has self-affrmed its b
GRAS (Generally Fecoguned as Sufe) through m mdependent pine
been seientifically inkoed to reducmg the risk of certam cancers, as well az impro
lung, cardiovazeular and stemach health, accerdmg to the company. Foche lyce
[ both water-dispersible and od-sohsble forms and is suted for an amray of prod

4 T

rustritional bars, beverages and dairy products, Roche (

eagy to process and will not affect the taste p About the Company
LycoRed is a subsidiary of Makhteshim Agan Industries,
Ltd., one of lerael’s largest industrial groups, a public
company, with a turnower in 2001 of more than $300
milfion. LycaRed supervises production of
LYC-0-MATO® tomato extract from the field to the
finished product. Coordination of the commercial
growing of a non-genetically medified, lycopene-rich
wariety of tomato plant is just the start of the
muti-stepped process that assures high product
quality. Phytochemicals are extracted using propristary
processing tachnology. Specialized extraction, handling.
packing and storing technigues assure 2 long shelf life.
LycoRed markets LYC-O-MATO®, its scientfically
standardized, natural tomato extract. worldwide,

LycoRed's LYC-O-MATO® farmulations have defined
functional properties supparted by basic research and
clinical rasearch, A grawing bady of scientific avidence




CAROTENOIDS

Lycopene from tomato

Lycopene

» Extraction of lycopene from tomatoes

*Need of high purity lycopene products -
«food safety regulations

*Need of further studies on toxicology and
bioavailability

eLarge amount of skin and pericarp discarded
waste of peeling

*Processed tomatoes: increased cis-lycopene (4-27%)

*New extraction technologies under development
ecomplex bioactive components
«sensitive to oxygen, thermal, (oxidation, isomerization, etc.)

CAROTENOIDS

Lycopene from tomato waste

Limitation: reliable Industrial source
Difficult extraction

2638 J Agec. Food Chem. 2002, 50, 26382643 AGhrd‘[jfTiJ‘R}{I: AND
FOOD CHEMISTRY

Supercritical Fluid Extraction of Lycopene from Tomato
Processing Byproducts
N. L. Rozzi,! R, K. Smai? R A VisRiwvgf anp B. A, WaTkins®!

Corter for Eubancing Foeds to Proteet Health, Departzwens of Food Seience. and Deparment of
Agsunomy, Purds University, West Lafayeiis, Indiana 47907

i Tocal fomato ity wore studed
for supercriical fliid extracticn (SFE) of phytochemicats. Th axracts wers analyzed for lycopens,
{cerotane, a-carolens, a-locopherl, y-locopherdl, and &-iocopharol content using high-perfomance
it enromatngraphy- elsctiochemical detacton end compared 1o & wnwaly extreted eontel,
SFEs ware carid ol using 00 st seven {smperabren (3-8 C) and wi peesumss {378
4535 MPa). rm offact of CO; fow

of Iyopene extracted increased with elevated I-mpzm!n s pratae ur 5
masimuem recavary of 38.8% was raacher at B8 °G and 34 47 MPa, sfiar which the amount of icopene
extracied decreased. Conditans for the oplimum exiracton of lyoopens from 3 g of raw malerial
were dstermined 1o be 85 °C, 34 47 MPa, and 500 ML of GO, 81 a fiow rats of 2.6 mUmin. These
condilions resulted In fhe exiraction of 61.0% of the lycopens (7.19 ug ycopeneig).

KEYWORDS: id; tocopharal;

INTRODUCTICN i and Clinin (5 reprid, ot oideminigioal oo
Lyeapen is an neyelic carotenoid cantzining 13 doublobends  SUPParie o claims. In addition, Reo and Agarval (9),
o is chiefly foand in lomatocs, where if provides their rich,  *Veisburger L/, Clinton (1), Astorg (/2), mnd Genster (13),
color. Othor sources of lycopene include spricots, pink  =samined the heallh benefits of Iycopene: snd correlated the
prupcfruit, guavs, and walermelon (1), Altheagh there are other  Sonsumptivn of food coniaining Lyeopens 1o the prevention of
prodiscts that contain Iycopene, fontoss are the main souce,  Hoveml cancers
Sharma snd Lo Moguer (7) evaluated the nutrient eontent of Supercritical fluid ©0; has been wed 0 extract - and
tomsto juice fractions and determied ot 72-92% of the  f-camteng and lyvopene from severs] plast soarces (14-17).
Ipcapene in o lomuto i found in the water insoluble fractior  Marsli and Callahan, |14 compared supereritcn] flud exvetion




CAROTENOIDS

Other natural sources

+Not synthetic—not single carotenoid: r
«Natural Mixed Carotenoids ?

<JTHE CAROTENOIDS I’AGE
«Carrots, corn, colored vegetables.... :,:m. ',

«No industrial scale extraction

eMicroalgae are a new source of carotenoids and other bioactive
ingredients
 Chlorella,
e Spirulina,
e Dunaliella,
» Microalgae Haematococcus pluvialis,
. etc.

CAROTENOIDS

Other natural sources
WHY TO USE ALGAE?
o9 ;g ﬁ}\,

Man has been using algae since long time ago (thousand years) with different
purposes.

In China they have been used since 2700 a.c.; greeks and romans used algae
as food, as medicinal plants and cosmetics.

Aztecs used Spirulina, harvested from Texcoco Lake, as proteic supplement.

In the world, around 7 billion Tons of algae (net weigth) are processed, being
asian countries the main producers (around 80% of the raw material).




CAROTENOIDS
Other natural sources

The photosynthetic activity of the algae generates 02, to avoid attack of 02
the microalgae accumulate antioxidant compounds

Some compounds with antiviral and antimicrobial activity have been
described

» At present, research is conducted to verify the efficiency of algae against
certain diseases and illness: trombosis, cholesterol, rheumatism

»« The main consideration is safety-toxicity, any possibility of toxicity
precludes the use of the microalgae.

« The literature shows that B-carotene and PUFAS have been widely studies,
while other compounds with potential activities (antioxidant, antimicrobial or
antiviral (polyphenols, peptides, polysaccharides)) have not been studied yet.

» Commercial availability

CAROTENOIDS

% Y D Astaxanthin from microalgae
Al Y-

eMicroalgae are a new source of carotenoids and other bioactive
ingredients Chlorella, Spirulina, Dunaliella. etc.

H OH

. Biological activity W
Antioxidant w
«Efficient oxygen quencher

° Astaxanthin 3R,3°S
«trap peroxyl radicals

*Microalgae Haematococcus pluvialis:




CAROTENOIDS

eExtraction of astaxanthin from Haematococcus

& BoReal, Inc, - Netscape
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CAROTENOIDS

eExtraction of astaxanthin from Haematococcus

5 what Is Microalgas? - Neticape
. &mhwo fitr vwr | Macadoms berramercs Ve Ancs

@ oao 0 \‘3 [ )

o ® men O buce ShMurcatrm ' Stebieds ', e Dtuce

®
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“Microalgae”
one of the most |
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foods on Earth! | °
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CAROTENOIDS

eExtraction of astaxanthin from Haematococcus

Antioxidant more powerful than other carotenoids
Benefits for carciovascular health
for macular degeneration (eye health)

Haematoccocus pluvialis
(Empresas: US Nutra (LaHaye), Separex, Fuji, Cyanotech...)

“ As an antioxidant, astaxanthin has

been shown to be up to 500 times more powerful than Vitamin E
and more than 10 times as potent as beta-carotene.”

CAROTENOIDS

| @ @) <X, 5y
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@ Whar's new ar LS. Nutraceuticals?

May 78, 2003 U3 Etho Extract Rated

High Chusality by Independent Laboratory

@ Our product family
astaZANTHIN™
SuPurd® Liguid Estracts
B powdered Exdracts

fiy ing Nature's

proprietary variation on the SF|
exdraction) process optirmzing
materials, Cur progrietary process oy is
quickly becoming recognized as the most advanced

i |5 exdraction process in the warld. Click
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CAROTENOIDS

eExtraction of astaxanthin from Haematococcus

& as1aZANTHIN brand astaxanthin: The Ultimate Antixidant - Metscape

~ Mpchivo [dtar YWer |1 Marcadores Hermamengas Veptana Ayuda

d OO O @ Q & [ vt shaye cont | [ar]) [y Buscar | d@ @
o E s e O Bue | DMacadores - BLMMDD | S Comparacen .. e Proy Inv-anb. S Acstn ok an... ™" Component.. ¢ Fioterapiadav... S Wekome toF..,
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(Z)

asta

ZANTHIN"

the Ultimate Antioxidant

SELECTED MICROALGAE
with CAROTENOIDS

Spirulina platensis Dunaliella salina

l. Non toxic (some of them have been used as food).
II.  Industrial production (commercially available).

lll. Complementary composition (Dunaliella rich in B-carotene,
Spirulina is rich in different pigments).




CAROTENOIDS

Beta-carotene from microalgae: Dunaliella

eMicroalgae are a new source of carotenoids and other bioactive
ingredients Chlorella, Spirulina, Dunaliella, etc.

« Biological activity e ® @& ¢
-Ant.10.x1dant PY 68 gn .
«Efficient oxygen quencher > - ®
otrap peroxyl radicals « “20 ©

eMicroalgae Dunaliella salina

Is a single celled, salt-water micro-algae

accumulates massive amounts of carotenoids under appropriate
growth conditions.

Natural Mixed Carotenoids found in Dunaliella salina are among
nature's best antioxidants, containing a variety of carotenoids
including B-Carotene, a-carotene and Xanthophylls like Zeaxanthin,
Cryptoxanthin and Lutein.

CAROTENOIDS

Functional Compounds from Dunaliella salina:(SFE, ASE)

e oHy cHy cHy e 13-cis B-carotene
D ST Ve TS 1 S U N
CHy CHjy HiC  CHy
CH; e Hy

3
all-trans B-carotene

HyC.
HiC CHs CHs CHz.
D ST N N e T S
CHg3. CHy HiC  CHy
CH:

s

a-carotene
« Composition related to different
activity of B-carotene as antioxidant

» Higher antioxidant activity of 9-cis
isomer in vitro (Levin and Mokady, Free

Radical Biology and Medicine, 17, 77-82
(1994))

9-cis B-carotene

« Better activity of Dunaliella extracts
vs synthetic B-carotene in protecting
hepathic diseases in vivo




CAROTENOIDS

Functional Compounds from Dunaliella salina:(SFE, ASE)

« High ratios 9 cis/ all trans p-carotene
isomers could be obtained tuning the
SFE conditions- studies about the
relationship with antioxidant activity
are being conducted in our laboratory
via in vitro assays

» High yield were obtained by SFE of
Dunaliella salina microalgae (5-10% for
C0O2 or CO2 + ail)

» Antimicrobial activity was obtained
for PLE extracts of Dunaliella salina

 PLE of Dunaliella with ethanol provide
good antimicrobial extracts using a
green solvent

o The compounds associated to the
antimicrobial activity were mainly fatty
acids and ionones coming from
carotenoid decomposition

ANTIOXIDANTS

Antioxidants from Spirulina platensis (SFE, SWE)

« Blue-Green microalga belonging Cyanobacterium
 Non toxic / Edible

« Live in high salinity lakes

» Up to 60 -70 % dry weight is protein

» Phycocyanins are the main proteins: several functional
activities.
« Relatively high content GLA

« Chlorophyll a, xantophylls and other carotenoids are
their main photosynthetic pigments




CAROTENOIDS

What are they? Structure - types-function

» Antioxidant capacity of carotenoids

JOURNAL OF J. Agric. Food Chem. 2002, 50, 221-226 221
AGRICULTURAL AnD
FOOD CHEMISTRY
— - — » To date, published results
Trolox Equivalent Antioxidant Capacity of Different Geometrical PR
Isomers of o.-Carotene, -Carotene, Lycopene, and Zeaxanthin for the antioxidant
VoLker Bomd,*™ NI Lus P;T:FmsAm-N:E.\'AE}:}}_: Mario G. Ferruza,” awp activi ty Of jj-carOtene
STEVEN J. SeaasTz! isomers differ widely due to
Institate of Numition, Friedrich Schiller University Jens, Dormburger Strasse 25-29,

07743 Jena, Germany 201&;@;:[(::TDE‘SELEL“E g]fju : ,:Ihe Chio State University, the Va r]ous test System S
employed.

Isomerization of carotencids, which is often encountered in food processing under the influence of
temperature and light, may play a role in the observed protective effects of this group of secondary
plant products. Investigation of in vitro antioxidant activity of prominent carotenoid geometrical isomers
was undertaken in light of recent reports illustrating a large percentage of carotenoid (Z-isomers in
biolagical fiuids and fissues. q-Carotene, J-carotens, lycopene, and zeaxanthin were isolated from

foods or supplements and subsequently photeisomerized with iedine as & catalyst. Majer Z-isomers
of each rs wers frartinna hv ative C.. HPI € In vitrn antinvidant activite of all

CAROTENOIDS

What are they? Structure - types-function

« Antioxidant balance

|
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FUNCTIONAL INGREDIENTS

\’. "" Lipidic Ingredients from vegetable products
Tocopherols Sterols Carotenoids
Other antioxidants

Why' functional ingredients? (bioactivity)

Do youhaverscientific evidence? Articles
Do yaul naye clipical stidizs? mlaalin clairms
¥V 0K, Lets do it
Where are they? Sources-industrial production

What functional food is the ideal for this ingredient?
Available, compatible, complementary

Produce and sell it !

ANTIOXIDANTS

ANTIOXIDANTS

..DO WE NEED NEW NATURAL ANTIOXIDANTS ??




ANTIOXIDANTS
What are they? Structure - types-function

ANTIOXIDANTS

What are they? Structure - types-function

Free Radical Damage

« Cancer: prostate, cervical, breast, lung

» Heart disease

« Immune system degeneration

« Stroke, cerebrovascular disease

» Respiratory function

« Cataracts, age-related macular degeneration
* Memory and cognitive function

« Sun-damaged skin, wrinkles

« Diabetes complications

S——— > Oxidative stress




ANTIOXIDANTS

What are they? Structure - types-function
Free Radical Damage

Where Do Free Radicals Come From?

They form and accumulate in our bodies as a result of
modern life:

- Cigarette smoke

- Air pollutants, such as ozone, nitrogen dioxide
Some food preservatives, including nitrites
Aerobic activity

Metabolism of fats

ANTIOXIDANTS




ANTIOXIDANTS

Antioxidant potency of Rosemary diterpenes

«Phenolic diterpenes: only present in Rosemary
(Rosmarinus officinalis) and Sage (Salvia officinalis)
«Native from Mediterranean area and South America

*Main component in Rosemary and Salvia: carnosic acid

«Antiox. activity depends on:
eseason, climatic conditions, light, harvesting,
storage, etc.
«Extraction: best results with supercritical CO2

ANTIOXIDANTS

Antioxidant potency of Rosemary diterpenes

carnosic acid

V4

carnosol

rosmarinic acid

V4

rosmanol

N

rosmadial
(Cuvelier et al., 1996)




ANTIOXIDANTS

Why functional ingredients? (bioactivity)

Primary antioxidants

ROO +AH=ROOH + A
OH 0" 0
5o
0 0
O—©Q

ANTIOXIDANTS

Antioxidant potency of Rosemary diterpenes

+Rosemary (Rosmarinus officinalis) Phenolic diterpenes
«Extraction of carnosic acid with supercritical CO2
*Main component in Rosemary and Salvia

«Commercial extracts

«Clinical studies: Not yet

«Accepted health claims: Not yet

«Functional food: in market




ANTIOXIDANTS

Antioxidant potency of Rosemary diterpenes

*Rosemary (Rosmarinus officinalis) Phenolic diterpenes
«Extraction of carnosic acid with supercritical CO2

‘Iumpeﬂu Food Research and Technology
‘DOI 10.1007/500217-005-1138-y

Original Paper
In vitro antioxidant analysis of supercritical fluid
extracts from rosemary (Rosmarinus officinalis L.)

Sofia Cavero - Laura Jaime - Pedro J. Martin-Alvarez - F. Javier Seiiorans - Guillermo
Reglero - Elena Ibaiiez (®)

S Cavero - L. Jaime - F. J. Seflordns - G. Reglero
Area de Tecnologia de Alimentos, Facultad de Ciencias, Universidad Auténoma de Madrid, 28040
Cantoblanco, Madrid, Spain

P. I Martin-Alvarez - E. Ibailez
Departamento de Caracterizacion de Alimentos, Instituto de Fermentaciones Industriales (CSIC),
Juan de 1a Cierva 3, 28006 Madrid, Spain

ANTIOXIDANTS

Antioxidant potency of Rosemary diterpenes

+Rosemary (Rosmarinus officinalis) Phenolic diterpenes
«Extraction of carnosic acid with subcritical water

AG Rloculjl:TUhA’L; AND A Agk. Food Chem 2003, 51, 375-382 375
FOOD CHEMISTRY

Subcritical Water Extraction of Antioxidant Compounds from
Rosemary Plants

Erena IsafEz = Arena KuBATovA? F JAviER SENORANSS ScFia CaveRo §
GuoLERMO REGLERO,F AND STEVEN B. HawTHoRNE!

drid. Spaiz, Exergy smd

da T imeat
staria ds Canesblance, 28048 Medrid, Spaie

Subceitical water extraction at several temperatures ranging from 25 to 200 °C has been studied to
seleatively extract antoxidant compounds from rosemary leaves. An exhaustive characterization of
the ractians obtaines using subertical water at Sfferent temperatures has been carmied o

the antioxicant achwties of the aviracts have been measured by a e radical methed (07

such as camosal, resmanel, camosc acid, methyl camosate, and some flavoneids such as cirsmartin
and genkwanin. The antioxidant acbwity of the fractions obtaned by extracton at diferent water
temperatures was very igh, with vaiues around 1.3 ugimL, comparable to those achieved by SFE
of rosamary leaves. & study of the effect of the temperature an the sxtraction eficiency of the most
typical resemary anticxidant compeunds has been performed.

KEYWORDS:  &nlioxidant actvity, anfloxidant compounds; rossmary plants; SFE; subcrilsal walar
sufraction




FUNCTIONAL INGREDIENTS

FUNCTIONAL FOODS
Lipophilic Ingredients from vegetable products

Bioactive and health promoting ingredients
from vegetable products

Potential functional food ingredients




FUNCTIONAL FOODS

A Functional Ingredients from vegetable products

Bioactive and health promoting ingredients
from vegetable products

1. FATTY ACIDS (OLEIC, LINOLENIC, OMEGA-3, ETC.)
2. TOCOPHEROLS

3. STEROLS

4. CAROTENOIDS

5. OTHER ANTIOXIDANTS: PHENOLIC DITERPENES

6. ISOFLAVONES AND ISOFLAVONOIDS

7. FLAVONOIDS

8. PHENOLIC COMPOUNDS

9. ORGANOSULFUR COMPOUNDS

10. ETC...

FUNCTIONAL INGREDIENTS

_-.."'-’ .
N\ 738 er candidates
bl Y-

Other Candidates:

Squalene

/LW’AMJ:‘*“W/“\V-’La“v:/-“\,-/““‘\T-"""'«,-""%I/\R— -’%QT/.




FUNCTIONAL INGREDIENTS

OPPORTUNITIES

Where to find: Other possibilities

Look around:
vegetables
fruits
non-usual edible oils
spices

Think different q
microalgae
mushrooms

berries
W22

FUNCTIONAL INGREDIENTS

Other candidates

Antioxidant
Avalanche

There is no question that consumer
awareness for antioxidants is high,
but knowledge gaps still exist,
especially with regard to testing.

By
Rebecca Wright
Editor




FUNCTIONAL INGREDIENTS

OPPORTUNITIES

Critical points New ingredients

Safety ?

Evidence w.

Availability

Regulations

Market

FUNCTIONAL INGREDIENTS

Any case is Different: tocos-sterols-carots-etc

How to start?

Test them. Chemical-invitro-biological activity-
in vivo-clinical: scientific evidence? Articles

Source availability-
possibility of industrial production:

What functional food is the ideal for this ingredient?
Available, compatible, complementary




Research group in functional foods
Food Science Department
University Autonoma of Madrid (UAM)

m Contact: F. Javier Sefiorans
javier.senorans@uam.es

http://www.uam.es/javier.senorans

Sec. Dept. de Ciencias de la Alimentacién, UAM
Facultad de Ciencias, C-XVI, 502
28049 Madrid (Spain)
http://www.uam.es/otros/gruta/Research/Principal.htm
www.uam.es/tecnol-alim




