
Carbohydrates (CHO)


-> the body’s first choice for energy needs


-> used as glucose or stored as glycogen

Dietary Sources:


-> Grains (eg. bread, cereals, pasta, etc.)


-> Beans/Legumes (eg. lenits, black beans, etc.)


-> Milk and Alternatives (eg. milk, yogurt, but not cheese)


-> Fruits (eg. bananas, apples, berries, pineapple)


-> Starchy Vegetables (eg. potatoes, peas, corn, squash)


-> Sweets/desserts (eg. cookies, chips, ice cream, cake)

One Serving of carbohydrates:


-> 1 slice whole grain bread, 6” tortilla, 1/2 hotdog or hamburger bun


-> 1 cup milk, 1/2 cup sweetened yogurt


-> 1/2 cup sweetened yogurt


-> 1 small fresh fruit, 1/2 a medium banana, 12-15 grapes


-> 1/2 a medium potato


-> 1/2 cup corn or mashed potato


-> 4-5 cup popcorn


-> 2-3 plain cookies (arrowroots, ginger)


-> 1 Tbsp sugar or honey

Simple Carbohydrates

· Sugars (1-2 polymers)
· Monosaccharides

-> glucose, galactose, fructose

· Disaccharides

-> sucrose, lactose, maltose

· Sugar Alcohols

-> sorbitol, mannitol

Monosaccharides

· Glucose

-> blood sugar


-> essential CHO - main source of energy for brain & nerves


-> excreted in the urine by diabetics

· Fructose

-> fruit sugar, sweeter than sugar

· Galactose

-> part of lactose (milk sugar); freed during digestion

Disaccharides

· Sucrose (glucose + fructose)

-> table sugar (beet or cane)

· Lactose (glucose + galactose)

-> sugar in milk


-> poorly digested by some people

· Maltose (glucose + glucose)

-> malt sugar


-> in geminating seeds


-> importance in brewing

Polysaccharides

· Starch

-> excellent source of glucose

-> storage form of glucose in plants

· Fibre

-> indigestible parts of plant foods


-> cellulose, hemicellulose, pectins, gums, mucilages, nonpolysaccharide lignin

· Glycogen

-> storage form of CHO in liver & muscles in humans and animals

Complex Carbohydrates

· Starch & fibre -> 3 or more polymers
· Oligosaccharides (3-9 polymers)

-> malto-oligosaccharides: maltodextrins


-> other oligosaccharides: raffinose, stachyose, fructo-oligosacchides

· Polysaccharides (> 9 polymers)

-> Starch: amylose, amylopectin, modified starches


-> Non-starch polysaccharides: cellulose, hemicellulose, pectins, hydrocolloids
The Need for Carbs

· Glucose

-> important fuel for most body functions


-> critical energy source for the brain & nerves

· Starchy Foods

-> longer lasting energy

· Sugary Foods

-> quick energy


-> choose nutrient dense (eg. fruits and milk) vs. empty-calorie

Recommendations for CHO

· Total CHO:

-> Canada’s Food Guide: whole grains, fruit, starchy veggies, milk


-> DRI: minimum 130 grams/day (glucose for brain & nerves); 45-56% total calories 


-> WHO: 50-75% of total calories from CHO

· Added Sugar:

-> CFG: use sugars in moderation; limit foods high in sugar


-> DRI: maximum 25% of total calories


-> WHO: 0-10% of total calories from sugars

· Dietary Fibre:

-> CFG: increase intake of foods containing fibre (fruits/veggies, whole grains, etc.)


-> DRI: men up to age 50 = 38 grams/day, men age 51+ = 30 g/d



-> women up to age 50 = 25 g/d, women age 51+ = 21 g/d


-> WHO: 27-40 g/d from whole grains, fruit/vegetables
Fibre
· Polysaccharides

-> sugar unit held by bonds indigestible by human enzymes

· Soluble Fibre (viscous)

-> dissolve in water


-> adds thickness to foods (eg. pectin)


-> help stool formation


-> viscous, gummy gels found in barley, legumes, fruit/veg, oats, psyllium


-> have significant cholesterol-lowering effect

-> help regulate blood glucose following a CHO-rich meal

· Insoluble Fibre (non-viscous)

-> less readily fermented


-> tough, stringy, gritty


-> most effective stool-softening fibre-rich foods (relieve constipation)


-> cellulose & hemicellulose in brain, strings of celery, skin of corn kernels, bran


-> most foods contain a mix of fibre types
CHO & Fibre- Rich Foods

· Whole grain, fruit/veg, legumes

-> supply valuable vitamins, minerals, phytochemicals, & fibre with little/no fat

· Important to drink enough water for the amount of fibre you eat (think of a sponge)
Why Consume Fibre-Rich Foods?

· Lower Blood Cholesterol (reduced risk of heart disease)

-> foods rich in viscous (soluble) fibre bind with cholesterol-containing bile in the 
intestine; carried out in feces


-> liver draws on body’s cholesterol to synthesize more


-> bacterial fermentation of fibre releases short-chain fatty acids that help reduce 
cholesterol synthesis in the liver

· Blood Glucose Control (reduced risk of diabetes)

-> glucose absorption is slowed down when fibre traps nutrients and delays transit to the 
gastrointestinal tract (GIT)


-> prevents surges in blood glucose and insulin levels

· Healthy Weight Management

-> foods rich in complex CHO (low in fats & added sugars)

-> promote weight-loss - less energy per intake; feeling of fullness, delay hunger


-> choose fresh fruit, vegetable, legumes, whole grain foods

· Maintains GIT Health
-> cellulose (in cereal bran, fruit/veg) enlarge and soften stool; increases transit 
time through intestine

-> hemorrhoids (swelling of rectal veins) less likely to occur when stools are soft and pass through easily

-> appendicitis is prevented with intestinal contents moving through and not allowing bacterial growth

-> Diverticula: abnormal bulging pockets in the colon wall; fibre stimulates GIT muscles to retain strength

-> colon cancer risk reduced when increasing dietary fibre intake

Carbohydrate Digestion

· from CHO (starch, sugar, fibre) to Glucose:
Mouth -> digestion initiated by salivary amylase


-> split starch to maltose (sweet taste)

Stomach -> salivary enzyme still acts on food stored in upper storage area


   -> enzyme deactivated by stomach acid & other juices


   -> no further starch digestion in the stomach

Small Intestine 
     -> Pancreatic Amylase: digestion of starch into disaccharides/small polysaccharides

     -> lactase, sucrase, maltase = disacch. split into monosacch. in intestinal walls

    -> absorption of glucose takes place in capillaries

    -> monosaccharides delivered to liver via portal vein

Liver -> converts galactose & fructose to glucose

Large Intestine


-> fibre & resistant starch travel unchanged to the colon


-> bacterial fermentation may occur & odorous gases may be produced


-> this can be minimized by commercial enzymes (eg. Beano)

Lactose Intolerance

· inability to produce lactase to digest lactose
· some nausea, pain, diarrhea, and excesive gave
· calcium mostly from milk sources; need to substitute other food sources (eg. yogurt, aged cheese, calcium-fortified orange juice, soy beverages, canned sardines, salmon with bones, dark green vegetable)
· choose lactose-free milk products 
· 50-90% of populations suffer

-> Asians, Native, African, Mediterranean, Hispanics, Alaskan Inuits)

Carbs & Glucose in the Body

· Blood cholesterol: fibre promotes normal blood cholesterol
· Blood glucose: fibre modulates blood glucose
· Satiety: fibre & sugar contribute to feelings of fullness
· Body weight: fibre-rich diet may promote healthy body weight
· Energy source: preferred fuel for brain & nerves
· Glucose storage: muscle & liver glycogen
· Raw material: sugars converted to amino acids
· Structures & functions: changed with sugars interacting with fat & protein molecules
· Digestive tract health: fibre maintains healthy bowel functions
· Glucose:

-> fuels the work of most of the body’s cells


-> CHO -> essential source of glucose

· Glucose Breakdown:

-> 6-C compound split into two 3-C compound (yield energy; water formed)


-> 3-C compound can be put together to form glucose again


-> 3-C compound broken unto 2-C compound and CO2 released; 2-C compound hitched 
together to form units of body fat


-> 2-C compound broken down completely to 2 molecules of CO2 and water 

· 130g of CHO per day for an average-sized person is the minimum DRI to:

-> maintain health and glycogen stores


-> adequately feed the brain and nerves


-> reduce ketosis:


-> body fat cannot be concerted into glucose to feed the brain properly



-> with no glucose, protein is used to energy (protein-sparing action of CHO), 

instead of its normal functions (eg. immunity defense)



-> fat fragments combine to form acidic ketone bodies



-> ketone bodies disturb the acid-base balance

Storing Glucose as Glycogen

· Insulin:

-> hormone released by pancreas to signal body tissues to take up glucose circulating in 
the blood to fulfill their energy needs

· Muscles:

-> stores glucose as glycogen for its own use

· Liver:

-> glycogen stores released as blood glucose for the brain and other tissues when 


dietary supply is low

· Brain:

-> stores tiny fraction for emergency glucose reserve for an hour or two in 


severe deprivation

Handling Excess Glucose

· Body tissues burn more glucose for energy instead of fat
· Liver breaks up extra glucose into small fragments and forms fats
· Fat Cells take up glucose and convert it into fat directly
Regulation of Blood Glucose

· Glucagon -> pancreatic hormone


-> produced in response to drops in blood glucose concentration



-> triggers breakdown of liver glycogen to free glucose

· Protein

-> little amount converted to glucose (taken from blood, organ, or muscle proteins)


-> no surplus protein stored for emergencies

· Fat

-> cannot regenerate enough glucose to feed the brain & prevent ketosis

- Epinephrine

-> breaks down glycogen as a defense against danger

· Regulation

-> need to consume balanced meals eaten on a regular schedule

-> starch, fibre, some protein, and a little fat

Carbs in Food

· Wheat Kernel (parts)

-> Husk (chaff): outer inedible part of a grain; used for animal feed


-> Bran: protective fibrous coating of grains; source of fibre, vitamin B, phytochemicals


-> Endosperm: starchy edible part of grain; source of protein and fibre


-> Germ: nutrient-rich inner part of grain; source of vitamin E, vitamin B, and protein

· Enriched/Fortified: specified levels of thiamin, riboflavin, niacin, folate, iron (or more nutrients) added to refined grain products
- Refined: process of removing course parts (eg. chaff, brain, germ)

· Stone Ground: uses limestone to grind any grain to flour
· Unbleached Flour: beige-coloured endosperm flour
· Wheat Flour: any flour many from wheat, including white flour
· White Flour: endosperm flour refined & bleached for maximum whiteness/softness
· Whole Grain: grain milled in its entirety (all but the husk); not refined; best source
· Whole Wheat Flour: made from whole wheat kernels; whole grain flour; best source
Usefulness of CHO (in Foods)

· Flavour: sweet taste
· Browning: appealing colour, aroma, and taste
· Texture: tenderizing; cooked starch is smooth and pleasing
· Gels: starch molecules trap water when heated; pectin form gel of jellies
· Bulk & Viscosity: thickness; soluble fibre
· Moisture: attracts water & keeps food moist
· Preservative: dehydrates bacteria & preserves food
· Fermentation (yeast): dough rises & beer brews
· look for grams of CHO on the label
· covert grams to calories by multiplying by 4 kcal/g**
· fibre, starch, and sugars included
· Approximate contributions to CHO by food groups:

-> grains, fruit, starchy veggies (potatoes, beans, corn, squash) = 15 g CHO per serving


-> non-starchy veggies (carrots, okra, onions, salad, tomatoes) = 5 g CHO per serving


-> meat & alternatives (usually no CHO, except beans and nuts) = 15 g CHO per serving


-> milk & alternatives (milk, yogurt) = 12-15 g CHO per serving


-> sugar = 4 g CHO per teaspoon

Terms to Describe Sugar

· Sugars: all monosaccharides & disaccharides
· Brown Sugar: white sugar with molasses added (95% pure sucrose)
· Concentrated fruit juice sweetener: sugar syrup from dehydrated fruit juice (esp. grape juice)
· Confectioner’s Sugar (icing sugar): finely powdered sucrose
· Corn Syrup: from cornstarch; acted upon by enzymes (mostly glucose, partly maltose)
· HFCS: high-fructose corn syrup (mostly fructose, has glucose & maltose)
· Granulated/white sugar: table sugar; crystalline sucrose
· Honey: glucose & fructose mix from enzymatic digestion of sucrose in nectar by bees
· Maple Sugar: sucrose from sap of sugar maple tree
· Molasses: thick, brown syrup left over from refining sucrose from sugar cane
Sugar as an Ingredient

· contributes sweetness, enhances flavours
· improves appearance
· tenderizes, keeps sauces smooth
· provides a base for yeast fermentation
· acts as a preservative, keeps food moist
· increases volume of cakes and other baked goods
· keeps cooked fruits and veggies firm
· contributes to the texture of baked goods
· lowers the freezing point (prevents coarse ice crystals)
Sugar and Disease

· does sugar promote and maintain obesity?

-> sugar added to foods high in fats may trigger overconsumption

-> high sugar foods often have extra empty calories (eg. cakes, candies, cookies)


*-> no firm evidence between obesity, sugar, and human brain chemistry

· does sugar cause & aggravate diabetes?

-> sugar alone is not culpable in causing Type 2 DM


-> if a high energy intake from added sugars causes gains of excess body fat, then sugar 
elevates risk for Type 2 DM


-> diet high in whole-grain foods & dietary fibre can reduce risk of Type 2 DM

· does sugar increase the risk of heart disease?

-> average intake of sugar does not adversely affect heart health in healthy persons


-> high saturated fat produced due to dietary sugar is major culprit in heart disease 


-> high sugar diet increases triglyceride levels

· does sugar disrupt behaviour in children & adults?

-> research results do not suggest that sugar itself negatively affects behaviour


-> but simple sugar may cause burst of energy at any age

· does sugar cause dental decay & gum disease?

-> sugar is an energy source for bacteria that cause tooth decay


-> affected by length of time food stays in the mouth, how sticky it is, how often you eat 
it, 
whether you brush your teeth right after eating


-> population groups whose diets provide no more than 10% of calories from sugar have a 
lower prevalence of tooth decay (dental caries)

Diabetes Mellitus (DM)

· chronic disease characterized by:

-> elevated blood glucose concentration & inadequate or ineffective insulin


-> individual can’t regulate blood glucose normally

· complications

-> blindness, amputations, complications in pregnancy, heart disease, kidney disease, 
premature death

· Canadian cases

-> $1.4 million (2000) to $2.4 million (2016)


-> projected health care cost from $4.7 billion to $48.1 billion

· Type 1

-> 10% of cases; immune system attacks pancreatic cells


-> different causes: genetics, viral infection, toxins, allergens, etc.


-> pancreas makes too little or no insulin (called “insulin-dependent DM”)


-> blood glucose remains elevated; body cells starving for glucose


-> children & adolescents affected (“juvenile-onset DM”)


-> insulin injections necessary (daily syringe shots, insulin pumps/pens)


-> new devices/methods (spray, inhaler, surgery to transplant insulin cells, vaccine)


-> need to balance blood insulin and glucose concentrations

· Type 2

-> 90% of cases; pancreas makes a lot of insulin (called “non-insulin dependent DM”) 


-> body cells resist insulin’s actions (esp. in obese)


-> adults affected mostly, but increasingly seen in obese children (“adult-onset DM”)


-> high risk for CVD; obesity brings on insulin resistance


-> blood glucose rises too high; blood insulin also rises

-> impaired glucose tolerance (prediabetes); blood glucose higher than normal


-> genetically susceptible populations (african, hispanic, native american, asian)


-> prevention: maintain healthy body weight, diet high in V&F and whole grains, 
exercise regularly, restrict alcohol, abstain from smoking

· Warning Signs:

-> excessive urination (polyuria), thirst (polydipsia), and hunger (polyphagia)


-> glucose in urine (glucosuria)

-> abnormally high glucose in the blood


-> weight loss with nausea, easily tired, weakness, irritability, drowsiness


-> frequent infections of the skin, gums, vagina, urinary tract, itching


-> vision disturbance; blurred vision

-> pain in the legs, feet, or fingers


-> slow healing of cuts and bruises

· Long-term Consequences

-> amputation (legs, feet)


-> kidney disease (dialysis, kidney transplant)


-> blindness (cataract, damaged retina)


-> skin and nerve damage


-> gum disease and tooth loss


-> cardiovascular disease (strokes and heart attacks)

Hypoglycemia

· blood glucose concentration below normal
· Reactive Hypoglycemia

-> low blood glucose after a meal


-> body secrete too much insulin


-> symptoms: fatigue, weakness, dizziness, irritability, anxiety, sweating, hunger, 
headaches, mental confusion, intellectual impairment

· Fasting Hypoglycemia

-> low blood glucose after 8 - 14 hours of fasting (zero caloric intake)


-> symptoms: headache, mental dullness, fatigue, confusion, moodiness, seizures


-> can be related to: cancer, pancreatic damage, uncontrolled diabetes, liver infection with 
hepatitis, advanced alcohol-induced liver disease

Glycemic Index (GI)

· Glycemic Response

-> index used to classify CHO foods based on potential for raising blood glucose levels


-> determined by feeding 50 g of a particular food and watching the blood glucose 
response over a 2 hour period


-> BG response compared toreference food (usually white bread or glucose) with a GI = 100


-> High glycemic index = GI 70 and above (eg. pop-tarts, cheerios, potatoes, syrup)

-> Moderate = GI = 55 - 69 (popcorn, grapes, 7-grain bread, sweet potato)

-> Low = GI less than 54 (barley, peanuts, hummus, apples, milk, yogurt, fructose)

· Low GI Foods:

-> digested & absorbed more slowly than foods with high GI


-> meals with ow GI foods reduce postprandial blood glucose & insulin responses


-> digestibility of the CHO in low GI foods; generally less than high GI foods


-> low GI foods increase the amount of CHO entering the colon & increase colonic 
fermentation and SCFA production


-> eg. whole grains, legumes (beans, lentils), fruit & veggies, milk products

· Glycemic Load (GL)

-> accounts for both the glycemic index and the food’s CHO content


-> GL = GI x g of available CHO


-> the lower the GL in a diet, the less glucose builds up in the blood


-> low GL may help control body weight by ensuring steady flow of glucose in the blood and  
extend feelings of fullness

-** not necessary/desirable to exclude all high GI foods
- food’s glycemic effect varies in every person

