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Basic Nutrition

Introduction to this Module

Among the modules oB.Sc (Hons) in Food Science and Nutrition progrdasic Nutrition
(FSN11301T)is one of themThis module covers: the definition &od andnutrition, the food

sources of basic nutrients (carbohydrates, proteins, fats, vitamins and minkeedishctions of
nutrientsin our body and deficiency disess. Basic Nutrition (FSN11301fodule is different

from traditional books used in the class. The learners can understand this module just studying at
home without attending in class. Please read carefully the instructions to understand the lessons
clearly.

Arrangement of Module

There are 24 lessons in this moddlbe lessons of this module have been arranged in such a way

that a learner can understand about the content just after reading the heading of thEvesgon.

lesson has been started with ahijees followed by content. To understand the content, some
pictures have been added. At the end of each lesson, the learners have been subjected to evaluate
their merit.

How to read this module?

Before reading the main text, first read objectives witle.cA learner how much understood the
objectives of the lesson, will be evaluated at the end of the lesson. If necessary, a learner has to
read again and again main test to under the objectives clearly. When a learner will understand
objectives clearly, tn he/she will write the answer of the exercise.

Audio-video program and tutorial service

Learners may easily understand some lessons of this module just after reading but some may not.
Those hard lessons will be made easily understandable throughvadeboprograms and tutorial
services. Audievideo programs will be broadcasted through Bangladesh Betar and BTV at
specified date and time. Before broadcasting auvitieo programs, learners are advised to sit in
front of Betar or TV with book, note book @émpen so that necessary notes can be written down.
Learners will get chance to solve any part of any lesson and-widéio programs which are hard

and not easily understandable from tutor in tutorial class. Keep in mind, tutorial class is not like
traditional class where tutor will only help learners to understand those hard portions of this
module. So, learners are advised to mark hard portions of the lessons according to the tutorial
class schedule before coming to the class so that it can be disciisstdor to solve. After all,

tutor as well as Bangladesh Open University respective teachers will help the learners to complete
this modulesuccessfully
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Lesson 1: Food, nutrition, nutrients and calorie

@ Learning outcomes

Upon completion of thigesson, the learners will be able to
A Define food and nutrition;
A Classify foods and nutrients;
A Describe functions of food and nutrients;
A Calculate the energy of foods.

1.1 Food

Food has been a basic part of our existefice.e t er m O f o thidgbthatrweeat and t o
which nourishe®ur body. In short, food is the raw material from which our bodies are made.
includes solids, sensolids and liquidsintake of the right kinds and amounts of food can ensure
good nutrition and health, which may &&dent in our appearance, efficiency and emotionalwell
being.Thus, two important features for any item to be called food are:
(i) I't should be worth eating, that is, it s
(i) It must nourish the body.

1.1.1 Classification of foods
Foods can be classified based on
1. Origin: such as
i. Animal foods: milk, meat, eggs, fish, shrimps,
snails, crabs, etc. ‘
ii. Plant foods: vegetables, whole grains, nuts,
seeds, legumes, fruits, oils, etc.

Plant Foods

Animal Foods

2. Predominantfunctions: such as

i. Body building foods: This group of foods allows us to grow and repair tissues such as meat,
milk, poultry, fish, eggs, pulses, etc.

ii. Energy giving foods: This group of foods gives energy to our body sucéreals, sugars,
fats, oils et.

iii. Protective foods: This group of foods protects our body from diseases such as vegetables,
fruits, milk, etc

M. A. Mojid Mondol



Basic Nutrition

Bodybuilding foods Energy giving foods Protective foods

1.2 Functions of Food

1. Social and religious function

Foads function as an integral part in different social occasions (e.g., naming, birfhudtyg
rice to a child's mouth for the first timenarriageceremony gettogethers, meeting etc) and
religious functions (e.g., circumcision, Eid, Christmas, Poog, et

2. Physiological function

There are three physiological functions performed by food. These are (i) providing energy, (ii)
building body, (iii) regulating body processes and providing protection against diseases and
germs.

3. Psychological function

Our metal satisfaction or dissatisfaction is sometimes related with the serving foods irrespective of
nutritional value; even you may not satisfy with a nutritionally balanced meal if the foods included
are unfamiliar or distasteful.

1.3 Different types of foods

1. Whole foods

Whole foods are those foods which directly obtain from nature.
Examples include milk, eggs, meats, poultry, fish, fruits, vegetableg? ,
dried beans and peas, and grains. Many whole foods are
considered fresh foods. Fresh foods rame foods that have not been
processed (such as canned or frozen) or heated. Fresh foods also do not contain any preservatives.

2. Organic foods

Organic foods are foods that have been grown without
conventional pesticides, fertilizers, herbicideantibiotics, or
hormones and without genetic engineering or irradiation. Org
farmers use, for example, animal and plant manures to increas
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fertility and crop rotation to decrease pest problems.

3. Enriched foods

A food is considered enriched whautrients are added to it to replace the same nutrients that are
lost in processing. For example, when whole wheat is milled to produce white flour, nutrients are
lost. By law, white flour must be enriched with several vitamins and iron to make uprierafo

these lost nutrients.

4. Fortified foods

A food is considered fortified when nutrients are addeat wvere not present originallyzor
example, orange juice does not contain calcium, and so when calcium is added to orange juice, the
product is calld calciumfortified orange juice. Similarly, salt is fortified with iodine, cooking oil

is fortified with vitamin A etc.

5. Processed foods

The foods that ar@repared using a certain procedure such cooking, freezing (frozen dinners),
canning (canned vetpbles), dehydrating (dried fruits), milling (white flour), culturing with
baderia (yogurt) are called processed faolls some cases, processing removes and/or adds
nutrients.

1.4Whole grainsvs. Refined/Processed grains

Whole grain products, such aghole wheatbread, brown rice, and oatmeantain the entire

kernel of the grain, including the bran, germ, and endosperm. Refined grain products, such as
white bread and white rice, are made by removing the bran and the germ to produce a more
uniform pioduct. Removing the bran and germ, however, also removes most of the fiber and
reduces the amounts of many of the vitamins and minerals. So, whole grain products are more
nutritious than refined grain products.
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Husk

Bran

Wheat kernel / \
Endosperm

Milling Germ

Whole-wheat bread White bread

Figure 1.1 Parts of a whole wheat grain

The nutrient compositions of a whole grain (e.g., wheat) are given in the following table

Bran Fatty acids (omegd@ and omeg® fatty acid), vitamins (B B,, B, niacin, folate,
Bs, E, K), minerals (Mg, Mn, P, Fe, Cu, Zn, Ca)ptains, carbs, dietary fibers

Endosperm | Carbs (starchsomeproteins

Germ B vitamins (folate, niacip minerals (Mg, P, Mn, K, Se, Na, Zn, Fe), protei
carbs, fiberspmega3/6 fatty acid

Outer husk | Inedible part of a grain

1.5Nutrient-Dense bodsand empty-calorie foods

Nutrientdense foods are those that contain a high amount of healthy nutrients but a low amount of
energy, or calories per weight. Nutrigtgnse foods are rich in vitamins, minerals, fiber, lean
protein and healthy fatExamplesof nutrient-dense fooddnclude fruits and vegetables, whole
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grains, lowfat or fatfree milk products, seafoodrgan meatslean meats, eggs, peas, beans,
lentilsand nuts.

Empty-calorie foods (opposite to nutriedénse foods) are those that contaihigh amountof
caloriesbut fewer amounts of healthy nutrients peeigiht Examples of emptgalorie foods
includesoft drinks, baked goods, processed foamscreamcookies, cake, chips, pizzieeretc.
Small amount of emptgalorie foodsadd a lot 6 calories in our diet opposite twtrientdense
foods

For example, if one compares the protein content of isocaloric portiata, bfead and milk, one
can see thatal has the highest nutrient density for protein, milk next and bread the least.

Food Calories Protein (g)
Dal 85 5.5
Milk 85 4.0

Bread 85 2.4

Thus nutrient density is an important aspect to be considered in selection of foods, edpecially
dietof children, pregnant women, nursing mothers and in therapeutic diets for patients.

1.6 Nutrition

All of us eat food. Food provides nourishment to the body and enables it to stay fit and healthy.
The food that we eat undergoes many processes, like, first the food is digestatienit is
absorbed into blood and transported to varicardspof the body where it is utilized. The waste
products and undigested food are excreted from the body

NUTRITION = Eating - Digestion- Absorption - Transportation - Utilization

Nutrition is the process which includes consumption and digestion of fadm®yrption of
nutrients and finally utilization of absorbed nutrients for growth, development, and maintenance of
a healthy life.

1.7 Optimum nutrition or Adequate nutrition

When all the essential nutrients (that body cannot synthesize) (details giver) bet present in

right proportion and in sufficient amount as required by our body is called optimum nutrition or
adequate nutrition. Optimum nutrition is required to maintain good health. When almost all
essential nutrients are present in the body bedlwmvrequired level, the condition is known as
undernourished. An undemourished person manifests symptoms of deficiency diseases and feels
unwell.
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1.8 Nutrients

We enjoy eating foods because of its taste, smell, pleasure and filling hunger. Buheteldok

usually what chemicals foods actually contain. Foods contain different types of chemical
substances; some of which are not important but others are critical to the body. Nutrients are
chemical substances present in food that are needed falhefdody for growth, maintenance,

and repair. The six groups of nutrients found in foods are:

1. Carbohydrates

Lipids (including fats and oils)
Proteins

Vitamins

Minerals

Water

o gk wn

1.9 Classification of rutrients
Nutrients can be classified in sevedl ways such as

1. Based on functions

2. Based orchemical nature

3. Basedon importance

4. Basedon the amount requirethily

1. Based on functions

Major function Nutrients
Produce energy Carbohydrates, Fats
Build and repair body tissues Proteins

Regulate biochemical reactions of the bo; Vitamins, Mineral, Water

2.Based on chemical nature

i. Organic nutrients

The nutrients that contaicarbonin their structural makeup are referred to as organic nutrients.
Theyoriginate from living organism&xamplescarbohydrates, lipids, proteins and vitamins.

G o
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ii. Inorganic nutrients

Atom or molecule that does not contain carbilineralse.g.,Na (sodiun), K (potassiunp Ca
(calcium, Mg (magnesium)ie (ron) andH,O (watel) are theinorganic nutrientbecause they do
not contain carbon and existsimplest forms; so, they do not break down before absorption.

3. Based on importance
I. Essential nutrients
Those nutrients that cannot be synthesized by the body at all or can besged insufficient
guantitest hat cannot meet .Thhreforebtbey mustsbe sugplied io oue bodyn t
through the diefThey are

A 9 amino acids

A 2 fatty acids

A 13 vitamins

A 15 minerals
ii. Nonessential nutrient
Those nutrients that can be #yesized by the bodyn sufficient quantitiesvhen necessargre
called nonessential nutrieni&/e may also get these nutrients from foods. ¥ssential nutrients
are as important as essential nutrients for normal body process. Simply unlike esseididbnut
they do not need to be present necessarily in the fooely are

A Certain amino acids

A Cholesterol

A Phospholipids etc

4. Based on the amount required daily

i. Macronutrients

Those nutrients that are needed in larger quantities every day & rattronutrients. They
normally include carbohydrates, fats, proteins and water. Macronutrients (except water) are also
called energyproviding nutrients. Carbohydrates, proteins, and fats are interchangeable as sources
of energyWater is the macronutr¢ needed in the largest amotattout 23 liters per day.

ii. Micronutrients

Those nutrients that are needed in smaller quantities every day arens@ltedutrients (e.g.,

minerals and vitamins). Unlike macronutrients, these are required in very namgants.
Although, micronutrients are required in minute amount very day but their deficiency may lead to
serious health consequences. In fact, most of nutrient related illnesses are due to the deficiency of
micronutrients.
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1.10Nutrient (chemical) composition ofhuman body
The approximate chemical compositoof alult human bodyre given in the following table.
Table 1.1 Chemical constituents of human body N

Water 60%

Proteins 17% |
Fats 15%
Minerals 5%
Nucleic Acids 2%
Carbohydrates only 1% - e

Infants and children have more water in their body as compare to adult. The second major nutrient
(chemical compound) that makes up our body is protein. There are tens of thousaffdseot di

types of proteins in our body; most of them are enzymes. The third major nutrient after protein is
lipids (fats). All 60 trillion cells of our body are made from lipids. Women have more lipids in
their body as compare to men counterparts. We ea¢ marbohydrates containing foods than
others. Surprisingly, our body contains very little carbohydrates, as carbohydrates turn to
lipids/fats.

1.11Food calories

The amount of energy in the form of heat required to rai€etémperature of 1 g of wates i
called one calorie. As calorie is relatively small unit, so to express energy content of foods
kilocalorie (kcal) is often used. One kilocalorie (Kcal) is equal to 1000 calories (C). Thus, when
we say that a food contains 4Qflaries, we are actuallyferring to kilocalories.

In our body, energy (calorie) is produced from the break down (catabadisegrbohydrates,
proteins, and fats. The energgntent of carbohydrates, proteins and fats is summarized in the
following table 1.2.

Table 12: Energy content of different macronutrients.

Nutrient Energy content
Carbohydrate 4 kcallg
Protein 4 kcallg
Fat 9 kcallg
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When catabolic reactions occur, energy is released. About 40% of this energy is used for
performing biological work. The neaining 60% isconverted to heat; some of which is used to
maintain normal body temperature and excess is lost to the environment.

1.12Calculation of energy (Calories) in food
For example, suppose a chicken burger contains 50 g of carbohydrates, #isgaoid 15 g of

proteins. Calculate the total number of kcal of the chicken burger.

Calculation:
Nutrient Amount in burger | Energy content | Energy from burger
Carbohydrates 509 4 kcallg 50gx4 kcal/g= 200 kcal
Fats 25¢ 9 kcal/g 250x9 kcal/g= 225 kcal
Proteins 159 4 kcallg 15gx4 kcal/g= 60kcal
Total energy from the chicken burge 485 kcal
% of carbohydrates in the burger 200%x100/485=41.2%
% of fats in the burger 225%100/485=46%
% of proteins in the burger 60x100/485=12.3%

I:lj Evaluation at the end of the lesson

Short answer gquestions:

1. Define foods.

Classify foods

Describe different types of foods.

What is nutrient dense and nutrient empty food?
Define nutrition and nutrient.

What is micro and macronutrient?

What is essential and nonessdntiarient?

Define organic and inorganic nutrients.

What is calorie? How can you calculate cal@fi¢oods?

©ooNOhA®WDN
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Lesson 2:Digestible Carbohydrates

@ Learning outcomes

Upon completion of this lesson, the learners will be able to
A Definecarbohydrates ahglycemic index
A Classifycarbohydrateand glycemic index foodls
A Calculate total glycemic index of fogds
A Describe the functions and deficiency diseases of digestible carbohydrates;
A Describe the consequences of laciosalerances

2.1 Introduction

Carbohydratecontainingfoods dominate daily diets acroske world. The major portion of the
calories of world population irrespectivé rich and poorgenerally comes from carbohydrates
This has been true for centuries. Nonetheless, diets high in carbtds/thave been blamed for
obesity, diabetes and hypertensidhe health effect (good/bad) oarbohydrates depends on the
type and source of the carbohydrate eat

2.2 Definition of carbohydrates

Carbohydrates are a grouparbon, hydrogen, and oxgg containingorganic compounds such
assugars, starches and fibers foundinly in fruits, grains, vegetables and milk produdibe

word fACarbod megds ataodo b mGanarally ked&die of hydrogen to

oxygen atomsin carbohydratess usually 2:1, the same as in watdor example, sugar
(Ci2H2041). The term carbohydrate is synonymous wi't
means sugaCarbs are mainly found in plantfooddo st car bohydrates end i

CH,OH
H O yHOCH, o H
) H
Sucrose ———» OH H H HO
o) CH,OH
C12H22011 HO
(H:0=2:1) H OH OH H
Glucose Fructose

2.3 Classification of carbohydrates
Catbohydrates can be classified in the following ways

a. Depending on the number of structural units
1. Monosaccharide: The basic structural unit of a carbohydrate is a single sugar unit called a
monosaccharidénonome ani n g #acchaig.mmeamd ng fAsugar o) .
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2. Disaccharides When two monosaccharides are linked together, they form a disaccharide (di
me ani n,go0 fishcelthrideme ani n g Mosaagdadisacgharidesre sweet in taste
and found in rainly plant sources.

3. Polysacchardes (complex suga): Polysaccharideare just the polymer of monosaccharide
units (poly means more than two)Technically, any carbohydrates with three or more
monosaccharide units are considered as comgegar or complex carbohydrates or
polysaccharide which are nutritionallymportant

y
H OH

H OH
Glucose
(a) Monosaccharides

Sucrose O 0© ‘ 0

(Glucose + Fructose) .
&
?Hon ‘ .
N ‘ ‘
0

Lactose Glycogen

(Galactose + Glucose) (c) Polysaccharide

(b) Disaccharides

Figure 2.1: Different types of sugar

b. Depending on the releasing characteristics

1. FastReleasing Carbohydrates

Fastreleasingcarbohydratea r e al s o k n o w sugans) absorb gjuickhypirl thye blacsl i
stream after consumptioast releasing carbohydrates are grougee@ithermonosaccharidesr
disaccharides

2. Slow-releasing carbohydrates
Polysaccharides are called sloweleasing carbohydrates as they digest slowly and release

monosaccharide unit. €y arelong chains of monosaccharides that may be branched or
unbranched. There are two main groups of polysaccharides: stdeshgbse and amylopectin)
andglycogen and fiberg(indigestible) In humans, the storage molecule of carbohydrates is called
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glycogen and in plants it is known as starctiéber cannot be broken down in the human body

and passes through the digestive tract undigested

e SosEi S e

Amylose

Amylopectin

Starch

Glycogen
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Cellulose (fiber)

Figure 2.1 Structureof polysaccharides

2.4 General characteristics of carbohydrates

A Simple sigars are whitecrystallineand sweet in taste

A Polysaccharides are white amorphous solids.

A Monosaccharidgare soluble in cold and hot water but polysaccharides are partially soluble in

hot water.

A All carbohydrates are compounds composed of (at least) C, H, and O.

A Cartohydrates are the most abundant compounds found in nature.

A The general formula for a carbohydrate is (Ol (Not all have this empirical formula).
A Produced by photosynthesis in plants from,@@dH,O and energy.

A Are oxidized in living cells (respiratigrio produce C@ H,O, and energy.

Table 2.1:Sources of different classes of carbs are given in the following table:

Sugar type | Chemical class Class member Sources
Glucose(not occur single) | Corn syrup, processed foods
Monosacchari Fruaose (Fruit sugar) Sweet fruits, honey
Galactoser{ot occur single| Milk, fermentedstarchproducts
Ribose, oxyribose DNA (deoxyribose)andNA (ribose
Simple Sucrose (tableanesugar) Suoar beets. sugar caneolasses
sugar (Glucose+Fructose) g » U9 L6

Lactose (milk sugar)

Disaccharides (Glucose+Galactose)

Milk

Maltose (malt sug&rorn
sugaj (Glucose+Glucose)

Swedener

Amylose .
Starch (plant) Amylopectin Grains, legumes, and tubers
Complex Glypogen Polymer of glucose Liver and muslke meats
sugar (animalstarch
Dietary fiber | Solube fiber Citrus fruits, berries, oabeans
(Plant) Insoluble fiber Grains, fruits, vegetables, legume
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Table 2.2: Parcentage of carbs content in some important foods.

Potato (17%) Ripen mangoX7%) Corn(19%) Grape 18%)

2.5Relative sweéness of different substances

Relative sweetnesss definedas the ratio @ concentrations of substancemtching insweetness

with sugar (sucrosepuciose is theeferencestandard to which all other sweeteners are compared.
Humans camecognize sweetness about 12 % sucrose solutioriVolunteersare often trained to
guantitate sweetness on a 15 cm line scale, for convenigsing, 215% sucrose soligins as
referencesOther sweeteners are then tasted at a series of dilutions to determine the concentration
that is as sweet as a given percentrase referencelFor exampleif a 1% solution of sweetener

X is as sweet as a 10% sucrose solution, thesetemer X is said to be 10 times as potent as
sucrose.

All the sugars are not same sweet; some are more sweeter than others (Table 2.2). The greater the
relative sweetness thesser amount is needed to tasteeet.Artificial sweeteneraddessentially

no calorie to our dietlue to either a small amoustneededo producesweet taster pass through

the body without being metabolized

Somepeople use artificial sweeteners either lforiting sugar consumption for medical reasons,

or for avoidng caloriesin fear ofweight gain As artificial sweetenerare not metabolized so they

do not take paiih dental cavitiesExcessive consume of artificial sweetheray cause cancer.

Sources Name of the substance| Relative sweetness
Sucrose 1 (reference)
Glucose 0.74
Fructose 1.73
Natural sweeaners Galactose 032
Maltose 0.32
Lactose 0.16
Advantame 20,000
Artificial sweetenrers Sucraloge 600
(noncaloric) Saccharin 300
Aspartame 200
Cyclamate 30
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2.6 Carbohydrate storage

Humans and animalsast absorbedjlucose from starches in the form of the very large molecule,
glycogen It is predominantly found in liver and muscle tissue in animalg0 kg adult person
can store 350 g glycogen skeletal muscle, 100 g in liver and 10 g as plasma giucsdlycogen
has many branches that allow it to break down qui¢kig red dotsindicate terminal glucose
residues that are released from glycogen at one tie) energy is needed by cells in the body.

Glycogen

2.7 Glycemic index

2.7.1 Definition andintroduction

The glycemic index is defined as a ratio of the incremental area under the blood glucose response
curve (AUC) of a 50 g available carbohydrate portion of a test food to the same amount of
available carbohydrate from a reference food (uswgllgose/white bread) consumed by the same
individual over a zh period, expressed as a percentape. Gl system allocates each food a score
betweenO and 100. The higher the number, the greater the speed at which sugaménties
bloodstream.

A food with carbohydrates that break down quickly during digestion and release glucose rapidly
into the bloodstream tend to have a higha@diraise blood sugar levels highand is suitable for
energy recovery after exercise or for a@&rgon experiencing hypoglemig foods with
carbohydrates that break down more slowly, releasing glucose more gradually into the
bloodstream, tend to have a low GI.

After a meal containing carbohydrate, the plasma glucose rises, reaching a peak in attout 15
min. depending on # rate of digestion and absorption. The plasma glucose returns to the fasting
concentration within two to three hours. Plasma insulin concentration mirrors that of glucose,
stimulating both glucose oxidation and glycogen storage.

In general, carbohydratntaining foods rich in rapidly digestible starch@smylopectin)
produce a high whereas foods rich in slowly digestible star(maglose) fructose or contain
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substantial amounts of either insoluble fibre or fat produce a low glycaemic respbasiem
glycemic response is used to describe the rise and fall of blood glucose level and the duration over
which it occurs.

2.7.2Glycemic index (Gl) determination protocol of foods
The steps of determining the glycemic index (Gl) of foods are given below

1. Healthy, overnightfasting volunteers are typically given astefood that provides 50 gf
availablecarbohydrateand a control foodpure glucoskvhite breagl that provides the same
amount of carbhydrate, on different days.

2. Blood samples for the detemmation of glucose concentrations are taken prior to eating, and
at regular interval$0, 15, 30, 45, 60, 75, 90, 12D min) for over period of2 hrs after eating.
The changes in blood glucose concentration over time are plotted as a curve.

3. The Gl is calcudted as the incrementalea under the glucose curvdJC) after the test food
is eatendivided by the correspondigJC after the control food (pure glucose) is eaten. The
value is multiplied by 100 to represent aqartage of the control food.

1 UKRT & A "1 1 ¢IAO A5G QA AI0T A
P T TGO ATSGRE R A a1l R

4. In practice the average Gl valuef a particular foods calculateased orthe data collected
from 10 healthyvolunteers.

Glucose
(Reference Food) Lentils HIGH GI

Low Gl
2

1

Blood Sugar Level
N
©
?
BLOOD GLUCOSE LEVELS

Blood Sugar Level

1 1 T 1T 11 M 1 1 T 7T 11
15 30 45 60 75 90 120 15 30 4560 75 90 120 TIME /HOURS

Minutes Minutes

Figure:Blood glucose AUC for glucosand lentil

2.7.3Classification of glycemic index

The glycemic index classification of foodan beused as a tool to assess potentsd of blood

glucose levels afteeating different carbohydratecontaining foods Gl of foods is critical for

planning diet where glycemic(sugar) control is of importancesuch as losingweight and

prevening obesity related chronic diseasegh asuch as diabetes and cardiovascular disease
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Generally,GI of foods is determined separately. Bubshmeals and snaskontaintwo or more
foods. Ifwe eata food with a high Glthen it is better t@ombine it with a lowGI food tokeep
lowerthe overall GI of the meal or snack.

Gl classification| Gl range Effect Recommended consumptio
Low <55 Sl ow ¥y in bl oo]ldealfor consumption
Medium 55-69 Mo d e r a Iblodd spagari levels Moderate amount

High 070 Rapid 9 in bl o|Smallamount

Table:*Glycemic index of different foods

High GI (070) |[Low GI (O 55) Chickpeas 33
Foods Gl | Foods Gl | Soy milk 32
Maltose 105 | Popcorn 55 | Butter beans 31
Glucose 100 | French fries 54 | Pizza 30
Potato, white, baked 98 | Ripe banana 52 | Lentils 28
Oatmeal 87 | Mango 51 | Bareley 28
Cornflakes 82 | Skim milk 50 | Peach fresh 28
Pumpkin 75 | Chocolate 49 | Kidney beans 27
White rice, boiled 72 | Carrots 49 | Milk whole (av) 27
Watermelon 72 | Sweet corn 48 | Grapefruit 25
White bread 70 | Sweet potatoes 48 | Plum 24
Medium Gl (56-69) Peas (green) 48 | Cherries 23
Foods Gl | Baked beans 48 | Peanuts 21
Brown rice, boiled 68 | Lactose 46 | Ladies finger 20
Whole wheat bread 68 | Grapes 43 | Fructose 19
Soft drink, carbonated 68 | Orange 43 | Soya beans 18
Pineapple 66 | Sugarcane juice 43 | Broccoli 15
Sucrose 65 | Green banana 42 | Cucumber 15
Beetroot 64 | Spaghetit 42 | Lettuce 15
Raisins 64 | Apple juice 41 | Spinach 15
Dates 63 | Haricot beans 38 | Tomatoes 15
Multi-grain bread 62 | Apple 40

Ice cream 61 | Pear 36

Honey 58 | Chocolate flavour 34

Kiwifruit 58 | Chocolate milk 35

Potato chips 57 | Fruit yougurt 35

Orange juice 57 | Chickpeas 33

Papaya 56 | Yoghurtflavour,low fat 33

*Many healthy foods with low Gl values are not in the database.
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Keep i n mind, Gl is only a (Clobsinglgwcaobs diets orflyo o d 6 s
based on Glrd GL values may lead to oveonsume fats and total calories. In other words just
because the food has low Gl one should not eat more of it, because it may not be healthy in terms
high caloric and fat content.

2.7.4Health Benefits of a low Gldiet

F Consuming high Gl foods will suddenlsaiseyour blood sugar than normal level. Your body
releases extra insulin to bring down your blood sugeel. If your body is asked to release
extra insulin on a regular basis, ntay lead to insulin resistancand ultimately type 2
diabetes Low Gl foods regulate blood sugar level more efficiently by increasisglin
sensitivityand thereby reducing the risk of type 2 diabetes.

F Everyone can benefit by eating a balanced diet of protein and fat, and foods that at&llower
index. Foods with a lower Gl typically are high in fiber and nutrients and sustain your energy
better throughout the day.

Increase HDL cholesterol and reduces LDL cholesterol.

Reduce cholesterol and other fats level and thereby reducing the risk aacdilaw disease
Reduceisk of some cancers.

Consuming low Gl foods keeps us satiated longer because these foods are more slowly
broken down for glucose utilization. Feeling satiety for longer demands less consumption of
calories and thereby decreasesght

M T T T

2.7.5Factors affectingGl

1. Processing such as grinding, cooking and boilspged up digestion and absorption of
carbohydrates and thereby elevate Gl values. For example, the apple pie has a high Gl
compared to the fruit.

2. The addition of other foadthat contain fiber, protein, fat and organic acids (vinegar) or their
salts will generally reduce Gl of the meal because they slow the digestive and absorption
processes of carbohydrat&@hocolate has a lower Gl than jelly beans.

3. Type of starcksome vaieties of grain are digested and absorbed into the bloodstream more
quickly. For exampleshort sticky ricehas a higher Gl thadong basmatiice

4. Ripenesghe more ripe the tiit, the more sugar itcontatldasn d t he hi gher it 0s
examplea very rigge banana has a higher Gl than a slightly green one.

5. Refrigerating: when pasta, potatoes and rice are cooked, cooled andisealddthey have
more resistant starch and a lower glycemic index.

6. Foods with a higher fatontent have a lower Gl becausetéatds to slow down the digestion
of the foods. This shows that low GI foods are not necessarily healthy choices.

7. Glycemic response varies from person to person and also varies from one time of day to
another.
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2.8 Glycemic load(GL)

The glycemic load (G) of food is a number that estimates how mibtbod glucoselevel of a
person may raise bygvenserving of &ood after eating itGL takes into account both glycemic
index as well as amount of availaldarbohydrates a givenserving ofafood. GL is calculated
by thefollowing formula

N—r
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GL is alculated on a scale of zero to. 80low GL is the better indicator that a food won't have
much impact on blood glucose levels.

2.8.1Calculation of GL of individual food

Problem 1: A white, medium size baked potato contains about 33 g available carbohydrates and
Gl is about 98. What will be expected GL from this baked after eating it?
Solution: AR o %
GL=GI/10C Available carbohydrate = 98/18(®3 ° 32 g Y

o
G Ny

Problem 2: A medium size apple contains about 15 g available carbohydrates and Gl is about 40.
What will be expected GL from this apple after eating it? '
GL=GI/10C Available carbohydrate = 40/100x 15y

From theseexamples, we can sdbat potato will raisea blood sugatevel five
times more thanthat of the apple. When the amount of cagubhte in a
portion differs thebest way to predict blood sugar effects will be via the GL \

A food with low GI may contribute huge GL to blooditifeats too much. On
the contrary, a food withigh Gl may contribute low GL to blood if it eats
typical serving. For exampleyatermelonhas a Glof 72, which is relatively
high. However, a typical servin@l cup diced)only has10 g of carbohydratéas watermelon
contains 92% waterand GL =10 gx72/10@ 7 g that will barely affect blood sugarhis is not
common, as most foods with a high Gl will have a correspondingly high GL.
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GL values andheir classificatiorare given in the following table.
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Classification GL

For a typical serving of ¢

food

Individual meal

(Total three meals/day)

Whole day

Low
Moderate
High
Low
Moderate
High
Low
Moderate
High

Ql0g
11-19¢
C0g
02®
>26-04 @
>409

< 80g

80- 120¢g
>1209g

For a 2000 kcal diet, the average daily glycemic load should not exceed 100. This means that meal
should have a glycemic load equal to or less than 33.

2.8.2 Calculation of glycemicload of a mixed meal or diet

GL load of a mixed meas the sum of the GL®r all foods consumed ithat meal Estimation of
glycemic load of a mixed meal is particular important to knleew much that meal may
contribute the sugar load in your blodtbr example,you have eatera lunch with3/2 cup white
cooked rice,1 cup cooked lentil soup ¢oncentrated 1 cup fried cauliflower florets 1 medium
size (60 g)cooked rui fish piecand 1 medium size appleow much will be your total glycemic
load?

Calculation of total glycemic load from your lunch are giuethe following able

S/IN Food Portion| Total| Fiber| Availablg Gl GL Classifica
size carbs carbs ion
1 | White cookedrice 3/2cup| 249 Og 249 72| 72x24100=17g| Moderats
2 | Cooked lentil soup| 1cup 8¢ 30 59 28| 28x5/100=1g Low
(concentrated (40 g)
3 | Fried cauliflower 1lcup 10g| 2g 8¢9 10| 10x8/100=0.8| Low
florets (85 9)
4 |Medium size apple| 1 (168 g] 239 49 199 40| 40x19/1008g| Low
5 | Cooked rui fish 1 piece 0 0 0 0 0 Low
Total GL=2% High

The recommended amountafailablecarbohydrate per meal is 45 to ¢QCalculation of GLof a
meal/dietbased on published Gl valuesindividual foodand portion sizenay be inappropriate
because factersuch as food variety, ripeness, processing, ankirgare known to modify GL
values. The estimation of meal Gl using published values of individual foodsay be
overestimated by 22 to 50% comedrto direct measures of meal $L
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2.8.3Differences between Gl and GL

Glycemic index Glycemic load

1.Gl is the ranking of carbohydrates 1. GL is used to predicimmediate blooc
containing foods baseah how rapidly it is  glucose response following consption of a
digested and released glucose (sugar) givenserving of food.
the blood stream.

2. It does notaddresghe amount of availabli 2. It addresses the amount of availabl

carbohydrates atypical serving carbohydrates in a typical serving.
3. Measures carbohydrates quality of food 3. Measures carbohydrates qitxaland quantity
of food

Table 2.1: Gl and GL values of some foods (Gl of glucose=100).

Carbohydrate*  GL per
per Serving (g) Serving*

Typical Serving $e

White wheat flour bread 72 1sliceB09 14 10
Brown, boiled ice 50 20049 (1 cup) 42 20
Coca Cola 54 1 cup €50 m) 26 14
Wholebarley flour bread 70 1sliceB09 20 14
Whole wheat flour bread 68 1sliceB09 11 7
Cornflakes 74 1cup 09 25 19
White boiled rice 72 1 cup(200) g 16 12
Basmati, white, boiled rice 58 %icup (50 g 38 22
Cookedmasoor dasoup (conc.) 28 1 cup (409 5 2
Diced mpaya, raw 56 1 cup (145) 12 7
Pineapple, raw 66 1 cup chunks (160) 18 12
Raisins 64 Yacup (40 Q) 30 19
Watermelon, raw 72 1 cupdiced (140 g) 10 7
Apple, raw 40 1 medium siz€100 9 15 6
Orange, raw 42 1 medium sizel300Q) 11 5
Orange juice 46 250 ml 26 12
Banana 55 1 medium 120 9 20 11
Mango 56 120¢g 14 8
Grapefruit 25 Yslarge 1209 12 3
Cooked bickpeas 10 1 cup (160)y 30 3
Soya beans, dried, boiled 15 150¢g 6 1
Hamburger 68 95¢ 25 17
Cashew nuts 25 50¢ 12 3
Peanuts, crushed 8 50¢ 4 0
Maggi noodles 48 180¢g 23 11
Rice noodles 60 180 39 23
Popcorn 56 20¢g 20 6
Potato crisps, plain, salted 51 50¢g 24 12
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Honey 74 1tbsp 250) 21 16
Pumpkin peeled ahboiled 66 80¢g 18 12
Sweet corn 62 80¢g 18 11
Carrots, raw, diced 35 1 medium 809 6 2
Potato, white, baked 98 150¢ 27 26
French fries 54 150¢g 29 16
Boiled, mashed potato 71 150¢g 20 14
Boiled, sweet potato 44 150¢g 18 11
Peeled, baked, swegotato 94 150 45 42
White bread 70 1slice (30 Q) 14 10
*Amount of available carbohydrates in a food serving that excludes indigestible carbohy
i.e., dietary fibet*Number s are rounded for simplici!/

2.8.4Lowering dietary glycemic lcad
Some strategies for lowering dieta®y. include:

A Increasing the consumption of whole grains, nutzénuts, almonds, walnutBrazil nuts
eto), legumes (beans, lentils), seedid, flaxseeds, hemp, sesame, pumpkin, sunflower)
fruits (guavas, apples, apricots, pears etc),-starchy (vegetables (asparagus, beans,
broccoli, cabbage cauliflower, carrots, radishes, toragjo

A Decreasing the consumption of starchy, moderatel high-G| foods like potatoes, white
rice, and white bread

A Decreasing the consumption of sugary foods like cookies, cakes, candy, and saft drinks

A Eating high Gl foodsvithl ow GI foods at the same ti me
For example, eatg cornflakes (a higher Gl food) with milk (a lower Gl food) will reduce the
overall effect of the cornflakes on blood glucose levels.

A All foods can fit butchoose healthy foods more frequently than less healthy choices.

A Choice foods that are less processe

2.9 Functions ofdigestible carbohydrates
F Provide energy as a primary source to the body.

F Provide energy toed blood cells, brain tissues and other nervous tissues.
F Helps in efficient metabolism of lipids and proteins.

2.10Deficiency diseases afigestible carbohydrates
Deficiencyof digestible carbohydrates

F May lead to tired, irritable, and shaky.

F Forces the body to break down stored fat to produce enenggrgencyproduction of energy
leads to imomplete fat oxidization in the cells and subs&s called ketones are formed
Ketones areacids that accumulate in the blood and urine, upsetting thebasiel balance.
Such a condition is called ketoacidosietoacidosis leads to the formation of ketoacids
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which decreases the pH of brain cells atitep parts of the body. Decrease in pH leads to
denature of proteins which can lead to coma and even death.

F Also forces body to produce its own glucose from protein through a process called
gluconeogenesis. It involves breaking down the proteins in bloddtiasues into amino
acids, then converting them to glucose. Using proteins for energy hampers to make new cells,
repair tissue damage, support the immune system, or perform any of their other functions.

2.11Lactose intolerance

Lactose is actually ma&dofglucose and galactose joined together and present improitkuced by

any animal When we drink milk or eat any dairy product containiactose, first it is digested
into glucose and galactose by hydrolysis reaction in presence of enzyme, lactaseéligestive

system before absorption.

Some people by genetic reasons rhaye déciency of the enzyme, lactase some people as

they get older, their digestive system loses the ability to make this enzyme. So, when they drink
milk, they cannot digestactoseinto glucose and galactgsthis is called lactose intolerance.
Lactose is accumulated in the goft lactose intolerancgpeople and subsequently bacterial
fermentation lead to the production of & CO, gases and low molecular weight acids liketac

acid, propionic acid & butyric acids. These acids are osmotically active which may lead to
abdominal cramps, flatulencnd diarrheaThose who are suffering from lactose intolerance
should either drink milk with lactase enzyme or lactase free od alroiking milk.

Fb Evaluation at the end of the lesson:

Short Answer Questions:
1. Define carbohydrates.
Classify carbohydrates.
Write down the sources of different carbohydrates.
Discuss the functions of carbohydrates.
Describe the functions aneficiency diseases of digestible carbohydrates
Why lactose intolerance occurs?
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Lesson 3:Dietary fibers (Non-digestible carbohydrates)

@ Learning outcomes

Upon completion of this lesson, the learners will be able to
A Define dietary fibers;
A Classifydietary fibers
A Describe health benefits and deficiency diseases of dietary fibers.

3.1Dietary fibers

Dietary fiber(complex carbohydratgsolysaccharidg also calledoughagejs the nordigestible

parts of plants that form the support structures ledves, stems, and seedBhey are
polysaccharides (except lignins), highly branchedsslinked and havet-1,4-glycosidic linkage

among glucose unitdietary fibes areconsd er ed as t he plheyaré¢ Boa fs ke
digestible because human do rwve enzyme to brealown b-1,4-glycosidic linkageinto
absorbable form glucosé&o, dietary fibers do not contribute energy to our diet as they pass
through digestive tract without being absorbed.

f—1,4—glycosidic linkage

Cellulose

3.2Classification of dietary fibers

Dietary fibers can be classified based on physical properties

1. Soluble fibers: They are soluble in water and become viscous, forming gel when wetted by
water adding bulk to stools whickerves to slow the rate at whistool passes through the
small intestineExamples of soluble fibers: pectins, gums and mucilages.

M. A. Mojid Mondol



Basic Nutrition

2. Insouble fibers: This type of fibers are not soluble in water; they are usually nonviscous
increases stool bulk and promotespass stool quidk through the intestineExamples of
insoluble fiberscellulose hemicelluloses aniignins

Table 3.1 Sources of dietary fibers

Dietary fibers Members Sources

Component of plant cell walls abundant in whole
grains, legumes, the skin of fruits and vegetables
Hemicelluloses | Often associated with cellulose

Cellulose
Water insoluble/ les;s
fermentable

Lignins Found in woody parts (seeds of fruits, bran, husk
(Noncarbohydrate] grains), carrots and pears
Gums Seeds
Water Pears, apples, guavas, plymgsoseberries, and
. Pectins oranges and other citrus fruits contain large amo
soluble/viscous .
of pectin,
More fermentable . .
. Psyllium husk (isabgul), seaweeds, oats, barley,
Mucilages

legumes, eggplants

There is another type of fiber called functional fiber which is either extracted gtants or
manufactured in laboratory. Functional fiber is added to food or supplied as suppiemevent
constipation or lowering blood glucose levels/cholesterol after mBatsthey lack of nutrients
and necessary phytochemicals that come with iber ffound in whole foodsFor example,
polydextrosepsyllium b-glucans, cellulose, guar gum, inylhesistant maltodextrin.

Most foods of plant origin contain mixtures of soluble and insoluble fibers. List of some high
dietary fibers containing foods ageven below (Table 2).

Table 3.2 Dietary fiber content odlifferentfoods(g/100 g edible portion)

Raspberries (6.509)

/\::9‘,‘(‘?\2

Oats (10.6%) Popcorn (14.5%) Almonds (12.5%) Chia seeds (34%)
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Whole wheat (13%) Ladies finger (4.2%)  Broccoli (2.6%) Green peas (6%)

Table 3.3 Typical serving size and fiber content of some foods

Fruits Serving size Total fiber (grams)*
Raspberries 1 cup 8.0

Pear 1 medium 55
Apple, with skin 1 medium 4.5
Banana 1 medium 3.0
Orange 1 medium 3.0
Strawberries 1cup 3.0
Vegetables Serving size Total fiber(grams)*
Green peas, boiled 1 cup 9.0
Broccoli, boiled 1 cup chopped 5.0
Turnip greens, boiled 1 cup 5.0
Brussels sprouts, boiled 1 cup 4.0
Potato, with skin, baked 1 medium 4.0
Sweet corn, boiled 1 cup 3.5
Cauliflower, raw 1 cup chopped 2.0
Carrot, raw 1 medium 1.5
Tomato, raw sliced 1 cup (180 g) 2.5

Raw, chopped cabbage 1 cup (890) 2.5

Raw okra/ladies finger 1 cup (100 g) 3.5

Grains Serving size Total fiber (grams)*

Spaghetti, wholevheat, cooked 1 cup 6.0
Barley, pearled, cooked 1 cup 6.0

Bran flakes 3/4 cup 5.5
Quinoa, cooked 1 cup 5.0
Oat bran muffin 1 medium 5.0
Oatmeal, instant, cooked 1 cup 5.0
Popcorn, aipopped 3 cups 3.5
Brown rice, cooked 1 cup 3.5
Bread, wholewheat 1 slice 2.0
Bread, rye 1 slice 2.0
Legumes, nuts and seeds Serving size Total fiber (grams)*
Split peas, boiled 1 cup 16.0
Lentils, boiled 1 cup 15.5

Black beans, boiled 1 cup 15.0
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Baked bans, canned 1 cup 10.0
Chia seeds 28 ¢ 10.0
Almonds 28 (23 nuts) 3.5
Pistachios 28 (49 nuts) 3.0
Sunflower kernels 28 ¢ 3.0

*Rounded to nearest 0.5 gram.

3.3Fate of dietary fibers

Soluble and insoluble fibers behave somewhat differently in thiogasstinal tract. Soluble

fiber absorbs water and form viscous solutions that slow the rate at which nutrients are absorbed
from the small intestine. Because neither soluble nor insoluble fiber can be digested in the small
intestine and so they travelto the large intestine. Bacteria in the colon digest some soluble fiber

to produce gas and fatty acids (propionic acid & butyric acids); fatty acids can be absorbed into
the body and used as an energy source. Some solublafithenost insoluble fibas excreted in

the feces.

3.4 Health benefits of dietary fibers

A diet high in fiber haswiumerous health benefits related wihstrointestinal tract anchronic
diseases; some of which are given below

1. Prevents hemorrhoids and constipation

Consuming fgh fiber containing diet produces soft and large volume stool which reduces pressure
for defecation This reduce the incidence of constipatiofalry andhard stool whichdifficult to

pas$ andpreventshemorrhoidsgwellings of the veins in the rectal amal area

Adds bulk to the stool, which is easier to pass, hence decreases the chance of constipation.

2. Prevention of diarrhea
Soluble fiber can absorb excess fluid in the bowelcase of loose watery stools, soluble dietary
fiber can solidify loos stool because it absorbs water and adds bulk to stool.

3. Increasemusclestrength of colon

Dietary fibers increase the amount and volume of stool.pfégence of larger and softer stool in
the colon stimulateperistalsis (rhythmic muscle contractig thatpusheshe stool onwards and
makes it easier to eliminate. The continuous pushing actioroloh @Quf) muscles makes it
stronger.

4. Reducethe risk of heart disease

Soluble fibers due to its gel forming capacities increase the viscosity obtitent of the small
intestine.Absorption of fatgcholesterol, fatty acidand lecithir) comes fromeitherfoodsor bile
secretion is eitheblocked or slowedabsorptioninto the bloodstreardue to increas&iscosity of
the gastrantestinal contenby sduble fibers and promotdgscal excretiorand therebyeduces the
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risk of heart diseas&tudy shows thagvery additional 10 grams of fiber in the diet reduced the
incidence of heart disease by 17%.

Figure 3.1: Mechanism of reduction of blood cholesil by dietary fibers.

5. Prevent and manage diabetes

High-fiber diet $ows the absorption of glucose frocarbohydratecontaining meaby increasing
viscosity of gastric and intestinal contentéerefore, blood glucose levels will rise more slowly
andless amounof insulin needed to keep glucdseelin the normal rangelhis beneficial effect
manageslood glucosdevel in individuals with diabetes analver the long term maseduce the
risk of developingype 2 diabetes.

6. Enhance weight loss

Fibers slows gastric emptying rate which keeps fudu for alongertime. This helps to prevent
overeating. Highiber diet is lowin calories and fat Fibes also inhibit fats absorption. These
combined effects of fibers enhance weight loss.
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