Part 2 Carbohydrates

1. What are carbohydrates?
are important to the body as sources of energy. They can be found in a wide range of plant and animal food sources. In plants they are generally end products of photosynthesis - the process in which plants convert carbon dioxide and water into simple sugars such as glucose

            6CO2＋12H2O→C6H12O6＋6O2＋6H2O

                   Glucose

Water appears on both sides of this equation because it has been shown that all the oxygen evolved originates from the water．The oxygen atoms in the glucose and water molecules on the right-hand side of the equation are those which were originally combined with carbon in the carbon dioxide． 

In food carbohydrates are important for:

Flavour - adds sweetness 

Texture - particularly starches and gums 

Preserving - jams, hams, intermediate moisture foods. 

Color – caramelization （焦糖化) 

2. Class of carbohydrates

Carbohydrates contain only the elements carbon, hydrogen and oxygen and have the general empirical formula of Cx(H20)y. They may be classified as simple or complex. 

Simple Carbohydrates (Mono- and Disaccharides)

Monosaccharides are sugars containing a single ring:

Pentoses - xylose, ribose, arabinose 

Hexoses - glucose (blood sugar), galactose, fructose (fruit sugar), mannose 

1) Monosaccharides 

The building blocks of carbohydrates are the simple 5-carbon rings (pentoses) and 6-carbon ring (hexoses) such as glucose (C6H12O6) 
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A.   D-glucose，dextrose or grape sugar
D-Glucose is found in grapes（up to seven per cent）and other sweet fruits，onions（about two per cent）and tomatoes（about one per cent）also contain glucose，but honey，which contains about 31 per cent，is the richest source of the sugar．
In animals it is produced during digestion of starch and other carbohydrates and it is a normal component of the blood of living animals．Human blood has about 80—120mg／100ml 

it is the only sugar which plays a significant part in human metabolism． 

Glucose is a white solid；like all sugars it is sweet-tasting but it is less sweet than sucrose． 

B. D-fructose， laevulose(左旋糖) or fruit sugar
The sugar fructose is found with glucose in honey， which contains about 35percent， and in sweet fruit juices .

 Fructose is about twice as sweet as sucrose—ordinary sugar—but it has the same energy value， about 17KJ/g. 

Fructose can thus be used by sweet-toothed slimmers as part of a calorie controlled diet. Fructose can also be used as a sweetener by sufferers from the disease diabetes mellitus. Unlike glucose and sucrose it does not require the hormone insulin for its utilization by the body. 
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2) Disaccharides
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are compounds that contain a bond between carbon (1) of one sugar and a hydroxyl group at any position on the other sugar: 

lactose (milk sugar), maltose, sucrose (common sugar) 
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A. Sucrose，cane sugar or beet sugar 

the sucrose molecule must contain one glucose unit combined with one fructose unit．The fructose unit in sucrose does not have a six-membered ring but a five-membered ring .
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Sucrose (C12H22O11) 

It is a white crystalline solid which dissolves in water to give a dextrorotatory solution. Fructose is more strongly laevorotatory than glucose is dextrorotatory， so the mixture of glucose and fructose is laevorotatory.  

Sucrose is widely distributed in the vegetable kingdom in many fruits，grasses and roots and in the sap of certain trees such as sugarcane (tropical) and sugar beets (temperate)

It is produced and consumed in far larger quantities than any other sugar．Over two million tons of sucrose are used annually in USA（which is roughly 41 kg per person per year）.

B. Maltose or malt sugar 

The sugar maltose is obtained when starchy materials are hydrolysed by the enzyme diastase．Maltose can be further hydrolysed by the enzyme maltase or by heating with dilute acid．
maltose contains two connected D-glucose units．
C. Lactose or milk sugar

Lactose is a white solid which is somewhat gritty in appearance．It occurs in the milk of all animals：cow’s milk contains about 4-5 per cent and human milk 6-8 per cent．
A lactose molecule consists of one glucose and one galactose  linked together．  

Sweetness and sweteners 
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Why is sugar sweet？A simple question but，the answer is complex. It is even difficult to say with any degree of precision what we mean by sweetness. 

Although it is difficult to define sweetness and impossible to measure it in any absolute way, it is possible to compare the relative sweetness of different substances. 

3) Complex Carbohydrates (Polysaccharides) 

are made up of three or more simple sugars linked together: 

dextrin, gum, glycogen, pectin, starch
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Polysaccharides are carbohydrates of high molecular weight which differ from the sugars in being non- crystalline，generally insoluble in water and tasteless.

 A polysaccharide is built up from a large number of connected monosaccharide units which may be alike or different. As in the case of disaccharides，one molecule of water is lost in the union between one monosaccharide molecule and the next. The polysaccharides are all built up from monosaccharides containing six carbon atoms and are best formulated（C6H12O6）n. The value of n varies，but in most cases is quite large. 

Hydrolysis breaks down a polysaccharide molecule into smaller portions containing various numbers of monosaccharide units and may， if sufficiently drastic，convert the polysaccharide completely to monosaccharide：
（C6H10O5）n＋nH2O→nC6H12O6

(1) Starch

The glucose units in starch are the α- isomer. 

is one of the most common complex carbohydrates, the energy storage compound in plants, 

 is easily digested by humans and animals.

 It is the primary storage form of glucose in plants and is contained in high amounts in potatoes, corn and tropical roots such as cassava (木薯).

Starches are formed as linked chains of glucose units. Starches such as amylose (an important plant starch) are single chains while others such as amylopectin are branched chains.  

Amylose (直链淀粉) and amylopectin （支链淀粉）
	Amylose
	Amylopectin

	1. Amylose is responsible for the blue colour produced when starch reacts with iodine.
	Amylopectin，on the other hand，gives a reddish- brown colour with iodine 



	2. The enzyme β- amylase，which is present in cereals，hydrolyses amylose almost completely to maltose. 
	only about half of it is converted into maltose by β- amylase，the residue being referred to as a dextrin.

	3. The molecular weight of amylose varies from about 10,000 to about 50,000 and this corresponds to 70-350 glucose units. 


	3. the molecule is larger and may contain several million glucose units. there are a large numbers of these chains each containing 20- 302 glucose units .

	4. The glucose units are connected in a α- l-4 manner to form a chain 


	4. The glucose units are connected in a α- l-4 manner to form a straight chain, but at the branch, it is α- l-6 manner.


[image: image9.png]



[image: image10.png]



amylase

amylopectin

[image: image11.png]



Amylose can be separated from amylopectin by formation of an insoluble complex with a suitable liquid such as butyl alcohol.

(2)  Pectin

Pectin is the name given to a mixture of polysaccharides found in sol fruits and in the cell walls of all plants. 

Concentrated pectin extract can be bought for use in Jam making. 

 Pectin is present in unripe fruits and vegetables mainly in the form of its precursor protopectin. This is a water- insoluble compound in which most of the carboxyl groups are esterified. Protopectin is responsible for the hard texture of unripe fruits and vegetables：during ripening enzymes present in the plant convert it into pectin. 

Pectin from various sources differs somewhat in composition and hence it is not possible to specify its structure too precisely. However all pectins consist essentially of the polysaccharide methyl pectate which has long chain- like molecules of several hundred connected units of α- D- galacturonic acid—an acid derived from the monosaccharide galactose. Some of the acid groups have been esterified and converted from free carboxyl（-COOH）groups to the methyl ester （-COOCH3）
(3) Glycogen
The polysaccharide glycogen acts as a reserve carbohydrate for man and other animals. Because its function in man parallels that of starch in plants it is sometimes referred to as animal starch. It is a very large molecule consisting of branched chains of α- D- glucose units and its structure is very similar to that of amylopectin but chain branching occurs，on the average，at about every 18-20 glucose units（compared with about 20-30 in amylopectin）. 

Glycogen is present in man and other animals in tie muscles and in the liver；There may be several kilograms present in the body of a large animal such as a cow. Despite this，however，glycogen is not a normal constituent of the diet because it is converted into lactic acid after an animal has been  killed. 

(4) Fibres

Plant constituents resistant to digestion by secretions of the human gastrointestinal tract make up the compounds known collectively as fiber. While they are not broken down by the digestive juices of humans, some fibers may be absorbed to some extent, because they are partially digested by intestinal bacteria.

These compounds often form the structural components of plant cells and are fibrous in nature. 

Fibres resist rapid digestion in the intestinal tract of humans but are readily used by ruminant animals. 

Cellulose: Cellulose (wood fibre) is the primary component of plant cell walls. 

Cellulose can be hydrolysed by heating it with hydrochloric or sulphuric acid. The only monosaccharide obtained in this process is D- glucose and it has been shown that the cellulose molecule consists of a large number of β- D- glucose molecules connected together at carbon atoms 1 and 4 to form very large chain .
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Hemicellulose: The main component of cereal fibre. Hemicellulose is common in fruits and vegetables. 

Gums and Mucilages – soluble fiber 

Gums are used as additives

Mucilages (guar, carrageenan黏液, 胶水) used as food stabilizers

Lignin – nonpolysaccharide fiber – insoluble fiber 

Found in the woody parts of vegetables: carrots, strawberry seeds 

Soluble fibres: Soluble fibre includes gums, mucilages (黏液质) and most pectins. Higher concentrations of soluble fibres are found in fruits, oats, barley and legumes. Soluble fibres are very good for health. They generally slow the emptying of the stomach, slow glucose absorption and aid in lowering blood cholesterol. 

Insoluble fibres: Insoluble fibres include cellulose, most hemicelluloses and lignin. Insoluble fibres are high in vegetables, wheat and cereals. Insoluble fibres increase fecal weight, slow starch breakdown and delay glucose absorption into the blood. 

Dietary fibre: Dietary fibre refers to the total amount of naturally occurring materials in foods, mostly plants, that is not digested. Dietary fibre is the non digestible form of carbohydrate that is of nutritional importance in gastrointestinal disease. 

Forms of carbohydrates in human diet

	Class
	Type
	Digested by human
	Sweet taste
	Water soluble?

	Monosacch-
	Glucose, fructose, galactose
	Yes
	Yes
	Yes

	disaccharides
	Sucrose, lactose, maltose
	Yes
	Yes
	Yes

	   polysaccharides
	Plant sources

Cell contents

Cell walls

Animal sources
	Dextrins, starch

Gums, mucilages

Algal polysaccharides

Pectins

Hemicellulose

Cellulose

Lignin (no a carbohydrate)

Glycogen
	Yes

No

No

No

No

No

No

Yes
	No

No

No

No

No

No

No

No
	No

Yes

No

Yes

No

No

No

No


3. Digestion, absorption, and Metabolism of carbohydrates

Mouth 

-Salivary glands secret salivary amylase into mouth 
-Amylase breaks starch into small polysaccharides and maltose 

Stomach 

-Stomach acid inactivates salivary amylase 
-Some starch is broken down in stomach 
-No carbohydrate digesting enzymes 
-Fiber stays in stomach longer and delays gastric emptying ‘full feeling’ (not digested)

Small intestine
Pancreas produces and releases pancreatic amylase into small intestine through pancreatic duct: breaks down polysaccharides to smaller chains and disaccharides 
-Disaccharides are broken down on outer membranes of intestinal cells by enzymes: 

Maltase – breaks maltose: glucose/glucose 
Sucrase – breaks sucrose: fructose/glucose 
Lactase – breaks lactose: galactose/glucose

-Monosaccharides absorbed into intestinal cells 
-Fiber not digested: delays absorption of other nutrients 

The digestion of carbohydrate

Polysaccharides and oligosaccharides must be hydrolyzed to their component monosaccharides before being absorbed. The digestion of starch begins with salivary amylase, but this activity is much less important than that of pancreatic amylase in the small intestine 

Amylase hydrolyzes starch, with the primary end products being maltose, maltotriose, and a -dextrins, although some glucose is also produced. The products of a -amylase digestion are hydrolyzed into their component monosaccharides by enzymes expressed on the brash border of the small intestinal cells, the most important of which are maltase, sucrase, isomaltase and lactase 
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Carbohydrate absorption 

Fructose:

 absorbed passively down a concentration gradient 

binds to a specific carrier protein in the apical cell membrane 

either: 

    (1) diffuses passively out of cells and into capillaries 

    (2) forms lactate which then diffuses into portal blood

The absorption of glucose 

1 absorbed mainly in jejunu（空肠）by active  process 

2 enters via a co-transporter protein on the apical  side of the enterocyte (肠上皮细胞)

3 co-transporter requires presence of sodium ions 

4 sodium ions pass down electrochemical gradient into cell to replace sodium ions which are actively being transported out of cell on basolateral（底外侧的）membrane by Na+/K+ ATPase pump 

5 glucose diffuses out of cell into    intercellular space and from there to local capillaries 

6 chloride ions and water accompany the movement of sodium and glucose; they may travel through the cell or through the intercellular space 

Carbohydrate (CHO) Absorption
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Large intestine
§-Bacteria enzymes digest some fiber 
§-Ferments starch/fiber: creates water, gas, short chain fatty acids.  (fatty acids absorbed in colon) 

§-Fiber attracts H2O,  promotes bowel movements, binds bile, cholesterol, and some minerals 

Lactose Intolerance 

§Occurrence: about 70% of world population 
§Lowest ethnic group: Northern Europeans 
§Highest: Native North Americans, Southeast Asians. 
§Why it happens:   

§Lactase activity decreases dramatically after infanthood, resulting in an inability to digest lactose. 

§Symptoms: 
Bloating, abdominal discomfort, diarrhea, nausea(恶心, 作呕), and gas. 

§Dietary modifications: 

§-Avoidance (with proper planning) 

§-Eat fermented products (yogurt, acidophilus milk) where bacteria has already digested much of the lactose 
§-Eat aged cheese 
§-Take enzyme tablets or add enzymes to products 

Functions of carbohydrates

§1) Supply energy:
Carbohydrates provide 4 kcal/g, it is very important energy source for human and animal.

§2) Carbohydrates are also an essential source of energy for the central nervous system. Approximately one-fifth of the energy requirement of our basal metabolic rate is for brain function, and only glucose, not fat, is required.

After meal rich in carbohydrates there is an increase in the rate at which the brain synthesizes serotonin(血液中的复合胺), serotonin is one of sixe compounds, called neurotransmitters (神经传递素).

§3) Spare protein
This means that when carbohydrates are plentiful in the diet, we will use them as a source of energy instead of protein, thereby making the protein available for building and repairing body tissue, it is much more efficient and less costly to use carbohydrates for energy than use protein.
§4) help make Nonessential amino Acids.
Carbohydrates aid in the manufacture of certain nonessential amino acids when they are in short supply.

§5) Storage Energy: glycogen is one energy storing in liver. Thought it is not so much, but it is very important in provide energy to the body.

§6) Structural components:  Carbohydrates and proteins can combine to form several compounds that have important functions in the body, for example, serving as lubricants (滑润剂) for joints and as the component of nail, bone, cartilage (软骨), and skin.
Effects of carbohydrates to body

§Glucose is the primary energy source for the brain and nerves. Proteins may be converted into glucose (i.e. energy), but inefficiently. The use of protein for energy wastes this valuable resource which can be used for muscle building and growth.
§Rapidly digested carbohydrates can cause a major increase in insulin. Insulin is designed to remove glucose from the blood for storage. The disease Diabetes mellitus occurs in humans who can not produce enough insulin to remove the excess glucose. The glucose is then excreted. A test for Diabetes looks for glucose in the urine. 

Slowly digested carbohydrates can decrease the chance of excessive fat storage. There are claims that dietary fibre reduces colon cancer. 
After glycogen storage is filled, excess carbohydrate is stored as fat. 

Too much sucrose and lack of dental hygiene usually results in dental decay. 

§Some humans lack the enzyme lactase which digests lactose, the sugar in milk. The lactose then passes from the stomach to the gut where bacteria use the sugar and produce gas resulting in painful stomach cramps. 

6. Physical and chemical properties of DF
§1.the water-binding capacity of fibers: prevent constipation.
§2. The minerals-binding capacity such as phytic acid: decrease the minerals’ absorption.

§3. The capacity of binding organic and toxic substances.-preventive factor in cancer of the colon.

§4. No digested by endo-enzymes such as amylase
7. The function of dietary fibre

1) On the intestine itself 

1 Increased small intestine wall thickness (mucosa) 
2 Increased small intestine weight 

3 Changes in the villi 

  (1) Increased number of neutrophils 

   (2) Increase mitosis (cell division rate) 

   (3) Increased number of crypt (隐蔽性)cells 

   (4)Blunting(钝化) and disarray of villi (soluble fibre)

4 Thinning of colon(结肠) wall 

2) On intestinal contents 

1 Alter the transit time of food through the intestinal tract. Generally fibre increases segmental contractions. This slows gastric emptying, slows transit through the colon, but can have a varying effect on small intestine transit time. 
2 Increased secretion（分泌） of enzymes 

3 Altered pH of intestinal contents (chyme) 
3) On faecal production 
§More faecal waste material 
§Faecal bulking(膨胀)due to retention of water 

§The faecal stool is softer and easier to pass 

§More gas production (due to increased fermentation) 

§Increased faecal nitrogen and fat excretion 

§Changes bacterial content of large intestine 

4) Metabolic effects 

1.Altered glucose tolerance (absorption) 
2.Reduced post-prandial insulin secretion 

3.Reduced triglyceride (甘油三酸脂) and fatty acid synthesis 

4.Reduced plasma (血浆) and liver fat concentrations 
8. Dietary Fiber and Health

A. Hyperlipidemia and CHD-coronary heart disease
§1. epidemiological evidence suggest that complete vegetarians have significantly lower serum cholesterol and the highest intake of crude fiber
§2. developed countries with low fiber intake have high CHD and serum cholesterol levels.
§3. epidemiological evidence weak as there is no control of SFA's or total kcals
§4. Intervention (干涉) studies show that water-soluble fibers lower cholesterol - often non physiologic levels given (twice the recommended 10g/1000 kcals)
§5. mechanism of action not know but believed to be associated with:
§a. decrease absorption of SFA and cholesterol
§b. alteration of intestinal synthesis of cholesterol

B. Colon Cancer
§1. initial epidemiological studies suggest a  link between crude fiber intake and colon cancer
§2. case-control studies have been inconclusive
§3. mechanism of action:
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§a. reduction in transit time of the large bowel
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§b. bulking agent
[image: image18.png]



§c. binds bile salts

C. CHO and Non-Insulin Dependent Diabetes Mellitus (NIDDM)

§A. Characteristics
§1. insulin resistance rather than insulin deficiency
§2. occurs almost exclusively in the population above 45 years of age
§3. can be controlled by diet 
B. Evidence suggesting diet rather than aging as the primary cause of NIDDM - rodent studies
§1. several investigations have reported that high fat, high sucrose diets fed to rodent induce insulin resistance
§a. not clear if it is obesity or diet macronutrient composition
§b. not clear if sedentary (久坐的) life style of rodent cause obesity that leads to insulin resistance
2. study designed to evaluate these possibilities - rats 
	Group
	Body Weight
	Degree of Insulin Resistance

	Obesity diet, sedentary
	Highest
	Highest

	Non-Obesity Diet, Sedentary 
	Next Highest
	Next Highest

	Obesity Diet, Exercise 
	Next Highest
	Next Highest

	Non-Obesity Diet, Exercise 
	Lowest
	Lowest

	Pair Fed, Sedentary 
	Lowest
	Lowest


C. Evidence suggesting diet rather than aging as the primary cause of NIDDM - humans
§1. previously sedentary, obese individual with NIDDM placed on kcal reduced diet and exercise
§2. NIDDM reversed with reduction in weight
§3. 20 - 30% did not respond to weight reduction -- thought to be genetic

§
§*Why does obesity in older, not younger, people causes NIDDM?* 
D. Role of specific saccharides in the cause and treatment of NIDDM
1. sucrose
§a. high sucrose diet previously reported to induce insulin resistance in rats
§b. poor control for obesity
§c. more recent data demonstrate no effect.
2. fructose
§a. since fructose does not cause an increase in serum glucose, most physician suggest that substitution of fructose for sucrose is OK
§b. other suggest that fructose induces hyperlipidemia, and thus may be bad for genetic-related NIDDM - Syndrome X (hyperlipidemia, hypertension, insulin resistance 
9. Recommendation
§60-70% of total diet energy comes from carbohydrates is  a good proportion for health.
§Chinese taking in carbohydrates is decreased,  Chronic diseases, such as coronal heart disease, Diabetes, hyperlipidemia, hypertension, etc. are increased
10.The excessiveness of carbohydrate
1).Converted to fat and stored 
2).Increases body fat by suppressing fat oxidation 

3).Can cause diabetes mellitus

4).Can cause high bloody grease
11. The lack of carbohydrate
§More protein utilized as fuel source 
§Endurance can be reduced up to 50% until body adapts 

§Glycogen stores become depleted 

§Ketosis: Break down of protein (muscle wasting) and incomplete combustion of fats (ketone bodies )

§Body can adapt and convert dietary protein to carbohydrates via gluconeogenesis（糖原重生）.
12. Carbohydrate Sources
§Carbohydrates derive from both plant and animal sources. But plants are the ultimate producers of carbohydrates. Utilizing the process of photosynthesis, they first synthesize simple sugars from water and carbon dioxide using sunlight as the energy source. Next they then further combine the sugars into complex carbohydrates. 
§Starch is used for future energy needs and cellulose and hemicellulose for cell wall structures. 
§Glucose: Abundant in carbohydrate-rich foods: grains, fruits, vegetables, milk .
§Fructose: Abundant in fruit, honey, and saps 

§Galactose: Rarely found outside of lactose.

§Maltose: Produced during starch digestion in the body 

§Sucrose: Table sugar, fruit, vegetables, and grains 

§Lactose: Milk, dairy products .

§Glycogen: Found in liver and muscle tissue 
Not a significant food source of carbohydrate 

§Starch: Found in grains (wheat, rice), legumes, and tubers (potatoes, yams, cassava) 
Fibers Sources
§. Cellulose – insoluble fiber 
§Primary constituent of plant cell walls 
Found in all fruits, vegetables, legumes 
2. Hemicelluloses – soluble and insoluble fiber 

§Primary constituent of cereal fibers

§3. Pectins – soluble fiber 

§Found in vegetables and fruits (especially citrus, apples) 
Used to thicken jelly, controls texture and consistency 

§4. Gums and Mucilages – soluble fiber 

§Gums are used as additives 
Mucilages (guar, carrageenan) used as food stabilizers

§5. Lignin – nonpolysaccharide fiber – insoluble fiber 

§Found in the woody parts of vegetables: carrots, strawberry seeds 

Good Sources of Starch 
§Breads, both whole-grain and white 
§Breakfast cereals, cooked and ready-to-eat 

§Flours, whole-grain and white 

§Pastas, such as macaroni and spaghetti 

§Barley and rice 

§Legumes - dried peas, beans and lentils 

§Starchy vegetables, such as potatoes, butter beans, corn, potatoes, sweet peas, lima beans, and navy beans 

Good Sources of Fiber 
§Whole-grain breads, other grain bakery products 
§Whole-grain cereals, cooked and ready-to-eat 

§Legumes - kidney beans, lima beans, navy beans, and split peas 

§Fruits, especially the skins and edible seeds 

§Nuts and seeds
