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ABSTRACT 

 
The effect of cell wall enzymes on the sugar composition of soymilk was investigated 

using High Performance Liquid Chromatography (HPLC) and UV/Visible 

spectrophotometer. Soymilk was extracted from wet milled soybean slurry from three 

different varieties of soybean (Samsoy1, Samsoy 2 and TGX). Different cell-wall 

degrading enzymes (glucanase, cellulase. arabanase, hemicellulase and xylanase) 

were applied to  each batch of soybean slurry before extraction  of soymilk. The 

enzymes which were contained in four different commercial brands were applied 

separately and in different combinations. Soymilk from each enzyme treated sample 

and control (untreated) were evaluated for Total Dissolved Solids (TDS) and 

different sugars (glucose, raffinose, sucrose, fructose, xylose, maltose, lactose, 

stachyose, starch, galactose, methyl cellulose and gum arabic) using HPLC and UV- 

Visible Spectrophotometer. The proximate composition of all treatment samples and 

control from the three varieties were also analyzed. The mean TDS of all enzyme- 

treated soymilk samples (235.8 – 268.3 ppm) was significantly (p≤0.05) higher than 

the control (167.8 ppm) and it also increased significantly (p≤0.05) after sterilization 

from 227.9 ppm to 256.6 ppm. The regressed data of the various sugar composition 

from UV – Visible Spectrophotometer and HPLC analysis showed high correlation 

with TDS (both before and after sterilization). The amount of the sugars present in 

the enzyme-hydrolyzed soymilk samples were significantly (p≤0.05) different from 

the control.  Sucrose content was depleted after enzyme treatment. The changes in 

content of simple sugars (glucose, xylose, fructose, maltose, raffinose, starchyose) 

in enzyme-hydrolyzed soymilk has high correlation with TDS. Chemical modification 

of some sugars impaired their detection using HPLC and UV-Visible 

Spectrophotometer despite increases in TDS. The use of TDS as a quality 

parameter for the rapid monitoring of enzyme hydrolysis of soybean cell-wallsugars 

for soymilk is feasible. 
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INTRODUCTION 

Soybean (Glycine max) consumption is known to have provided good nutrition and 

health to some of the most populous regions of the world, mostly in the orient where 

it originated (Wilkens and Hackler, 1969). It has served as a major source of protein 

for several centuries (Liu, 1997, Iwe, 2003). The use of soybean and its derivatives 

in various food products have become popular; it is known to alleviate some adverse 

health conditions among its consumers for which the United States Food and Drug 

Administration (USFDA) approved its health food status. Soybean consumption is 

known to improve heart health by alleviating adverse cardiovascular condition, 

reduce the risk of cancer and tumors (Ohr, 2004). One major product of soybean is 

soymilk, the aqueous extract from soybean cotyledons. Unfortunately, its 

consumption has been retarded by its poor shelf stability during storage at ambient 

conditions.  It  is  cumbersome  to  be  producing  fresh  samples  all  the  time  unless 

electricity-dependent refrigeration is available. Since the late 50’s considerable 

research efforts has been made to develop the shelf - stabilized beverage. 

Researchers found that the beverage could not be concentrated due to the 

development of high viscosity (Lo et al., 1968). It could not be heat sterilized without 

coagulation (Wei et al., 1985). Pasteurization treatment was insufficient for  its 

preservation.  Acidification caused iso-electric point precipitation of soy protein and 

pH variation generally caused coagulation (Nsofor and Anyanwu, 1992a). 

Combination treatments of the above still failed to preserve the product. 

In the 90’s sprouting was used to develop a shelf stable beverage (Nsofor and 

Osuji, 1997). The success was attributed to the hydrolysis of macromolecules and 

limiting of cross-linkage of soy molecules. The inconsistency of soybean germination 
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ability after drying and storage makes this process difficult for industrial application. 

The use of exogenous β – D-glucanase (Osuji and Ubbaonu, 2003) also produced a 

shelf stable beverage. It successfully hydrolyzed soybean cell wall components. It 

then became important to apply multiple enzymes for hydrolysis of cell wall 

materials. This is expected to enhance hydrolytic activity and help to simulate the 

level of hydrolytic activities that occurred during soybean sprouting where multiple 

enzymes are known to be in operation (Lee and Karunanithy,1989). 

The soybean cell wall macro molecules have been implicated as a major factor that 

causes increase in the viscosity of soymilk which results in its shelf instability 

(Urbanski, 1982). If they must be hydrolyzed to achieve shelf stability, it means that 

there will be need to develop a quality parameter for the evaluation of the degree of 

hydrolysis. There is no apparent method of evaluating the effect of enzyme 

hydrolysis of cell-wall sugars that can rapidly quantify the degree of hydrolysis as a 

critical factor in industrial operations. It will require the determination and 

measurement of the appropriate sugars of soymilk. Unfortunately for many years, 

attempts to develop precise and rapid methods for quantification of soybean sugars 

especially when enzymes are applied have remained difficult (Wang et al., 2008). 

This is probably as a result of transformation of soybean sugars and occurrence of 

cross–linkages with some molecules. When sugars are transformed or cross linked 

they  can  escape  detection  because  their  physical  characteristic is  altered.  Their 

wavelengths of light absorption may change and standards of their new forms may 

not  be  available  for  calibration  of  analytical  equipments.  The  use  of  Thin  Layer 

Chromatography (TLC), High Performance Liquid Chromatography (HPLC) and 

UV/Visible Spectrophotometer is known not to be sufficiently precise for soy sugars. 
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Besides, they are too cumbersome for use in rapid industrial process control. The 

industry will need a rapid method to ensure that the proper degree of hydrolysis is 

achieved. Thus there still exists the need for a rapid and reliable method for the 

evaluation of soybean sugars. The difficulty of soy sugars detection could be as a 

result  of  their  transformation  and  cross  linkages  with  peptides.  The  use  of  total 

dissolved solids (TDS) is apparently a viable solution because it is derived from the 

change of the ionic strength of the aqueous medium, when more solutes are being 

solubilized during enzyme activity. However for TDS to be useful as a quality 

assurance tool,  it has to be correlated with observations of standard analytical 

methods. 

AIMS 

 To investigate the effect of multiple cell wall degrading enzymes application 

on the TDS and on the changes in sugar composition of soymilk of three 

different soybean varieties. 

 To compare the result of sugar composition as measured using HPLC and 

UV-Visible spectrophotometer and to correlate the data with the TDS. 

 To evaluate the effect of multiple enzyme hydrolysis on the proximate 

composition of three different soybean varieties. 

 

JUSTIFICATION 

By developing a  rapid analytical method for the evaluation  of the  hydrolysis of 

soybean sugars as a quality parameter, it will become more feasible to apply the 
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research findings on soymilk stabilization to commercial processing operations. 

Industrial production of shelf stable soymilk will be of immense benefit to the society. 

It will contribute considerable improvement to the nutrition and health status of its 

consumers. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 CHEMICAL PROPERTIES OF SOYBEANS 

2.1.1   SOYBEAN CARBOHYDRATES 

Soybeans are known to contain about 38.2% protein, 20% fat, 5.1% crude fiber, 

4.6% ash and 23.6% carbohydrates as some of its major constituents (Philip and 

Helen, 1973; Vanderstoep, 1981). Carbohydrate is the second most predominant 

component of soybean seeds, next to protein (Wang et al., 2006). The chemical 

composition of the different soybean varieties are not identical (Arshad et al., 1980 

and Wang et al., 2011).  Glucose and other reducing sugars decrease with maturity 

from  their  substantial  amounts  in  the  green  or  immature  beans, while  the  non- 

reducing sugars increased during soybean seed development (Wang et al., 2011; Ku 

et al., 1976). The carbohydrate content of soybean could be as high as 33% and 

comprises of galactan, pentosan, invert sugars (equal parts of fructose and glucose), 

sucrose, raffinose, starch, cellulose and dextrin (Sarker and Khaleque, 1978). Other 

sugars include stachyose and glucose. Glucose and other reducing sugars decrease 

with maturity from their substantial amounts in the green or immature beans (Ku et 

al., 1976). 

 

2.1.2   SOYBEAN PROTEINS 

The soy proteins in Table 2:1 form the largest single macromolecule. Glycinin and - 

conglycinin belong to the two major classes of legume proteins, legumins and vicilins 

respectively (Catsimpoolas, 1969; Mauron, 1972). Soybean proteins undergo 

structural changes leading to coagulation when they are heated. Starting from the 

dissociation 

5 

 



 

TABLE 2.1: Approximate Distribution of Ultra Centrifugal Fractions of 

Water-extractable soybean proteins 

 

Fraction    Amount Components          molecular                Other Characteristics 

of total weight 

(%) 

 

25 22 Trypsin inhibitors            8000-21,500               Globulins 

Cytochrome   C                 12,000                       Heme proteins 

75           37            Hemagglutinins            11,000                  Glycoprotein                   , 

 Albumins. 

Lipoxygenase                102,000                      Contains iron 

-Amylase                     67,700                          - 

-Conglycinins             180,000                       Glycoprotein. 

210,000                       Globulins three 

Subunits. 

 

115             31            Glyciniins                     350,000                      Globulins, six subunits 

Polymer form of other 

 

115              10                                                        350                            proteins 

 

 

Source: Wolf and Cowan, 1975. 
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into subunits, which later form aggregates (Catsimpoolas, 1969). The report 

attributed this to the denaturation of the protein complexes in soybean by 

heat.Denaturation brings about gel formation, by causing the proteins to unfold 

thereby allowing a maximum exposure of the reactive sites as well as the non-polar 

groups,  which  make  them  less  hydrophilic (Lo et al.,  1968). This is  followed  by 

formation of cross- linkages along the chains, as the hydrophobic groups tend to 

repel water molecules thus affecting a dehydrating process. Presence of sodium 

chloride helps to stabilize the quaternary structure of soybean proteins, which results 

to a less viscous system  (Catsimpoolas, 1969; Urbanski et al., 1982). In the case of 

soy beverage, however non-protein constituents are also involved in development of 

high viscosity (Urbanski et al., 1982). 

 

2.1.3   SOYBEAN FATS 

Soybeans contain about 20% oil and approximately 85% of this is unsaturated and is 

cholesterol free (Nelson et al., 1978; INTSOY, 1987). Fatty acids found in soybeans 

include palmitic, stearic and oleic acids (non-essential), linoleic and linolenic 

(essential). Others are unsaponifiable fatty acids and arachidonic acid (Philip and 

Helen, 1973). About 7-8% of the soybean oil is made up of ω-3 fatty acids in the 

form of alfalinolenic acid. These are similar to those types found in fish oils. The 

presence of ω-3 fatty acids and the absence of cholesterol in soybean oil make it 

appealing as a health food (INTSOY, 1987). Catalytic oxidation of soybean fatty 

acids by lipoxygenase enzyme produces flavour compounds that are objectionable in 

soy products. This reaction occurs rapidly when the soybean cotyledon is damaged 

or broken thereby liberating the enzyme and lipid substrates at temperatures not 

sufficiently high to inactivate the enzyme (Nelson et al., 1976). The Lipoxygenase 
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(Lipoleate-oxygen oxidoreductase, EC I.13.11.12) enzyme oxidizes polyunsaturated 

fatty acids and esters containing a cis, -1, 4-pentadiene system and gives rise to 

hydroperoxides, which on further degradation decompose into volatile and non 

volatile constituents some of which are responsible for the off- flavours (Che Man et 

al., 1989). 

 

Wilkens et al. (1967) reported that off flavours could be minimized in soymilk 

production by using  a high temperature “rapid- hydration” grinding process that 

retards the Lipoxygenase enzyme and yet retain a good level of protein extraction to 

produce  an  acceptable  soymilk.  Soybeans  contain  many  undesirable  biologically 

active factors especially trypsin inhibitors and urease. Destruction of trypsin inhibitors 

improves the nutritive value of soybean (Che Man et al., 1989). The entire cooking 

process in soymilk production adequately destroys the anti-nutritional trypsin inhibitor 

(INTSOY, 1987). 

 

2.2. HISTORICAL BACKGROUND OF MODIFIED SOYMILK DEVELOPMENT 

Some efforts in the past were made to make products from soymilk by modifying its 

nature.  Previous  efforts  to  produce  concentrated  soymilk  (Lo et  al., 1968)  failed 

because a “viscosity barrier” developed as the soy solids content approached 15% 

during vacuum evaporation. This phenomenon was attributed to the formation of gel- 

like structures by soybean proteins, partly because of the development of disulphide 

bonds between cysteines in the soybean proteins. Lo et al. (1968) also reported that 

pre-heating of  soymilk  prior  to  concentration  as  done in  cow  milk  concentration, 

increased the viscosity problem and concluded that it was unlikely that a satisfactory 

concentrated soymilk with a reasonable acceptable consistency could be produced. 
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They further indicated that the addition of sucrose as a preservative to yield an 

intermediate moisture food also increased the viscosity of concentrated soymilk. 

Wei et al., (1985) attempted to develop soymilk concentrates by formulation instead 

of vacuum evaporation of dilute soymilk, by varying the weight ratio of dry soybean 

to water utilized. Addition of sugar to the blanched soybean followed by milling and 

pressure homogenization of the slurry decreased apparent viscosity.  The above 

process was adapted from the Illinois Process for preparation of soymilk (Nelson et 

al., 1976). Storage stability of the beverage formulated by Wei et al., (1985) however 

was not conclusively determined. Further to that work, Khan et al. (1989) evaluated 

the effects of soy solids, type and concentration of sugars on water activity and 

rheological  properties  of  soymilk  concentrates.  They  observed  that  fructose  and 

glucose exhibited the highest water binding property and viscosity-lowering capacity. 

Their formulations showed non-Newtonian behavior and they indicated that 

stabilized soymilk concentrate could be developed from whole soybeans. Khan et al. 

(1990) further established that sweetened soymilk concentrates prepared from 

dehulled, milled and desludged soybean with a rotary vacuum evaporator. It yielded 

a concentrate that had low apparent viscosity. They observed that the 

pseudoplasticity  of  the  soy-sugar  systems  was  strongly influenced  by  soy  solids 

content and polymer–to-solute ratio but not by different sweeteners and temperature. 

Information on the stability of the concentrated beverage was not provided but they 

noted that at high solids content soymilk exhibited non-Newtonian behavior. 

 

Recent adaptation of the Illinois process to produce a concentrated soymilk 

beverage by formulation was reported by Nsofor and Anyanwu (1992 b), heat 

0 
sterilization (121 C for 15min.) resulted in instant coagulation of the beverage 
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concentrate. Combined simmering and pasteurization however resulted in greater 

stability during refrigerated storage (Nsofor and Anyanwu, 1992 a). Nsofor and Osuji 

(1997) applied the use of sprouted soybeans to produce soymilk concentrates that 

lasted for 7-9 months during ambient temperature storage. Osuji and Ubbaonu 

(2003) modified soymilk composition by treatment with protease and glucanase, to 

develop predigested soymilk. However, the details of the chemistry of the 

modification were not explained. 

 

2.3 CELL WALL OF ORGANISMS 

A cell wall is a tough, usually flexible but sometimes fairly rigid layer that surrounds 

some types of cells . It is located outside the cell membrane and provides these cells 

with structural support and protection and also acts as a filtering mechanism.  A 

major function of the cell wall  is to act  as a pressure vessel, preventing over- 

expansion when water enters the cell. They are found in plants, bacteria, fungi, 

algae, and some archaea. Animals and protozoa do not have rigid cell walls 

(Howland, 2000). 

 

The materials in a cell wall vary between species, and in plants and fungi also differ 

between cell types and developmental stages. In plants, the strongest component of 

the complex cell wall  is a  carbohydrate called cellulose, which  is a polymer of 

glucose. In bacteria, peptidoglycan forms the cell wall (Demchick and Koch, 1996). 

Archaean cell walls have various compositions, and may be formed of glycoprotein 

S-layers, pseudopeptidoglycan, or polysaccharides. Fungi possess cell walls made 

of the glucosamine polymer chitin, and algae typically possess walls made of 

glycoproteins and polysaccharides. Unusually, diatoms have a cell wall composed of 
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silicic acid. Often, other accessory molecules are found anchored to the cell wall 

2.3.1 COMPOSITION OF PLANT CELL WALLS 

The major carbohydrates making up the primary (growing) plant cell wall are 

cellulose, hemicellulose and pectin. The cellulose microfibrils are linked via 

hemicellulosic tethers to form the cellulose-hemicellulose network, which is 

embedded in the pectin matrix. The most common hemicellulose in the primary cell 

wall is xyloglucan (Moore and Stachelin, 1988). In grass cell walls, xyloglucan and 

pectin are reduced in abundance and partially replaced by glucuronarabinoxylan, a 

hemicellulose. Primary cell walls characteristically extend (grow) by a mechanism 

called acid growth, which involves turgor-driven movement of the strong cellulose 

microfibrils within the weaker hemicellulose/pectin matrix, catlyzed by expansin 

proteins. The outer part of the primary cell wall of the plant epidermis is usually 

impregnated with cutin and wax, forming a permeability barrier known as the plant 

cuticle 

Secondary cell walls contain a wide range of additional compounds that modify their 

mechanical properties and permeability. The major polymers that make up wood 

(largely secondary cell walls) include cellulose (35 to 50%), xylan, a type of 

hemicellulose, (20  to  35%)  and  a  complex  phenolic  polymer  called lignin (10  to 

25%). Lignin penetrates the spaces in the cell wall between cellulose, hemicellulose 

and pectin components, driving out water and strengthening the wall. The walls of 

cork cells in the bark of trees are impregnated with suberin, and suberin also forms 

the permeability barrier in primary roots known as the Casparian strip. Secondary 

walls - especially in grasses - may also contain microscopic silica crystals, which 

may strengthen the wall and protect it from herbivores.(Buchanan, 2000 ) 
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Plant cells walls also contain numerous enzymes, such as hydrolases, esterases, 

peroxidases, and transglycosylases, that cut, trim and cross  link wall polymers. 

Small amounts (1-5%) of structural proteins are found in most plant cell walls; they 

are classified as hydroxyproline-rich glycoproteins (HRGP), arabinogalactan proteins 

(AGP), glycine-rich proteins (GRPs), and proline-rich proteins (PRPs). Each class of 

glycoprotein is defined by a characteristic, highly repetitive protein sequence. Most 

are glycosylated, contain hydroxyproline (Hyp) and become cross-linked in the cell 

wall. These proteins are often concentrated in specialized cells and in cell corners. 

Cell walls of the epidermis and endodermis may also contain suberin or cutin, two 

polyester-like polymers that protect the cell from herbivores. The relative composition 

of  carbohydrates,  secondary  compounds  and  protein  varies  between  plants  and 

between the cell type and age. Up to three strata or layers may be found in plant cell 

walls. According to Hogan (2010) they are 

 The middle lamella, a layer rich in pectins. This outermost layer forming the 

interface between adjacent plant cells and glues them together. 

 The primary cell wall, generally a thin, flexible and extensible layer formed 

while the cell is growing. 

 The secondary cell wall, a thick layer formed inside the primary cell wall after 

the cell is fully grown. It is not found in all cell types. In some cells, such as 

found in xylem, the secondary wall contains lignin, which strengthens and 

waterproofs the wall. 

Cell walls in some plant tissues also function as storage depots for carbohydrates 

that can be broken down and resorbed to supply the metabolic and growth needs of 

the plant. For example, endosperm cell walls in the seeds of cereal grasses, 
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nasturtium, and other species, are rich in glucans and other polysaccharides that are 

readily digested by enzymes during seed germination to form simple sugars that 

nourish the growing embryo (Hogan, 2010). 

 

2.3.2 CELL-WALL MATERIALS OF SOYBEAN 

The importance of cell wall materials in soy beverages has been a major research 

issue, especially since Urbanski (1982) reported that “nonprotein” constituents of 

soybeans and soybean cell wall materials in particular might be the major 

contributors to the viscosity problems. This manifests in soybean extracts and are 

known to affect the quality characteristics of soy beverages. The study highlighted 

the effects of soybean cell wall materials on soy beverage rheology and other 

parameters. It was from this report that special considerations were given to 

hydrolysis of soy cell wall materials (Osuji and Nwosu, 2011) and to the application 

of cell-wall hydrolyzing enzymes for soymilk beverage stability, instead of soy 

proteins  that  were  previously  thought  to  be  the major  factors  (Lo et  al.,  1968). 

Similarly it has also been reported that the shelf stability of soymilk was improved 

after invivo (Nsofor and Osuji, 1997) and invitreo (Osuji and Ubbaonu, 2003) enzyme 

hydrolyses. 

Acccording to Wang et al.(2006) soybean cell wall materials are comprised mostly of 

cellulose, hemicelluloses, pectin and traces of starch. Their presence in soy 

beverages cause increases in viscosity leading to shelf instability (Urbanski et al., 

1982). This is because they swell during cooking.  This is also made worse by the 

fact that they form cross links with soy proteins (Nsofor and Osuji, 1997). 
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2.4.    ANTI- NUTRITIONAL FACTORS IN SOYBEANS. 

Some compounds in raw soybean have been identified as anti-nutritional factors. 

These  include Trypsin  inhibitors; Hemagglutinins, Goitrogen, Urase, Phytic acid, 

Lipoxygenase, Stachyose, Raffinose and Verbascose (Weingartner, 1987). 

Compounds that interfere with the intake, availability, or metabolism of nutrients in 

humans and animals are referred to as anti-nutritional factors. Their biological effects 

can range from a mild reduction in health or performance to death, even at relatively 

small intakes. The subject is complicated by the fact that different species and ages 

react in different ways to the presence of anti-nutritional factors. 

The raw grain of soybean contains several anti-nutritional factors in variable 

amounts. Some of them are not important in monogastric animals, because they are 

not considered harmful for these species. Others, like phytate, are present in most 

vegetable materials and their negative effects can be overcome by using the 

appropriate technology that is addition of phytase (Ester et al., 2002). 

The Trypsin inhibitors (protease inhibitors) prevent the activity of trypsin thus 

reducing the digestibility of proteins. In laboratory rats, consumption of high levels of 

soy trypsin inhibitors caused an increase in the output of pancreatic enzymes and 

resulted in growth depression (Nitsan and Liener, 1976). In some cases, 

histopathological changes occurred in the pancreas with observed lesions in about 2 

days after inhibitor consumption (Brandon et al., 2004). The hemagglutinins (lectins) 

have been associated with induced agglutination of red blood cells in animals but no 

serious observable effect in man has been observed. Goitregen has been linked to 

the enlargement of the thyroid gland (goiter) in animals and human beings. 
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The problem with Urase (an enzyme) is that it degrades urea to form ammonia which 

is  a  known  toxic  compounds.  Lipoxygenase  is  another enzyme  not  desired in  a 

system containing unsaturated fatty acids. It catalyses the hydrolysis of unsaturated 

soybean  oil,  to  yield  the  ketones  and  aldehydes  responsible  for  the  beany  and 

grassy odor in non-heated, milled soy cotyledons. Soybeans contains about 1-2% of 

phytic acid. This compound forms an insoluble complex with proteins and minerals 

thereby decreasing the availability of divalent cations. However, phytic acid on itself 

does not interfere with the bioavailability of minerals added to soy-foods 

(Weingartner, 1987; Young et al., 2009). 

The carbohydrate compounds, stachyose, raffinose and verbascose are regarded 

among the anti-nutritional factors because of the incidence of flatulence observed 

when they are consumed in large quantities. However, flatulence is not necessarily 

considered a health problem, but a socially unacceptable activity. It is mostly caused 

by the indigestibility of these compounds, which are rather fermented. 

The anti-nutritional factors are generally heat-sensitive and are usually destroyed by 

the application of sufficient heat during processing (INTSOY, 1987) and the 

destruction of the trypsin inhibitors improves the nutritive values of soybeans (Che 

Man et al., 1989). 

Proper processing of soybeans requires precise control of moisture content, 

temperature and processing time to destroy the anti-nutritional factors. Both over and 

under-toasting  of  soybean  meal  can  result in a  meal  of lower  nutritional  quality. 

Underheating produces  incomplete  inactivation of the anti-nutritional factors and 

over-toasting can reduce amino acid availability (lysine). The most important anti- 

nutritional factors to monogastric animals are: 
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Protease Inhibitors: Protease inhibitors can inhibit the activity of proteolytic 

enzymes and can cause a decrease in digestive efficiency, inadequacy in dietary 

sulfur amino acids. As a consequence of inhibition of proteolytic enzymes the 

animals tend to react to the presence of  protease inhibitors by secreting more 

digestive enzymes, which results in pancreatic hypertrophy. In poultry and swine, 

trypsin inhibitors significantly reduce the digestibility and utilization of amino acids. At 

least five trypsin inhibitors have been identified. However, the principal protease 

inhibitors present in raw or underprocessed soybeans are the Kunitz factor and the 

Bowman-Birk factor; the latter is more resistant to the action of heat, alkali and acid. 

Their average levels in raw soybeans are 1.4 and 0.6%, respectively 

(Kennedy,1998). 

Lectins: These are glycoproteins noted for their capability to agglutinate 

erythrocytes and bind sugar components. Lectin content in beans ranges from one to 

three percent. Lectins are not broken down in the gut, attach to mucosa cells 

damaging the intestinal wall and reducing the absorption of nutrients. Heat treatment 

is very effective and necessary in the inactivation of lectins (Giant,1982 ). 

Goitrogenic factors: These, similarly, are glycosides belonging to the isoflavinic 

group, some of which like genistin; have goitrogenic activity resulting in enlargement 

of the thyroid gland and a reduction in the activity of thyroxine secreted by the thyroid 

itself. 

Saponins: Although they appear in low levels they can decrease feed palatability. 
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Rachitogenic factors: These factors are associated principally with genistin (about 

0.10% of raw soybeans) which interfere with calcification of bone.  Turkeys are 

particularly sensitive (Carlson et al., 1984 ). 

2.5. HEALTH BENEFITS OF SOY FOOD PRODUCTS 

Health benefits of soy food products can be discussed as prebiotic effects, 

anticancer 

effects; heart effects, bone health and menopause. The health benefits of soybeans 

are due to the synergic action of the variety of healthful nutrients found in it, including 

soy proteins, isoflavones, vitamin E and saponins (Pszczola, 2002). What has 

remained interesting in recent  years is  the  discovery  of phytochemicals  and  the 

profound benefits of soy on human health. Benefits of soy include promoting heart 

health and healthy bones, preventing cancer and alleviating menopausal symptoms. 

Soybeans contain high amounts of proteins, including all essential amino acids (the 

only such vegetable source). It therefore plays an important role in promoting growth 

and development in its consumers as well as maintenance of healthy body functions. 

Soybeans are also a rich source of calcium, iron, zinc, phosphorus, magnesium, B- 

vitamins, omega 3 fatty acids and fiber. 

 

2.5.1 PREBIOTIC EFFECT 

Saponins present in soybeans were found to be useful as prebiotic, which are non- 

digestible food substances that selectively stimulate the growth and activity of 

beneficial bacteria in the lower intestine (Birschbach et al., 2004). A product such as 

“soylife” based on this concept (developed by Acatris USA Inc.) increased the count 

of lactobacillus sp. and resulted in substantial metabolism of soy isoflavones with 

consequent protection of the gut against the negative impact of bile salt (Pszczola 
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TM 
2002). Another product, Solae (a high protein soy food) is reported to aid cancer 

prevention, women’s health, bone health and weight management (Pszczola, 2002). 

A soy isoflavone product “Solagen SP” is said to be unique for its slow release of 

isofavone (a minimum of 30% soy isoflavones within 12 hours) (Pszczola, 2002). 

The slow delivery system gives sustained availability throughout the day and 

prevents momentary high serum concentrations. “Solagen SP” was reported to be 

useful in menopause management, bone and heart support, immune maintenance 

and glucose control (Pszczola, 2002). Soy isoflavones are now incorporated into 

bottled water products at about 60mg/L, to improve the availability and consumption 

of  this  beneficial  soy  compound.  Other  products  with  possible  prebiotic  potential 

include soybean oligosaccharides from soybean whey. Isomalto- oligosaccharides 

may be regarded as a quasi-prebiotic since it is partially metabolized in human gut. 

Possible health benefits of prebiotics include: 

 Improved lactose tolerance 

 Improved resistance to pathogens resulting in decrease in gastrointestinal 

infections and respiratory infections 

 Decrease in cholesterol 

 Increased bacterial synthesis of vitamins 

 Protection against allergies by reducing gut inflammation 

 Improved absorption of calcium and magnesium 

The reccomended Dose of prebiotic: 5-8 g per day. Products on the market that may 

be fortified with prebiotics include diary products, health drinks, infant formula, 

cereal, dried instant as well as canned foods, and pet foods etc.(Minocha, 2008.) 
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2.5.2 ANTI CANCER BENEFITS 

In their study, Guo et al. (2004) evaluated the potential of soy foods in controlling 

cancer. The study indicated that soy proteins help in reducing the number and size 

of tumors associated with colon cancer. Mice fed with different diets for at least a 

year showed that those mice that ate soy proteins but eventually developed colon 

cancer had fewer and smaller tumor than the mice that did not eat soy protein. In 

their respective reports, Messina and Hughes (2003) and Yamamoto et al. (2003) 

agreed on the benefits of soy consumption in controlling menopausal symptoms, 

prostate cancer and breast cancer respectively. Populations with high consumption 

of soy foods seem to have lower rates of breast, uterine and colon cancers than 

societies with low intake of soy foods (Greenwald, 2004). Genistein and other soy 

isoflavones account for cancer-protection properties of soy foods. They inhibit 

estrogen receptor – sensitive cell growth (Andersen and Patterson, 2005). According 

to Tsany (2006) data on soy and prostate cancer seems to be the most promising; 

many studies support its role in the prevention and possible treatment of prostate 

cancer. While some studies showed soy offers a protective effect against breast 

cancer, a few studies showed the estrogen-like effects in isoflavones may be harmful 

for women with breast cancer. American Institute for Cancer Research stresses that 

data on soy and breast cancer are not conclusive, and more work is needed to be 

done before any dietary recommendations can be made. What we know at this point 

is the phytoestrogens in soy foods are "anti-estrogens". In other words, they may 

block estrogen from reaching the receptors - therefore potentially protecting women 

from  developing  breast  cancer.  Studies  found  that  pre-menopausal  women may 

benefit from eating soy foods as their natural estrogen levels are high. However, this 
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may not be true to post-menopausal women. Studies found that soy could become 

"pro-estrogen" in women with low levels of natural estrogen. In other words, 

concentrated soy supplements may add estrogen to the body and hence increase 

breast cancer risk in post-menopausal women. Therefore, post-menopausal women 

should avoid taking concentrated soy supplements until more is known. Eating soy 

products, however, is not harmful. 

 

2.5.3 BENEFITS OF SOY: HEALTHY BONES 

Many soy foods are naturally high in calcium (some fortified with calcium because it 

is a good source of a particular coagulating agent). In addition, soy also contains 

magnesium and boron, which are important co-factors of calcium for bone health. 

Isoflavones in soy foods may inhibit the breakdown of bones. Daidzein, a type of 

isoflavone, is actually very similar to the drug ipriflavone, which is used throughout 

Europe and Asia to treat osteoporosis. One compelling study completed by Erdman 

in 1993 focused on post-menopausal women who consumed 40 grams of isolated 

soy protein daily for 6 months. Researchers found that these subjects significantly 

increased bone mineral density as compared to the controls (Tsany, 2006). 

Another study published in the Archives of Internal Medicine (Yeager, 1998) also 

found that intake of soy food was associated with a significantly lower risk of fracture, 

particularly among early post-menopausal women. 
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2.5.4 BENEFITS OF SOY: MENOPAUSE 

In Japan, where soy foods are commonly consumed daily, women are only one-third 

as likely to report menopausal symptoms as in the United States or Canada. In fact, 

there is no word in the Japanese language for "hot flashes". Current studies showed 

that soy only helps some women alleviate menopausal symptoms. Indeed, soy is 

more effective in preventing than alleviating hot flashes. Despite these findings, the 

North American Menopause Society in 2000 recommended that 40 - 80mg of 

isoflavones daily may help relieve menopausal symptoms. 

 

2.5.5 HEART HEALTH EFFECT 

Soybean contains no cholesterol (INTSOY, 1987) and this feature makes it 

particularly beneficial for the protection of soy consumers from cardiovascular 

diseases. It has been reported that the sales of soymilk beverages increased by 

10.6% and soy yogurt by 23.6% in the US in the year 2003 (Ohr, 2004). Soya  

tech/SPINS  (2004)  attributed  these increases  in demand  due  to  the  approval  of 

“Health Food” status for soy foods by US Food and Drug Administration (FDA). The 

“Health Food” claim approved in 1999 was based on studies, which showed that soy 

proteins lowered cholesterol levels and low-density lipoproteins (LDL), thus “thinning” 

the blood and retarding the formation of arterial plaques. High levels of LDL are 

related to incidence of heart failure and high blood pressure. Desroches et al. (2004) 

also reported that soy foods actually lowered LDL cholesterol. The team investigated 

the role of soy nutrients on the particle size of LDL. A larger LDL particle size is 

associated with lower risk of heart disease. They examined the outcome of soy diet 

depleted in isoflavones as compared to common sources of animal protein with and 
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without added isoflavones. Desroches et al. (2004) found that people who ate diets 

high in soy, significantly increased their LDL particle size compared to periods when 

they were provided with diets high in animal protein. The potential benefits to 

cardiovascular ailments were predominantly seen in women who had a mean soy 

protein intake of 55g day and men who had a mean soy protein intake of 71g/day. 

The cholesterol lowering effect of soy milk and its role of heart disease was widely 

recognized in the mid 90s when the results of a meta-analysis of 38 clinical studies 

were published. The results demonstrated that a diet with significant soy protein 

reduces Total Cholesterol, LDL cholesterol (the "Bad" cholesterol) and Triglycerides. 

The average consumption in these studies was 47 grams per day of soy protein, 

which is a considerable amount. One way to include this is to try a soy protein  

beverage or powder that may add 20 grams preserving. As a result of these findings, 

in 1999, FDA authorized a health claim about the relationship between soy protein 

and Coronary Heart Disease (CHD) on labelling of foods containing soy protein. 

 

2.6 ENZYMES 

Enzymes are protein molecules made by RNA and other enzymes with the ability to 

facilitate and speed up chemical reactions throughout the body. Enzymes work by 

virtue of their shape. An enzyme molecule can be compared, in shape at least, to 

many short strings of pearls (amino acids) strung together. This long string folds in 

on itself as certain sequences of amino acids (pearls) are more attracted to each 

other than to other sequences, thus giving the enzymes a specific shape.  At one 

point on the surface of this string of pearls, there exists something which looks like a 

keyhole (Kennedy and Rosa, 2010). This is called the "active site" on the enzyme. 
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When matched with its specific coenzyme (a vitamin, or mineral, or trace element) 

this  "lock"  has  the  exact  inverse  contour  of  the  "key"  which is  contained  in  the 

molecule of the enzyme's "substrate," the molecule the enzyme wants to transform 

into a different molecule. When the substrate appears, it inserts the "key" into the 

"lock." The molecular structure of the substrate is transformed into a different 

molecular structure, and both enzyme and the newly transformed molecule go on 

their merry ways. 

The slowest known enzyme (lysozyme) processes one substrate every two seconds. 

The fastest known enzyme (carbonic anhydrase) processes a phenomenal 36 million 

substrate  molecules  per  minute.  The  shortest  lived  enzymes  function  for  twenty 

minutes, and the longest are around and doing their jobs for several weeks. When 

an enzyme is worn out, it is broken down and disposed of by other enzymes, its 

component amino acids and polypeptide chains are used to make new enzymes 

(Gauthier and Pouliot, 2003,Kennedy and Rosa, 2010). 

 

2.7. USE OF EXOGENOUS ENZYMES IN FOODS 

Modern enzyme technology involving the use of exogenous enzymes was initially 

adopted for the hydrolysis  of starch. These enzymes are very much related to 

processes  for starch hydrolysis and associated products such as malto dextrin, 

glucose syrups, very-high-maltose syrups and high fructose syrups (Birschbach et 

al., 2004). 

In Nigeria use of exogenous enzymes became the  means of sustaining brewing 

operations when a ban was imposed on the importation of barley malts (Palmer, 

1992). This made brewers to apply up to 100% adjunct – brews in a way previously 
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unknown to the industry by the adoption of “strange” brew house operations 

(Nwanekezi et al., 2004). Brewing with high level of adjuncts, and still maintaining 

process efficiency, solutions to process difficulties, quality consistency of a particular 

product have encouraged the use of such exogenous enzymes as -amylase, - 

amylase, glucoamylase, -glucanase (endo-1,3;1,4--glucanase) and proteinase 

enzymes (Palmer, 1992; Nwanekezi et al., 2004). 

Enzymes being biological protein catalysts with a safe history of use are usually 

more favourably regarded as label friendly in food products and beverages than 

many chemical additives (Birschbach et al., 2004). Consequently, food and beverage 

processors with objectives of satisfying the growing consumer need for health and 

safe foods prefer the use of enzymes as a means of achieving functional 

advantages. Apart from their use in the brewing industry, enzymes applications for 

the modifications of carbohydrates are well known. Fructans and fructose are made 

from fructan containing root crops like Chicory and Jerusalem artichoke using 

inulinase  (Fleming  and  Groot Wassink,  1979;  Fuchs,  1993). These  are  currently 

used as dietary fiber and low-calories sweetners. The use of cyclo dextrins as food 

additives, as carriers and stabilizers of flavours, colours and some vitamins is 

possible due to cyclo dextrin glycosyltransferase, a starch – degrading enzyme that 

converts starch into a mixture of cyclic malto-oligosaccharides (cyclo dextrin). The 

use of some other carbohydrate modification enzymes has been reported and these 

include the  isomalto-oligosaccharides and the fructo-oligosaccharides, which are 

relevant to beneficial gut flora. They improve bioavailability of fruits and vegetable 

materials via enzyme degradation of cell wall materials by hemicellulases, 

pectinases and cellulases are important to beneficial intestinal flora (Birschbach et 

al., 2004). 
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Proteolytic enzymes have been used to modify food proteins in order to improve their 

flavor, texture, functionality and nutritional quality. Example includes the use of 

exopeptidases to reduce bitterness in enzyme modified cheese (Gauthier and 

Pouliot, 2003). 

Enzymes are also being used to modify fats in order to reduce their calories content. 

Healthier fat composition is achieved by converting the triglycerides in common oil 

into diacylglycerides (DAGs) by using enzymes. The DAG production process relies 

on an enzyme called 1, 3 – specific lipase, to catalyze the customized addition of 

fatty acids to a glycerol backbone (Scheels, 2002). 

Birschbach et  al. (2004)  summarized  the  benefits  of using  enzymes  to  aid  food 

processing operations as follows “if one wants to selectively modify a specific protein 

within a complex food system containing other proteins, carbohydrates and lipids, an 

enzyme that breaks a specific amino acid bond may prove to be more effective than 

a process such as heating or the addition of a chemical oxidant that might affect all 

the food substrates in various and often uncontrolled ways”. 

 

2.6.1. APPLICATION OF ENZYMES TO SOYBEAN PROCESSING 

Gauthier and Pouliot (2003) reported that hydrolysis of soy protein by invitreo 

enzymatic process yields bioactive peptides. These peptides were beneficial by 

acting as messengers and they play a significant role in maintaining good health and 

preventing disease. According to their report, at least 40 different peptides have 

been produced which have anti-hypertensive effect. These peptides ranging from 

two to 30 amino acids units inhibit angiotensin-converting enzyme (ACE). Bioactive 

peptides derived from soybeans have also been found useful in the management of 
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obesity and weight reduction. They stimulate the production of cholecystkinin, an 

intestinal hormone that induces the sensation of satiety (Broody, 2000). 

The functional attributes of soy proteins especially emulsification properties, which 

may be lost, due to heat – denaturation of soy proteins may be restored by the use 

of proteases of bacterial origin. Pszczola (2002) reported the development of two soy 

food products through enzyme technology. In one of them the “Uni-Cell” (by Japan 

Cell Foods Company), soybeans cells were enzymatically broken down to obtain 

flour, which is free from beany taste and odour typically associated with conventional 

soy flours, while maintaining its nutritional value. The other product “Hinute” (by Fuji 

Oil  Co.)  produced  by  enzyme  hydrolysis of  soybeans  to  peculiar  peptides is  an 

ingredient,  which  is  highly  water  soluble  in  alkaline  and  acid  conditions,  and its 

viscosity is much lower than that of soy proteins. Other properties of Hinute include 

increased absorbtion, promotion of fat metabolism and anti-fatigue effect. The report 

concluded by hinting that the next generation of nutraceutical ingredients such as 

cholesterol – lowering peptides, (a prebiotic obtainable by enzyme hydrolysed 

soybeans) with improved functionality is being developed. In addition, Sloan (2002) 

TM 
reported the development of Soya fiber S by Fuji Oil Co. (the same Japanese 

company that  made Hinute). This product consists of soy polysaccharides made 

soluble by hydrolysis and has up to 70% dietary fiber and the ability to stabilize 

protein molecules even at low pH conditions. 

Ohr (2004) forecasted that shelf-stable soy beverages would be the “up –and – 

coming” categories of soy products with high consumer interest. The work of Nsofor 

and Osuji (1997) implicated the enzymes developed invivo during sprouting of 

soybeans as being responsible for the modification of soybean macromolecules and 

improved shelf-stability of soymilk concentrates from sprouted soybeans. However, 
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this germination induced enzyme development is limited by the loss of germination 

viability of soybeans during storage. 

Preliminary investigation by Osuji and Ubbaonu (2003) showed that the application 

of exogenous enzymes delayed the onset of soymilk concentrate coagulation, and 

resulted in some macromolecular modifications. Osuji and Uzomah (2004) applied 

glucanase and protease to prevent rapid sedimentation of soy flour particles. Osuji 

and Nwosu (2011) reported the evaluation of soy sugars following β – D – glucose 

treatment. Tsangalis et al. (2002) applied the intestinal bifido bacteria 

Bifidobacterium pseudolongum, Bifidobacterium longum-a, and Bifidobacterium 

longum b to ferment soymilk and these bacteria produced the enzyme - 

glucosidase, which transformed the dominant biologically inactive isoflavones in 

soymilk to bioavailable and bioactive aglycones. Osuji and Anyaiwe (2010) evaluated 

the development of soymilk whey after glucanase treatment. 

Tsao et al. (2002) reported that the enzyme transglutaminase from Streptoverticillium 

ladakanum ATCC 2744 I could be used to modify soy proteins to acquire improved 

adhesive properties in order to serve as binders in restructured meat products. They 

reported high binding ability with muscle proteins. 

The application of crystazyme 100XL pectinase enzyme, has been used to achieve 

improved bioavailablity of nutrients in soy flour for membrane (ultrafilteration) 

processed protein concentrate production (Batt et al., 2003). Kim et al. (2003) 

applied trypsin in the hydrolysis of glycerin, and predicated that partially hydrolyzed 

proteins would find use in many food applications in industry such as increased 

solubility in acidic drinks, improved digestibility, reduced allergic reactions among 

others.. 
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2.7.      GLUCANS AND GLUCANASES IN FOODS. 

Glucans which are also known as glycans are defined as “soluble,  indigestible 

polysaccharides composed predominantly of D-glucose residues and found in 

cereals such as oats,barley and rye” (IFIS, 2005). Beta- glucans are soluble but 

undigested polysaccharide complexes composed of D-glucose in either straight or 

branched chains with glycosidic linkages and they are present in most cereal grains 

but occur in larger amounts in barley and oats. Some enzymes that can be applied to 

glucans are referred to as glucanases. 

These are generally used to describe enzymes that hydrolyse glucans and they 

include glucan endo1,3--D-glucosidases, endo-1,3(4)--glucanases, 1,4--glucan, 

1,4--glucosidases, 4--glucanotransferases, licheninases, etc. (IFIS, 2005). 1,4-- 

Glucan are debranching enzymes (EC 2.4.1.18) which transfer a segment of a 1,4-- 

D-glucan chain to a primary hydroxyl group in a similar glucan chain and convert 

amyloses into amylopectins. 

Glucan endo-1,4--glucosidase (EC 3.2.1.3) also known as glucoamylases, 

hydrolyse terminal 1,4-linked -D –glucose residues successively from non-reducing 

ends of chains, releasing -D glucose, hydrolyse -D-glucosidic linkages, although 

at a slower rate and used for degradation of starch (saccharification) for production 

of sugar syrups and for conversion of residual dextrins to fermentable sugars during 

production of low calorie beer. 

The 4--Glucanotransferases  (EC 2.4.1.25) are enzymes which transfer a segment 

of a 1,4--D-glucan to a new position in an acceptor, which may be glucose or 

another 1,4--D- glucan and involved in starch metabolism in plants and can 

catalyse the synthesis of cycloamylose, useful as  low calorie sweetners and  in 

probiotic foods as bifidogenic agents. 
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Glucan endo-1,3--D glucosidases (EC 3.2.1.39) also known as laminarinase 

enzyme hydrolyse 1,3--D glucosidic linkages in 1,3--D-glucans, important in the 

malting and brewing industries, and potentially useful for production of functional 

oligosaccharide. It may also be involved in the ripening and softening of fruits and in 

plant disease defence. 

Endo-1,3(4)--glucanases (EC 3.2.1.6.) are enzymes that hydrolyse the 1,3- and 

1,4--D-glucosidic  bonds  in -glucans,  which  are  typically  found  in  oats,  barley, 

some fruits and certain microorganisms and are useful in the brewing industry where 

-glucans can cause difficulties during clarification of worts and filteration of beer 

IFIS (2005) and in winemaking industry where Botrytis contamination is a problem 

(Clemens and Pressman, 2009). 

2.7.1 INDUSTRIAL APPLICATION OF BETA-GLUCANASE. 

Glucanases  hydrolyses  cellulose  fiber  to liberate  smaller fragments  of  cellulose, 

which is further attacked to liberate glucose. Beta-glucanase is used in the 

production of coffee, hydrolysis of cellulose during drying of coffee beans, used in 

the fermentation of biomass into biofuels. They also act on glucan in the brewing 

industry, which interfere with the clarification of wsort and filteration of beer. Beta- 

glucanase is also used in wine making for clarification. However this practice was 

recently  reported  to  have  the  added  advantage  of  retarding  the  growth  of  wine 

spoilage yeast. This aspect of beta-glucanase treatment contributing to preservation 

is relatively new (Nachey, 2010). 

 

2.7.2. HEALTH BENEFITS OF BETA-GLUCANS. 

Clemens and Pressman (2009) explained that -glucans held a number of health 

benefits. The report stated that although -glucans from different sources present 
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unlike structures, which often offer different health benefits. Such benefits include the 

reduction of cholesterol reabsorbtion in the enterohepatic recirculation process, 

enhancing intestinal fermentation by microflora. The report also explained that - 

glucans affects the activities of the immune system by enhancing the performance of 

killer cells in warding off infections in addition to mitigating allergic responses. They 

can also help long distance runners to alleviate upper respiratory infection problems. 

The -glucans also offers protection to DNA from oxidative damage. They 

emphasized that some of the health benefits of the -glucans vary depending on 

their source, modification and degree of branching. This means that hydrolysis of - 

glucan  can  lead  to  modifications  that  can yield  more  health  benefits.  They  also 

increase the overall efficiency of cholesterol and toxins in the intestines for removal 

and digest fiber, which helps, remedy digestive problems such as mal-absorption. 

Some commercially available products of -glucans that offer benefits have been 

developed. Nuture, Inc., Devon USA has developed a product made from soluble - 

glucans that is used for lowering serum cholesterol. A fat replacement ingredient  

Beta-TrimTM1.5 produced by Rhodia company USA (Smith and Hui, 2004). 

 

2.8. FOOD FIBERS. 

Fiber is not a single chemical entity; it is an exceedingly complex mixture of poorly 

characterized  constituents.  Fibers  include  cellulose,  hemicelluloses,  pectin,  lignin 

and gums. 

Cellulose ; is a class of -D-(1 4) glucans which are indigestible polysaccharides 

comprising the majority of plant cell wall material which occur in large quantities in 

foods and comprise much of the dietary fiber in plant foods. 
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Hemicelluloses; are polysaccharides tightly associated with lignin in cell walls of all 

plants and some seaweeds and its composition differs between plants and is 

influenced by environmental factors, and plant growth and maturation. Pectins; are 

polysaccharides present in all plant cell walls and are composed of chains of - (1  

4) linked D-polygalacturonate interspersed with (1 2)-L-rhamnose residues, usually 

found in a partially methyl esterified form. Major sources of pectin include citrus peel 

and apple pomaces. 

Lignin; is one of the most abundant biopolymers, and a major component of 

insoluble dietary fiber in plant foods. Gums; are high molecular weight 

polysaccharides that form viscous solutions or gels when dissolved or dispersed in a 

solvent, usually water and obtained from plant exudates and seaweeds or produced 

as exopolysaccharides by bacteria. High fiber diets can help control obesity and 

constipation reduce the risk of cancer development and lower whole blood 

cholesterol. Fiber rich foods include whole cereal products, fruits and vegetables. 

Fiber is  often  classified into  two  categories,  those  that do  not dissolve in  water 

(insoluble fiber) and those that dissolve in water,that is soluble fiber (IFIS, 2005). 

The American Association of Cereal Chemists established a committee to reevaluate 

FDA’s de facto definition of dietary fiber and to develop a consensus description. 

Meanwhile, new fibers and fiber extracts continued to be identified, defined, and 

marketed worldwide. The committee concluded that an appropriate definition of 

dietary fiber included “edible parts of plants with analogous carbohydrates that are 

resistant to digestion in the small intestine with complete or partial fermentation in 

the  large  intestine”  and  stated  that  such  fibers  “promote  beneficial  physiological 

effects such as laxation, blood cholesterol attenuation, and blood glucose 

attenuation.” 
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AACC’s new definition considers the  growing scientific  evidence concerning the 

physiological effects of fiber. It would define dietary fiber as comprising the edible 

parts of plants or analogous carbohydrates that are resistant to digestion and 

absorption in the human gastrointestinal tract. Thus, the definition includes dietary 

fructans and other oligosaccharides, as well as those plant components discussed 

by scientists during the past 30 years. It would go beyond FDA’s current definition 

derived from the current methods for measuring total dietary fiber for nutrition 

labeling. It would account for the current expanding knowledge about the 

physiological properties of dietary fiber, and would enhance the ability of consumers 

to more accurately distinguish dietary fiber from other nutrients (Clemens and 

Pressman, 2009). 

Oligosaccharides, including those extracted from chicory, artichokes, and bananas, 

prepared through fermentation technology, and even those naturally found in breast 

milk, fall within the broad definition of “dietary fiber.” These oligosaccharides, many 

of which are known as fructans, are not digested by human enzymes and are readily 

fermented by colonic microorganisms. Extensive studies with dietary fructans 

confirm that these oligosaccharides in general are consistent with physical properties 

and physiological effects of dietary fiber. These nondigestible carbohydrates resist 

hydrolysis by human enzymes; are fermented by gut micro-flora; decrease 

gastrointestinal transit time; increase fecal weight; reduce fecal pH; present a low 

caloric value; attenuate plasma cholesterol; and delay or reduce glucose absorption. 

Redefining dietary fiber provides an opportunity for greater human exposure to 

sources of dietary fiber and a boost to overall fiber consumption, which continues to 

fall short of recommended levels in the U.S. This redefining of dietary fiber would not 
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only result in new nutrition and food science research, but also ultimately contribute 

to the development, promotion, and consumption of more healthful foods. 

 

2.8.1. DIETARY FIBER. 

Dietary fiber (soluble fiber),  an essential part of a healthy diet as defined by IFIS, 

(2005), is a complex mixture of carbohydrates, also known as non-starch 

polysaccharides, derived from plant cell walls and resistant to digestion in the 

intestinal tract. They are of little nutritional value on their own but considered to have 

beneficial effects on health. They promote the movement of material through the 

digestive system and increases stool bulk, so they can be of benefit to those who 

struggle with constipation or irregular bowels e.g. whole-wheat flour, wheat bran, 

nuts, vegetables, etc. Soluble fiber dissolves in water to form a gel-like material, 

which helps in lowering blood cholesterol and glucose levels. Soymilk is an example, 

beans, oats, apples, citrus fruits, carrots. 

 

2.8.2. CRUDE FIBER. 

Crude fiber also known as insoluble fiber is the indigestible matter left in foods after 

successive digestion with either, acids and alkaline and subtraction of ash (IFIS, 

2005). This is mainly composed of lignin that is found in the tissues of plants and 

cellulose-basically a plants skeleton. These are expelled by the body and help in 

maintaining regular intestinal peristalsis (bowel) movements. Crude fiber is 

determined by laboratory analysis and is mainly composed of lignin, which is found 

in the tissues of plants and cellulose basically a plant's skeleton. 
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 The analysis of crude fiber in the laboratory involves oven-drying the fiber to 

be analyzed after exposing it to a series of sulfuric acid and sodium hydroxide 

solutions. What's left is crude fiber: a mixture of insoluble fibers that have no 

nutritional value. Insoluble or crude fiber is expelled by the body and aids in 

maintaining regular intestinal peristalsis (bowel) movements. In short, most 

people need some crude fiber in their diets. 

 Excellent sources of crude fiber, or insoluble fiber, include: vegetables like 

leafy greens, whole grains like whole wheat and rye, and beans such as 

kidney beans and black beans. 

 While most doctors and nutritionists recommend eating a diet that is high in 

both soluble and insoluble fiber, many suggest that those suffering from 

irritable bowel syndrome should not eat insoluble fiber on an empty stomach. 

 

2.9   TOTAL DISSOLVED SOLIDS (TDS) 

Insolubility of soymilk constituents has always been associated with soymilk 

instability The more the components (complex carbohydrates and protein) are 

solublized, the more stable the milk will be. Nsofor and Osuji (1997) reported that 

invivo enzyme hydrolysis of soybean carbohydrates and proteins caused increases 

in dissolved solids and resulted in increased shelf stability of soymilk concentrates. 

The TDS in food and beverage systems often change when there are molecular  

transformations in the system. Corr, et al (1998) monitored the changes in ripening 

of fruits by monitoring the increases in TDS and changes in other parameters. TDS 

are used in monitoring the composition of water systems especially waste water. 

Osiriphun, and Koetsinchai, (2011), monitored the TDS of process water as a means 

of detecting and monitoring contamination levels in broiler slaughter. 
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2.10   EVALUATION OF SOYBEAN SUGARS 

A combination of analytical techniques have been  to examine and quantify seed 

components such as proteins, lipids, free sugars, isoflavones, and soya saponins 

during soybean development and maturation in two Korean soybean cultivars. 

Protein accumulation was rapid during reproductive stages, while lipid content was 

only relatively moderately increased. The major carbohydrate sucrose and stachyose 

constantly increased during the reproductive stage. Previously published results 

suggest that the free sugar and lipid content reached their maximal concentrations at 

a relatively early stage of seed development and remain constant in comparison to 

other chemical components, (Kim et al., 2006). The amount of total soluble sugars in 

soybean seeds varies among varieties, ranging from 6.2% to 16.6%, and sucrose, 

raffinose, and stachyose comprise almost 99% of the soybean soluble sugars 

(Wang, et al., 2008). Sucrose is the most abundant sugar in soybean ranging from 

3% to 10% and responsible for enhancing the sweet taste of soyfoods (Wang, et al 

2008), whereas stachyose (0.6–5.8%) and raffinose (0.1–1.8%)  are not digestible. 

One way to improve the sugar composition of soybean and thereafter its 

marketability as food and feed is by breeding. For a successful breeding program, 

breeders need efficient and reliable methods to analyze sugar composition in new 

soybean lines. Several methods have been reported for the determination of sugars 

in soybean and other legumes. The colorimetric method by Dubois, et al., (1956) 

gives a reliable, but only the total sugar content. Paper chromatography and thin 

layer  chromatography  provide  qualitative  analysis,  but  the  results  are  difficult  to 

quantify. Gas chromatography is very sensitive; however, it is laborious due to the 

need of sugar derivatization. 
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2.11   HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) 

High performance liquid chromatography is a column chromatography technique with 

a liquid mobile phase in which high column inlet pressure, narrow bore columns and 

small  particle  size  stationary  phases  are  used  to  achieve  rapid  separation.  It  is 

usually abbreviated to HPLC. HPLC can be applied to separation of a wider range of 

compounds than is possible with gas chromatography. HPLC is also called high 

pressure liquid chromatography. (IFIS, 2005) High performance liquid 

chromatography  is basically a  highly  improved form of column chromatography. 

Instead of a solvent being allowed to drip through a column under gravity, it is forced 

through under high pressures of up to 400 atmospheres. That makes it much faster 

HPLC uses different detectors depending on the analysis. Some of these detectors 

are UV detector, fluorescence detector, and refractive index detector. Elution mode 

can be isocratic, gradient, quaternary or binary depending on the requirements from 

the standard analytical method. 

 

2.11.1 EVALUATION OF SOYBEAN SUGARS USING HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

 

High-performance liquid chromatography (HPLC) has become the preferred method 

because of its simple and efficient separation and quantification of sugars. HPLC 

coupled with refractive index (RI) detection is commonly used in soybean and other 

plants for sugar analysis. RI detection offers a wide linear range for sugar analysis, 

but is not very sensitive for low concentrations. More recently, high-performance 

anion exchange chromatography coupled with pulsed-amperometric detection 

(HPAEC-PAD) becomes increasingly popular and has been extensively employed 
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for sugar analysis. PAD is highly selective and sensitive because only reactive 

compounds will give response and at very low concentrations (Wang, et al., 2008). 

Enzymatic  analysis  has  also  been  routinely  used  for  sugar  analysis  due  to  the 

specificity and sensitivity of enzymes. Maughan et al., (2000) used invertase and 

hexokinase to quantify the sucrose content in 149 soybean varieties. However, little 

work has been reported to comp are HPLC and enzymes for soybean sugar 

analysis. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1      PRODUCTION OF SOYMILK FROM SOYBEANS 

The different varieties of soybean (Samsoy 1, Samsoy 2 and TGX) used for this 

study were procured from the Department of Crop Science in the Faculty of 

Agriculture of the Federal University of Agriculture, Umudike in Abia State, Nigeria. 

TM 
The Somimax was gotten from USA (Model No.Ns 360D), The enzymes was got 

from Novo Nordisk of Denmark and DSM of Netherlands. 

 

3.1.1 PREPARATION OF SOYMILK 

Different varieties of soybean were separately used to prepare soymilk in batches by 

following an adaption of the process described by Nsofor and Osuji (1997) Figure 3: 

1.  Each  batch  was  processed  by  blanching  150grams  of  cleaned  soybean  in  a 

cooking pot with 2.0 litres of tap water for 15 minutes. The blanched soybeans were 

hand  dehulled  and  the  hulls  were  removed  by  flotation.  The  blanched  dehulled 

TM 
cotleydons  were  then  used  for  soymilk  extraction  by  placing  it  in  a  Somimax 

(Model No.Ns 360D USA), soymilk-making machine using I.2 liters of tap water. The 

0 
soymilk  was  poured  into  bottles,  corked  and  sterilized  at  121 C  for  15mins  and 

stored for further analysis. 

 

3.2 PRODUCTION OF ENZYME HYDROLYZED SOYMILK 

The  production  of  the enzyme  hydrolyzed soymilk  followed  a  similar  process  as 

described in 3.1 above except that the water for extraction contained pH buffer 7.0 

and 0.lml of each of the following enzymes and enzyme combinations which were 

separately 
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 Milling 

 

 

Enzyme treatment 
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Bottle filling and closing 

 

Heat sterilization 

 

Cooling 

 

Analysis 

Figure 3:1:    Flow diagram of soymilk production from enzyme 

treated soybean slurry 
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used to treat different batches of the soymilk. The enzymes are Filterase (bacterial 

beta glucanse and hemicellulase) produced by DSM of Netherlands. The other 

enzymes used were: Finizym (fungal beta – glucnase preparation produced from 

Trichoderma resei ), Ultraflo Max (mixed enzyme preparation containing β- 

glucanase, arabinase and xylanase enzymes produced by Humicola insolens) and 

Viscozyme L (cellulose from aspergillus sp., cellulase from Trichoderma reesei, 

Hemicellulase from aspergillus niger and Xylanase from Thermomyces lanuginosus) 

all produced by Novo Nordisk of Denmark.. It is a multi-enzyme complex containing 

a wide range of carbohydrases including arabanase, cellulase, β-glucanase, 

hemicellulase and xylanase). They were separately used to treat different batches of 

soymilk in this order: Filterase, Finizyme, Ultraflo max, Viscozyme and the 

combinations were: (Filtrase + Finizym + Ultraflo Max + Viscozyme L), (Filtrase + 

Finizym + Ultraflo Max , Filtrase + Finizym + Viscozyme L), ( Finizym + Ultraflo Max 

+ Viscozyme L) and (Filtrase + Ultraflo Max + Viscozyme L). These were separately 

0 
added to the milled soybean slurry followed by stirring for 1hr at 50 C in a water bath 

before the extraction process in the Somimax machine. Enzyme hydrolyzed soymilk 

samples from each of the ten treatments for three varieties of soybean were 

separately  used  for  evaluations. The  untreated  sample  was  used  as  the  control 

sample. 

 

3.3:  DETERMINATION OF TOTAL DISSOLVED SOLIDS (TDS) 

The total dissolved solids of the samples were determined using a total dissolved 

solids meter  model 5031 by Roche Co. of Germany. The instrument probe was 
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inserted into a beaker containing the sample and the value was read on the digital 

display. 

 

3.4: pH MEASUREMENTS 

The pH of all the soymilk samples was determined using a pre calibrated pocket- 

sized pH meter pHep model number HI96107 by HANNAH Instrument of Italy. The 

instrument was calibrated daily. 

 

PROXIMATE ANALYSIS OF SOYMILK 

3.5: PROTEIN ANALYSIS 

The following step by step procedure was followed for Kjeldahl analysis which was 

successfully applied in protein content determination. 

The samples were weighed 1 gram to an accuracy of 0.1 mg into a digestion tube. 

Two Kjeltabs (3.5g K2SO4 and 3.0mg Se) were added. Carefully, 12 ml of 

concentrated H2SO4 were added and gently shaken to “wet” the sample with the 

acid. The exhaust system was attached to the digestion tubes in the rack and the 

water  aspirator  was  set  to  full  effect.  The  rack  with  exhaust  was  loaded  into  a 

O 
preheated digestion block (420 C). After about 5 minutes the water aspirator was 

turned down until the acid stops fuming. Digestion continued until all samples were 

clear with a blue / green solution. This took place   after 30 – 60 minutes. The rack of 

tubes was removed  with exhaust still in place and put in the stand to cool for 10 – 20 

minutes. Using an air blower increased the cooling. Carefully, 80 mls of de ionized 

water was added to the tubes. 

Titration of the distillate with standardized HCI (usually 0.1000N or 0.2000 N) until 

the blue/grey end point is achieved. 
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Note! This process explained above was handled automatically in this work using 

Kjeltec 2300 equipment. 

Note! Dilution water was automatically added on the Kjeltec 2300.  50 ml of 40% 

NaOH was dispensed into the tube. 

Note: On the Kjeltec, 2300 the complete distillation, titration and calculation of result 

were performed automatically. 

 

BLANK DETERMINATIONS 

Full chemical blanks were run before each batch of analysis to compensate for any 

contribution from the reagents used. Blanks were treated identically to samples to be 

meaningful (AOAC, 2006 and Pearson, 1976). 

CALCULATION OF RESULTS 

. The calculations are as follows 

% N = (T-B) x N x 14,007 x 100 

Weight sample ( mg) 

%Protein = N x F 

mgN/l = (T-B) x N x 14,007 x 1000 

volume sample (ml) 

gN/l = (T-B) x N x 14,007 

volume sample (ml) 

 

mgN/100ml = (T-B) x N x 14,007 x 100 

volume sample (ml) 

T = Titration volume for sample (ml) 

B = Titration volume for blank (ml) 

42 

 



 

N = Normality of acid to 4 places of decimal 

F = Conversion factor for Nitrogen to Protein in soymilk is 6.25, 5.7, 6.38. 

14.007= Molecular weight of Nitrogen.’ 

Protein analysis was done using Kjeltec Tm 2300 foss based on tecator pm 

technology.  Procedure  used  was  for  kjeldahl  analysis.  On  the  kjeltec  2300,  the 

complete distillation, titration and calculation of results were performed automatically 

 

3.6: DETERMINATION OF MOISTURE CONTENT 

This method is based on the loss of moisture on drying at an oven temperature of 

o 
105 C. Source of heat: Thermostatically controlled air oven at a maximum 

0 
temperature of 250 C. A clean flat dish made of silica, platinum or any other suitable 

material. 

Desiccator. Analytical balance a pair of tongs, a clean flat dish made of silica 

material was dried in an oven for one hour. The flat dish was transferred into a 

desiccator to cool. The weight of the cooled flat empty dish was  measured and 

recorded as (W1). About 2 grams of the enzyme treated soymilk was introduced into 

the dish and weighed accurately.  Weight (W2) was recorded, the dish with its 

o 
content was transferred into the air oven set at 105 C to dry the contents for about 

3hours. The flat dish and its contents were transferred into the desiccator to cool. 

The new weight of the flat dish and its dried contents were carefully measured on a 

balance. This process was repeated until a constant weight was obtained. The new 

weight was recorded as W3 (AOAC, 2006). 

Calculation: 

% Moisture      =    (W2-W3) X 100 

(W2-W1) 
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3.7: ASH DETERMINATION 

Procedure: Weight of the silica dish was measured and recorded as W1. 

Into the dish between 2 to 5 grams of the samples was measured and weight was 

recorded as W2. Because soymilk is liquid it was evaporated to dryness on a boiling 

water-bath. The dried sample was charred over a hot plate in a fume cupboard until 

no 

more soot was going off. Using a pair of tongs the dish was transferred into a muffle 

o 
furnace set at 550 C. When the charred sample was completed the color was white. 

With the aid of a pair of tongs the dish and its contents was transferred into the 

desiccator to cool. Weight of the dish and its content was recorded as W3, (AOAC, 

2006). 

 

CALCULATION: 

% Ash = (W3-W1) X 100 

(W2-W1) 

 

3.8: DETERMINATION OF FATS 

Apparatus: Gottlieb tubes with extraction tubes. 

Fats and oil determination of the soymilk samples were determined by the method 

described by Gunstonne (1996) and Hamilton et al., (1991). 

Five milliliters of soymilk sample was measured into the extraction tube. Two 

milliliters of 0.88 M ammonia solution was added and mixed, and10ml alcohol (95%) 

was added and mixed up properly. To the sample, 25ml of diethyl ether was added 

and the tube was corked and shaken vigorously for 1 minute. To the sample 25ml of 

light petroleum ether was added and shaken for 30 seconds. After the separation 

has taken place and completed, the ether layer was transferred to an already 
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weighed  soxhlet  flask.  The  extraction  procedure  was  repeated  twice-using  25ml 

portion of a mixture (1:1) of diethyl ether. The ether and fat layer were collected into 

the same flask. The solvent (alcohol) was distilled off and the remaining residual fat 

0 
was dried in an oven (100 C) for about 3/4 hr and then to constant weight. The flask 

with content was allowed to cool and then weighed. 

% fat =     (W2 – W1)  X 100 
 

W 

 
W = weight of the sample. 

W1 = weight of the soxhlet flask 

W2 = weight of flask and content. 

 

3.9: DETERMINATION OF CARBOHYDRATE 

The carbohydrate content  was determined by difference, having estimated all the 

other fractions by proximate analysis. 

% Available carbohydrates = 100- (%moisture + %ash + %crude protein + %fat + 

%crude fiber). 

 

3.10: DETERMINATION OF SUGARS USING UV-VISBLE 
SPECTROPHOTOMETER 

 
EQUIPMENT: 

 Glass test tubes (round bottomed; 16 x 120 mm and 18 x 150 mm). 

 Micro-pipettors, 

 Positive displacement pipettor to dispense with 5.0 mL Combitip. 

 Analytical balance. 

 Spectrophotometer (set at 510 nm). 

 Vortex mixer 
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 Thermostated water bath (set at 50.0°C). 

 Boiling water bath (set at 84-88°C). 

 Bench centrifuge (capable of 1,000 g). 

 Stop clock. 

0.50g of each soymilk sample was weighed into a glass test tube (18 x 150 mm) 

and 5 mL of ethanol (95 % v/v) was added. The tube was incubated in a water bath 

at 84-88°C for 5 min. The tube contents were transferred into a 50 mL volumetric 

flask and adjusted to volume with sodium acetate buffer (50 mM, pH 4.5) (Buffer 1). 

Extraction period was 15 min. and then it was mixed thoroughly. A 5 mL portion was 

transferred to a glass test-tube and centrifuged (1,000 x g) for 10 min. and 2 mL of 

chloroform was added to the solution and mixed vigorously on a vortex mixer for 15 

sec and centrifuged (1,000 x g) for 10 min. The upper aqueous solution (solution A) 

was used directly for analysis. 

 

Assay for Glucose, Sucrose and Raffinose-Series Oligosaccharides: 

Treatment of 0.20 mL aliquots of Solution A took place as described by McCleary et 

al., (2006) as follows: 

A 0.2 ml of Solution A was added to 0.2 ml of Buffer 1 (50 mM sodium acetate buffer 

at pH 4.5) for D-Glucose determination. A 0.2 ml of Solution A plus 0.2 ml invertase 

[D-Glucose + Sucrose] is B 

0.2 ml of Solution A plus 0.2 ml α- galactosidase plus  invertase [D-Glucose + 

Sucrose + Galactosyl-sucrose oligosaccharides] is C. Incubation of each of 

solutions were done at 50°C for 20 min. Addition of 3.0 mL of GOPOD (glucose  

oxidase peroxidase reagent) Reagent to solutions A, B, and C, as well as to the 

Reagent Blank and the D-glucose controls took place and all were incubated   at 
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50°C for 20 min. The absorbances of all solutions were read against the Reagent 

Blank at 510 nm: This was done in duplicate. 

Absorbance: 

A = GOPOD (glucose oxidase peroxidase reagent) absorbance for A, B = GOPOD 

(glucose oxidase peroxidase reagent) absorbance for B and C = GOPOD 

absorbance for C. 

CALCULATIONS: 

D-Glucose, millimoles/100 grams: = A x F x 250 x 200 millimoles  = A x F x 50g 

Sucrose, millimoles/100 grams: = (B - A) x F x 250 x 200 millimoles  = (B - A) x F x 

50g 

Raffinose-series oligosaccharides, millimoles/100 grams: = (C - B) x F x 250 x 200 = 

(C - B) x F x 50 

where: 

A  =  GOPOD  absorbance  for  0.2  ml  of  samples  +  acetate  buffer.  B  =  GOPOD 

absorbance for 0.2 ml of samples + invertase. C = GOPOD absorbance for 0.2 ml of 

samples + galactosidase and invertase. F = a factor to convert from absorbance to 

moles of glucose = 0.556 (moles of glucose). 

GOPOD absorbance for 0.556 moles of glucose is 250 = conversion to 50 mL of 

extract (i.e. to 0.5 g of sample) or 200 = conversion from 0.5 to 100 g of sample. 

200 = conversion from 0.5 to 100 g of sample = conversion from moles to millimoles. 

The concentrations of D-glucose and sucrose can be represented as millimoles/100 

g, or can simply be calculated as g/100 g. D-Glucose (g/100 g flour) = D-Glucose 

(millimoles)/100 g x 0.1799. Sucrose (g/100 g flour) = Sucrose (millimoles)/100 g x 

0.3425. Galactosyl-sucrose oligosaccharides (GSO) (g/100 g flour) = (GSO)/100 g x 

Molar Weight (MW) /1000. 
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where: 

0.1799 = the MW of D-glucose (180) /1000 mg of D-glucose. 

0.3425 = the MW of sucrose (342) /1000 mg of sucrose. 

MW/1000 = the average MW for GSO /1000 mg of RSO 6.11000 (McCleary, et al., 

2006). 

 

3.11: DETERMINATION OF SUGAR USING HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

 

MATERIALS 

Samples to be analyzed, 0.3M copper sulfate solution: stored in a low actinic bottle 

up to 1 month at room temperature,1N hydrochloric acid,1N or 50% (w/v) sodium 

hydroxide, Nitrogen gas, Injection solvent : 50% (v/v) HPLC-grade acetonitrile in 

water, reference standard solutions used was 15, Mobile phase (see recipe) : 7:3 

(v/v) acetonitrile/water, 200-ml volumetric flask, Whatman 2V filter paper, 5-oz plastic 

o 
cup and cap, 4-dram vials with Teflon-line screw caps, 50 C heating block, 2-ml 

injection vials, Syringes with 0.20-um PTFE or nylon filter, High-performance liquid 

chromatography equipment (HPLC;CECIL ADEPT) with: Isocratic LC pump 250, 200 

series refractive index (RI) detector, Advanced LC sample processor 1SS200, 

Analytical column: 250x4.6-mm aminopropylsilyl column (Supelco or equivalent) and 

Guard column: 10-cm aminopropylsilyl colum (Supelco or equivalent; optional) 

 

SAMPLE PREPARATION 

A  5g  portion  of  each  sample  was  placed in  a  separate  200-ml  beaker  with  the 

addition  of  40ml  deionized  water.  One  magnetic  stirrer  bar  was  added  to  each 

beaker. Each beaker with content was placed on a stirring plate and stirred for one 

hour. 10ml of 0.3M copper sulfate was added while stirring was on. When stirring for 
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an hour stopped the pH was adjusted to 6.4 using 1N or 50% sodium hydroxide and 

a pH meter. The sample was carefully transferred to a 200-ml volumetric flask and it 

was brought to volume with 175 ml deonized water. It was thoroughly mixed well. 

The sample was filtered through Whatman 2V filter paper overlaid with-0.5g acid- 

washed celit (to aid filtration) into a 5-oz plastic cup with cap. It was placed on a 

Sonicator for 2.5h. Vortexing of the sample vials for every 10 to 15 min until no 

residue is found on the wall of the vials. Filtration into a 2-ml injection vial using a 

syringe  and  0.2  um  nylon  filter  was  done  to  get  the  clear  solution  ready  to  be 

analyzed against reference standards using HPLC. The HPLC system was 

conditioned by flushing with deionized water for 3h, flushing with pure acetonitrile for 

3h and deionized water until it was cleared of detectable materials. If the system fails 

to clear then HPLC grade isopropanol or propan-2-ol was used to flush the system 

for 30min to equilibrate the baseline. Then it is time to perform chromatography. 

Calibration standards and samples were analyzed by HPLC with refractive index 

detector using the following conditions: 

 Mobile phase: 7:3(v/v) acetonitrile/water 

 Flow rate: 1.0ml/min 

 Column temperature: ambient 

 Elution mode: isocratic 

 Run time: 25 min 

 Injection volume: 75ul. (AOAC, 2006) 

A  run  is  typically  composed  of  55  to  60  injections,  including  replicate  samples, 

standards and a minimum of 10% quality assurance samples, including duplicate 

analyses, validated control samples, or recoveries. The analysis was done in 

duplicate and the average of the readings were used 
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HPLC analysis was done based on AOAC official method 2006 method 982.14. 

Equipment name CECIL ADEPT SYSTEM 4 made by Cecil instrument Cambridge 

England. Chromatographic system manager/power stream (CE4900) 

Pump dual piston (CE4100) adept series. Pump (CE 4100) adept series RI detector 

(Cecil Adept CE 4700) Auto sampler (Cecil Adept CE 4800) Computer units – Date 

Processing Column Chiller/Oven (CE 4601) 

 

3.12: STATISTICAL ANALYSIS. 

Data  obtained  were  analyzed  by  analysis  of  variance  (ANOVA)  using  Statistical 

Package for the Social Sciences (SPSS) version 16. Significant differences between 

means were separated by the least significant differences (LSD) between the sample 

parameters. 

 

3.13: DETERMINATION OF CRUDE FIBER. 

 

Reagent: Ethanol (95%), diethyl ether, sodium hydroxide (NaOH) 0.313M, 

Sulphuric acid (H2SO4) 0.127M. 

Crude fiber determination of soymilk was determined by using the method described 

by AOAC (2006). To every 5ml of soymilk samples measured using a  pipette, 

transferred to the apparatus, and extracted with light petroleum ether. The extracted 

sample was boiled under reflux for 30minutes with 200ml of a solution containing 

1.25g of H2SO4 per 100ml of solution. The solution was filtered through a Whatman 

no 1 (11 diameter) fitted in a Buchner funnel. The residue was washed until the 

washings were acid free. The residue was transferred to a beaker. Boiled for 

30minutes with 200ml of a solution containing 1.25g of carbonate free NaOH per 
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100ml. The final residue was filtered through a thin but close pad of washed and 

ignited asbestos in a Gooch crucible. The Gooch crucible with content was dried in 

an electric oven and weighed. The content was incinerated, cooled and weighed. 

The weight after incineration was calculated thus: 

The analysis was done in duplicate and the average of the readings were used. 
 

 
% crude fiber = W2 – W1 X 100 

    W 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 EFFECT OF VARIETAL DIFFERENCES ON THE TDS AND pH OF 

SOYMILK AFTER ENZYME HYDROLYSES OF THE SOYBEAN CELL 

WALL MATERIALS 
 

The results of the total dissolved solids (TDS) and pH of soymilk samples from  

Enzyme-Treated Soybean slurry is shown in Table 4.1. The soymilk from the 

Samsoy 1 soybean variety had the significantly (p≤0.05) highest mean TDS 

(269.8ppm) compared to the other two samples [TGX (237.6ppm) and Samsoy 2 

(219.35ppm)]. This could be attributable to the inherent differences among the 

varieties. Different soybean varieties are known to have differences in their 

composition (Arshad et al., 1980 and Wang et al, 

2011). Osuji and Anyaiwe (2010) reported that the Samsoy 1 soybean variety 

produced more soymilk whey after coagulation due to genetic differences among 

soybean varieties studied. It is possible that the cell wall composition of the Samsoy 

1 variety substrate was more susceptible to the hydrolytic activity of the enzymes 

applied. It is also possible that the peculiar composition of the Samsoy1 predisposes 

it to greater release of solutes. The samsoy 2 had the least TDS and pH. Its pH was 

significantly different from others. A relationship probably exists between the release 

of solutes and pH. Nsofor and Osuji (1997) reported the differences in Total Solids 

and Visible Coagulation Time (VCT) for soymilk with different pH made from 

sprouted soybeans. 

 

4.2 EFFECT OF STERILIZATION ON THE TDS AND pH OF SOYMILK AFTER 

ENZYME HYDROLYSES OF SOYBEAN CELL WALL MATERIALS 

 

The mean TDS and pH of soymilk from enzyme treated soybean slurry before and 

after heat sterilization is shown in Table 4.2. The TDS significantly (p≤0.05) 

increased after sterilization. Also the pH increased after the heat treatment. The 

increase in TDS could 
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TABLE 4.1: THE TOTAL DISSOLVED SOLIDS AND pH OF ENZYME-TREATED 

SOYMILK FROM DIFFERENT SOYBEAN VARIETIES. 
 
 
  Varieties TDS(ppm) pH 

a a 
Samsoy 1 269.80 ± 32.632 6.4255 ± 0.5586 

 

 

c b 
Samsoy 2 219.35 ± 32.969 5.7920 ± 0.2894 

 

 

b a 
TGX 237.60 ± 35.595 6.6055 ± 0.1681 

 

 

L.S.D 8.9591 0.2439 

 

 

 

Means with different alphabet superscript along columns are significantly different 
(p≥0.05) 
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TABLE 4.2: THE TOTAL DISSOLVED SOLIDS AND pH OF ENZYME-TREATED 

0 SOYMILK BEFORE AND AFTER HEAT STERILIZATION (121 C, 
15MIN) 

 
 

 
STERILIZATION TDS(ppm) pH 

   B    b 
Before 227.93 ± 34.3531 5.9773 ± 0.3899 

 

 
a a 

After 256.56 ± 39.1889 6.2743 ± 0.586811 

LSD 5.1725 0.1408 

 

Means with different alphabet superscript along columns are significantly different 
(p≥0.05) 
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have been as a result of increased activity of the enzymes as heating progressed 

before they must have been ultimately destroyed by heat. Nsofor and Osuji (1997) 

reported the increase in soluble proteins and carbohydrates in soymilk after 

hydrolyses of soybean components during sprouting. The increase in pH might have 

been as a result of the displacements and repositioning of functional groups in the 

macromolecules of soybean possibly leading to ionic changes in the beverage 

system. The increase in pH could also be directly linked to the production of more 

soluble hydrolyzates during heat treatment +enzyme activity. This could have altered 

the ionic strength and native chemical balance of the system. Table 4.1 showed that 

lower TDS value is associated with lower pH. 

 

4.3 EFFECT OF CELL WALL DEGRADING ENZYME APPLICATION ON THE 

TOTAL DISSOLVED SOLIDS AND pH OF SOYMILK 
 

The mean results of the TDS and pH of soymilk after hydrolysis with different cell 

wall degrading enzymes and their various  combinations  is shown in  Table 4.3. 

Enzyme and multiple enzyme treatments caused a significantly (p≤0.05) higher TDS 

than the control. Filterase (mainly a glucanase product) produced the highest TDS 

by a single enzyme treatment. Osuji and Ubbaonu (2003) used glucanase treatment 

alone to achieve improved shelf stability of soymilk concentrates. Osuji and Nwosu 

(2011) reported increases in the soluble sugar content of soymilk after hydrolysis of 

soybean glucans with glucanase treatment. 

 
4.4 SUGAR COMPOSITION OF SOYMILK FROM DIFFERENT SOYBEAN 

VARIETIES AND DIFFERENT ENZYME TREATMENTS 

The mean sugar content of soymilk from different soybean varieties is shown in Fig. 

4.1 and appendix 39. Sucrose is the dominant sugar among the soybean varieties 

tested. Samsoy 1 
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TABLE4.3: THE MEAN TOTAL DISSOLVED SOLIDS AND pH OF ENZYME OF 

SOYBEAN FROM SOYBEAN SLURRY TREATED WITH DIFFERENT 

CELL-WALL DEGRADING ENZYMES 

Treatment TDS(ppm) pH 

         E    a 
Control 167.766 ± 13277  6.29167  ± 0.5510 
 

Ab a 
Filtrase 265.83 ± 29.226  6.2317 ± 0.4819 
 

cd a 
240.83 ± 36.712 6.2633 ± 0.5484 

Finizym 
 

cd a 
Ultraflo Max 242.33 ± 28.759 6.2267 ± 0.5922 
 

      abc a 
Viscozyme L 254.50 ± 34.8066 6.1667 ± 0.4363 
 
 
Filtrase + Finizym +  Ultraflo Max + 
a a 
Viscozyme L 268.33 ± 36.7079 6.1533 ± 0.4366 
 

    Bcd a 
Filtrase+Finizym+Ultraflo Max 251.83 ± 28.4212 6.5400  ± 1.2336 

abc                                 a 
Filtrase+Finizym+Viscozyme L  254.00 ± 36.3483 6.2717 ± 0.4972 
 

  
d a 

Finizym+UltrafloMax+Viscozyme L 235.83 ± 24.4737 6.1767 ± 0.5206 
 
 
 

cd a 

Filtrase+UltrafloMax+Viscozyme L 241.33 ± 32.432 6.4217 ± 0.5439 
 

LSD 16.3703 0.4453 

Means with different alphabet superscript along columns are significantly different 
(p≤0.05) 
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Fig 4.2: The mean percentage composition of some sugars in soymilk from different soymilk varieties. 
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variety had the insignificantly highest sucrose content (15.317%) compared to 

Samsoy  2 (14.45%) and TGX (14.55%)  varieties. This corroborates the finds of 

Wang et al. (2008) which reported that sucrose was the most abundant sugar in 

soybean. The TGX variety had a significantly lower (p≤0.05) glucose and starch 

content compared to all the varieties.  The mean percent composition of sugars in 

soymilk from soybean slurry treated with different plant cell wall degrading enzymes 

and their combinations is shown in Table 4.5. Most enzyme treatments produced 

significantly different results compared to the control except for raffinose. Stachyose 

was affected more by higher combinations. This probably implies that raffinose may 

be fairly stable generally unaffected by enzyme treatments applied. The sugar 

contents were generally reduced after enzyme treatment which suggested that a 

transformation of the chemical forms of the hydrolyzate derivatives compared to the 

pure forms used as standards to calibrate the HPLC and UV/Visible 

spectrophotometer.   Wang et  al.  (2008)  described  the  difficulty  of using  normal 

analytical tools  including  HPLC  for soybean  sugar analysis.  Cross  linkages  are 

known to occur among soybean components (Lo et al., 1968). Nsofor and Osuji 

(1997) also reported the occurrence of cross linkages of soy solutes in soymilk from 

sprouted soybeans. Alais and Linden (1999) explained that plant oligosaccharides 

such as ajucose, verbascose, stachyose and raffinose which usually occur in 

legumes such as soybeans are all tied to one glucose unit through the 1      6 

bonding and have the affinity to be cross linked to sucrose. It is possible that the 

new α-galactosides derived from the hydrolysis of soy oligosaccharides might have 

been engaging themselves in linkages with sucrose by this described affinity (Alais 

and Linden, 1999). This also provides the possible explanation for the depletion of 

sucrose (Table 4.5) as enzyme activity progressed. The sucrose (a non cell wall 

material) ordinarily may not be affected by the activity of the enzymes used in this 
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TABLE 4.5: Mean Percentage Composition of Some Sugars in Soymilk from Enzyme-Treated Soybean. 

 

Treatment Glucose Starch Raffinose Sucrose Fructose Xylose Maltose Lactose Starchyose 

 
a a a a b b a a 

Control 7.718 ± 0.968 1.285 ± 0.151096 2.637± 1.2969 22.637 ± 2.5221 9.455 ±0.8600 a 0.234 ± 0.0502 0.139 ± 0.2036 0.844 ± 0.1406 6.192± 0.5975 

 
 

cd ab a b cde b c bc b 
Filtrase 4.655 ± 0.825 1.179± 0.107304 2.048 ±1.0228 16.142± 0.4078 1.990±0.4008 0.039 ± 0.0139 0.021 ± 0.0049 0.586 ± 0.1402 5.337±0.8089 

 
 b 

b cd a b cd 0.123±0.2099 c bcd b 
Finizym 5.340 ± 0.616 1.016±0.198354 2.062± 1.0367 16.647±0.7803 2.103±0.4528 0.018±0.0026 0.517 ± 0.1376 5.316±0.5482 

 
 
 

c bc a b c b a bcd b 
Ultraflo Max 4.806 ± 0.542 1.138 ± 0.57598 2.462± 0.3163 15.939±0.7106 2.230±0.1957 0.046±0.3556 0.267±0.0194 0.519 ± 0.1376 5.253±0.6089 

 
  . , b 
 c ab a b c 0.043 ± 0.0129 c ab b 

4.855 ± 0.529 1.181 ± 0.041039 2.397± 0.1616 17.106±1.1181 2.202± 0.0874 0.020 ± 0.0071 0.642 ± 0.7985 5.394 ±0.6089 Viscozyme  
L 
 

   
Filtrase +   
Finizym + ab a b b b c cd b 

b 1.243±0.018074 2.668±0.1856 16.529±2.5925 3.313±0.1865 0.176±0.0901 0.024±0.0074 0.357±0.0958 5.117±0.0614 
5.978 ± 0.865 

Ultraflo Max 
 

+ 
 

Viscozyme 
 

 , 
L <,, 

 e a cd c cd c 
 de de b 0.021±0.0074 0.357±0.0968 3.899±0.6921 

4.383±0.343 0.753±0.123518 2.185±0.083 10.933±0.4718 1.307±0.3035 0.027±0.0753 
Filtrase+Fin   
izym+Ultrafl   
o Max   
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, 

f 
Filtrase+Fin 3.881±0.629 e a cd e a c d c 

0.741±0.086106 2.130±0.08203 10.983±0.5004 1.223±0.4886 0.733±0.874 0.017±0.0061 0.326±0.0626 3.842±0.3652 
izym+Visco 

zyme L 
  

 
 

.Finizym+Ul ef 3.978±0.485 e a c e a ab d c 
0.722±0.059554 2.197±0.0767 11.275±0.1220 1.229±0.0663 0.667±0.904 0.208±0.0058 0.308±0.4469 4.122±0.6732 

trafloMax+V 
 

iscozyme L 
  
 

   
 

.Filtrase+Ult de 
4.303±0.173 d a d e b c d c 

0.913±0.263997 2.209±0.0948 9.220±3.9998 1.168±0.0416 0.023±0.0052 0.014±0.0058 0.294±0.5920 3.805±0.6276 
rafloMax+Vi  
scozyme L 

 

 

 

L.S.D 0.429904 0.127234 0.709358 2.0604 0.8590 0.2845 0.0735 0.2323 0.3817 

 

 

Means with different alphabet superscript along columns are significantly different (p≥0.05) 
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work. But they were depleted by the enzyme activity and when combinations of 

three or more enzymes were applied they caused greater depletion of sucrose 

than when single or double enzymes were used for hydrolysis. The results of 

sugar composition as measured by HPLC compared to the UV/Visible 

spectrophotometer (Fig. 4.2 and appendix 40) showed that there were no 

significant differences between the results from both testing methods for most of 

the sugars. Only fructose, xylose and lactose contents were significantly different 

(p≤0.05) in the two analytical methods. This implies that the sensitivity of both 

methods were comparable. It also means that both methods were equally 

sensitive to the transformations and cross linkages that might have occurred in 

the samples. HPLC is known to be capable of detecting more sugars and to be 

more accurate (Wang et al., 2008) but the comparison in Fig. 4.2 and appendix 

40 clearly shows the consistency of the response of the sugars to the enzyme 

treatment. The UV-Visible Spectrophotometer could not detect dextrose and 

gum-arabic. It is important for future work to be done on the identification of the 

transformed varieties of the molecules especially the α-galactosides and for the 

development of pure samples of such for the calibration of analytical equipment. 

These could also be done with the recently developed HPAEC – PAD (High 

Performance Anion Exchange chromatography coupled with Pulsed – 

Amperometric Detection). The correlation coefficient (R) for the regressed sugar 

content vs TDS (before and after sterilization) for the different sugars and 

separately for the different soybean varieties is shown in TABLES 4.7, 4.8 and 

4.9. There was a generally high R between most of the sugars and the TDS for 

all  soybean  varieties irrespective of  the  testing  method.  This implies  that  the 

same factor(s) caused the observed changes in both before and after 
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Fig.4.2: Mean Percentage (%) Content of Some Sugars from Enzyme- 

Hydrolyzed Soymilk Determined with Hplc compared to UV –Visible 
Spectrophotometer. 
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TABLE 4.7: CORRELATION COEFFICIENT (R) AND COEFFICIENT OF DETERMINATION (R ) OF THE REGRESSION OF 
CONTENT OF DIFFERENT SUGARS AND THE CORRESPONDING TOTAL DISSOLVED SOLIDS OF 
SOYAMILK FROM SAMSOY 1 SOYBEAN VARIETY MEASURED USING TWO METHODS OF ANALYSIS 

 

 

 HPLC UV-VISIBLE SPECTOPHOTOMER 

 

2 2 
Sugar R R R R 

 

Glucose  Before sterilization 0.619 0.383 0.733 0.538 

After sterilization   0.707 0.500 0.812 0.659 
 
Raffinose Before sterilization 0.621 0.386 0.606 0.367 

0.695 0.483 0.682 0.465 
After sterilization  
 
Sucrose   Before sterilization 0.735 0.541 

0.645 0.416 
After sterilization   0.757 0.574 

0.698 0.488 
  
Fructose   Before sterilization 0.836 0.699 0.714 0.845 
After sterilization   0.903 0.816 0.836 

0.914 
  
Xylose      Before sterilization 0.598 0.467 0.503 

0.253 
0.782 0.533 0.600 

After sterilization   0.360 
 

0.904 0.816 0.824 0.679 
Maltose    Before sterilization 

0.957 0.916 0.906 0.821 
After sterilization 
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0.527 0.278 

Lactose   Before sterilization 0.590 
0.506 0.256 0.348 

After sterilization 0.646 
0.417  0.535 0.286 
 Stachyose Before sterilization 0.567 0.560 0.313 0.321 

After sterilization 0.585 
 0.343 

 
 

Starch       Before sterilization 0.360 0.130 0.446 0.198 

After sterilization 0.171 0.029 
  

,, Dextrose  Before sterilization 0.026 0.001 Not available Not available 
After sterilization 0.058 0.003 

Not available Not available 
 
Galactose Before sterilization 0.133 

0.018 
 ,, ,, After sterilization 

 
  

 
Total Sugar Before sterilization 0.632 0.399 0.726 0.527 
After sterilization 0.707 0.500 
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TABLE 4.8: CORRELATION COEFFICIENT (R) AND COEFFICIENT OF DETERMINATION (R ) OF THE REGRESSION OF 

CONTENT OF DIFFERENT SUGARS AND THE CORRESPONDING TOTAL DISSOLVED SOLIDS OF SOYAMILK 
FROM SAMSOY 2 SOYBEAN VARIETY MEASURED USING TWO METHODS OF ANALYSIS 

 

 

 HPLC UV-VISIBLE SPECTOPHOTOMER 

2 2 
Sugar R R R R 

Glucose Before sterilization 0.714 0.509 0.680 0.462 

0.559 0.312 0.548 0.300 
After sterilization 
 
 
Raffinose  Before sterilization 0.623 0.388 0.528 0.279 

After sterilization 0.493 0.243 0.422 0.178 
 
 
Sucrose    Before sterilization 0.305 0.093 0.429 0.184 

After sterilization 0.135 0.018 0.284 0.081 
  
Fructose   Before sterilization 0.833 0.694 0.868 0.754 

0.646 0.418 0.679 0.461 After sterilization 
 
 

0.235 0.055 0.603 0.364 
Xylose      Before sterilization 

0.142 0.20 0.221 0.049 
After sterilization 
 
 

 
Maltose    Before sterilization 0.779 

0.606 0.496 0.246 
After sterilization 0.564 

 0.319 0.436 0.190  
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Lactose    Before sterilization 0.551 
 
0.304 0.501 0.251 After sterilization 0.376 

 0.141 0.297 0.088 
Stachyose     Before sterilization 0.143  

0.020 0.321 
0.177 0.103 After sterilization 

0.031 0.311  0.097  
  

 

Dextrose        Before sterilization 0.379 0.144 Not available Not available 

After sterilization   0.352 0.124 Not available Not available 

 
Starch            Before sterilization 0.254 0.065 0.041 0.002 

0.171 0.029 0.009 000 
After sterilization  
 

Gum Arabic   Before sterilization 0.396 0.157 Not available 
Not available 

After sterilization    0.281 0.079 Not available 
Not available 

 
  

0.459 0.210 
Methyl Cellulose Before sterilization 

0.503 0.253  After sterilization     
Total Sugar         Before sterilization 0.632 0.400 0.638 0.408 

 
After sterilization    0.479 0.230 0.463 0.215 
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TABLE 4.9: CORRELATION COEFFICIENT  (R) AND COEFFICIENT OF DETERMINATION (R ) OF THE REGRESSION OF 

CONTENT OF DIFFERENT SUGARS AND THE CORRESPONDING TOTAL DISSOLVED SOLIDS OF SOYAMILK 

FROM TGX SOYBEAN VARIETY MEASURED USING TWO METHODS OF ANALYSIS 

 

 

 HPLC UV-VISIBLE SPECTOPHOTOMER 

2 2 
Sugar R R R R 

Glucose Before sterilization 0.745 0.555 0.607 0.368 

After sterilization 0.703 0.494 0.568 0.322 

 

0.743 0.553 0.703 0.495 
Raffinose Before sterilization 

0.700 0.490 0.673 0.452 
After sterilization 

 
 

0.633 0.401 0.398 0.158 
Sucrose Before sterilization 

0.469 0.220 0.200 0.040 
After sterilization 

 
 

0.731 0.564 0.719 0.517 
Fructose Before sterilization 

0.751 0.565 0.736 0.541 
After sterilization 

 

Xylose Before sterilization 0.615 0.378 0.825 0.681 

After sterilization 0.559 0.312 0.906 0.821 
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Maltose Before sterilization 0.451 0.204 0.605 0.366 

After sterilization 0.390 0.152 0.780 0.609 

 

0.507 0.257 0.359 0.129 
Lactose Before sterilization 

0.352 0.124 0.149 0.022 
After sterilization 
 

Stachyose Before sterilization 0.446 0.199 0.443 0.197 

After sterilization 0.220 0.049 0.215 0.046 

 

Dextrose Before sterilization 0.052 0.003 Not available Not available 

After sterilization 0.050 0.02 Not available Not available 

 

Starch Before sterilization 0.104 0.011 0.246 0.060 

After sterilization 0.065 0.004 0.055 0.003 

 

0.526 0.276 Not available Not available 
Gum Arabic Before sterilization 

0.328 0.108 Not available Not available 
After sterilization 

 
 

 
Methylcellulose Before sterilization 0.452 0.205 

 
After sterilization 0.330 0.109 
 

Total Sugar Before sterilization 0.700 0.490 0.500 0.250 

After sterilization 0.583 0.340 0.450 0.203 
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sterilization. However, some such as starch and dextrose, had poor correlation for all the testing methods and all soybean varieties 

which implies that the observed changes were not attributable strictly to the enzymes used. The enzymes are for degrading cell wall 

fibres and glucans and not for starch and related sugars. The R for Samsoy 1 generally increased after sterilization but the reverse 

was the case with Samsoy 2 and TGX. The incidence of low R was apparently higher for samsoy 2 which also had the least TDS (table 

4.1). It is possible that samsoy 2 has inherently greater resistance to hydrolysis and release of solutes as a genetic trait. 

 

4.5 MEAN PROXIMATE COMPOSITION OF SOYMILK FROM DIFFERENT SOYBEAN VARIETIES TREATED WITH DIFFERENT 

CELL WALL DEGRADING ENZYMES 

The mean proximate composition of the different soymilk samples produced from different soybean varieties with the treatment of 

different cell wall degrading enzymes is shown in Tables 4.8  and 4.9. There were generally no significant differences in the proximate 

composition of soymilk samples from the different soybean varieties 4.10. This could mean that the treatments generally affected the 

composition of the various varieties in a similar manner. 

Whilst there were significant differences in the protein content of the samples 4.11 from different enzyme treatments and enzyme 

combinations the other components remained largely unaffected. This could have been as a result of the addition of the various 

enzymes which are proteins. 
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TABLE4.10: THE PERCENTAGE CONTENT OF PROXIMATE FROM ENZYME-HYDROLYZED SOYMILK OF THREE   DIFFERENT 

VARIETIES 

 

VARIETIES PROTEIN CRUDE FAT ASH CARBOHYDRATE MOISTURE 

FIBRE 
a a a ab a c 

Samsoy1 3.1190±2.5369 2.5070±0.3521 1.2670±0.2562 0.3040±0.1341 2.3810±3.5291 91.644±7.1494 

 
a a a a a b 

Samsoy2 2.7630±2.2432 2.4700±0.4198 1.0270±0.2895 0.4880±0.1346 1.2840±1.8999 94.718±3.4732 

 
a a a b a a 

TGX 2.400±1.62364 2.4890±0.3738 1.2730±0.3426 0.2610±0.10723 1.0520±0.76814 95.376±1.4018 

 

LSD 0.9927 0.6441 0.4790 0.1112 2.2377 0.36 

 
Means with different alphabet superscript along columns are significantly different (p≤0.05) 
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TABLE 4.11: THE PERCENTAGE OF PROXIMATE COMPOSITION OF SOYMILK FROM ENZYME-TREATED SOYBEAN 

Treatment Protein Fibre Fat Ash Carbohydrate Moisture 
c a a b a a Control 1.9700±0.5356 2.3600±0.11790 1.2733±0.2802 0.1867±0.0473 0.7800±0.5069 95.753±1.0834 

  
 Filtrase a 

c a 1.0200±0.1735 b a ab 
2.1467±0.1738 2.1067±0.9074 0.2700±0.17059 1.0967±1.09686 95.466±1.0294 

 
 

bc a a ab a f Finizym 2.3833±0.37859 2.9464±0.8327 1.3267±0.2301 0.3500±0.13528 1.1867±1.1380 88.990±11.6857 

 

 
Ultraflo Max 

c a a ab a a 2.0667±0.6192 2.2500±0.23302 1.8400±0.2166 0.3267±0.1012 0.7633±0.8295 96.003±0.9259 
 

 Viscozyme L c a a ab 
1.6767±0.7298 2.1700±0.0985 1.9833±0.7767 0.3133±0.0802 a b  0.4733±0.1498 95.066±2.5025 
 

 
  

c 
c a a ab a 93.473±5.1085 Filtrase + Finizym + Ultraflo 1.7900±0.4689 2.2100±0.3027 1.7567±0.1250 0.3833±0.0 3.5967±4.6367 

 Max + Viscozyme L 
 

  d 
b a a b a 91.876±5.5167 

4.1350±2.9204 2.8533±0.3614 1.4633±0.1498 0.2500±0.1249 3.1967±3.0984 
Filtrase+Finizym+Ultraflo Max 

 
ab Filtrase+Finizym+Viscozyme L c a a ab a 95.620±0.7545 

2.2033±0.5669 2.7300±0.2464 1.3033±0.20744 0.3300±0.1905 0.5533±0.2157 
 

 
e 

a a a a a 90.823±6.606 Finizym+UltrafloMax+Viscozy me L 8.1400±1.9434 2.9497±0.7065 1.4167±0.3602 0.4800±0.1300 3.5967±4.6367 
 

c a a ab a Filtrase+UltrafloMax+Viscozyme 1.6733±0.5208 2.3133±0.2055 1.1890±0.3105 0.2867±0.15948 0.4800±2.3486 a 
96.053±0.72125 

 

L.S.D 1.8125 1.1760 0.8747 0.2029 4.0854 0.658 

Means with different alphabet superscript along columns are significantly different (p≤0.05) 
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CONCLUSION 

 

Total Dissolved Solids (TDS) can be used as a tool for rapid evaluation of the 

hydrolysis of soybean macro-molecules. 

 

TDS correlates with the results of HPLC and UV-Visible Spectrophotometeric 

measurement of sugars in enzyme hydrolyzed soymilk 

. 

Heat sterilization of enzyme hydrolyzed soymilk causes a significant increase in pH. 

 

Application of cell-wall degrading enzyme to soymilk results in chemical transformation 

of soy sugars which impairs detection by HPLC and UV – Visible  Spectrophotometeric 

analysis. 

HPLC is more efficient in detecting soy sugars than UV- Visible Spectrophotometeric. 

Use of combination of cell-wall degrading enzymes for soymilk shelf stability is feasible. 

I recommend that further work be done on the shelf stability of soymilk treated with 

multiple cell – wall hydrolyzing enzymes. 

 

Further work could be done on the identification and development of the pure forms of 

the transformed and cross- linked sugars for use in the calibration of analytical 

equipment. 

. 

The (HPAEC  –  PAD)  could  be  evaluated  for  the detection  of soybean  sugars  in 

enzyme treated soymilk. 
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 Appendix 1 

Time (min). 

 

 

 

 The chromatogram of sugar standards used for HPLC analysis of 

 enzyme treated soymilk 
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Appendix 1. (continued) 
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Appendix 2 

Time (min). 

 

 

 The chromatogram of sugars present dictated by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with filtrase enzyme. 
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Appendix 3 

 

Time (min). 

 

 

 The chromatogram of sugars present dictated by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with filtrase + ultraflow max + 

viscozyme enzyme. 
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Appendix 4 

 

 

Time (min) 

 

 

 

The chromatogram of sugars present detected by Hplc in Soymilk from 

Soybean slurry (samsoy 1) treated with finizyme enzyme. 
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Appendix 5 

 

 

Time (min). 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with filtrase + finizyme + 

viscozyme L enzyme. 
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Appendix 6 

 

Time (min) 

 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with ultraflow max enzyme. 
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Appendix 7 

 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with filtrase + finizyme + 

ultraflow max enzyme. 
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Appendix 8 

 

 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with viscozyme L enzyme. 
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Appendix 9 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with filtrase + finizyme + 

ultraflow max + viscozyme L enzyme. 
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Appendix 10 

 

 

Time (min) 

 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from non treated (control) Soybean slurry (samsoy 1). 
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Appendix 11 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 1) treated with finizyme + ultraflow max 

+ viscozyme L enzyme. 
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Appendix 12 

 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from non treated (control) Soybean slurry (samsoy 2). 
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Appendix 13 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with finizyme + ultraflow max 

+ viscozyme L enzyme 
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Appendix 14 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase. 
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Appendix 15 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + ultraflow max + 

viscozyme L 
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Appendix 16 

 

 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with finizyme 
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Appendix 17 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

viscozyme L 
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Appendix 18 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with ultraflow max 
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Appendix 19 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

ultraflow max 
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Appendix 20 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with viscozyme L 
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Appendix 21 

 

Time (min) 

 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

ultraflow max + viscozyme L 
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Appendix 22 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

ultraflow max + viscozyme L 
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Appendix 23 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from non treated (control) Soybean slurry (samsoy 2). 
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Appendix 24 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase. 
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Appendix 25 

 

Time (min) 

 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with finizyme. 
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Appendix 26 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

viscozyme L 
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Appendix 27 

 

 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with ultraflow max 
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Appendix 28 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + ultraflow max + 

viscozyme L 
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Appendix 29 

 

Time (min) 

 

 The chromatogram of sugars present detected by Hplc in Soymilk 

from Soybean slurry (samsoy 2) treated with filtrase + finizyme + 

ultraflow max 
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Appendix 30 

 

Time (min) 

 

 

The chromatogram of sugars present detected by Hplc in Soymilk from 

Soybean slurry (samsoy 2) treated with viscozyme L enzyme 
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Appendix 31 

 

Time (min) 

 

 

The chromatogram of sugars present detected by Hplc in Soymilk from Soybean 

slurry (samsoy 2) treated with finizyme + ultraflow max + viscozyme L enzyme 
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Appendix 32 

 

 

1. CORRELATION COEFFICIENT (R) 

 

R =              ∑     −  ቀ∑ ቁቀ∑ ቁ 
 

               ∑ –(∑ )       ∑ –(∑ ) 
 
 
 
 
 
2. REGRESSION EQUATION 
 

 

Slope = ∑      −  (∑ )(∑ )/ 

 

    
 ∑ –(∑ ) / 
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Appendix 33 

 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND SUGAR 

CONTENT OF HEAT STERILIZED ENZYME TREATED SOYMILK FROM SAMSOY 1 

SOYBEAN VARIETY 
 

BEFORE STERILIZATION 

 
Linear 
 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
 

REGRESSION EQUATION; Y=11.579-0.024x 

 
 
 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

REGRESSION EQUATION; Y=14.421-0.033x 
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3. TOTAL SUGAR CONTENT USING HIGH PERFORMANCE 

LIQUD CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=74.751-0.166x 

 

 

 

4. TOTAL SUGAR CONTENT USING UV SPECTROPHOTOMETER 

 

REGRESSION EQUATION; Y=95.340-0.239x 
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5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=4.981-0.009x 

 

 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=4.295-0.007x 
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7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=41.442-0.098x 

 

 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=43.213-0.109x 
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9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=22.143-0.074x 

 

 

 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=21.757-0.073x 
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11. XYLOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.485-0.002x 

 

 
 
 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.163-0.00004x 
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13. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=1.335-0.005x 

 

 

 

 

 

 

 

 

 

 

 

 

14. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

 

 

REGRESSION EQUATION; Y=0.248 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 REGRESSION EQUATION; Y=1.730-0.004 

 

 
 

 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.475-0.003x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=9.980-0.018x 
 

 

 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=9.472-0.016x 
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19. DEXTROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=0.014-0.0000043x 

 

 
 

20. TOTAL DISSOLVED SOLIDS 

 

REGRESSION EQUATION; Y=.035-0.00001x 
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21. STARCH U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=2.084-0.004x 

 

 

 

22. STARCH HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1627-0.002x 
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Appendix 34 

 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND 

SUGAR CONTENT OF HEAT STERILIZED ENZYME TREATED 

SOYMILK FROM SAMSOY 1 SOYBEAN VARIETY 

AFTER STERILIZATION 

 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=12.538-0.026x 

 

 

 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

 

REGRESSION EQUATION; Y=15.432-0.035x 
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3. TOTAL SUGAR CONTENT 

Linear 

 

REGRESSION EQUATION; Y=80.372-0.176x 

 
 

4. DEXTROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.013-0.000007090x 
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5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

REGRESSION EQUATION; Y=5.297-0.010x 

 

 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=4.523-0.007x 

 

 

7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

Linear 
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REGRESSION EQUATION; Y=43.802-0.101x 

 
 
 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=44.310-0.106x 

 
 

9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 
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Linear 

 

REGRESSION EQUATION; Y=23.907-0.076x 

 

 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=23.459-0.074x 
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11. XYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.565-0.002x 

 

 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.416 
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13. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.271 - 0x 

 
 

14. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.421-0.005x 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=1.851-0.005x 

 

 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.447-0.003x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=10.176-0.018x 

 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=9.712-0.016x 
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Appendix 35 

 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND 

SUGAR CONTENT OF HEAT STERILIZED ENZYME TREATED 

SOYMILK FROM SAMSOY 2 SOYBEAN VARIETY 

BEFORE STERILIZATION 

 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=14.255-0.046x 

 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

REGRESSION EQUATION; Y=14.255-0.046x 
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3. TOTAL SUGAR CONTENT USING HIGH PERFORMANCE LIQIUD 

CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=88.441-0.282x 

 
 

4. TOTAL SUGAR CONTENT USING UV SPECTROPHOTOMETER 

 

REGRESSION EQUATION; Y=83.963-0.266x 
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5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=4.354-0.009x 

 
 
 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=4.509-0.010x 
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7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=30.626-0.078x 

 
 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=33.547-0.095x 
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9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=25.018-0.111x 

 

 
 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=26.765-0.118x 

 

137 
 



 

 

 

11. XYLOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.395-0.002x 

 
 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.322-0.001x 
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13. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.052-0x 
- 

 
 

14. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.104-0x 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=1.337-0.005x 

 
 

 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPH 

 

REGRESSION EQUATION; Y=1.548-0.005x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=7.969-0.014x 

 
 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=6.219-0.006x 
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19. STARCH U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=1.151-0x 

 
 

20. STARCH HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.623-0.003x 
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21. DEXTROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=0.005-0x 

 
 
 

22. GUM ARABIC HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.034-0.00009x 
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23. METHYLCELLULOSE HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y= -0.006+0.00010x 
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Appendix 36 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND 

SUGAR CONTENT OF HEAT STERILIZED ENZYME TREATED 

SOYMILK FROM SAMSOY 2 SOYBEAN VARIETY 

AFTER STERILIZATION 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=9.104-0.018x 

 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

REGRESSION EQUATION; Y=8.955-0.017x 
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3. TOTAL SUGAR CONTENT USING HIGH PERFORMANCE LIQUD 

CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=55.803-0.106x 

 

4. TOTAL SUGAR CONTENT USING UV SPECTROPHOTOMETER 

 

REGRESSION EQUATION; Y=52.22-0.095x 

 
 

5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 
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Linear 

 

REGRESSION EQUATION; Y=3.357-0.004x 

 

 

 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=3.389-0.004x 

 
 

 

7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

147 
 



 

Linear 

 

REGRESSION EQUATION; Y=20.757-0.025x 

 

 

 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=19.021-0.021x 

 

 

9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 
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Linear 

 

REGRESSION EQUATION; Y=12.486-0.043x 

 
 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=13.311-0.045x 
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11. XYLOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.128-0x 

 

 
 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.170-0x 
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13. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.035-0.00007x 

 
 

 

14. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.055-0x 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.727-0.001x 

 
 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.906-0.002x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=6.679-0.007x 

 

 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=5.876-0.004x 
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19. DEXTROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=0.004-0.00005x 

 
 

 

20. TOTAL DISSOLVED SOLIDS 

Linear 

REGRESSION EQUATION; Y=0.05-0.00006x 
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21. STARCH U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=1.035-0.00006x 

 

 

 

22. STARCH HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.269 
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23. GUM ARABIC HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=0.022-0.00003x 

 

24. METHYLCELLULOSE HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.002-0.00005x 
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Appendix 37 

 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND 

SUGAR CONTENT OF HEAT STERILIZED ENZYME TREATED 

SOYMILK FROM TGX SOYBEAN VARIETY 

BEFORE STERILIZATION 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=11.927-0.035x 

 

 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

 

REGRESSION EQUATION; Y=9.724-0.024x 
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3. TOTAL SUGAR CONTENT USING HIGH PERFORMANCE LIQUD 

CHROMATOGRAPHY 

Linear 

REGRESSION EQUATION; Y=86.930-0.265x 

 

4. TOTAL SUGAR CONTENT USING UV SPECTROPHOTOMETER 

REGRESSION EQUATION; Y=65.287-0.172x 
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5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=4.144-0.009x 

 
 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=4,906-0.012x 
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7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=29.007-0.066x 

 
 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=39.241-0.112x 
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9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=17.174-0.067x 

 
 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=20.104-0.079x 
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11. XYLOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=0.555-0.002x 

 
 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.637-0.003x 
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13. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

 

Linear 

 

REGRESSION EQUATION; Y=0.109-0x 

 

 

14. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.054-0x 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

 

Linear 

 

REGRESSION EQUATION; Y=0.991-0.003x 

 
 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.320-0.004x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=8.062-0.018x 

 

 
 

 

 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=7.971-0.017x 
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19. DEXTROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=0.014-0.000009x 

 

 

20. TOTAL DISSOLVED SOLIDS 

 

REGRESSION EQUATION; Y=0.029-0.00002x 
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21. STARCH U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

REGRESSION EQUATION; Y=1.591-0.003x 

 
 

 

22. STARCH HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=1.190-0.001x 
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23. GUM ARABIC HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

REGRESSION EQUATION; Y=0.037-0x 

 

 
 

24. METHYLCELLULOSE HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

 

REGRESSION EQUATION; Y=0.00007x+0 
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Appendix 38 

 

LINEAR REGRESSION OF THE TOTAL DISSOLVED SOLIDS AND 

SUGAR CONTENT OF HEAT STERILIZED ENZYME TREATED 

SOYMILK FROM TGX SOYBEAN VARIETY 

AFTER STERILIZATION 

 

1. GLUCOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

RERGRESSION EQUATION; Y=9.436-0.020x 

 

 

2. GLUCOSE U V VISIBLE SPECTROPHOTOMETER 

RERGRESSION EQUATION; Y=7.928-0.014x 
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3. TOTAL SUGAR CONTENT USING HIGH PERFORMANCE LIQUD 

CHROMATOGRAPHY 

Linear 

 

RERGRESSION EQUATION; Y=63.231-0.134x 

 

 

 

 

4. TOTAL SUGAR CONTENT USING UV SPECTROPHOTOMETER 

 

RERGRESSION EQUATION; Y=51.741-0.094x 

 

170 
 



 

5. RAFINNOSE U V VISIBLE SPECTROPHOTOMETER 

 

Linear 

RERGRESSION EQUATION; Y=3.514-0.005x 

 
 

6. RAFINNOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

RERGRESSION EQUATION; Y=4,052-0.007x 
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7. SUCROSE U V VISIBLE SPECTROPHOTOMETER 

 

Linear 

RERGRESSION EQUATION; Y=19.710-0.020x 

 

8. SUCROSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

RERGRESSION EQUATION; Y=27.574-0.051x 
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9. FRUCTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

RERGRESSION EQUATION; Y=13.153-0.042x 

 

 

10. FRUCTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

RERGRESSION EQUATION; Y=15.10-0.48x 
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11. XYLOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

RERGRESSION EQUATION; Y=0.443-0.002x 

 

 

12. XYLOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

RERGRESSION EQUATION; Y=0.439-0.001x 
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13. MALTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

Linear 

 

RERGRESSION EQUATION; Y=0..041-0.00008x 

 

 

14. MALTOSE U V VISIBLE SPECTROPHOTOMETER 

RERGRESSION EQUATION; Y=0.102 
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15. LACTOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

RERGRESSION EQUATION; Y=0.592 

 

 

16. LACTOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

RERGRESSION EQUATION; Y=0.903-0.002x 
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17. STARCHYOSE U V VISIBLE SPECTROPHOTOMETER 

Linear 

 

RERGRESSION EQUATION; Y=5.459-0.005x 

 
 

18. STARCHYOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

RERGRESSION EQUATION; Y=5.587-0.005x 
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19. DEXOSE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Linear 

 

RERGRESSION EQUATION; Y=0.015+0.000005x 
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20. STARCH U V VISIBLE SPECTROPHOTOMETER 

 

Linear 

RERGRESSION EQUATION; Y=0.808 

 

 
 

21. STARCH HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

RERGRESSION EQUATION; Y=1.041 
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22. GUM ARABIC HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

 

Linear 

 

RERGRESSION EQUATION; Y=0.024-0.00004x 

 
 

23. METHYLCELLULOSE HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

Linear 

RERGRESSION EQUATION; Y=0.007+0.00003x 
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Appendix 39 

 

THE MEAN PERCENTAGE COMPOSITION OF SOME SUGARS IN SOYMILK FROM DIFFERENT 

SOYBEAN  VARIETY. 

 
 

Variety Glucose Starch Raffinose Sucrose Fructose Xylose Maltose Lactose Starchyose 
a a a a a a a a a 

Samsoy 5.510± 1.3082 1.08225±0.225280 2.124±0.966 15.317±4.5941 2.768±2.6631 0.1200±0.1394 0.0555±0.1186 0.57750±0.2143 5.2218±0.9557 

1 
b a a a a a a b a 

Samsoy 5.007±1.1258 1.04950±0.210219 2.496±0.299 14.451±4600 2.535±2.4289 0.07400±0.7258 0.0188±0.0081 0.4568±0.1707 5.0675±0.7590 

2 
c b a a a a a b b 

TGX 4.351±0.9679 0.91945±0.269614 2.278±0.318 14.559±3.8244 2.535±2.4289 0.0610±0.0808 0.0223±0.0081 0.46075±0.1669 4.1935±0.8794 

 

LSD 0.2354 0.069689 0.3885 1.1285 0.4705 0.1558 0.4234 0.0402 0.2091 

Means with different alphabet superscript along columns are significantly different (p≤0.05) 
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Appendix 40 

 

MEAN PERCENTAGE CONTENT OF SOME SUGARS FROM 
ENZYME-HYDROLYZED SOYMILK DETERMINED WITH HPLC COMPARED TO UV 

–VISIBLE SPECTROPHOTOMETER 

 

SUGAR HPLC UV-VISIBLE LSD 
a a Glucose 4.863±1.184 5.079±1.269 0.135948 

 
a a 

Starch 1.00817±0.223709 1.02597±0.264287 0.040235 

 

a a Raffinose 2.430±0.334 2.169±0.798 0.2243 

 

a a Sucrose 14.529±4.7078 15.023±3.9105 0.6516 

 
 

a b Fructose 2.71913±2.4981 2.5281±2.350851 0.2716 

 

a b Xylose 0.1062±0.1251 0.0638±0.1035 0.0899 

 

a a Maltose 0.3767±0.0971 0.3767±0.0971 0.2444 

 

a b 
Lactose 0.52833±0.1805 0.4683±0.1986 0.0735 

 

a a 
Starchyose 4.8375±0.9186 4.8177±1.0308 0.1207 

 

Means with different alphabet superscript along the rows are significantly different 
(p≤0.05). 
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Appendix 41 

 
 

 
 
 
High Performance Liquid Chromatography in operation. 

HPLC name is CECIL ADEPT SYSTEM 4 made by Cecil Instrument Cambridge 

England. 

 
 
 

 
 
 
 
 
 

183 
 



 

 
 

Appendix 42 

 
 

 
 
 
 
 
HPLC Column Chiller/ Ovum (CE4601) 
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Appendix 43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
HPLC Auto-sampler of 100 vials (CECIL ADEPT CE4800) 
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Appendix 44 

 
 
 

 
 
 

Kjeltec 2300 for protein analysis where complete distillation, titration and 

calculation of results were performed automatically. 
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