Part 3.   Proteins and Amino Acids
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1. Amino Acids

· The building blocks of protein 

· Structure: every amino acid contains an amino group, and acid group, a hydrogen atom, and a distinctive side group all attached to a central carbon atom.

· In nature, all amino acids are L-amino acids. Drawing the structures as Fischer projections, this corresponds to placing the –COOH group at the top and the –NH2 group to the left.

· Amino acids have this basic structure, but the side chain, R maybe any of 20 different 
· groups
Amino acids have the properties of both acids and bases and this enables them to undergo an intramolecular acid-base reaction. Amino acids exist primarily in the form of a dipolar zwitterion (两性离子)
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1). Classes of Amino Acids according to their chemical properties
(1）Aliphatic (脂肪族的) amino acids: 
   Glycine (Gly甘氨酸), Alanine (Ala 丙氨酸), Valine (Val缬氨酸), Leucine (Leu 亮氨酸), Isoleucine (Ile异亮氨酸)
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(2) Amino Acids with hydroxyl or Sulphur containing Side chains:
Serine (Ser丝氨酸), Cysteine(Cys半胱氨酸), Threonine (Thr苏氨酸), Methionine (Met)
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(3) Aromatic amino acids: 
Phenylalanine (Phe苯丙氨酸), Tyrosine (Tyr酪氨酸), Tryptophan (Trp色氨酸)

	[image: image5.png]CO0H
;

BN _C_H
w,

i
oH

Serie Se1) S

ook
|

BN_C_H
e

i
sH

Cysbine (C3) ¢

oo

B¢ K

He_CH
o

COOH
1
HN—C-H

Cny
i
CHy
v

s

7
CHy

‘Thieonine (Tha) T Methiondne (Met) M






(4) Acidic Amino Acids and their Amides:
Aspartic Acid (Asp天冬氨酸), Glutamic Acid (Glu), Asparagine (Asn天冬酰胺酸), Glutamine 
	(Gln谷氨酸盐)
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 (5) Basic Amino Acids: 
Histidine (His组氨酸), Lysine (Lys赖氨酸), Arginine (Arg精氨酸)
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(6) Cyclic Amino Acid: Proline      (Pro脯氨酸)

2). Classes According to Origin
(1) Non-essential amino acids: the body can synthesize more than half of the amino acids from nitrogen, carbohydrates, and fat , must not obtain them from food.

(2) Conditionally-essential amino acids: some normally non-essential amino acids become essential for people with certain conditions (ie: tyrosine for phenylketonuria苯丙酮酸尿症, and glutamine for some liver diseases).

   Cystine and tyrosine

(3) Essential amino acids (EAAs)

Essential amino acids (EAAs): There are nine essential amino acids that the body cannot make in sufficient quantities and, therefore, must obtain them from food.

EAAs: Tryptophan, Lysine, Methionine, Phenylalanine, Threonine, Valine, Leucine & Isoleucine . The human infant also requires a dietary supply of  histidine.

3) Functions of Amino Acids 

AMINO ACIDS are the "building Blocks" of the body, they build cells and repairing tissue.

They form antibodies to combat invading bacteria & viruses; 

They are part of the enzyme & hormonal system;

They build nucleoproteins (RNA & DNA); 

They carry oxygen throughout the body and participate in muscle activity. 

A . EAA

(1) TRYPTOPHAN  (EAA)

· A natural relaxant, helps alleviate insomnia (减轻失眠症) by inducing normal sleep; reduces anxiety & depression;

·  helps in the treatment of migraine headaches（偏头痛）;

·  helps the immune system; 

· helps reduce the risk of artery & heart spasms （痉挛）; 

· works with Lysine in reducing cholesterol levels. 

 (2) LYSINE (Essential Amino Acid)

· Insures the adequate absorption of calcium; 

· helps form collagen（胶原质）( which makes up bone cartilage（软骨 ） & connective tissues);

·  aids in the production of antibodies, hormones & enzymes. 

· Recent studies have shown that Lysine may be effective against herpes （疱疹）by improving the balance of nutrients that reduce viral growth. 

· A deficiency may result in tiredness, inability to concentrate, irritability, bloodshot eyes, retarded growth, hair loss ,anemia & reproductive problems

 (3) METHIONINE  (EAA)

· Is a principle supplier of sulfur which prevents disorders of the hair, skin and nails; 

· helps lower cholesterol levels by increasing the liver's production of lecithin; 

· reduces liver fat and protects the kidneys;

·  a natural chelating agent for heavy metals; 

· regulates the formation of ammonia and creates ammonia-free urine which reduces bladder irritation; 

· influences hair follicles and promotes hair growth.
(4) PHENYLALANINE (EAA) 

· Used by the brain to produce Norepinephrine（去甲肾上腺素）, a chemical that transmits signals between nerve cells and the brain;

·  keeps you awake & alert; 

· reduces hunger pains; 

· functions as an antidepressant and helps improve memory.

(5) THREONINE (EAA)
· Is an important constituent of collagen, Elastin, and enamel protein; 
· helps prevents fat build-up in the liver; 

· helps the digestive and intestinal tracts function more smoothly; assists metabolism and assimilation.

(6) VALINE (EAA) 
· Promotes mental vigor, muscle coordination and calm emotions.
(7) LEUCINE & ISOLEUCINE (EAA) 
· They provide ingredients for the manufacturing of other essential biochemical components in the body, some of which are utilized for the production of energy, 
· stimulants to the upper brain and helping you to be more alert.

B. Non- EAA

 (1) ARGININE 
· Studies have shown that it has improved immune responses to bacteria, viruses & tumor cells;
·  promotes wound healing and regeneration of the liver; 

· causes the release of growth hormones; considered crucial for optimal muscle growth and tissue 

（2）TYROSINE  
· Transmits nerve impulses to the brain; 
· helps overcome depression; Improves memory; increases mental alertness; 

· promotes the healthy functioning of the thyroid, adrenal and pituitary glands.

(3) GLYCINE  

· Helps trigger（引发）the release of oxygen to the energy requiring cell-making process; 
· Important in the manufacturing of hormones 

· responsible for a strong immune system.

(4) SERINE
· A storage source of glucose by the liver and muscles; 
· helps strengthen the immune system by providing antibodies; 

· synthesizes fatty acid sheath（鞘）around nerve fibers .

(5) GLUTAMIC ACID 

· Considered to be nature's "Brain food" by improving mental capacities;

·  helps speed the healing (康复) of ulcers (溃疡); 

·  gives a "lift" from fatigue; 

· helps control alcoholism, schizophrenia (精神分裂症) and the craving (渴望) for sugar.

(6) ASPARTIC ACID  
· Aids in the expulsion of harmful ammonia from the body. When ammonia enters the circulatory system it acts as a highly toxic substance which can be harmful to the central nervous system.  
· Recent studies have shown that Aspartic Acid may increase resistance to fatigue and increase endurance.

(7) TAURINE(氨基乙磺酸,牛磺酸)

· Helps stabilize the excitability of membranes which is very important in the control of epileptic(癫痫性的) seizures.  
· Taurine and sulfur are considered to be factors necessary for the control of many biochemical changes that take place in the aging process; 

· aids in the clearing of free radical wastes. 

(8) CYSTINE

· Functions as an antioxidant and is a powerful aid to the body in protecting against radiation and pollution. 
·  It can help slow down the aging process, deactivate free radicals, neutralize toxins; 
· aids in protein synthesis and presents cellular change. 

· It is necessary for the formation of the skin, which aids in the recovery from burns and surgical operations. Hair and skin are made up 10-14% Cystine. 

(9) HISTIDINE 

· Is found abundantly in hemoglobin;

·  has been used in the treatment of rheumatoid arthritis (风湿性关节炎), allergic diseases, ulcers & anemia.

·  A deficiency can cause poor hearing.

(10) PROLINE
· Is extremely important for the proper functioning of joints and tendons; 
· also helps maintain and strengthen heart muscles.

(11) ALANINE
· Is an important source of energy for muscle tissue, the brain and central nervous system; 
· strengthens the immune system by producing antibodies; 

· helps in the metabolism of sugars and organic acids 

2. Proteins 

Amino acid chains: condensation reactions create bonds between amino acids to form a peptide bond: 
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· dipeptides: two amino acids bonded together 

· tripeptide: three amino acids bonded together 

· oligopeptide: 4-9 amino acids bonded together 

· polypeptide: 10 or more amino acids bonded together 

· Amino Acid Sequences: the specific order of amino acids in polypeptide chains varies greatly

1) Protein Structures 
Primary Structure of proteins is the sequence of amino acids.Twenty-two amino acids are used in the chain structure of proteins. Amino acids can be linear or ring molecules but all contain an amino (-NH2) and a carboxyl (-COOH) group. 

Secondary Structure is the folding of the long thin chains of amino acids into structures such as the alpha helix(螺旋), These structure stabilize the protein since other bonds form as the amino acid chains wrap around (环绕的) each other. 
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a- helices 
a-helices arise as a consequence of hydrogen bonding interactions between non-adjacent backbone carbonyl and amide groups (usually separated by 4 groups), running parallel to the axis of the helix. 
Tertiary Structure is the shape of a large portion of the protein molecule which involves [image: image12.jpg]Ni—[(Nf=N fe)*(Nu—Nu,e)]
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additional folding of the helix for example creating even more bonds and stability. 
This shape arises as a consequence of stabilising hydrophobic interactions, hydrogen bonds, disulfide bridges, and often metal centres.
Quaternary Structure

Primary, secondary and tertiary structures involve only a single protein chain. Quaternary structure involves how several polypeptide chains come together and the resulting shapes and bonds. 
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Myoglobin, the compound which carries oxygen in muscle tissue and is responsible for the red colour of fresh meat, has a quaternary structure .

the shape depends on the sequence of amino acids, the bonds linking them, and the interactions of the side chains with each other with surrounding molecules .

STABILITY OF PROTEINS 

· Van der Waals interactions 

· Hydrogen bonding 

· Electrostatic interactions 

· Hydrophobic interactions 

· Disulphide bridges 

the chain folds so that electrically charged (hydrophilic) side chains are folded outwardly and the neutral (hydrophobic) groups are folded inwardly for stability in bodily fluids 

2) Protein Functions

· Form body tissue, such as muscle tissue, tendon(腱) structure

· Maintain water balance

· Maintain acid-base balance

· Supplying energy

· Functional substances, such as hormones, hemoglobin, carriers

 (1) Form body tissue

· Building and repairing body tissue is the most important function of proteins. Proteins form the basis of every body cell. Thus it is obvious that the greatest need for protein is during periods when cells are growing rapidly: during infancy, childhood, adolescence, and pregnancy.

· During lactation, a women needs extra protein to produce milk. Infants and children need the most protein in proportion to the size.

· The lack of protein in early childhood can lead to the deficiency disease kwashiorkor (夸休可尔症，恶性营养不良), and eventual death, Marasmus (消瘦)

Our bodies, once formed,  are not static, but are constantly being  degraded and rebuilt. The turnover rate varies in different parts of the body. Some tissues, such as the lining of the intestine, renews itself every one to three days. Blood cells regenerate every 120 days. Liver cells have a high turnover rate too, but muscle renew themselves much more slowly, while the turnover of brain cell is negligible. This degradation of body tissue is one source of protein that we can reuse. 

(2 ) maintain water balance

Plasma proteins that are too large to pass through cell walls maintain the osmotic pressure needed to draw fluid back out of cells (water which forms from the oxidation of glucose, for example) and into the bloodstream. If Plasma protein levels is low, fluid may accumulate in cells, and low-protein edema (浮肿)(swelling) results. Starving people, especially children, are often seen to have this type of retention of extra water in their tissue.

(3) Maintain the acid- base balance

The pH of body tissue is just slightly alkaline (pH 7.4). Proteins are able to function as either acids or alkalines to maintain this pH because they have amino groups that are alkaline and carboxyl groups that are acidic. So they can unite with either acids or bases as needed to reduce excess acidity or alkalinity in body fluids.

(4) Form functional substances

· In addition to forming major body tissues, proteins are also needed in smaller amounts to make the enzymes and hormones that regulate all body processes, as well as the antibodies that are needed to fight infections. When the protein intake is low, fewer antibodies are produced, and a person is more vulnerable to attack by infectious organisms. 

· Tryptophan is a precursor of the B vitamin niacin, methionine can help reduce the need for two other B vitamin.

· Transportation: transport lipids, vitamins, minerals, and oxygen 

 (5) Extra protein provides energy

· Any extra protein available in the body after its essential functions are satisfied is used as a source of energy. The calorie yield of protein is similar to that of carbohydrate- 4 Kcal per gram. If we are getting enough energy from other sources, the excess protein is converted to fat for energy storage. 

· On the other hand, if we are not getting all the energy we need in our food from carbohydrate and fat sources, then we will use protein in our food to meet our energy needs, rather than our protein needs. If  body  fat stores are depleted and our diet lacks sufficient energy, We will draw protein from our body tissue to supply energy, we will draw protein from our body tissue to supply energy to keep our body processes functioning.

3) Protein Digestion and Absorption

· Food proteins are digested by proteolytic enzymes in the gastrointestinal tract: 

· First by pepsin, present in the gastric juice;

·  Then by proteases secreted by the pancreas and by the cells from the intestinal mucosa. 

· Most of these enzymes catalyze the hydrolysis of specific peptide bonds.

 (1) In the stomach

· Hydrochloric acid and pepsin and the protein-splitting enzyme protease attack specific linkages on the ends of the protein chains, reducing them to shorter chains called polypeptides and peptones (蛋白胨).

· Pepsin is present in the stomach in an inactive form, pepsinogen, which is converted to its active form by hydrochloric acid.

 (2) In the duodenum

· The acid is neutralized and the food mixture becomes slightly alkaline. Here the pancreatic juice contains a strong proteolytic (蛋白水解的) enzyme , trypsin (胰岛素), or pancreatic protease. 

· Trypsin attacks the polypeptide chains selectively at the carboxyl groups. This reduces the length of peptides to dipeptide and tripeptide chains.

· The carboxypeptidase (羧肽酶) chews at the carboxyl end of the peptide linkage.

· The aminopeptidase (氨基肽酶) acts on the amino group of the peptide linkage. 

· Pentones are hydrolyzed by erepsin(肠肽酶) into dipeptides.

· Finally, the entire polypeptide or tripeptide chains are reduced to dipeptides. 

· Dipeptidase cleave the linkage between the remaining two amino acids
(3) Amino acids absorption
· The amino acids may be absorbed either by active transport or by a simple diffusion process across the intestinal wall and into the bloodstream. 

· Free amino acids and small peptides are absorbed through the brush-border cells of the intestinal mucosa. 

· Specific absorption mechanisms are operative for neutral, acid, or basic amino acids and for peptides. 

· Most absorbed peptides are hydrolyzed within the intestinal cells. The absorbed amino acids then pass into the portal vein for transport to the liver.

For 100g of food proteins ingested per day, only about 10g is eliminated in the feces, although an additional 50-70g of “endogenous” proteins (about 1/3 of protein assimilated is from endogenous source ) are secreted daily into the gastrointestinal tract. These endogenous proteins also are secreted daily into the most part. This mechanism provides optimal amounts and proportions of amino acids for the synthesis of body proteins.

(4) Allergic reaction

Some individuals are unable to digest proteins into their component amino acids. As a result, larger protein fragments may get absorbed into the system and cause an allergic reaction. 

This generally is the reason why some people are allergic to specific foods such as milk, egg, or chocolate.

(5) Protein Anabolism and Catabolism

· Body proteins (10-12kg in a 70kg man) are continuously broken down into amino acids in situ (catabolism) and must therefore be resynthesized in corresponding amounts (anabolism). This “turnover” is rapid (several months) for muscular proteins and for collagen from bone and connective tissues. 

· Free amino acid “pools” present in the plasma and the tissues, and available 

for protein synthesis, are therefore provided both from ingested food proteins and from catabolized body proteins. Protein catabolism takes place primarily at the intracellular level, where various proteases, known as cathepsins (组织蛋白酶), are located within the lysosomal (溶酶体) organelles. It is believed that protein turnovers is necessary to enable the level of biologically active proteins to adjust in accord with changing body needs. 

Because there is no perfect time and/or space synchronization (同步) between protein catabolism and anabolism, excess amino acids present at given times are degraded through the carbohydrate pathways, with the production of energy. The nitrogen released is excreted into the urine, mainly as urea. 

3. Estimating Protein Requirements
1) Factors affecting protein requirements 

1. Digestibility 

2. Amounts and proportions of amino acids 

3. Energy intake 

a. insufficient calories from carbohydrate induces the oxidation of protein 

b. excess kcal improves nitrogen retention 

4. protein quality -- most important 

2) Balance Studies, metabolic ward 

1. measurement of intake vs. output 

a. 90% of excretion in urine 

b. 5% in feces (protein absorbed throughout intestine) 

c. 5% sloughed off as dead skin cells (difficult to measure) 

2. obligatory nitrogen loss, 

a. the amount of nitrogen lost not excreted in the urine (balance studies)

b. the amount of nitrogen lost from all routes (factorial methods; see below)

3. procedure of balance studies 

a. very low protein diet to the point where excretion exceeds intake, i.e. negative protein balance 

b. gradually increase protein intake until balance. That is, until intake equal output. 

c. recommendations set at +2 SD 

d. we do not have good measures for obligatory losses. 

4. limitations of balance studies 

a. limited number of subjects 

b. protein quality may vary 

c. age may play a factor; young and old 

d. very expensive 

3) Factorial Method

1. this method used where balance studies are dangerous or impractical. 

a. lactation;  b. pregnancy;  c. small children 

2. Equation: 

Protein Requirement = obligatory nitrogen + growth factor + milk production x 1.3 

a. obligatory nitrogen estimated from surface area; also a standard of 53 mg per day used

b. growth factor estimated from rate of growth 

c. milk production: 750ml per day x 0.11 g protein 

d. 1.3 is used as a error term (by convention only) 

4.  Protein Nutritive Value of Food

1) Factors Influencing Protein Value

   The protein nutritive value of food corresponds to its ability to meet nitrogen and amino acids requirements of the consumer, and to ensure proper growth and maintenance. This ability is a function of several factors.

(1) Protein Content. 

Staple (常用的) foods with protein contents below 3% do not meet the protein requirements of humans even when ingested in amounts supplying more than the caloric requirements. This probably explains why, in developing countries, protein-calorie malnutrition is much more common than malnutrition attributable solely to protein deficiency.

(2) Protein Quality. 

· The quality, value, or balance of a food protein depends on the kinds and amounts of amino acids it contains, and represents. 

· A balanced or high-quality protein contains essential amino acids in ratios commensurate with human needs. 

· Proteins of animal origin generally are of higher quality than those of plant origin.

·  This can be determined by comparing the amino acid contents of various protein with the FAO pattern (table). The FAO reference pattern was chosen to satisfy the requirements of the young child.

· Cereal proteins are often low in lysine, and in some instances they lack tryptophan and threonine. 

· Oilseeds and nuts are often deficient in methionine and lysine, whereas legumes often lack methionine. 

· Those essential amino acids in greatest deficit with respect to requirements are designated “limiting” amino acids.

· When the dietary pattern of amino acids differs greatly from the ideal pattern, this situation is referred to as  “amino acids imbalance”. It can lead to reduced efficiency of amino acids utilization, depressed growth, increased susceptibility to diseases, and/or permanent impairment  of mental capabilities in children.

(3) Complementary action 互补作用
· Where a particular protein is deficient in an essential amino acid，the disadvantage may be overcome simply by eating more of the protein in question. 

· although a certain protein may be of low quality because it lacks a particular amino acid，if it is eaten together with a second protein which lacks a different essential amino acid，the mixture is of high biological value．Such amino acids are said to complement each other．This principle is illustrated by a mixture of gelatin and bread．The limiting amino acid of wheat is lysine whereas that of gelatin is tryptophan．As gelatin is relatively rich in lysine the two complement each other．Examples of other complementary proteins are fish and rice and maize and beans.

· even if each protein alone is of low quality. Thus, cereal proteins can be efficiently complemented with small amounts of soy or milk proteins. It is called as “complementary action”.
· But soy proteins are less efficiently complemented with small amounts of animal proteins. 

· Improvement of essential amino acid balance, and of overall protein quality, also can be achieved by supplementing the diet with free amino acids, or possibly with proteins to which amino acids have been covalently (共同地) attached. 

· Supplementation and complementation are widely used in animal feeding.

· Complementation widely occurs in the mixed diets of the Western world and in some other countries.

· It is generally true that a diet in which 30-40% of the protein comes from animal sources contain a proper balance of amino acids. 

· FAO surveys of protein supplies in 1977 indicated that the mean daily availability of animal and vegetable proteins was, respectively, 73 and 34g per person in the United States, compared with 12 and 44g per person in developing countries. 

· Attempts have been made to add lysine to cereal diets consumed by some human populations of Africa and the Middle East. However, these attempts have not resulted in physiological improvements, possibly because cereals alone met the protein requirements（Amino acids can’t get balance?）。
· Excessive supplementation may lead to “amino acid antagonism （拮抗）” or even toxicity. Antagonism results in  increased requirements for some amino acids because the dietary level of another amino acid has been increased.

·  i.e, a leucine intake well in excess of requirement depresses tryptophan and isoleucine utilization, and therefore increases the requirements of these two amino acids. 

· Large excesses of methionine, cysteine, tyrosine, tryptophan, and histidine are known to cause growth inhibition, reduced food intake, and certain pathological conditions in animals.

(4) Amino Acid Availability  
· not necessarily fully “available”, since digestion of the protein or absorption of the amino acids may be incomplete. Amino acids from animal proteins are generally digested and absorbed to an extend of 90%, whereas those from certain plant proteins may be digested and absorbed to an extend of only 60-70%.
The lower utilization of certain proteins may be due to several factors:

(a) Proteins conformation: fibrous insoluble proteins are less readily attacked by proteases than soluble globulins. However, protein denaturation by mild heating often enhances digestion. 

(b) Binding of metals, lipids, nucleic acids, cellulose, or other polysaccharides to proteins may partially impair digestion.

(c) The presence of antinutritional factors, such as trypsin and chymotrypsin (糜蛋白酶) inhibitors, can impair digestion of proteins. Other inhibitions are able to impair amino acids absorption.
(d) The size and the surface area of the ingested protein particles can influence digestibility. For instance, fine milling of flours tends to improve the digestibility of cereal proteins.

(e) Processing at high temperatures, at alkaline pH, or in the presence of reducing (还原) carbohydrates often decreases protein digestibility and the biological availability of several amino acids, especially lysine.

(f) Biological differences exist among individuals, and this can influence their ability to digest and absorb amino acids.

2 ) Determination of Protein Nutritive Value

Since proteins differ in nutritive value, evaluation of this aspect is useful

(a) to allow prediction of the amount of food protein, or mixture of food proteins;

(b) to allow the ranking of proteins as a function of their potential nutritive value;

(c) to allow the detection of nutritive changes food proteins may undergo during processing and storage.

(1)  Bioassays.

·  Biological assays are based on measurements of growth or nitrogen retention in experimental animals, such as rats, or in humans, as function of protein intake. 

· For reliable accuracy and meaningfulness of the data, several animals must be used per test, and the result must be analyzed statistically. 

· Test conditions also must be standardized. The protein level of the diet is generally kept low (10% by weight) so that protein intake remains below requirements。
· The supply of energy and other nutrients must be adequate.
· Under these condition, growth is slow, the protein is efficiently utilized (little protein is degraded to energy), and the experimental results emphasize differences in nutritive values among proteins and reflect the maximum nutritive value of each protein tested. 

· However, the test value obtained overstates (夸张) how the protein will perform under the practical conditions of human consumption.
DIGESTIBILITY OF PROTEINS 

· While a great deal of research has been devoted to protein quality，little consideration has been given to digestibility .As it is now believed that few diets provide insufficient amounts of essential amino acids，except for infants and preschool children，more attention needs to be given to digestibility．
·   It is evident from Table 8．8 that while animal proteins are highly digestible，plant proteins may have a much lower rate of digestibility This factor needs to be taken into account when considering protein requirements（see below）．The digestibility of protein foods is related to their content of dietary fibre which increases excretion of nitrogen In faeces and hence reduces the apparent digestibility．
Relative digestibility of different foods（FAO／WHO，1985）
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① Protein Efficiency Ratio (PER)

-- is a measure of the amount of weight gain per given protein intake 

      (weight gain g/ protein intake g)

1. can be used only during growth 

2. the greater the slope is, the better the PER is

3. poor initial PER can be overcome by increase protein 

a. catch up growth 

b. must start during exponential (指数的) growth phase 

5. when doing the studies, must be sure that there are no other deficiencies 

6. Is bigger better? 

a. large babies are healthier 

b. low birth weigh babies have high mortality rate 

c. caloric restriction model 

d. studies are done over a short term 

The protein efficiency ratio (PER) is the weight  (grams) gained by rats per gram protein consumed. Because this value is easy to determine, it is the most commonly used method.

Inaccuracies arise because the result obtained depends on the amount of protein actually consumed by the rats, and because rats grow faster than children. Thus protein quality is understated. 

② Net protein ratio (NPR)
 When the weight loss of a group of rats fed a protein-free diet is included in the calculation, protein can be evaluated for their ability to support maintenance as well as growth, and a value known as net protein ratio (NPR) is obtained.
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These methods can be improve if 

(a) values are determined at several different level of protein in the diet, a plot (图) of change in weight versus protein intake is prepared, and the slope of this plot is measured on the straight line portion of the response curve (multipoint slope ratio), and

(b) the values obtained with the test protein are expressed as a percentage of those obtained with egg or milk protein (relative NPR). When both modifications are adopted, the protein values obtained (relative protein values, RPV) are more accurate and more useful in practical situations. 

Another approach involves measuring the uptake of nitrogen and loss of nitrogen in the feces and urine. By this means, it is then possible to calculate the absorbed percent of ingested nitrogen (coefficient of protein digestibility), and the retained percentage of absorbed nitrogen in the body (biological value). The biological value reflects the balance of essential amino acids in the absorbed protein digest. 

③ Biological Value (BV)

1. BV of test Protein =[ I- (F-Fo)-(U-Uo) / I-( F-Fo) ]x 100 = Nitrogen retained/nitrogen absorbed

a. I, intake of nitrogen

b. F, fecal nitrogen

c. Fo, fecal nitrogen on nitrogen free diet

d. U, urinary nitrogen

e. Uo, urinary nitrogen on nitrogen free diet

The nitrogen lost in urine measures the nitrogen that has been absorbed and used by the body while the nitrogen lost in the faeces measures the nitrogen that has not been absorbed． 

2. BV is a measure of nitrogen retained for growth or maintenance and expressed as a percentage of N absorbed.

3. like a balance study, needs fecal and urinary collections.

4. includes an evaluation of digestibility as well as content of indispensable amino acids.

5. proteins exhibit a higher BV when fed at levels below the amount necessary for nitrogen equilibrium.  As intake of protein approaches or exceeds adequacy, retention decreases.

④ Net Protein Use (NPU)

The product (乘积) of the coefficient of digestibility and of the biological value is called the net protein utilization (NPU) or the percentage of dietary nitrogen (or protein) retained. For “true” values, the endogenous fecal and urinary losses of nitrogen (measured on a protein-free diet) should be taken into account as follows. 
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requirement of a given protein mix would
be calculated as:

Require intake of protein mix =
recommended intake of egg protein
chemical score of protein mix

X100






          Where i is the ingested, f is the fecal, and u is the urinary nitrogen, and e stands for endogenous. This method is easily applicable to nongrowing humans. 

         For small growing animals, the nitrogen retained can be determined directly by total carcass analysis: 
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Protein quality and amino acid availability also can be determined in humans or animals by a number of other methods: 

  by repletion tests (regeneration of plasma proteins, or of body weight); 

  by measuring changes in enzyme activity levels; 

  by monitoring changes in the plasma level of free essential amino acids after ingestion of the test protein under standard conditions; 

  and by measuring levels of urea in the plasma and the urine.

The various bioassays tend to provide essentially the same ranking with respect to the nutritive value of different proteins. Most of these assays can also detect deterioration of protein quality during processing,  provide the process affects the limiting amino acid. All bioassays with the exception of the one that involves measurement of plasma amino acids, give a result based on a limiting amino acid and do not provide information on the balance of other amino acids. 

Furthermore , none of the bioassays can be used to predict the complementary value of proteins in mixed diets. 

    Also, bioassays do not identify the limiting amino acid of the test protein or diet, unless several additional experiments are carried out in the presence of added free amino acids. 

    Finally, bioassays are expensive and time consuming, and extrapolating (外推) animal results to humans involves considerable uncertainty. 

Limiting Amino Acid

· An inspection of animal protein shows that eggs，milk and beef are high－quality proteins because they contain all the essential amino acids and in sufficient amounts to meet the needs of an adult．
· However，in other protein foods one or more amino acids may be present in amounts that are below human requirements．The amino acid which is furthest below the human requirement is known as the limiting amino acid．The limiting amino acid in a variety of foods is shown in Table
Essential amino acid content of high quality animal proteins (mg/g protein)
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Limiting amino acids in animal and plant foods
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 (2) Chemical Methods 
· In most chemical methods, a proteins nutritional value is assessed on the basis of essential amino acids as compared with the human requirements for these amino acids. 

· The protein quality of a food can be evaluated in chemical terms by measuring its amino acid content and comparing it with that of a reference protein．Whole egg protein is usually taken as the reference protein and given a score of 100．Chemical score values are found to match up fairly well with biological values .
Protein quality of some foods comparing  BV, NPU and chemical values
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What is “chemical score” of protein?
  A protein “chemical score” is defined as:
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  Chemical scores based on lysine, sulfur amino acids, tryptophan, or threonine are probably the only ones of practical importance since these amino acids appear to be the only limitation ones in most human diets.

The chemical score allows one to calculate the requirement of a single food protein or of a protein mix. For example, the requirement of a given protein mix would be calculated as:

	 


· Knowledge of the chemical scores (for all essential amino acids) of various protein permits calculation of the complementary value of different protein in a mixture. 

· Widely and successfully used in animal feeding, 

· the chemical score also has been used to develop protein-rich food mixes for developing countries. 

· However this approach may underestimate the quality of a protein for adults, since it is based on the amino acid requirements of the young child.

· Another drawback of the chemical score method lies in the fact that accurate analyses of tryptophan and sulfur amino acids require special techniques. 

· It also does not account for the negative effects of excess amino acids or of antinutritional factors present in the protein food. 

· Furthermore, it does not compensate for differences in the digestibility of proteins or in the biological availability of specific amino acids.

The correlation between the results of bioassays and the results of chemical scores is improved when the chemical scores are corrected based on overall protein digestibility. The later can be determined by rapid in vitro enzymic tests. Such corrected amino acid scores can be correlated with PER values to give a computed PER (C-PER). Data on available lysine obtained from the chemical method of Carpenter, or from dye-bonding methods, also can be used to correct chemical scores.

(3) Enzymic and Microbial Methods. 

· Enzymic methods for evaluating protein quality are based on the measurement of free essential amino acids released after the test protein has been exposed to the action of one or more proteases under standard conditions. 

· Such methods can provide estimates of protein digestibility, protein value, and/or bioavailability of specific amino acids. 

· Their use is of great interest for rapidly evaluating the damage incurred by protein foods or feeds during industrial processing and storage.

Some microorganisms, especially the protozoan (原生动物) Tetrahymena 四膜虫pyriformis, possess essential amino acid requirements similar to those of humans and the rat. 

    These microorganisms also possess their own proteolytic enzymes. Their growth on test proteins can therefore be used as an index of protein quality or amino acid availability. 

4. Recommendation

Histidine :8-10 mg/kg/day - Adults, 18yrs and older 

         Food Sources：Pork, poultry, rice, wheat, cheese 

Isoleucine :31 mg/kg/day - Preschool, 2-5 yrs 
28 mg/kg/day - Schoolchildren, 10-12 yrs 
10 mg/kg/day - Adults, 18yrs and older

      Food Sources：Eggs, fish, lentils, poultry, beef, seeds, soy, wheat, almonds, dairy 

Leucine: 73 mg/kg/day - Preschool, 2-5 yrs 
44 mg/kg/day - Schoolchildren, 10-12 yrs 
14 mg/kg/day - Adults, 18yrs and older 

    Food Sources：Eggs, fish, lentils, poultry, beef, seeds, soy, wheat, almonds, dairy, beans, brown rice

Lysine : 64 mg/kg/day - Preschool, 2-5 yrs 

44 mg/kg/day - Schoolchildren, 10-12 yrs 
12 mg/kg/day - Adults, 18yrs and older 

Food Sources：Fish, eggs, dairy, lima beans, beef, soy, yeast, potatoes  

Methionine: 27 mg/kg/day - Preschool, 2-5 yrs 
22 mg/kg/day - Schoolchildren, 10-12 yrs 
13 mg/kg/day - Adults, 18yrs and older 

Food Sources：Fish, eggs, dairy, beans, beef, garlic, onion, lentils, soybeans 

Phenylalanine : 69 mg/kg/day - Preschool, 2-5 yrs 
22 mg/kg/day - Schoolchildren, 10-12 yrs 
14 mg/kg/day - Adults, 18yrs and older 

Food Sources: Dairy, almonds, avocados, lima beans, peanuts, seeds

Threonine: 37 mg/kg/day - Preschool, 2-5 yrs 
28 mg/kg/day - Schoolchildren, 10-12 yrs 
7 mg/kg/day - Adults, 18yrs and older

    Food Sources: Dairy, beef, poultry, eggs, beans, nuts, seeds 

Tryptophan: 12.5 mg/kg/day - Preschool, 2-5 yrs 
3.3 mg/kg/day - Schoolchildren, 10-12 yrs 
3.5 mg/kg/day - Adults, 18yrs and older

Food Sources: Dairy, beef, poultry, barley, brown rice, fish, soybeans, peanuts  

Valine: 38 mg/kg/day - Preschool, 2-5 yrs 
25 mg/kg/day - Schoolchildren, 10-12 yrs 
10 mg/kg/day - Adults, 18yrs and older

Food Sources: Eggs, mushrooms, nuts, poultry, beef, soy, grain, dairy

Recommended intakes of Protein

RDA's for healthy adults  = 0.8 grams per kilogram of body weight - or about 15% of total calories Protein needs are higher for children, infants, and many athletes. 
Protein content of a selected number of foods (g/100g food)
	Food
	Amount of protein  (g per 100g of food)

	White rice, cooked
	2.6

	Pasta, cooked
	7.7

	White bread
	7.9

	Semi-skimmed milk
	3.4

	Cheddar cheese
	25.4

	Poached egg
	12.5

	Rump steak, grilled
	31

	Peanuts
	25.6
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