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ABSTRACT: Soy milk is a water extract of soybeans that is a source of protein and calories for human 
consumption. Also, has been given considerable attention as an economical and nutritive beverage. The 
undesirable flavour of soybeans is described as beany flavour, bitter, grassy, and astringent. It is 
important that identification of off flavour agents and using of methods for improvement of soy milk 
quality. The objective of this study is identification and improvement of organoleptical and physical 
deficiencies associated with soy milk compositions and investigation of technological methods in order to 
better utilize the its health and nutritional benefits. 
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INTRODUCTION 

 
 Soybeans are an important source of inexpensive protein. However, they have not been widely accepted. 
Soybean used in Asian countries for production of many traditional foods such as tofu and miso are considered one 
of the most economical sources of food protein (Blagden and Gilliland, 2005). Soymilk is a water extract of 
soybeans that is a source of protein and calories for human consumption. Soymilk has been given considerable 
attention as an economical and nutritive beverage. Soymilk is composed of 94% moisture, 3.0% protein, 1.5% fat, 
1.5% carbohydrates, and ash (Min et al., 2005). Soybeans provide high quality proteins while containing no 
cholesterol, gluten, or lactose. Therefore, soymilk is an excellent dietary supplement for lactoseintolerant 
consumers, vegetarians, and milk-allergy patients (Liu and Lin, 2000). The nutritive quality of soyabean protein is at 
the pinnacle of food sources available from the plant world. When compared to cow’s milk, the high amounts of 
arginine and aspartate should be mentioned (Beasley et al., 2003). 
 The cholesterol-lowering effects of soy protein were first demonstrated in humans somewhat serendipitously in 
1967 (Hodges et al., 1967). The daily consumption of 25 g soy proteins has been shown to lower cholesterol by 
10% (Mattila-Sandholm and Saarela, 2003). The soy milks were higher in polyunsaturated fat than the dairy milk. 
The dairy milk was higher in saturated fat and cholesterol than the soy milks. Consumption of soy milk relative to 
dairy milk resulted in a modest LDL-cholesterol lowering effect (Gardner et al., 2007).
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 Isoflavones are phytochemicals (that is, phytoestrogens) present in soybeans, and they have been implicated 
in health benefits, including the potential to reduce the risk of age-related and hormone-related diseases, including 
cancer, menopausal symptoms, cardiovascular disease, and osteoporosis (Chun et al., 2007). 
Soybean is rich in minerals especially calcium, potassium, magnesium, iron, zinc and copper (FAO, 1971). It is also 
an excellent source of vitamins, thiamine, riboflavin and niacin (Toda et al., 2007). Raw soybean is one of the 
richest sources of folates (Rader et al., 2000).

 
Children placed on a formula with soymilk, egg yolk, bone meal and 

millet had excellent utilization of the formulae, excellent growth response and no digestive problems, also infants 
fed on soymilk are free from rickets (Khursheed and Suthar, 2010). Table 1 shows composition of soymilk, cow 
milk and human milk. 

 

 Arai et al (1966),
 
identified a number of phenolic acids from defatted soy flour and showed that these phenolic 

acids had sour, bitter and astringent taste.
 
Sessa et al (1976), reported that oxidized phosphatidylcholines 

contributed to the bitter taste in soy flakes.
 
The high content of indigestible raffinose and stachyose, the flatulence 

factors, limit the consumption of soybean as a raw food material (Tsai et al., 2006 Chou and Hou, 2000). 
Considerable research has been done to reduce off-flavors in soymilk by inhibiting formation of the isoflavones and 
lipid oxidation products responsible for them (Granata and Morr, 1996). 
 The objective of this study is identification of organoleptical and physical deficiencies associated with soymilk 
compositions and survey of technological methods in order to better utilize the its health and nutritional benefits 
and reducing of undesirable flavors during processing of soymilk.  
 
Off Flavor Agents in Soymilk 
 The undesirable flavor of soybeans is described generally as beany, bitter, grassy, and astringent and is 
attributed partially to degradation of lipids (Chang and Stone, 1990). The components that constitute the 
characteristic odor of soy products have been thought to include aliphatic carbonyls, volatile FA, amines, alcohols, 
or furans that were derived, in part, from the action of lipid oxidation products (Boatright, 2002). The odor 
components in soymilk are primarily the oxidation products of unsaturated lipids catalyzed by lipoxygenases (LOX) 
and hydroperoxide lyase (Yuan et al., 2007). (LOX) (EC 1.13.11.12), an iron containing dioxygenase which 
otherwise can cause the oxidation of fatty acids resulting in off-flavour development (Prabhakaran and Perera, 
2006). The denaturation temperature of (LOX) is approximately 80 °C (Wilkens et al., 1967). Hydroperoxide lyase 
can be completely inactivated at 70 °C, which is lower than that for (LOX) (Omura, 1990).  
 In soymilk, the presence of compounds such as aldehydes, ketones, and alcohols has been implicated as the 
source for the "beany" flavor (Blagden and Gilliland, 2005). Among the soy odors identified, hexanal commonly 
related to the sensory beany, grassy flavor in soymilk. Hexanal is formed by singlet oxygen oxidation of linoleic acid 
in soymilk. The singlet oxygen is formed by the riboflavin (RF) photosensitized reaction. Fresh soymilk with no 
beany flavor can produce beany flavor by the singlet oxygen oxidation in soymilk during storage under light, not in 
dark (Blagden and Gilliland, 2005).  Arai et al (1966), identified a number of phenolic acids from defatted soy flour 
and showed that these phenolic acids had sour, bitter and astringent taste. Sessa et al (1976), reported that 
oxidized phosphatidylcholines contributed to the bitter taste in soy flakes.  
 
Improvement of Organoleptic Acceptability in Soymilk  
Improvement of Flavor and Taste 
 It has been found in many studies that sweetering of soy milk remarkably enhances its organoleptic 
acceptability (Sugimoto and Van Buren, 1971). Hence, for a low sucrose diet, non-nutrritive sweeteners would 
need to be used in substitution for sucrose to enhance the palatability of soymilk. Addition of sugar may have 
affected the flavor release or the partition of aroma compounds either because of changes in the matrix rheological 
properties or to possible sugar flavor-binding interactions (Achouri et al., 2007). 
 One possible solution to overcome the off-flavor associated with soy products, such as soy yogurt, is to use 
lactic acid bacteria exhibiting reductase activity for the fermentation. Fermentation processes may improve the 
sensorial attributes and also decrease or mask the properties of undesirable compounds (Cruz et al., 2009). 
Fermentation is known to enhance the appearance, flavor or aroma of some foods and has the possibility to further 
improve the acceptability of soybean products. Soybean milk serves as a suitable medium for propagation of lactic 
acid bacteria (Mital and Steinkraus, 1974). 
 More widely acceptable tasting soy milk can be produced by the following two steps. The first step is the 

soaking of soybeans in low temperature water with glucono--lactone. In this stage, β-glucosidases are inhibited by 

the glucono--lactone and as a result the production of daidzein and genistein responsible for the objectionable 
after taste is depressed. The second step is the hot grinding stage, at which the β-glucosidases are inactivated 
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completely and at the same time the (LOX) responsible for the developmet of the rancid flavor are also inactivated 
(Matsuura et al., 1989).  
 Conversion of isoflavone glucosides to aglucones via the action of β-glucosidases increased the bitter taste of 
soymilk. In addition, the action of β-glucosidases could be significantly reduced through heating and addition of 

glucono--lactone to inhibit the β-glucosidases and prevent them from hydrolyzing the glucosides of the phenolic 
compounds to form aglucones (daidzein and genistein), (Wang et al., 2001).  
Chien and Snyder (1983), reported that soymilk tasted less astringent by the addition of skimmed cow’s milk, 
CaSO4, or citric acid.

 
The use of palatinose in soymilk compositions allows the preparation of prepared soymilks 

and soymilk beverages excellent in their light and smooth mouth feels and having a good aftertaste (Shimizu et al., 
2003). 

 

 
Improvement of Beany Flavor 
 There are beany and non-beany flavors compounds in soymilk. A total of 8 beany flavor compounds (n-
hexanal, trans-2-hexenal, 1-octen-3-ol, n-hexanol, 1-pentanol, acetic acid, benzaldehyde, and trans, trans-2, 4-
decadienal) were identified (Lv et al., 2011).  
 Grounding of soy beans in the presence of an acidified water solution that has a pH that optimizes protein 
extraction from ruptured bean cells. The low pH also inhibits the enzymatic development of "painty", "fishy", and 
"beany" off-flavors (Burr, 1983). Ascorbic acid can inhibit the formation of hexanal and total volatile in soymilk 
stored under light. Soymilk should be kept in dark and could be fortified with ascorbic acid to minimize the 
formation of the undesirable volatile compounds such as beany flavor in soymilk (Huang et al., 2004). Suratman et 
al (2004). studied the ability of cyclodextrins to entrap a number of volatile beany flavor components in soymilk.  
 Addition of chocolate, almond, and vanilla flavorings diminished beany flavor of soymilk, but the chocolate 
flavoring exhibited the best effect in enhancing the overall sensory quality. Iota-carrageenan had the ability to 
improve the consistency and mask the beany flavor of soymilk. Hence, formulations with a combination of 
chocolate flavoring and Iota-carrageenan gum permit production of low-heat-treated soymilk acceptable to 
consumers (Wang et al., 2001). 
 Under normal cooking, the total isoflavone content in the soy products is not reduced. Conversion to the 
aglycone and a decrease in the total isoflavone content occur only when the food is heated excessively (Huang et 
al., 2006). Cooking significantly reduced the beany odor compositions (Yuan et al., 2007). 
 Producing of soymilk by using of potash and sodium bicarbonate result in higher preference for smell, texture 
and taste because the methods reduced the beany flavour to a bearable extent. However these samples have the 
lowest preference in terms of colour (Tunde-Akintunde and Souley, 2009). Deodorizing of soymilk can be used for 
to reduce the beany taste (Herrmann, 2009). 
 Beany flavors in soymilk could be reduced with hot water blanching and grinding at temperature above 80 °C. 
LOX activity gradually decreased by hot water treatment with time, and with the decrease of LOX activity, the 5 
beany odor-active compounds and 3 non-beany aroma-active compounds were significantly decreased. A suitable 
blanching and grinding time is necessary to achieve a balance of soymilk flavors (Lv et al., 2011). Blanching also 
enriches soymilk because if soybeans are properly blanched, half of the protein

 
remains soluble in the liquid extract 

and will not separate with the residue after filtration. However,
 
long blanching times should be avoided in the final 

soymilk product (Nelson et al., 1997).
 

 
Improvement of Odor 
 Sterilization of the formulated (with vegetable oil, soymilk, can sugar) soymilk products during packaging 
resulted in the development of additional volatile components (i.e., 2-ethyl furan and octanal), (Achouri et al., 
2007). Therefore, Soybean material, heating method, and heating time affected the selected soy odor 
compositions. Heating for 20 min tended to decrease hexanal, hexanol, 1-octen-3-ol, 1-octen-3-one, and trans-2-
nonenal significantly in some soy materials. Direct steam injection could lower the odor formation in soymilk as 
compared to the traditional indirect heating method (Yuan and Chang, 2007). 

 

 

Effect of Different Methods on Nutritive Value
 

 The different methods of production have different nutritional compositions and therefore the methods chosen 
should be determined by the important nutritional component that is needed (Tunde-Akintunde and Souley, 2009). 
Hutchin et al. showed that fermentation of soybeans enhanced the bioavailability of isoflavones (Hutchins et al., 
1995). 
 A soymilk drink with increased nutritive and probiotic value can be prepared by fermentation with mixed 
cultures of bifidobacteria and lactic acid bacteria. A further reduction in the content of stachyose and raffinose and 
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a higher content of sucrose, fructose, glucose plus galactose and acetic acid were found in soymilk fermented with 
mixed cultures of bifidobacteria and lactic acid bacteria than that fermented with single culture of the respective 
lactic acid bacteria (Wang et al., 2003). Heat inactivates enzymes such as (LOX), and other proteins such as 
trypsin inhibitors which can negatively impact the quality and nutritional properties of soymilk (Kumar et al., 2003). 
The extent of loss of the isoflavone aglycones in soymilk as affected by thermal processing was found to decrease 
in the order daidzein > glycitein > genistein. Severe heating causes chemical reactions such as Maillard-type 
reactions and autodegradation, resulting in a decrease in the genistein content (Huang et al., 2006). Hot grinding 
caused a higher extraction of isoflavones into the soymilk than the cold-grinding process. However, direct or 
indirect heating in the UHT process did not significantly influence the concentration of isoflavones (Prabhakaran et 
al., 2006). In soymilk prepared by squeezing after heating with okara, the calcium and magnesium contents 
increased (Toda et al., 2007). High-pressure processing applied as a pre-treatment of the hydrated beans in 
soymilk production does not increase the water-extractability of isoflavone during soymilk production and that 
overall only small changes in isoflavone profile and content occur in these conditions. The content of protein 
decreased and fat increased in soymilks prepared from pressurized soybeans with increasing pressure level (Jung 
et al., 2008).  
 Soymilk was processed using 5 methods including delayed filtration, hot extraction, cold extraction, soaking 
and blanching, potash and sodium bicarbonate processing methods. The highest protein content was between 
3.05% for delayed filtration and 2.23% for soaking in potash.  
 The delay in filtration helps to increase the solubility of the denatured protein in the filtrate such that the protein 
content of the soymilk produced is high. The low value for the potash method is because potash reacts with protein 
and forms a complex, which reduces the protein availability and thus decreases the protein content of produced 
soymilk (Tunde-Akintunde and Souley, 2009). The fat content of hot extraction, soaking and blanching soaking and 
delayed filtration were significantly different and higher than those with the use of sodium bicarbonate and potash. 
The high values for methods in which the soybean seeds are cooked is because the preheating treatment reduces 
viscosity of the oil and allows for easy breakdown of oil cells and release of oil. The lower value for the delayed 
filtration is that the delay gives time for the formation of a complex between the fat and starch/carbohydrate which 
is not soluble in ether which is the normal method used for fat analysis, thus giving a low fat content (Herrmann, 
2009). 
 The low lipid and high protein Proto variety may be used as a soybean material for manufacturing fat-reduced 
soymilk to satisfy the needs of some consumers who are concerned about dietary fat intake (Yuan et al., 2007).

 

 
Technological Methods for Improvement of Physicochemical and Rheological Properties of Soymilk 
Improvement of Stability 
 If the soymilk is heated at 95 °C, the soy proteins will be completely denatured. These denatured proteins in 
soymilk are unstable, and will aggregate each other, or with other constituents (e.g. lipids), particularly due to 
strong hydrophobic interactions between exposed hydrophobic groups of denatured proteins (Tang, 2007).  
 Heating of soymilk decreased the particle size distribution and improved its stability. Homogenization also 
resulted in a decrease in particle size, with a narrower size distribution compared to heated soymilk (Nik et al., 
2008).

 
Heat treatment apparently helps to stabilize soymilk emulsion. The protein molecules unfold and the 

hydrophobic regions located on the inside become exposed to the outside when soymilk is heated. In the presence 
of soylipids, the stability of the soymilk emulsion is improved due to increased interaction of proteins with lipids (Shi 
et al., 2000).

 

 Ultra high-pressure homogenization (UHPH) considerably reduced soymilk microbial load, producing a highly 
physically stable product although with colour changes in relation to base product (BP) and ultra high temperature 
(UHT) soymilk. UHPH caused disruption of colloidal particles and aggregation of the components of the soymilk, 
especially at 300 MPa (Cruz et al., 2007).

 

 
Improvement of Viscosity and body texture 
 Differential scanning calorimetry of soymilk showed that the denaturation temperature of 11s globulin (glycinin), 
(92°C) is about 20 °C higher than that of 7s globulin (β-conglycinin), (71 °C). This makes it possible to denature 
soybean proteins selectively using two-step heating, that is, soymilk was heated at 75 °C for 5 min and then heated 
at 95 °C for another 5 min. Comparing to one-step heating (95 °C, 5 min), selective thermal denaturation (STD) 
increased soymilk viscosity by approximately 150%. This indicated that STD affected the pathway of the 
aggregations of soy proteins during denaturation (Liu et al., 2004). The two-step heating resulted in higher soymilk 
viscosity than the one-step heating regardless of soybean variety and heat transfer method. During the first-step 
heat treatment of the two-step method, the 7S protein was denatured at 70 °C while 11S remained native. This 
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result indicated the selective heat denaturation of soy proteins may be used for the viscosity increase of soymilk in 
the food industry (Liu and Chang, 2007). In soymilk prepared by squeezing after heating with okara, viscosity wase 
higher, in which liberated lipid bodies were decreased and more lipids were precipitated with protein after 
centrifugation, suggesting a change in the interaction between proteins and lipids (Toda et al., 2007). 
 The two-step heating is a potential method to increase soymilk body texture instead of adding gums to prevent 
the precipitation of solids over storage on shelf in the market (Liu and Chang, 2007). Samples produced using 
potash and sodium bicarbonate has a higher preference for texture (Huang et al., 2006).  
 

CONCLUSION 
 
 In view of increasing dairy costs, a need has existed for a highly-nutritious, low cost product that could be 
substituted freely for dairy milk. It is important that identification of off flavor agents and using of methods for 
improvement of soymilk quality. The different methods of production have different nutritional compositions and 
therefore the methods chosen should be determined by important nutritional component that is need. 
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