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Origin & History
It is widely believed that the soybean originated in China, probably in the north and central regions, 4000-5000 years ago.  The first written record of the plant is contained in the book Materia Medica by Chinese Emperor Shen Nong in about 2838 B.C.  The Chinese people believed that the soybean was essential to Chinese civilization and considered it one of the five sacred grains, along with rice, wheat, barley, and millet.  From China, soybean cultivation spread into Japan, Korea, and throughout Southeast Asia.  The early uses in Asia were quite varied, from food and industrial uses to medicinal purposes. The soybean remained a crop exclusive to the Orient for many centuries, it wasn’t until 1765 that Henry Yonge first planted soybeans in the United States on his farm in Thunderbolt, Georgia.  Samuel Bowen, a seaman, brought the seed to the U.S. from China via England and Benjamin Franklin wrote a letter in 1770 and mentioned sending soybeans home from England.  Numerous introductions were made of this crop from 1804-1890, however, large scale introduction of soybeans into the United States did not occur until the early 1900s.  At that time, there were breakthroughs in harvesting and processing; combines were used to harvest and the first U.S. soybean processing plant opened in 1922.  As a result, large scale production had begun.1
 Since large scale production began, overall global soybean production has been steadily increasing, particularly over the past decade (see graph below).  For the 2003/04 market year, global soybean production totaled 207.53 mmt.  Major producers included the U.S. (78.52), Brazil (56.00), Argentina (37.00), and China (16.60).2  The USDA analysts are forecasting the 2004/05 crop to yield a record 2,930 million bushels, a more than 20 percent increase over 2003/04, and market prices are projected to average $5.90 per bushel.3 
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Chemistry

The soybean has a very unique chemical composition.  Oil and protein together constitute about 60% of dry soybeans and the remaining dry matter is composed of mainly carbohydrates, about 35%, and ash, about 5%.  More specifically, the soybean contains the highest protein content, around 40%, among cereal and other legume species and contains about 20% oil, the second highest content among all food legumes.  Other valuable components include phospholipids, vitamins and minerals.  On a smaller scale, trypsin inhibitors, phytates, and oligosaccharides, all of which are known to be biologically active, can be found in the soybean. And finally, isoflavones, which have just recently been recognized for their powerful ability to prevent human cancers and other diseases, can also be found.

Lipids:  During seed development soybeans store lipids, mainly in the form of triglycerides, in an organelle known as oil bodies.  Triglycerides are neutral lipids, each consisting of three fatty acids and one glycerol that links the three acids.  Refined soybean oil contains more than 99% triglycerides and trace amounts of phospholipids, whereas crude soybean oil contains 95-97% triglycerides and 1.5-2.5% of phospholipids.  The functional properties, oxidative stability, as well as the nutritional value of edible oils in general and soybean oil in particular, are all determined by their fatty acid composition, geometric configuration, and positional distribution.  
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Each natural fat or oil, regardless of its origin, has a unique fatty acid composition.  There is a large genetic variation in fatty acid composition in soybean oil, mainly resulting from plant breeding.  Oils, such as soybean, that contain a high percentage of unsaturated fatty acids have a low melting point, thus giving a liquid appearance whereas those containing a high percentage of saturated fatty acids have a high melting point, giving a semisolid or solid appearance.  The 
                      Source:  Biology at Clermont College - University of Cincinnati
highest percentage of fatty acid in soybean oil is linoleic acid, followed in decreasing order by oleic, palmitic, linolenic, and stearic acid.  Due to the differences in the fatty acid composition, fats and oils exhibit different physical properties as well as oxidative stability during storage and food application/processing.  In terms of physical properties, the greater the chain length of a fatty acid, the higher the melting point.  A chain length of ten or twelve carbons marks the transition from liquid saturated fatty acids to those solid at room temperature.  An introduction of a double bond into a long chain fatty acid lowers its melting point significantly and creates a less stable chain.
In a fatty acid containing a double bond, there are two geometric configurations, cis and trans.  In the cis transformation, the hydrogens are located in the same direction, whereas in the trans configuration, they are in opposite directions (see figure below).


[image: image2.emf]
                  Source: Soybeans: Chemistry, Technology, and Utilization
The trans configuration generally melts at a higher temperature than the cis configuration.  All naturally occurring fatty acids of plant origin are in the cis form.  Trans fatty acids are generally formed when oils and fats are hydrogenated or heated at a high temperature.

Distribution of fatty acids at the glycerol molecule of a triglyceride is another quality factor in the soybean.  The orderly fatty acid distribution in soybean oil as well as other fats and oils can be altered to a random pattern by an industrial process known as interesterification.  This process does not change fatty acid composition, but increases crystallization tendencies (melting point) of fats and oils.4

Carbohydrate:  The term carbohydrate, also known as saccharide, refers to a class of compounds with the general chemical formula Cn(H2O)m and their derivatives.  The monomer for carbohydrates is the monosaccharide. Two or more monosaccharides may be joined by dehydration synthesis to produce larger disaccharides, oligosaccharides, and polysaccharides.  Polysaccharides are also known as complex carbohydrates, commonly including starch and some cell wall structural compounds, such as cellulose, hemicellulose, and pectin.  Therefore, in one form or another, carbohydrates make up the bulk of the organic components of the living world.  

Soybeans contain about 35% carbohydrates, making them the second largest component.  However, the economic value of the soy carbohydrate is considered much less important than soy oil or protein.  Consequently, fewer efforts have been made to study the carbohydrate and its potential utilization.  The principle uses of carbohydrates have been in animal feeds, where it contributes calories to the diet.

There are two different types of carbohydrates, soluble and insoluble.  In regards to the soluble, mature soybeans contain trace amounts of monosaccharides, such as glucose and arabinose, and measurable amounts of di- and oligosaccharides, with sucrose in the range of 2.5-8.2%; raffinose; .0.1-0.9%; and stachyose, 1.4-4.1%.  Among the soluble carbohydrates, the oligosaccharides, more specifically, raffinose and stachyose, receive more attention, mainly because their presence has been linked to flatulence and abdominal discomfort associated with human consumption of soybeans and soy products.  They require the enzyme alpha-galactosidase to be digested properly and humans do not come so equipped.  The result is that the pair, raffinose and stachyose, pass through the small intestines unscathed to arrive in the large intestines, where they are attacked by bacteria.  The process that takes place, digestive fermentation, always results in gas and sometimes odor.  However, recent studies have shown some beneficial effects of dietary oligosaccharides in humans.  These include:
1. Increasing population of indigenous bifidobacteria in the colon which by their antagonistic effect, suppress the activity of putrefactive bacteria,

2. Reducing toxic metabolites and detrimental enzymes,

3. Preventing pathogenic and autogenous diarrhea by the same mechanisms as described in the reduction of detrimental bacteria,

4. Preventing constipation due to production of high levels of short-chain fatty acids by bifidobacteria,

5. Protecting liver function due to reduction of toxic metabolites,

6. Reducing blood pressure,

7. Having anticancer effects,

8. Producing nutrients such as vitamins, also due to increased activity of bifidobacteria.

Consequently, oligosaccharides have been developed into one of the most popular functional foods components, particularly in Japan, where in 1990 alone, about 40 million pounds of nine different types of oligosaccharides were produced.

The insoluble fiber found within the soybean constitutes approximately 20% of the carbohydrate.  The insoluble fiber consists of cellulose, hemicellulose, pectin, and trace amounts of starch.  They are structural components found mainly in cell walls and are used mainly as a feed ingredient.  However, as demands for more dietary fiber in processed foods increase, the carbohydrate in soybeans could be used as a valuable source of food fiber.5-6
Proteins:  Based on biological function in plants, seed proteins are of two types:  metabolic proteins and storage proteins.  Metabolic proteins include enzymatic and structural, and are concerned in normal cellular activities, including the synthesis of the second type.  Storage proteins, together with reserves of oils, are synthesized during soybean seed development.  Following seed germination, they provide a source of nitrogen and carbon skeletons for the developing seedlings.  Storage proteins constitute the major part of total seed proteins and are localized in organelles known as protein bodies.  The two main types of storage proteins are β-conglycinin and glycinin and account for 65-80% of total seed proteins.  Based on solubility patterns, legume seed proteins are divided into albumins and globulins, most soy protein is globulin.  Albumins are soluble in water, whereas globulins are soluble in a salt solution.7 
As previously mentioned, the dry soybean is composed of 40% protein.  In fact, due to the high protein content, it has been suggested that the soybean should be called protein seeds rather than oilseeds.  Soy protein is of the highest quality. Under new guidelines adopted by the Food and Drug Administration and the World Health Organization for evaluating protein quality for children and adults, soy protein isolate receives a rating of 1, which is the highest possible score.8 This means that the quality of soy protein is equal to that of meat and milk proteins. In the past, very little of this protein was being utilized.  The main use of soy protein was feedstuff and very little was for direct human consumption, as either traditional soyfoods or protein ingredients.  However, recent clinical research indicates that beyond its low-fat, low-cholesterol and high-fiber characteristics, regular consumption of soy protein may help reduce the incidence of prostate, colon and breast cancer; kidney disease; high cholesterol; heart disease; osteoporosis; and even hot flashes.  Soy protein contains phytochemicals, such as isoflavones, that can help protect cells from damage by acting as antioxidants. It also contains chains of amino acids, or peptides, that can boost the immune system.9  More information on soy protein can be found in the health section.
Processing

The processing of soybeans is not complicated; however, there are many steps which must be carried out to obtain a high quality product.  The chart below provides a good representation of the overall process.  
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Source:  National Soybean Research Library
After the collection, and before the oil extraction can begin, there are a few steps that must be carried out.  More specifically, the conventional preparation of soybeans before extraction consists of cleaning (scalping), drying, cracking, dehulling (optional), conditioning, and flaking.
A. Cleaning:  The first preparation step is cleaning to remove foreign materials from the soybeans.  This includes the separation of plant issues, pebbles, dust, etc. to protect the processing equipment and improve final product quality.  To begin the cleaning process, the soybeans are distributed over a two-deck screen sizer.  The top screen allows the soybeans and smaller material to fall through while larger objects are retained and removed.  The purpose of the second screen is to retain the soybeans, but allow smaller objects to pass through.  Continuous vibrations of the screen maintain movements across the screen and finally the soybeans are sent through a multiaspirator to remove dust and adhering particles from the bean surface.  The picture below illustrates the cleaning process.
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      Source: Soybeans:  Chemistry, Processing and Utilization
B. Drying:  Prior to the dehulling process, the soybeans must be dried.  This is to ensure that the moisture content of 10% is achieved.  The process involves heated air being distributed through the beans to achieve some loss of water followed by cooler air, which removes the residual moisture laden air. 

C. [image: image6.jpg]


Cracking & Dehulling:  The objective of cracking is to break the soybeans into small pieces for dehulling and flaking.  Commercial cracking involves splitting open the soy hull (see picture below), also known as the seed coat, between counterrotating, corrugated or fluted rollers.  Cracking produces 4-6 cotyledon fragments per bean.  The soy cotyledon contains about 20% oil, whereas the hull has negligible oil content.  Therefore, the hulls are often removed to separate the oil-bearing cotyledons.  However, hull removal is optional and if done allows the production of 48% soy protein meal whereas the meal where the hulls are retained contains only 44% protein.
                       Source:  Michigan State University Extension Service

D. Conditioning:  The cracked soybeans must be conditioned by heat and moisture to obtain the optimum plasticity necessary for soy flake production, prior to oil extraction.
E. [image: image7.png]


Flaking:  Flaking is an important step prior to solvent extraction as solvent can much more readily flow through a bed of flakes than through a bed of soy meats or fine particles.  The process is carried out by passing the conditioned soy meats between horizontal smooth rolls whose pressure is maintained by springs under hydraulic pressure, producing flakes approximately 0.25-0.37 cm thick.  The final product is an oil hexane solution called miscella, consisting of 70-75% oil and 25-39% hexane.

Source:  SoyTex, Inc.
Now that the preparation phase is complete, we can begin looking at solvent extraction.  This process begins with the miscella solution that was obtained from the last step of the preparation process.  Initially, the hexane which is contained within the miscella must be recycled for further oil extraction and to ensure the oil is safe and to conform to environmental regulation.  To remove the hexane from the oil, a solvent recovery system is used.  The end product of this phase is crude soy oil, which must be stored properly in steel tanks with agitation to avoid oxidation due to moisture, temperature, air and catalytic metals, or other impurities.

After the hexane has been mostly removed, we are left with crude soy oil.  This oil contains both oil-insoluble and oil-soluble impurities.  The oil-insoluble impurities consist of seed fragments, excess moisture, and a waxy fraction that appears in refrigerated oil, thus making it appear turbid or cloudy.  The oil-soluble impurities include phosphatides, free fatty acids, gummy or mucilaginous substances, color bodies, tocopherols, sterols, hydrocarbons, ketones, and aldehydes.  To remove all of these impurities, we rely on the refining process which converts the crude soy oil into food grade oil.  The refining process involves a number of different operations, including, degumming, alkali refining, bleaching, and deodorization.
A. Degumming:  The main objective of this step is the removal of phospholipids, also referred to as lecithin, or gums, which is the major source of oil phosphorus.  The lecithin is then used in food manufacturing gas an emulsifier in products high in fats and oils.  It also promotes stabilization, antioxidation, crystallization and spattering control.  The degumming process is carried out by the direct addition of water to the oil to hydrate the phosphatides and make them separable by centrifugation.  Degumming is not a universal practice in the oil processing industry, but it provides a number of oil quality improvements.  Phospholipids behave as surfactants, helping formation of an emulsion.  Therefore, their presence in the oil causes loss of triglyceride during caustic refining when an aqueous phase is added to the oil.  Phospholipids also cause browning and off-flavor formation during the deodorization process.  Therefore, all exported oils are required to be degummed to 0.02% phospholipids to conform to trading specifications.
B. Refining (alkali refining):  Refining is the removal of free fatty acids and other gross impurities from the oil.  They must be removed as they reduce the smoke pint of the oil and increase foaming.  There are several processing methods that are available to achieve this, however, the most important and widespread method of refining is the treatment of the fat or oil with an alkali solution.

C. Bleaching:  The main purpose of this step is to remove the color in the oil.  However, bleaching also includes removal of residues from previous reefing steps and lip oxidation products, including hydroperoxides and metal ions.  Bleaching is an adsorption process whereby minor oil components are bound by a fine, powdered adsorbent at slightly above 100 degrees C under vacuum.  This process is important in enhancing oil appearance, flavor, and stability and in obtaining light-colored oil that is acceptable to consumers.

D. Deodorization:  Deodorization is a vacuum steam distillation process for the purpose of removing trace constituents that give rise to undesirable flavors, colors and odors in fats and oils.

With the refining process complete, we have high purity triglyceride oil that may further be processed by chemical modification or physical fractionation to change its physicochemical properties for use in certain food processes.  Hydrogenation increases the oxidative stability and melting point of the oil by increasing the degree of saturation, enabling the production of shortening and margarine.  Interesterification modifies the melting point by exchanging fatty acids between different lipids.  Winterization is used to remove waxes and higher melting point triglycerides that may precipitate during storage in domestic refrigeration.  And finally, fractionation is the separation of oil triglycerides by thermo-mechanical means.10            

Soyfoods and Soy Products
When it comes to soybeans, they can either be eaten whole or transformed into a great variety of foods.  In fact, many of the foods found in your kitchen may contain soyfoods.  For example, soy oil is a principal ingredient in some shortenings, margarines, spreads, butter, salad and cooking oils, mayonnaise, salad dressings and confectioners’ coatings.  In addition to soy oil, lecithin, soy protein concentrates, and textured soy protein are a few other soyfoods that may be hiding in your kitchen pantry.  However, if you are unable to locate certain soyfoods in your kitchen, the more popular soyfoods such as tofu, meat alternatives, soy sauce, soy flour, soymilk and soybean oil, can be found in supermarkets.  And for the more serious soy eaters, in natural and health foods stores you will find the greatest variety of soyfoods.  For a listing of the most common soyfoods on the market today please visit www.soyfoods.com.

 In addition to soyfoods, there are hundreds of different soy products that are currently being produced and on the shelves in your local grocery stores and various other shopping locations.  The products differ from crayons to hand cleaners and even shampoo.  Below is a short description of popular consumer products:
Body Care Products
There is a large selection of body care products that are currently available and which incorporate soy into their formula, thus helping to enhance the product.  The products range from unique lotions and sun screens made with soy protein, to biodegradable crèmes that act like an invisible glove against ink, grease, glue, wood stain, and epoxy resins, to shampoos, conditioners and other hair styling products. The lotions are soy lipid based, which are very high in natural vitamin E, essential fatty acids and lecithin; this combination provides a crème which helps dry, weathered and sunburned skin and allows for year round use, indoor and outdoor, with a non greasy feel.  Aside from the lotions and soaps which utilize soy lipids, soy protein helps improve hydrating shampoos, conditioners, and styling products.  The protein works to reconstruct and strengthen the hair shaft while replacing amino acids.11
Candles
Soybean candles are made of the highest quality natural ingredients. In addition to being cleaner-burning than traditional candles, with no sooty residues, these soybean oil based candles have a lower melting point so they burn cooler. This allows their long-lasting pleasant aromas to quickly fill the air.12
Cleaners & Solvents
New technology is allowing for the development of soy based cleaners which are environmentally friendly alternatives to dangerous petrol-based cleaners.  The general processing of the cleaners begins with food grade soybean oil, extracted from the soybean during the crushing process. This soybean oil is considered a by-product; the soybean meal is still used in food products. Once the oil is extracted, it is modified and bleached; anti-oxidants are introduced; and finally, a proprietary blend of super​infusion surfactants is added.  Soy-based cleaners are non-ozone depleting and do not contribute to global warming, yet at the same time they can remove tar, oil, grease, wax and paint from a variety of surfaces. 13 Generally, the cleaners are biodegradable, will not harm surrounding plant life and are non-toxic.
Composites

Environ® biocomposite is a decorative interior material that respects the environment by using recycled paper products, a soy-based resin system, and color additives. The material has a unique and elegant appearance combined with the warmth and feel of an exotic hardwood. The material is one and one-half times harder than oak, but can be cut, milled, routed, drilled, fastened and finished similar to wood. Environ® is currently available in three unique series: Classic Granite, Natural Granite and Crystal. These series provide the customer with 18 distinctive color options. The rich color and random pattern run throughout the thickness of the material. Environ® can be used in a variety of commercial arid residential interior applications, including: contract and residential furniture, store fixtures and displays, wall panels flooring (strips and tiles), cabinetry, plaques and awards, office accessories. (Phenix Biocomposites, P.O. Box 609, Mankato MN 56002)14
Crayons

Prang Crayons features a line of crayons called the Prang Fun Pro, made with 85% soybeans.  The soybean based crayons, compared to the traditional petroleum based, are much safer for children.  In addition to being safer, they’re also environmentally friendly, brighter, richer, and smoother with no waxy flaking.15 
Diesel Additives

Esterification of fatty acids derived from soybean and other vegetable/animal oils with methanol or ethanol, known as biodiesel fuels, can be used either alone or in a mixture with conventional petroleum-derived fuels.  Research has shown that the biodiesel fuels aid lubricity, improve engine life, clean injectors, lower emissions, and boost performance.  Also, by using more biodiesel, we are reducing our dependence on foreign oil and contributing to our own economy.  As of May 2004, there were more than 400 major fleets using biodiesel, including all branches of the U.S. military, Yellowstone National Park, NASA, several state departments of transportation, major public utility fleets, cities and more than 50 school districts.16
Inks
According to the United Soybean Board, soy-based printing ink has been making its mark on U.S. newspapers, magazines, commercial printing and packaging for close to 10 years now. With the endorsement of the Vegetable Ink Printing Act of 1994, soy-based inks have impressed one-quarter of U.S. commercial printers and over 90 percent of U.S. daily newspapers.  Research has yielded innovations such as UV-cured inks, textile printing, baby-print ink in hospitals, and most recently, soy-based toner.17     
Soybean Health
The health implications that soybeans offer are numerous, unique and varied.  In past years, soybeans have been primarily identified with their high oil and high protein content.  However, during the past several years, there has been much interest regarding the potential role of soyfoods in reducing the risk of cancer, heart disease, osteoporosis and preventing and treating chronic diseases.  In the following, we will explore all aspects of the soybean as it relates to ones health.


Dietary fats and oils found in soybeans are responsible for the high nutritional value of soy oil.  As the fats and oils are processed through our bodies, they carry out numerous nutritional and physiological functions.  First, they are a concentrated source of energy.  Approximately 30-40% of our daily energy intake is derived from fat, most of which are triglycerides containing fatty acids with 16-18 carbon atoms.  Second, they are a unique source of essential fatty acids.  Third, they regulate the lipid blood level and are carriers for fat-soluble vitamins.  Lastly, they are normal constituents of cellular structure, especially cell membranes. Like other edible oils, soy oil provides us with calories, essential fatty acids, and fat-soluble vitamins.  For these reasons, soy oil is a leading edible oil widely used in various food products and is also a healthy oil, comparing favorably with canola oil and other highly unsaturated oils.

In addition to soy oils, recent studies have shown that regular consumption of soy protein may help reduce the incidence of prostate, colon and breast cancer; kidney disease; high cholesterol and heart disease; osteoporosis; diabetes; and even symptoms of menopause.  Soy protein contains phytochemicals and given the right conditions, these compounds mimic the action of the female hormone oestrogen, but with much lower potency – about 1,000 times less.  There are two types of phytochemicals: isoflavones and lignans.  Soybeans contain about 50 times the amount of isoflavones than other members of the legume family, such as lentils and peanuts.  
One isoflavones, genistein (see structural formula below), has captured special attention.  When genistein is added to live cancer cells in laboratory test tubes, they stop growing.  It is believed that there are certain enzymes in the body that convert normal cells into cancer cells and some cancer drugs simply inhibit these enzymes.  In cancer cells, genistein has been shown to do the same.  In more than 100 studies on a variety of cancer cells have demonstrated the effectiveness of genistein.  
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Cancer is the number two killer in the U.S., second only to heart disease, but soyfoods may help reduce the risk of heart disease as well.  High blood cholesterol levels are a primary contributor to heart disease and approximately 40 million Americans have blood cholesterol levels that are too high.  There are many characteristics of the soybean which may play a role in reducing the risk of heart disease.  Firstly, soyfoods are low in saturated fats and free of cholesterol. Secondly, they contain proteins and many studies have shown that among such people with high cholesterol levels, soy protein can reduce high blood cholesterol levels by 10 to 15% - enough to cut the chances of a heart attack by up to 30%.  And thirdly, the isoflavone, genistein, has been found to once again prove useful as it inhibits the growth of cells which form artery-clogging plaque.  
In addition to heart disease, soybeans and soyfoods may help prevent and treat osteoporosis, a condition that weakens bones and often results in bone fractures.  After about age 30, bones stop growing and absorb less calcium.  It becomes more important than ever to maintain levels of calcium in bones.  Soyfoods, such as fortified soymilk, textured soy protein and tofu made with calcium are all good calcium sources.  Additionally, the calcium in soy is easily absorbed in the body.  The isoflavones found in soy protein may also play an important role in protecting bones.  One specific isoflavone, daidzein, is very similar to a drug widely used in Asia and Europe to treat osteoporosis.  In fact, when the drug is metabolized by the body, it breaks down to form daidzein.  This suggests that eating soyfoods, natural sources of daidzein, could help reduce the risk of osteoporosis.
 And finally, recent studies suggest soyfoods may reduce menopause symptoms.  These studies indicate that consuming natural isoflavones, which are found in soybeans, may reduce the frequency and intensity of hot flashes in menopausal woman.  This is in part due to the similarity between isoflavones and estrogen-replacement therapy.  Australian researchers found that women who consumed half a cup of soy flour daily experienced a significant reduction in menopause symptoms.  
In addition to isoflavones, which are proving to be useful in treating numerous human health disorders, soy protein has all of the amino acids, including the eight not produced in our bodies and is also high in dietary fiber, calcium, phosphorus, potassium, vitamin C, and folate.   
Science has not yet established a recommended daily amount of soy to be consumed for positive health benefits.  In many cases, however, just one serving of soy per day may help improve your health.  Soyfoods are a nutritional powerhouse providing many essential nutrients that the body needs daily.
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