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Lecture 2 

Carbohydrates - Polysaccharides 
Chapter 19 Section 6 

& 
Lipids-Classification 

 Chapter 20 Section 1-3 

Polysaccharides 
•! Are long polymers of repeating units of mono- or 

disaccharides, joined together by glycosidic linkages 
•! The structure of these polymers can be linear or branched 
•! They can have very different properties from their 

monosaccharide components, for example they have an 
amorphous solid structure or be insoluble in water 

•! In addition, they are nonreducing, not sweet-tasting, and do 
not undergo mutarotation 

D-glucose Cellulose 

•! Polysaccharides are the most abundant 
carbohydrates found in nature 

•! In organisms polysaccharides serve two very 
important  functions 
–! Serve as a way to store energy  

•! Examples: Starch and Glycogen 
–! Are structural components  

•! Examples: Cellulose and Chitin 

•! Polysaccharides also serve many functions in our 
daily life 
–! They are a major component of our diet 
–! They are used to make our clothing 

•! Cotton, linen, and rayon 
–! Fuel, housing and paper 

•! Wood 

Types of Polymers 

•! Heteropolymers are composed of more than one type of 
monosaccharide and may contain other non carbohydrate 
components such as: 
–! Sugar acids, amino acids, and/or other substances 
–! Examples common in nature include 

•! Gums 
•! Pectins  

•! Homopolymers are composed of one type of 
monosaccharide 
–! Examples most commonly found in nature include 

•! Starch 
•! Glycogen 
•! Cellulose  

Starch 
•! Is a mixture of two homopolymers, that can be 

separated by physical and/or chemical methods 
–! Amylose 

•! Makes up 10-30% of starch 
•! Is a linear polysaccharide composed entirely of 

D-glucose joined by !-1,4-glycosidic linkages 
•! The chains range in size between 60 to 300 
•! Experimentally it has been shown to have a 

coiled secondary structure 
–! Amylopectin 

•! Makes up 70-90% of starch  
•! Is a branched polysaccharide composed 

entirely of D-glucose joined primarily by !-1,4-
glycosidic linkages with occasional !-1,6-
glycosidic linkages 

•! The chains range between 300-600 units and 
that branching occurs every 25 to 30 units 

•! The helical structure is disrupted by branching 

Amylose 

Amylopectin 

60-300 

•! Starch is found in plants in the 
form of granules 

•! Granules are especially abundant 
in  
–! Seeds (especially cereal grains) 
–! Tubers (large underground plant 

structures where carbohydrates are 
stored for long term use) 

Granules of Starch Stained 
With Iodine 

•! Granules can be stained with iodine 
–! Remember that amylose can form coils. These coils are big 

enough to accommodate an iodine molecule, so when starch is 
treated with iodine an amylose-iodine complex is formed 
resulting in a blue-violet color 

–! The helical structure produced by amylopectin has disruption 
due to the branching so it binds iodine less, the result is a less 
intense reddish brown 

–! Iodine can be used to stain granules, amylose or amylopectin  
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Breakdown of Starch 
•! Hydrolyzing starch (both amylose and amylopectin) would 

produce in successive order: 
                      dextrin         maltose         glucose 
•! In the laboratory starch can be hydrolyzed in the presence 

of dilute acid and heat 

Dissolving Commercial Starch  
in water 

•! Humans breakdown starch 
enzymatically through the action 
of amylases (several enzymes) 
–! They degrade the sequentially into 

usable glucose units 

Starch and Human Diet 

•! Starch is the most important 
carbohydrate in the human diet and 
accounts for more than 50% of the 
carbohydrates we intake 

•! Starch is found in plant derived foods 
such as: 
–! Potatoes (15% starch) 
–! Wheat (55% starch) 
–! Corn (65% starch) 
–! Rice (75% starch) 

Commercial Use of Dextrins 

•! Dextrins (the first breakdown products of 
starch) have many commercial applications 
–! The shine and stiffness observed in clothes that 

have been starched and ironed is caused by the 
starch breaking down by the heat of iron and 
remaining in the clothes as dextrins 

–! Dextrins become sticky when wet, which is why 
they are used as adhesives on stamps envelopes 
and labels 

–! They can also be used as a binder to hold pills and 
tablets together 

–! They are easier to digest than starch so they are 
used extensively in the preparation of infant foods 

Glycogen 
•! Also known as animal starch, is the reserve carbohydrate in animal and 

fungi cells 
•! It is made primarily by the liver and muscles (but may also be made in 

the brain and stomach by a process referred to as glycogenesis) 
–! In the liver it is 4-8% of tissue by mass 
–! In skeletal muscle cells it is 0.5-1.0% of tissue by mass 

•! When fasting (or in starvation mode) animals tap in to glycogen stores 
first to maintain metabolic balance 

Glycogen 
•! Glycogen is composed entirely of 

D-glucose connected by !-1,4-
glycosidic linkages with !-1,6-
glycosidic linkages at branch points 

•! The structure of glycogen is similar 
to that of amylopectin, except that 
glycogen has branching more often 
and shorter branches 8-12 

•! Long branched chains of glycogen 
form large helical (or coiled) 2nd 
structures 

•! Glycogen also forms granules, which 
can be found in the cytosol of many 
types of cells, they are especially 
visible in muscle and liver cells where 
the granules are more abundant 

•! When treated with iodine glycogen 
exhibits a reddish-brown color 

•! Glycogen can be broken down by acid 
hydrolysis or by the same enzymes 
that degrade starch (amylases) 

•! But it is primarily degraded by the 
enzyme phosphorylase 
–! When energy is needed glycogen in the 

liver is broken down by cleaving the 
terminal glucose unit that is connected 
by and !-1,4-glycosidic linkage  

2-D cross sectional view of glycogen 

An electron micrograph showing 
part of a liver cell containing 
glycogen granules 

Cellulose 

•! This type of glycosidic 
linkage allows the 
structure to be more 
extended  

Cellulose 

•! It is a fibrous carbohydrate found in plants cell walls as a structural 
component 

•! It is the most abundant carbohydrate on earth and accounts for 
50% of the carbon that exists in vegetation 

•! Most plants are about 33% cellulose, but cotton is about 95% 
cellulose, wood is about 50% and dry leaves are about 10-20% 
cellulose  

•! Like amylose, it is a linear polymer ( about 2000 to 3000) of D-
glucose but with "-1,4-glycosidic linkages  
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•! The more extended nature of 
cellulose polymers allows them to 
create more hydrogen bonds 
between functional groups 

•! The extended nature also allows 
chains of cellulose polymers to be 
closely packed into fibers 

•! Because of the close stacking there 
is very little interaction with water or 
other solvents 

•! Cellulose is insoluble in water and 
most organic solvents 

•! It can be chemically degraded using 
strong acid and high temp. 

•! Cellulose does not form helical 
structures and therefore cannot be 
stained with iodine 

Industrial Uses of Cellulose  

•! Cellulose is the most industrially 
useful carbohydrate 

•! The largest use of cellulose is in 
the manufacture of paper and 
paper products 

•! Cotton accounts for 70% of textile 
production (everything made of 
cloth) and other synthetic fibers 
such as rayon are also made from 
cellulose 

Cellulose is Made of Glucose But We 
Can’t Use it for Energy? 

•! Even though hydrolyzing cellulose yields glucose we cannot 
use it as a source of glucose because humans (and other 
vertebrates) lack the enzymes that can cleave the glycosidic 
linkages in cellulose 
–! i.e. our enzymes can cleave ! but not " linkages 

•! But certain microorganisms can hydrolyze cellulose because 
they produce the enzyme cellulase  

-The presence of these microorganisms in 
the digestive tract of herbivores, such as 
cows, horses, sheep and others, allow them 
to use cellulose as a source of energy 
-Termites also contain these microorganisms 

Dietary Fiber 
•! Dietary fiber are obtained from plant sources and can be divided 

into two categories based on its behavior in water 
–! Soluble Fibers (includes pectins and gums) 

•! are suspended in water 
•! can be readily fermented in the colon into gases and physiologically 

active byproducts  
•! Found in the following plant foods in varying amounts: 

      -legumes (peas, soybeans, and other beans) 
         -oats, rye, chia, and barley 
         -some fruits and fruit juices (including prune juice, plums, berries, 

   bananas, and the insides of apples and pears) 
         -certain vegetables such as broccoli, carrots, and Jerusalem artichokes 
         -root tubers and root vegetables such as sweet potatoes and onions 

   (skins of these are sources of insoluble fiber) 
         -psyllium seed husk 

 Insoluble Fibers 
•! are not suspended in water 
•! are metabolically inert  
•! they absorb water as they pass through the digestive tract and 

help with bowl movements  
•! is primarily composed of cellulose 
•! Sources of insoluble fiber include 
    -whole grain foods 
    -wheat and corn bran 
    -nuts and seeds 
    -potato skins 

 -flax seed 
    -Lignans 
    -vegetables such as green beans, cauliflower, zucchini, celery, and  

 nopal 
    -some fruits including avocado, and bananas 
    -the skins of some fruits, including tomatoes 

•! Nearly all fiber-containing foods have a higher amount of 
insoluble and each type of fiber is important for different reasons 

How Extra Fiber Helps Diabetics 

•! As a meal containing carbs is eaten and 
digested blood glucose levels rise and the 
pancreas starts secreting insulin 

•! Glucose enters the liver cells (hepatocytes) 
•! Insulin then signals the hapatocytes to turn 

on several enzymes, including glycogen 
synthase  

•! Glucose is added to the chains of glycogen 
as long as both insulin and glucose are 
plentiful 

•! But in diabetics insulin is deficient or 
missing, so blood glucose levels keep rising, 
because they are not being taken into the 
liver and stored as glycogen 

•! Adding fiber to the meal can slow down the 
release of glucose from the meal so that 
glucose levels never get too high   
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Benefits of Fiber 
Functions Benefits 

Adds bulk to diet, making you feel full faster May reduce appetite 

Attracts water and turns gel during digestion, 
trapping carbs and slowing absorption of 
glucose 

Lowers variance in blood sugar 
levels 

Lowers total cholesterol Reduces risk of heart disease 

Regulates blood sugar by reducing the rate of 
absorption of glucose and in turn the peak blood 
sugar concentration is lowered 

May reduce onset or risk of 
diabetes 

Reduces fecal retention, which in turn reduces 
exposure to bacteria that produce high levels of 
mutagenic chemicals (and maybe carcinogenic) 

May reduce risk of colorectal 
cancer 

Adds bulk to the stool Alleviates constipation 

Speeds the passage of foods through the 
digestive system 

Facilitates regularity 

Both 

So
lu
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It is recommended to eat 10 to 13g (0.02 to 0.03 lbs) of fiber for every 1,000 
calories consumed 

Questions???? 

Lipids 
•! Are a broad group of biomolecules that include 

–! Fats, oils, waxes, sterols, fat-soluble vitamins, phospholipids, 
steroids and more 

•! They have twice the caloric value as carbohydrates 
–! The oxidation of fats provides us with 

   9 kcal of energy/ gram 

–! The oxidation of carbohydrates provide us with  
   4 kcal of energy/ gram 

•! Fat is our long term energy source, while carbohydrates 
(or glycogen) are our short term energy source 
(immediate energy) 

•! Fat allows us to pack more energy in a smaller space 
–! If we stored all our energy as glycogen we would weigh twice as 

much 

versus 

Lipids Serve Many Functions 

•! Lipids are important components of brain and nervous 
system tissue 

•! Lipids serve as protecting padding and insulation for vital 
organs 

•! Just as carbohydrates are the main component of cell 
walls in plants lipids are the main component of cell 
membranes in animals 

•! They are important signaling molecules  

Classifying Lipids 
Lipids 

Fatty Acids Steroids 

Tirglycerides 
(fats and oils) 

Waxes Sphingolipids 

Sphingophospholipids 
 Sphingomyelin 

Glycosphingolipids 

Cerebrosides Gangliosides 
Phosphoglycerides 

Plasmalogens Phosphatidates 

Other Phospholipids Phosphatidylcholine Phosphatidylethanolamines 

-Compounds isolated from body tissues are classified as lipids if they are 
more soluble in organic solvent than water, they are then further divided 
into subclasses based on similarities 

Fatty Acids 
•! Are carboxylic acids found as 

structural components of a 
fats, oils, and other lipids 

•! More than 70 have been 
identified in nature  
–! Range between 4 and 28 

carbons 
•! They have long unbranched 

aliphatic tails that are either 
saturated or unsaturated 

•! Nearly all have an even 
number of carbons, because 
their biosynthesis involves 
acetyl-CoA  

Palmitic Acid 

Linoleic Acid 

Butyric Acid 
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•! Fatty acids can be further subdivided into 
–! Saturated 

Contain no carbon to carbon double bonds (C=C) 
–! Unsaturated 

Contain one carbon to carbon double bond (C=C) 
–! Polyunsaturated 

Contain more than two carbon to carbon double bonds  

•! Double bonds in unsaturated fatty acids found in nature generally are 
in the cis configuration   

C=C 
H 

R’ 

H 

R 
cis configuration 

C=C 
R’ 

H 

H 

R 
trans configuration 

Double bonds make 
the molecule more 
rigid 

Double bonds in the 
cis conformation 
reduce stacking 

Trans Fatty Acids In Food 
•! The majority of fatty acids in the trans configuration are not 

found in nature and are a result of human processing of food 

•! Example: Hydrogenation 
–! A process that reduces double bonds, turns an alkene to an alkane 
–! Complete hydrogenation converts an unsaturated fatty acid to a 

saturated fatty acid 
–! In practice, however hydrogenation is not always complete, 

especially when the starting material is polyunsaturated so the 
resultant mixture  is partially hydrogenated  

–! Isomerization of the remaining double bonds can also occur, 
turning them from cis to trans  

–! Processing of oils and fats is usually done to increase shelf life, 
increase melting point, and make vegetable shortenings for baking  

C=C 
H 

R’ 

H 

R 
+ H2 R-C-C-R’ 

H H 

H H 

Ni 

•! Recent studies have shown that trans-fatty acids, like 
saturated fatty acids raise cholesterol levels and 
increase the incidence of coronary heart disease 

•! Because the double bonds in the trans do not cause 
bends to form stacking can still occur like with saturated 
fats 

•! Consumers are being advised to use polyunsaturated 
oils and soft or liquid margarine and to reduce total fat 
consumption to less than 30% 

Ability to Stack Affects Melting Point 

•! Unsaturated fatty acids can stack close together forming a crystal 
lattice a property that gives fatty acids and fats derived from them 
high melting points (solids at Rm temp) 

•! Unsaturated fatty acids don’t pack as neatly, causing the 
intermolecular interactions to be weaker, hence lower melting 
points (liquids at Rm. temp)  

kink 

bend 
hook 

Refer to table 
20.1 in book 

•!The number of carbons 
also affects melting point 
the longer the chain the 
higher the melting point 

Fats and Oils 
•! Are the most abundant lipids found in nature 
•! They are important energy storing molecules, but also perform 

other functions, such as act as heat insulation and padding for 
organisms 

•! They are called triglycerides (or triacylglycerols) because they 
are three fatty acids connected to glycerol (trihydroxy alcohol) 
via ester bonds 

Acid        +      Alcohol                          Ester         +      H2O   

RCOH             H2C-OH                      H2C-O-C-R           H2O 

R’COH              HC-OH                      H2C-O-C-R’           H2O 

R’’COH             H2C-OH                     H2C-O-C-R’’          H2O 
Three fatty Acids 

O 

O 

O 

O 

O 

O 

Glycerol A triglyceride 

Catalyst 

•! Triglycerides can be classified as either 
–! Simple triglycerides those that are only made with one 

type of fatty acid, these are rare in nature 

–! Mixed triglycerides those composed of two or three 
different fatty acids, these are found in naturally 
occurring fats and oils 

•! A triglyceride is called  
–! Fat if it is solid at room temp (25oC), highly saturated 

•! Usually obtained from animal sources, with the 
exception of fish (ex. Lard) 

–! Oil if it is liquid at room temp (25oC), higher in 
unsaturated 

•! Usually obtained from plan sources (ex. Corn oil) 

OR 

Ex
ce

pt
io

ns
 

Fat 

Oil 
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Nature Varies 

•! Naturally occurring fats and oils are highly complex 
mixtures containing many different types of fatty acids 

•! Table 20.2 illustrates the fatty acid composition of 
some common fats and oils 

•! The composition of any fat or oil varies depending on 
the plant or animal species as well as the diet and 
climate factors 
–! Example: Lard from corn fed pigs is more saturated then lard 

from peanut fed pigs 

•!  In most plants and animals unsaturated fatty acids are 
more prevalent than saturated fatty acids 

Iodine Number 

•! The degree of unsaturation in a fat or 
oil can be measured by reacting the 
mixture with iodine and determining 
the iodine number 

•! The iodine number of a fat or oil is the 
number of grams of iodine that react 
with 100g of fat or oil 

•! The higher the iodine number the 
higher the amount of unsaturation 

Fat or Oil Iodine 
Number 

Coconut oil 8-10 
Butter 25-40 
Beef Tallow 30-45 
Palm Oil 37-54 
Lard 45-70 
Olive oil 75-95 
Peanut oil 85-100 
Cottonseed oil 100-117 
Corn oil 115-130 
Fish oils 120-180 
Soybean oil 125-140 
Safflower oil 130-140 
Sunflower oil 130-145 
Linseed oil 170-205 

Typical iodine number for 
some fats and oils 

Properties of Fats and Oils 

•! Pure fats and oils are colorless, odorless and tasteless 
–! Any characteristics imparted on them are a result of foreign 

substances absorbed by the lipids or soluble in them 
–! Example: Butter 

•! The taste is a result of the compounds butanedione and 3-
hydroxy-2-butanone, produced by bacteria in the ripening of the 
cream 

•! The yellow color is a result of the presence of the pigment carotene 

•! They are less dense than water 
•! They are poor conductors of heat and electricity, which is 

why they act as good insulators for the body 

Chemical Reactions of Fats and Oils  
•! These types of lipids can undergo a variety of reactions 

but most importantly they can be hydrolyzed at the ester 
bond 
–! Enzymatically in our bodies by lipases, to produce glycerol and 

fatty acids                    OR 
–! Chemically by base hydrolysis  

•! Fats and oils can also undergo hydrolysis and oxidation 
from exposure to moist air and microorganisms (why fats 
and oils go rancid) 
–! Microorganisms present in the air provide the lipases that 

hydrolyze the ester bonds releasing volatile fatty acids (that tend to 
have a foul smell) so cover and refrigerate your butter 

–! The smell of body odor is a result of 
hydrolyzing and oxidizing fats and oils 
that have been excreted through the 
skin. Oxidation produces carboxylic 
acids of 5 to 10 carbons in length 

–! A particularly stinky product  is 
malonaldehyde, which is produced from 
the oxidation of a unit in linoleic and 
linolenic acid  

-CH=CH-CH2-CH=CH- HC-CH2-CH 
O O 

Malonaldehyde Portion of linoleic or linolenic acid 

oxidation 

O2 

–! The food industry is very concerned with slowing down rancidity so 
they are always seeking new and better substances to act as 
antioxidants 

•! These are compounds added that have a higher affinity for oxygen then 
lipids so they preferentially deplete the supply of absorbed oxygen 

–! Example Vitamin C and E 

Reducing Fat Intake 
•! Synthesizing a fat substitute is more difficult then making a sugar 

substitute 
•! In 1960 the first fat replacer was introduced  

–! Its name was carrageenan, a seaweed derivative, whose primary 
ingredient was a carbohydrate  

•! In the early 1990s a protein-based fat substitutes came along  
–! They were made from whey protein or milk and egg protein 

•! These protein-based and carbohydrate-based 
fat replacers gave the sensation of eating food 
with fat, but had a problem - they could not be 
used for frying 

•! In 1996 the first true fat-gases fat replacer was 
approved- olestra (Olean) 
–! It a has a sucrose core with 6-8 fatty acids acids 

attached 
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•! Olestra is non-caloric 
–! It is too large to be hydrolyzed by 

lipases and digested or absorbed 
by the body  

–! It is also too large to be 
metabolized by the 
microorganisms in the intestinal 
tract 

–! It is also not broken down or 
degraded when it is heated so it 
can be used for frying food 

•! Olestra has side effects 
–! It may cause intestinal cramps 

and diarrhea in some individuals 
–! It also reduces the absorption of 

fat-soluble vitamins, such as 
vitamins A, D, E, and K and 
carotenoids from foods eaten at 
the same time 

The FDA requires that  olestra 
containing food be fortified with vitamins 

Soaps 
•! The meat-packing industry produces a large quantity of animal 

fat as a by product 
–! This animal fat can be used to make fatty acids and many other 

long chain organic compounds, but most importantly soap 
•! Saponification is the process that converts animal fat to soap  

–! Triglycerides (obtained from tallow and/or coconut oil) are 
hydrolyzed (by water under high pressure and temperature) to fatty 
acids and glycerol, the fatty acids are then precipitated using 
sodium carbonate 

–! The sodium salts of the fatty acids are the soap molecules 

•! Soap making is one of the oldest organic syntheses known 

CH2OOC(CH2)nCH3 

CHOOC(CH2)nCH3 

CH2OOC(CH2)nCH3 

H2O 

Heat, 
Pressure 

CH2OH 

CHOH 

CH2OH 
Glycerol 

+ 3(HOOC(CH2)nCH3) 
Fatty Acids 

Sodium 
Salts of  

Fatty Acids 
(Soap) 

•! Different types of soap 
–! The crude soap is used as is for industrial purposes 
–! Pumice or sand may be added to produce scouring soap 
–! Dyes or fragrances are added to produce colored or fragrant 

soaps 
–! Floating soap is produced by blowing air through molten soap 
–! Ordinary soap is a mixture of the sodium salts of various fatty 

acids 
–! Potassium soaps (soft soaps) are more expensive but 

produce a finer lather and are more soluble, used in liquid 
soaps, shampoos, and shaving creams 

•! Dirt and grime usually adhere to skin, clothing, and other 
surfaces because they are combined with body oils, cooking 
fats, lubricating greases and a variety of similar substances that 
act like glues 

•! Oils are not miscible in water, but adding soap helps  
•! Soap has a dual nature, one end is ionic and dissolves water 

while the other end is like a hydrocarbon and dissolved in oil  

CH3(CH2)nCOO- 

Hydrophobic Hydrophilic 

•! The undesired oils 
are removed in the 
form of micelles with 
the aid of soap  

•! Synthetic detergents have largely replaced sops for 
cleaning clothes and for many other purposes for two 
reasons 
–! The first is that soaps are converted into fatty acids in acidic 

solutions 

•! These fatty acids don’t have an ionic end so they can’t clean out 
the oils and dirt and they separate out as greasy scum 

•! To prevent this alkaline substances (such as carbonates and 
silicates) are to the laundry soap to keep the pH high 

–! The second disadvantage is that soap doesn’t work well in hard 
water (water that contains certain metal ions, particularly 
magnesium, calcium, and iron ions) 

•! The soap anions react with these metal ions to form greasy scum 

CH3(CH2)16COO-Na+ + H+ CH3(CH2)16COOH + Na+ 

A soap A fatty acid 

CH3(CH2)16COO-Na+ + Ca+ [CH3(CH2)16COO-]2Ca2+ + 2Na+ 

Soap (soluble) Bathtub ring (insoluble) 

Detergent 
•! It is a general term for that means cleansing agent 
•! Soap does fall under this broad definition but it usually refers to 

synthetic detergents 
•! Synthetic detergents do not form precipitates with hard water 

ions 
•! In the US there are close to a thousand synthetic detergents 

–! Now a days the majority are made from petroleum 
–! However a few are still made from fat 

•! Ex. 1. Sodium lauryl sulfate (Sodium Dodecyl Sulfate, SDS) used 
widely in products such as toothpaste and shampoos 

•! Ex. 2. Sodium dodecyl benzenesulfonate used in laundry detergent 

CH3(CH2)11O-S-O-Na+ 

O 

O 

Sodium lauryl sulfate Sodium dodecyl benzene sulfonate 
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Waxes 
•! They are esters formed from long chain fatty acids 

and long chain monhydroxy alcohols 
•! The general formula for a wax is the same as the 

formula for a simple ester 

R-C-OR’ 
O 

A wax 
(A simple ester) 

Example: 
CH3(CH2)24-C-O-(CH2)29CH3 

O 

Myricyl cerotate 
(Found in Carnauba wax) 

•! Most natural waxes are mixtures of esters 
•! Some properties of waxes include 

–! Waxy texture     
–! Insoluble in water 
–! Melt at high temperatures, above body temp (37oC) and 

below the boiling point of water (100oC) 

•! Waxes are not easily hydrolyzed like 
triacylglycerides and therefore are useful as 
protective coatings 
–! Plant waxes on the surface of leaves, stems, 

flowers, and fruits protect the plant from 
dehydration and from invasion by harmful 
microorganisms 

–! Carnauba wax is obtained from the leaves of 
certain Brazilian palm trees, is used extensively 
in floor waxes, automobile waxes, and furniture 
polish 

–! Animals also make waxy protective coatings 
that can be found on the surfaces of feathers, 
skin, and hair, which helps to keep the surfaces 
pliable and water repellent 

–! Ear wax protects the lining of the inner ear 
–! The waxy coating on the feathers of water birds 

help them stay afloat 
•! Many natural waxes have been replaced by 

synthetic material, mainly polymers 

Questions????? 


