Introduction in

‘Phytochemistry



Phytocompounds - a part of normal plant metabolism.

PrimQy metabolites - directly involved in the
processes of growth, development and reproduction -
carbohydrates, lipids, organic acids .

Secondary metabolites - perform various functions
related to the protection, survival, fertility and
Interspecies relations: terpenes, phenols, flavonoids
and nitrogen-containing compounds - alkaloids.



Proteins
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Proteins - the structural units of the plant body and an energy source.

Proteins are organic compounds that contain the elements nitrogen,
carbon, hydrogen, and oxygen. They form are large, complex compounds,
containing of hundreds or thousands molecules of C,H,O and N.

Proteins play many critical roles in the plant body - they do most of the
work in cells and are required for the structure, function, and regulation of the
bodyodos tissues and organs.

Examples of protein macromolecules :
zein (maize) - C736H1161N1840208S3;
gliadin (wheat) - C685H1068N1960211Ss;
casein (milk) - C7osH1130N180022454P4;
Abumin (eggs) - Ce96H1125N1750220Ss.



Proteins functions:

Aatalytic
Astructural
Korotective
Aegulatory
Asignal
Aransport
Aeceptor

Anotor

Aeserve

Cell cytosceleton
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Proteins - structure The building blocks of proteins are amino acids -

a small organic molecules, that bonded together
by the dehydration synthesis.

The amino acids is organic molecule, that consist
of a basi c ami),amacidicrcarhoxyl
group (1T COOH), and an o
chain) that is unique to each amino acid.

R . .
‘R" group varies fo
‘ m—_every amino acid

HOOC —l':'. —NH

/ ‘ amino group
alpha carbo 0

Peptide = chain of amino acids carboxylic
acid group
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“NH c CH NH ¢ CH O
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TH \NH/\(T/ \TH/ I \ﬁ/ Within a protein, multiple amino acids are
R o| R, 0 linked together by peptide bonds, thereby
N terminus C terminus fOrming a |Ong chain.

polypeptide chain



The linear sequence of amino acids of protein
Is defined as the primary structure of the
protein.

Primary structure
amino acid sequence

In protein the polypeptide chains are
not facing. Separate sections of polypeptide
chain are folded evenly by spiral or folded paper
sheet form. Such a structure can occur not only
between areas of the same polypeptide chains,
but also between two or more different
polypeptide chains. The folding of the
polypeptide chains in regular spiral or a sheet
form is referred as secondary structure of the
a-helix B -pleated sheet proteins.



Hydrophobic interactions

(clustering of hydrophobic
| groups away from water)
| CH and van der Waals
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Quaternary structure
complex of protein molecules

The tertiary structure is the
final specific geometric shape that a
protein assumes. This final shape is
determined by a variety of bonding
interactions between the "side chains" on
the amino acids. These bonding
interactions may be stronger than the
hydrogen bonds between amide groups
holding the helical structure. Different
remote fragments of the same chain may
become bonded together. There are four
types of bonding interactions between
"side chains" including: hydrogen bonding,
salt bridges, disulfide bonds, and non-
polar hydrophobic interactions.

The quaternary structure - aggregation
of two or more polypeptide subunits into a
final specific shape. A variety of bonding
interactions including hydrogen bonding,
salt bridges, and disulfide bonds hold the
various chains into a particular geometry.
There are two major categories of proteins
with quaternary structure - fibrous and
globular.



About 500 amino acids are known and
can be classified in many ways.

A 22 of them are naturally incorporated into
polypeptides - defined as proteinogenic or
natural amino acids,

A 20 amino acids used by cells for protein
construction - canonical (standard) amino
acid.

A 9 are called essential amino acids, because
the human body cannot synthesize them
from other compounds at the level needed
for normal growth, so they must be obtained
from the food.

I The proteins with plant origin (grains,
legumes, nuts) are incompletely proteins,
because one or more essential amino acids are
missing (wheat is deficient from lysine, maize
- tryptophan, in beans - methionine and
cysteine).

Animal sources such as meats, dairy products,
fish and eggs consist of completely proteins -
because the animal proteins is similar to those
of human body.

Essential Parts of Diet
+ Meal, eggs, cheese - provide all nine essential
amino acids ( "complete’ proteins)

+ Individuals eatng only plant proteins need speciic
plant combinatons for all essential aming acids

Essential amino acids for adults

Corn (maize)
and other grains

Methionine  Beans and
Valine other legumes
Threonine

Phenylalanine

Leucine

Isoleutine 5 14
Typophan 0
Lysine



Small Mucleophilic

OH
5% b L
HzM }C“CDOH HaM COOH HsM COoOOoH
Glycine (Gly, G) Alanine (Ala, A) Serine (Ser, 5)
MW: 57.05 MW: 71.09 MW: 87.08, pK 4 ~ 16
Hydrophobic
HEN\/(DODH H:zMN COOH HaM COOH
Valine (Val, V) Leucine (Leu, L) Iscleucine (lle, 1}
MW: 99.14 MW: 113.16 MW: 113.16
Aromatic
HoM COOoH Ha COOH COOH
Phenylalanine (Fhe, F) Tyrosine (Tyr, ) Tryptophan (Trp, W)
MWW 147.18 MW 163.18 MW: 186.21
Amide Basic
ﬁ /?/ HN =
COOH COOH /E:Z}:H

Asparagine (Asn, N} Glutamine (Gln, Q) Histidine (His, H)
MW: 174,11 MW: 128.14 MW: 137.14, pK = 6.04

X
HaN~ ~COCH

Threonine (Thr, T)
MW: 101.17, pK5 ~ 16

S/’

HaN~ ~COOH

Methionine (Met, M)
MW: 131.19

Acidic

OH

HzN~ ~COOCH

Aspartic Acid (Asp, D)
MW: 115.09, pK 5= 3.9

vl

COOH

Lysine (Lys, K}
MW: 128.17, pK 3= 10.79

Canonical amino acids

sH

HsN~ ~COOH

Cysteine (Cys, C)
MW: 103.15, pK 5= 8.35
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H

Proline (Pro, P)
MW: 87.12

COOH

HaN~ ~COOH

Glutamic Acid (Glu, E)
MW: 129.12, pK 5 = 4.07

\I¢NH ot

MNH

HzM

H.N~ ~COCH

Arginine (Arg, R)
MW: 156.19, piK g= 12.48



Top 10 Sourcec of Veggie Protein

ween  Whete do you get your protein? 61

Q-Mars Imaexiel
N — {(brought to you by The GIVE Project) m.f:xcebookgcoj:\j;itzm ject
. Spinach Kale Broccoli
g 49% protein 45% protein 45% protein
y %

. Cauliflower Mushrooms i Parsley
= 3‘ 40% protein 38% protein g 34% protein

: Cucumbers &% Green Pepper Cabbage
, 24% protein 22% protein 22% protein
“ Tomatoes Boof
I8%proein | (Y 70 8% povien

Protein in Meat:
Comparison between protein content in plant and animal

Chicken Eggs
| 23% protein 4 12% protein




Types of proteins:
VAccording to the type of constituent parts:
- Simple - composed of amino acids
- Complex (proteins)
protein + lipid (lipoprotein)
+ carbohydrate (glycoprotein)
+ phosphoric acid (phosphoprotein)
+ nucleic acid (nucleoprotein)
VAccording to their solubility:
- fibrillary (insoluble - more common in animals);
- globular (soluble, typical for plants).
- albumin - water-soluble
- globulins - soluble in dilute solutions of neutral salts
- prolamines - soluble in hot alcohol
- glutelines - soluble in dilute acids or alkalis



|. Lipoproteins -found in the cell membrane and blood plasma.
Act as enzymes, transporters, antigens and toxins.

Eg.: Lipoprotein droplets (particles) into blood plasma - capture
fat and carry them in the bloodstream.
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ll. Glycoproteines - characteristic of the white blood cells, which modulate the
Immune system of animals.

Glycoprotein Cell Receptors

Surface carbohydrates on cells serve as points of attachment
for other cells infectious bacteria, viruses, toxins, hormones
and many other molecules.

BACTERIUM

Nature, Vol. 373. Feb 16, 1995



Synsepalum dulcificum - Miracle fruit

The berry itself has a low sugar content
_ =« and a mildly sweet tang. It contains a
glycoprotein molecule, with some trailing
carbohydrate chains, called miraculine.
~ When the fleshy part of the fruit is eaten,
. this molecule binds to the tongue's taste
buds, causing sour foods to taste sweet.

Glycoprotein miraculine - modify the taste receptors in humans (Kiruhara,
1999)



lll. Phosphproteines - play the role of signaling molecules (enzymes)

B Kinase/phosphatase, receptor/signal
transduction

B Membrane trafficking/exocytosis,
secreted, GTPases

W Protein modification, ubiquitination,
proteases

W Structural proteins, cytoskeletal proteins,
motor proteins

B Miscellaneous and unknown

W Adhesion, cell cycle, enzyme/metabolism.
immune/inflammatory, 1on/metabolite
transport, redox

& DNA/RNA binding,
translation/transcription




Globular proteins with plant origin:

A phyitoalbumins - leukozin (wheat)

glycine (soybeans)

A phyto globulins - phaseolin (beans),

A prolamines - zein (corn), avenin (oats)

gliadin, gluten (wheat)

A glutens




GLUTENIN

, GLIADIN

Classic example for the globular
protein with plant origin is everyday
used in baking industry protein gluten
and its properties to swell the bread

GLUTEN (GLIADIN + GLUTENIN)

Gluten - complex protein, composited by two components - gliadin and

glutenin. Gliadins, which are a component of gluten, are essential for giving bread the
ability to rise properly during baking. Gliadins and glutenins are the two main
components of the gluten fraction of the wheat seed.

In the bread-making process, water is added to flour, where it hydrates proteins, causing
them to swell and become stretchy and flexible. The white wheat flour has high and
nearly equal levels of gliadin and glutenin. The flours, made from other grains have
insufficient amounts or an imbalance of that two proteins. Corn flour, for example, has
high amounts of gliadin but low amounts of glutenin, rye has low amounts of glutenin,
and oats have a very low amount of gliadin. This is also why gluten-free bread is so
challenging to make and rarely tastes good.



Wet gluten quantity:

Loafs of bread with different quantity of the wet gluten and its
Influence to the bread volume.



The Celiac disease is connected with gluten content in the foods. This
IS an autoimmune disorder that can occur in genetically predisposed people
where the ingestion of gluten leads to damage in the small intestine. Itis
estimated to affect 1 in 100 people worldwide. When people with celiac disease
eat gluten (a protein found in wheat, rye and barley), their body mounts an
Immune response that attacks the small intestine. These attacks lead to
damage on the villi, small fingerlike projections that line the small intestine, that
promote nutrient absorption. When the villi get damaged, nutrients cannot be
absorbed properly into the body.

- A
hoalthy willi vils affected By
CHliag dease

- ‘0"

¥

Gluten enteropathy (celiac disease) - skin stains



N many countries as part of state
nolicy Is adopted indication of the
oresence of gluten in food labels

7




Protein storage places in plants - in the
endosperm of the seed. The seed is covered
with seed coat, and the layer beneath it,
named also aleurone layer, is the place of
protein storage.

Barley Seed
Germination

Seed Coat
Endosperm

Cotyledon Aleurone Cells

Epicotyl

Radicle



Carbohydrates




Function :

Amain source of energy

Sstructural role - cellulose, chitin
Acomponent of coenzymes - ATP, FAD, etc.
Aelement of RNA and DNA

Akey role in the immune system, fertilization, protection from
pathogens, embryonic development

Apredominant component of the dry matter of living organisms
(80% in plants and 20% of the animals).



Carbohydrates - compounds of carbon with water

Types:

|. Monosaccharides - simple sugars, whose molecules are made
up of 3to 7 C atoms.

- pentoses (Cs) - ribose, deoxyribose

- hexoses (C) - glucose (grape sugar), fructose (fruit sugar)

HOCH HOCH
\/ / (\: " / / |
|3 27 \ 3 2 |
H Com C H
OH H OH OH
Deoxyribose Ribose

l



ll. Disaccharides- sucrose

Molecule of sucrose

CH,OH

Glucose

Sucrose

CH,OH

A Glycosidic
OH Bond OH

H
Fructose



Disaccharides - sucrose, maltose

Honey Composition

gucose
31 .0‘-"’0

fructose
38.2%
tose 17,1%
minerals, vitamins, m7al
enzymes o

0.5% |
sucrose triaccharnides.,
1i8% carbohydrates

4.2°%

CH,OH

1-2 CH,OH
& HQ'VCOSIdlc 400

" CH,OH

Fructose Sucrose



lll. Polysaccharides:

A Homopolysaccharides - cellulose in the cell wall

Randy Moore, Dennie Clark, and Darrell Vodopich, Botany Visual Resource Library ® 1888 The McGraw-Hill Companies, Inc. All rights reserved.

Arrangement of Fibrils, Microfibrils,
and Cellulose in Cell Walls

Cell wall
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Cellulose



eHeteropolysaccharideshemicelluloses, pectin, starch, mucilage, ag:
agar, plant gums

CH,0H — CH,OH 7] CH,OH
Amylose
O O
OH OH
= OH —n OH
CH,0H ~ CH,OH =] CH,OH
O @) O
/
Amylopectin @ 0 @
- —in 0

OH |
CHZOH [ 6 CH, "] CH,OH
) @
@ 0f @
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EDEN. | [ ——
Agar Agar N a5, Agar - agar

Sea Vegetable Flakes

Gum Arabica - hardened
sap of various species of the
Acacia tree



Storage places of carbohydrates in plant organs - tubers, fruits, grains, Eg.:
starch grains (amyloplasts) - in potato tuber




Eggs

e
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Membrane Protein~
Crystallization

Hierarchically
Ordered structures
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Liposomes Wity
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Lipid Metabolism
Bio-Synthesis
Compartmentalization

3. Lipids



Lipids - function:
A energetic depot
1 gr. Fat=29 cal.

lgr. (w1cal. = 4

Aelement of cell membranes

Ahelp in absorption of fat-soluble vitamins
(animals and humans)

Aisolate tissues from external factors
(animals and humans)

Asex hormones (animals and humans)




Types of lipids:
l. Simple:

- Fats & vegetable oils (triglycerides)

- Waxes

Il. Complex :

- Glycolipids

- Phospholipids
lll. Derived:

Fatty acids
Alcohols

Steroids
Carotenoids

Fat soluble vitamins

(A D, E, K)
IV. Miscellaneous:

Terpenes
Squalene

LIPIDS

SIMPLE

[ ]

FATS&  WAXES
OILS

COMPLEX

DERIVED MISCELLANEOUS

FATTY ACIDS ALCOHOLS

l

|

PHOSPHOLIPIDS GLYCOLIPIDS SULFOLIFIDS LIPOPROTEINS

ALIPHATIC HYDROCARBONS

TERPENES



Simple lipids - triglycerides:

A esters of glycerol with three fatty acids

A basic unit of fat in the human and animal body

A Naturally occurring fats and oils are mixtures of triglycerides

| Structure of fatty acid determined the specific features of every simple
lipid!

3 Fatty Acids

Glycerol | H O'?_?_?_9_?_?_?_?_?_?_?_?_?_(E_(.)_?'H STRUCTURE OF A TRIGLYCERIDE
backbone HHHHHHHHHHHHHHHH

! S
¢-c-c-c-C-C-C-C-C-C-C-C-C-C-C-C-H e Fatty acid
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Ratio of the fatty acids in
the human body:

50% oleic acid

25% palmitic
10% linolenic

5% stearic

Human cells with lipids, separated from
adipose tissue

AFats - solid at room temperature (20 AC),
made up of saturated fatty acids, derived
predominantly of animals.

AOils - liquid at room temperature, made up of
unsaturated fatty acids, derived predominantly
from plants



According to the type of constituent fatty acids, triglycerides are: saturated

and unsaturated.

A Triglyceride -- the form in which fat is stored in fat cells (and in seeds)

H=0=07

animals

HHHHHHHMHMHUHMHHH
I T e e e R |
b P Bh i B Bl B B B SR B
1
H

ﬁ
|
'S
ﬁ

HHHHHHHHMHMHUHH

Saturated: all of the Carbon atoms
have Hydrogen atoms on them

most plants

double bond

HHHHHHHHUHHMHH

Unsaturated: some of the Carbon
atoms have Hydrogen atoms form
double bonds, and don’t have as
many Hydrogen atoms as possible



A Saturated Fatty acids (SFA) - have long and straight chains and are solid at
room temperature except if they are short chained .

Two types:

Short chain fatty acids - Acetic acid (C2), Butyric acid (C4)

Long chain fatty acids - Palmitic acid (C16), Stearic acid (C18), Arachidic acid (C20)

A Unsaturated fatty Acids (USFA) - have one or more double bonds.

Two types:

Monounsaturated fatty acids - with one double bond - Palmitoleic acid, Oleic acid
Polyunsaturated fatty acids - with more than one double bond - Linoleic acid, Linolenic
acid, Arachidonic acid

Importance of Fatty acids :

A building blocks of dietary fats - The human and animal body store such fats in the
form of triglycerides.

A required for the formation of membrane lipids - phospholipids and glycolipids

A act as store molecules and are oxidized to produce energy



f

Saturated Fats & Oils

he king of the .
ol /ot Himgdoms Saturated Fats & Oils
e They're the only fats safe to
eat and cook with.

\ Coconut Oil o Ghee
' 92% saturated
heat stable to 350 ©

.\ 60% saturated
heat stable to 400 ©

Palm Kernel Oil
80% saturated 50% saturated
heat stable to 450 © heat stable to 450 ©

Long-chain saturated fatty acids: contain more than 10 carbon atoms, occur in

hydrogenated oils, animal fats, butter and coconut and palm oils
Butter Lard ( rendered pork fat)

e 60% saturated . 42% saturated
# heat stable to 350 ©

Palm 0il

- 4
L & heat stable 360 © to 400 ©
\‘n —,

o

\ © Ela Whitten 2014 ‘




Food Containing Unsaturated Fats

Il. Unsaturated fats - considered as thealthyo f at s , because
saturated fat in the diet. Replacing saturated fats with unsaturated fats helps to
lower levels of total cholesterol and LDL cholesterol in the blood.



Composition of Fat Acid Types in Selected Foods

Butter

Canols Oil
7.5%

30.8%
61.7%

Safflower Oil
8.2%

15.4%

78.5%

Margarine

45.3%

Olive Oil

14.1%

8.6%

77.3%

Sesame Oil

41.5%

Mayonnaise

15.4%

20.8%

54.8%

Peanut Oil
18.0%

48.4%

33.6%

Sunflower Oil

20.8% 10.8%

838.5%

B " fonounsaturated

B ~oiyunssturated
I satursted




x Essential fatty acids (Omega 6 and 3) - cannot be synthesized within the human and animal
body, and therefore must be obtained from the diet.

Main role :

Alevelopment and maintenance of proper brain function
Ahe vision process

Ammune and inflammatory responses

Aoroduction of hormone-like molecules

The basic acids of group of essential fatty acids is Linolenic acid (¥ -3 fatty acid) and Linoleic
acid (¥ -6 fatty acid).These two fatty acids cannot be synthesized by humans because humans lack

the enzymes required for their production.

Deficiency of essential fatty acids produces:

A Fatty liver and sterility in adults

A Impaired growth and dermatitis in
infants

Omega Fats

N -E t- I - -
Fatty Aclds. Essential Fatty Acids
Omega 9 Omega 6 Omega 3
Mostly Oleic Linoleic Gamma
Saturated Fat = Acid Linolenic DHA
Dairy Fats Acid (LA) Acid Docosahexaenoic Acid
Cocoa Butter gﬁi‘f#ﬁ)"zveerroélil Corn oil (GLA) Fish, Sea Algae
Nutmeg Butter Olive oil Cotton oil  Bjack Currant oil
Coconut oil Chicken fat Soybean oil - Borage oil EPA
Duck fat Safflower oil primrose oil Ei et
Goose fat Sunflower oil icosapentaenoic Aci
Turkey fat Sesame oil Fish, Sea Algae
pPaanut ol Grape seed oil
Canola oil ALA

Alpha Linolenic Acid
Flax Seeds, Chi Seeds, Walnuts

Page 24, Know Your Fats, Mary G. Enig, Ph.D



Muts and Seeds Omega 6 Omega 3 Ratio of omega

per ounce
10,666 mg
o2,/ f mg
3,818 mg
7,063 mg
7,921 mg
5,797 mg
9,410 mg
5,758 mg
3,378 mg
4,393 mg

per ounce
2,542 mg
276 mg
73 mg

6 to omega 3
4 to 1
21to 1
52 to 1
96 to 1
04 to 1
14 to 1
300 to 1
150 to 1
987 to 1
5500 to 1

English walnuts
Pecans
Pistachio nuts
Sesame seeds 74 mg
Poppy seeds 76 mg

Pumpkin seeds® 51 mg

FPine nuts 31 mg

==

Brazil nuts 5 mg

== 1

Almonds 2 mg

Peanuts <1 mg

Essential amino acids - representation in nuts and seeds



"Ormega-3 fatty acds are most important, as they bring balancs to our harmones, reduce inflarmmation,
regulate our blood sugar, prevent blood clottng, keep our cholestzrol and trighycendes in halance,
= _,,, relax our Lloo /essels, and make our celis healthy and rezlient.
L2 The Natural Hommonez Makeover by Phull Cohan

pecans

*
cold-water salmon

winter squash

: . ~ o a.
kidney beans fccebook.com/Oasi:DvancedWelIness



Trans-fat A have a double bonds as unsaturated

I:i:at::d- ® whon 121, butalso have akinks in the

this is ~ place of a double bond

therefore 0 oy the kinks determine whether the
omega-9 material is solid or liquid at room
unsaturated ~ temperature.

fat A uncommon in nature and the result of

process of hydrogenation, which
modify unsaturated fats from plant
Saturated fat oils into saturated fat, making them
entirely equivalent to regular,
saturated, animal fat or in simple
terms - transform them from liquid to
solid state. This is done in order to
facilitate their storage and transport
A became commonly produced
industrially from vegetable fats for

Unsaturated
fat

' °Y ¢ % food manufacture: margarine, snack,
packaged baked goods and frying
P S fast food starting in the 1950s.

to glycerol to make
triglycerides



Phasing out trans fats

The Food and Drug Administration is taking steps to eliminate
trans fats in American diets.

Adding hydrogen
Partially hydrogenated oils are the primary dietary source
of artificial trans fat in processed foods

Low trans fat NN . . — - High
Vegetable Semi- Stick Shortenmg
oil -~ liquid margarme  margarine
' margarine 3 i

As the product gets more solid, trans fat increases

Depending the physical state of food of the amount of trans fats



FATS

/ v

Saturated Fats

P

¥4 Unsaturated Fats

P

Trans Fats

v

- Hydrogenated Vegetable Fats Animal Fats Folyunsaturated Monounsaturated
vagetable oils - Coconut - Poultry shan - Com oil - Qlive oil

- Fast foods -Palm oil - Fatty meat - Soybean oil - Canola oil

- Cakes/pastnes = 34n-1 & 2-in=1 - Butter - Sunflower oil - Peanut oil

- Chocolate beverages, - Ghee - Seads - Sesame ol

- Deep Fried Food Creamer, - Tallow / lard - Cold-water fish - Avocado

condensed milk - Full cream dairy - Most nuts
products

Lomdensed A




Rodents bred with trans fatty acids



Simple lipids - Waxes: solid simple lipids, esters of fatty acids and alcohol,
other than glycerol; have very long straight chains with 60-100 carbon atoms;
insoluble in water, but soluble in fat solvents, not easily hydrolyzed as the fats
and are indigestible by lipases, because they are of no nutritional value;

Form the secretion of certain insects as bees-wax, protective coatings of the
skins and furs of animals and leaves and fruits of plants (cuticle)
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Waxy layers at:
Hydrocotyle bonariensis
Crassula ovate

Eucaliptus gunnii

SOy LSS S8 Thalictrum flavum

Robinia pseudoacacia
Brassica oleracea

Sassafras albidum




2. Complex lipids - Phospholipid

© The McGraw-Hill Com panies, Inc. Perm lsslon required for reproduction or display.

Plasma Membrane

Extracellular fluid

~ Glycolipid Transmembi‘i)o Channel
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of phospholipid molm
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- these are derivatives of
hydrolysis of simple and complex lipids,
which posses their characteristics.

|. Steroids - act as hormones and signaling
molecules; situated in cell membranes, have
a cyclic nucleus (rings A,B & C), to which a
cyclopentane ring D is attached.

If a compound has one or more hydroxyl
groups and no carbonyl or carboxyl group, it
Is called a STEROL and the name ends with
nolo

Steroids (animals) = sterols (plants)

Sitostanol

Figure 1. Structure of sterols.



Cholesterol

..0.000C

‘ Cell membrane with
] cholesterol

5

Best known steroid - cholesterol

Figure 12.33
Biochemistry, Seventh Edition
H. Fr
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Role of phytosterols - taken with food, reduce the
absorption of cholesterol in the blood

Without Plant Sterols

Inthe qut, cholesterol grouped as micelles, is absorbed into
the blood stream and a little is removed from body.

Ingested Cholesterol Low cholesterol
cholesterol micelle = excretion
/f_\%,._. /"‘ ’#\Y' \x\f\'
— 7 S —— ’\m ﬁ\_ﬂ_,w
Full cholesterol
micelle absortion

B

Blood Stream .' 2
L]

With Plant Sterols

PIant sterols competes with cholesterol in micelle formation,
reducing cholesterol absorbtion into the blood stream.

Ingested
plant sterol

SRR

More cholesterol
excretion

Mixed cholesterol /
plant sterol micelle

_ J

¥ 9]

P~ s /\ih' ﬂ\
Partial cholesterol

micelle absortion

~—

9

N




Usage of phytosterols in food =
10% LDL cholesterol reduction - 30 % heart diseases reduction -
100 000 saved lives/ per year

1. West of Scotland Coronary Study Prevention Group,
1998.

2. Law, M., Plant Sterol and Stanol Margarines and
Health. BMJ. 2000; 320: 8611 4.

3. Havel R. J., Rapaport E., Management of Primary
Hyperlipidemia. New England Journal of Medicine 1995;
332: 13017 1307.

State policy - the contents of phytosterols should
be designated on the food labels



the basis of all sterols
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Isolated from
hawthorns, buttercup family, cabbage
family

<
-

CHI  cH3
LANOSTEROL

Basis for all hormones
from animal origin

Basis for all hormones
from plant origin



Steroids - originate from cholesterol
1 Sex hormones - control reproduction, sexual
characteristics, and general growth

Anabolic steroids - derivatives of testosterone -
prevents breakdown of worn out muscle cells ,
has dangerous side effects

1 Adrenal corticosteroids

A Cortisone increases blood glucose levels
and reduces inflammation

A Aldosterone acts in the kidneys to maintain
Na+ and water balance



. Food

Serving Size

Phytosterol Content

Sesame seeds 1 oz 113 mg
Wheat Germ Ya cup 99 mg
Canola oil 1 Thsp 92 mg
Edamame 1 cup 90 mg
Split peas (dried) Ys cup 66 mg
Brussels Sprouts 1 cup 68 mg
Almonds 1 oz 56 mg
Peanut butter 2 Thsp 47 mg
Pistachios 1 oz 79 mg
Avocado Ys fruit 32 mg

Sterols sources




Derived lipids:

il.

In plants perform three main functions:
« support photosynthesis

« reduce losses in photo oxidation

« attract insects in pollination

Types:

* carotenes - composed of C and H

« xanthophylls - containing C, N and O

*Today, about 700 carotenoids are known, 50 of which are
regularly consumed by humans mainly through foods of plant
origin, and 27 are part of the human serum.



B Types of Carotenokis

3 capsules of
S.LUTEIN contains:

a-Carotene
Wiein: about 176g spnach
Lycopene about 709 tormato

£-carotena about 269 carrot

B-carotene



-A, D, E, K
A Vitamin A - for night vision
A Vitamin D- promotes absorption of Ca + in intestinal tract and
deposition of Ca + in the bones
A Vitamin E prevents oxidation of unsaturated fatty acids in cell
membranes
A Vitamin K is responsible for blood clotting



IV. Miscellaneous lipids:

A

A

A

as fragrances in perfumery,

- aromatic organic hydrocarbons, derivatives of isoprene (CsHs).

They are produced by a variety of plants and some insects. They often
have a strong odor and may protect the plants that produce them by
deterring herbivores and by attracting predators and parasites of herbivores.

When terpenes are modified chemically, such as by oxidation or
rearrangement of the carbon skeleton, the resulting compounds are
generally referred to as terpenoids. The terpenoids contain additional
functional groups and also are known as isoprenoids, because derived from
five-carbon isoprene units assembled and modified in thousands of ways.

Terpenes and terpenoids are the primary constituents of the essential oils of
many types of plants and flowers.

Essential oils are used widely

=

and in medicine and | Isoprene molecule

alternative medicines such as aromatherapy.


http://en.wikipedia.org/wiki/File:Isoprene.svg
http://en.wikipedia.org/wiki/File:Isoprene-3d.png

+ Terpenes are synthesized and
collected in secretory tissues -
secretory cells and cavities, and/or
epidermal cells like glandular
trichomes - responsible for aroma of
plant parts.

« Terpenes are common constituents
of fragrances and are capable of
affecting the mind, emotions and
behavior - have psychotropic
properties and act on receptors and
neurotransmitters in human and
animal body; act as serotonin uptake
inhibitors (similar to antidepressants
like Prozac), they enhance
norepinephrine activity (similar to
tricyclic antidepressants like Elavil);
they increase dopamine activity,

+ they are prone to combine with or

dissolve in lipids or fats; The “flavor wheel" - connects plants, terpenes,

+ Terpenes have been found to be from which they consist, fragrance and its
essential building blocks of complex mental impact

plant hormones and molecules,

pigments, sterols and even Author - Green House Seed Co
cannabinoids




terpenes type

Number of
Isoprene units

number of
carbon atoms

[ xamples

monoterpenes

2

10

Menthol, camphor
limonene, pinene,
thujone, geraniol

sesquiterpen 3 15 Farnesol,
caryophyllene
diterpene 4 20 Retinol, vitamin. A
sesterpen 5 25 Geranylfarnesol
triterpene 6 30 Squalene,
lanosterol
tetraterpen 8 40 docarotene
(provitamin A)
polyterpene 10 - ~ > 50 gutta-percha




a-pinene 7@ Menthol (;L
oH
Limonene Camphor éj¢
Terpene

_ s/ OR molecules
Geraniol B-selinene
|

Citral PN )JJ\H
Vitamin A iﬁiﬁh PPN

(Retinol)

p-carotene éfAMf Vywﬁ/np



Polyterpenes - the main ingredient in
resins and essential olls




Essential oils families

Family Plant species, genus Name of terpene

Pinaceae Pinus, Abies, Cedrus Pinene, borneol, citral, sabinene

Lamiaceae Mentha, Thymus, Melissa Thymol, carvacrol, pinene,
citral, camphor, thujone

Rutaceae Citrus Limonene, menthol, cineole

Myrtaceae Eucalyptus globulus Cineole, pinene, Mitron

¢ piaceae Apium, Daucus, Pimpinella Anethole, geraniol, pinene

Geraniaceae

Geranium, Pelargonium

geraniol

Asteraceae Artemisia, Achillea, Santonin, azulene,
Chamomilla chamazulene,

Rosaceae Rosa damascena Geraniol, myrcene, linalool

Tiliaceae Tilia tomentosa farnesol

Araliaceae Panax ginseng farnesol

Cannabaceae Cannabis sativa Cannabinoids: cannabinaol,

kanabifuran, kanabitsitran

Valerianaceae

Valeriana officinalis

Borneol, camphene, mirtenal




Blue Moutain National park (Australia) - [ ucalyptus forests emit
essential oils - the air turns blue
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I\VV. Organic acids - an organic compound with acidic properties; they are
weak acids and do not dissociate completely in water, but most of them are
very soluble in organic solvents; found in free state in the cell sap or in the

form of soluble salts.

phenol enol alcohol thiol

OH OH
O/ ~/ R—OH R—SH
R

Structural formulas of the readily soluble organic acids - with weak acidic properties
i
R—ﬁ—OH
R OH o

Structural formulas of poorly soluble acids - carboxylic acid , sulfonic acid i with strong
acidic properties



elely COOH CO0OH

H COOH | |
COOH H——T——H HO—C—H
R e ) I COI0H H—_—H
CiO0OH

e e
CH 3 CO0H

! ; e e e g
acetic.acid

TDDH
COOH
H—C
I Y COOH ”
] H— H—C COOH
—C—H
G COCH H—(
COCH |
H—C—H maleic.acid ¢ —H
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Mechanism of action: Carbohydrates Fats Proteins

l } |
Break the normal physiology of bacteria il i e S
(Escherichia coli, Salmonella, Campylobacter), ,
by acidity changing of the gut environment and
stop their growth and breeding. i e ey
Application: M":x_al,acem acid C'"'c\aﬁf;.m;
A food preservatives and additives. A “'Ke‘?“;f;fnjj"

| Fumaric acid Succinyl CoA

Succinic # Enzyme 4
Enzyme 5 acid =

-

A in animals accumulate and deposit in the
colon in the form of salts.

The pH Scale Neutral (pH 7)

le Baking Soda
Aep g ; @ Ammonia

Alkali

Vinegar Tomato Milk Blood



U Malic acid - a major component in carbon fixers (Calvin cycle) flowing in the

stroma of chloroplasts in the dark phase of photosynthesis.
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The C, and C, reactions are temporally separated



U Succinic acid - product of the fermentation of sugar involved in the citric acid
cycle, together with it determines the flavor of the wine.

U Formic acid - a preservative and antibacterial agent in livestock feed (silage)
- slows fermentation.

u Citric acid - a major component of bone; neutralizes fatty acids in the blood,
reduces blood pressure; in larger quantities - damages dental enamel. Used In
cosmetics, pharmacy and chemical industry: ice cream, wine, beer, cement,
food. additive E 330.

Citric acid
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Citric acid cycle (Krebs cycle)
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U Tartaric acid - grapes, mulberry, tomatoes; forming salts - tartrates, used for

dyeing fabrics; food additive E334
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U Ascorbic acid (vitamin C) - found in citrus fruit, tomatoes, red peppers, and
potatoes, prevent scurvy, antioxidant, foods additive E 300-304

Molecule of ascorbic acid HO\/\T_\(/O

4

Vitamin C - essential nutrient for certain animals including humans

A The vast majority of animals and plants are able to synthesize vitamin C, through a sequence of
enzyme-driven steps, which convert monosaccharides to vitamin C. In plants, this is
accomplished through the conversion of mannose or galactose to ascorbic acid.

A Ascorbic acid is a common enzymatic cofactor in mammals used in the synthesis of collagen
and enzymes.

A Some scientists have suggested that loss of the vitamin C biosynthesis pathway in some
groups (Eg.: fishes, bats) may have played a role in rapid evolutionary changes - extinctions,
leading to hominids and the emergence of human beings.

A In plants - Ascorbic acid is associated with chloroplasts and apparently plays a role in
ameliorating the oxidative stress of photosynthesis. In addition, it has a number of other roles in
cell division and protein modification.


http://en.wikipedia.org/wiki/File:L-Ascorbic_acid.svg
http://en.wikipedia.org/wiki/File:Ascorbic-acid-from-xtal-1997-3D-balls.png

In the 1497 expedition of
Vasco de Gama, the
curative effects of citrus
fruit were known, but
fresh fruit was very
expensive to keep on
board.

Scurvy had long been a principal Killer of sailors during the long sea voyages. According
to Jonathan Lamb, "In 1499, Vasco da Gama lost 116 of his crew of 170; In 1520,
Magellan lost 208 out of 230;...all mainly to scurvy.”



B <

The guinea pigs - first objects of study the
positive effect of vitamin C treatment against
beri-beri, caused by thiamine (vitamin B1)
deficiency.

In 1907 a laboratory animal model
which would help to isolate and identify
the antiscorbutic factor was discovered:
Axel Holst and Theodor Frelich, two
Norwegian physicians studying
shipboard beriberi in the Norwegian
fishing fleet, wanted a small test
mammal to substitute for the pigeons
then used in beriberl research.



U Acetic acid (vinegar) - in decaying plant products with flowing acetic acid

fermentation (wine, apples, wheat, malt, rice, tomatoes).
Usage: in the textile industry and as a food preservative (E 262); pigment and

fungicide; paint thinner; pesticide.

----------

www.shutterstock.com - 41503735

Colony of Acetobacter sp.



UBenzoic acid - isolated from the alkaloid amygdaline; found in blueberries and
pine needles; forms benzenes.
Action: antiseptic, decongestant

By

Widely used in soft drinks
manufacture

Mentioned by Nostradamus



U Oxalic acid - occurs in Oxalis acetosella (Wood sorrel), Spinacia oleracea
(Spinach), species of the genus Arum (Arum lilies), Phellodendron
(Phellodendron) , Equisetum (Horsetalil) .

In large amounts form




In large amounts form a crystals of calcium oxalate

A) Criistals of calcium oxalate in plant parts

B) Kidney stones of calcium
oxalate in a person

Used to fight the cause of varroasis (Honeybee
disease) - a mite Varroa jacobsoni



