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Preface

This thesis is organized into nine chapters and presented in the format submitted for publication.
Chapter one is a general introduction to the thesis. Chapter two presents a critical review of
relevant literature and the areas covered in the literature review include the utilization of
soybeans for the production of fermented and unfermented foods, methods of microbial
population determination in fermented soy-based foods, health benefits of soy consumption,
effect of sprouting on soybeans and its products and optimization of processing conditions in
soy-based food production. Chapter three presents the optimization of sprouting parameters of
soybeans. Chapters four, five and six present the nutritional and functional attributes of soy-
based foods produced from optimized sprouted soybeans in Chapter three. Chapter seven
describes the microbial community of fermented soy-based foods using molecular and
metagenomic approaches. Chapter eight is the general discussion of the entire findings, with

conclusions and recommendations for possible future works. Chapter nine is for the references.
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Abstract

This research was aimed at developing different ‘superfoods’ from sprouted soybeans and
determining their nutritional, antioxidant and microbial characteristics. The specific objectives
were to optimize the sprouting conditions (soaking and germination) of soybeans for the
production of soymilk using response surface methodology, determine the effect of these
optimized sprouting conditions of soybeans on the nutritional and quality attributes of resulting
superfoods, determine their antioxidant activities, identify and evaluate the potentials of
optimum sprouting conditions in reducing soy allergens and to determine the microbial
community of fermented soy-based superfoods using next generation sequencing approach. In
all cases, soy-based foods from unsprouted soybeans served as control samples. For sprouted
soymilk production, soaking (12-24 h) and germination times (48-96 h) were optimized with
response surface methodology, at a constant temperature of 25°C using central composite
rotatable design. The optimum sprouting conditions of soybeans obtained were 12 h soaking
and 52 h germination using desirability concept. Soymilk made from optimized conditions had
17% increase in total proteins, 50% reduction in phytic acid, 1.7% increase in total phenolics
and a colour change of 4.89 compared to the control produced from unsprouted soybeans. There
was a significant reduction in trypsin inhibitor activity (0.03 mg/g TI), with increase in total

amino acids and similar rheological properties in optimized soymilk to the control.

Soy-based foods, including tofu, naturally fermented soymilk and soymilk-kefir, were produced
from soymilk obtained at optimized conditions of soybean sprouting and their nutritional and
colour attributes were investigated. Total protein contents of sprouted products were higher than
their controls and there were no significant differences in the ash contents (p < 0.05). In vitro
protein digestibility ranged between (85.70-99.82%) for sprouted and (81.33-99.50%) for
unsprouted ones, with fermented products having the highest digestibility. Generally, no
significant difference in amino acid contents (p < 0.05) was recorded for all sprouted soy foods
and their controls. Total flavonoids were higher in sprouted tofu coagulated with CaCl
(60.41mg/g) and sprouted fermented soymilk (48 h) (8.93 mg/g) and there was a general

reduction in total condensed tannins for all sprouted products.
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Colour deviation of sprouted products from their controls were minimally perceivable, as the
highest AE value was 5.30. Soy products obtained from sprouted soybeans at optimized

conditions had nutritional advantage over unsprouted ones, with negligible colour deviations.

Antioxidant activities of soy-based foods produced at optimized conditions of soybean sprouting
were investigated using different assays. Total phenolic content (TPC) was determined using
Folin Ciocalteau method and samples (0.5-5 mg/ml), in appropriate buffers were tested for their
abilities to scavenge free radicals. Sprouted soy-based food products had significantly higher (p
<0.05) TPC (13.21-14.21 mgGAE/g) when compared to their controls (13.01-14.07 mgGAE/g).
Sprouted soy-based foods scavenged free radicals and demonstrated higher diphenyl-1-
picrylhydrazyl (DPPH), superoxide and hydroxyl radical scavenging activities. Over 50%
increase in metal ion chelation was observed in all sprouted soy-based food products, however,
ferric reducing antioxidant power (FRAP) in both sprouted and unsprouted products were not
significantly different (p < 0.05). Production and consumption of soy foods from soybeans
sprouted at these optimized conditions as functional foods could be a promising means of

preventing the excessive production of reactive oxygen species.

The allergenic proteins in optimized sprouted soy-based foods and their respective controls were
identified and their levels were evaluated. Protein was extracted from each soy-based food and
their concentrations were determined using Bradford assay. Aliquots of proteins previously
dissolved in appropriate buffers were separated according to their molecular weight and ionic
strengths using 2-dimensional electrophoresis. Protein spots were then excised from the gels
and made to undergo complete tryptic digestion to produce peptides. Identities of peptides were
determined using MALDI-TOF mass spectrometry and the volumes of protein spots in each gel
was determined using PDQuest image analyzer. Protein concentration significantly increased in
sprouted products (up to 149% in SSK). Eight differentially expressed protein spots were
selected and identified by MALDI- TOF/TOF mass spectrometry as glycinin subunit G2, f3-
conglycinin (a, o' and 3 subunits), trypsin inhibitor, 34 kDa soy seed protein and sucrose-

binding proteins.
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Higher extent of breakdown of soy storage protein was obtained in sprouted soy products, as
shown by higher protein concentration and spot volumes. Lower spot volumes were obtained in
all fermented products. This study suggests higher potentials for soybean-storage-protein

breakdown and reduced allergen contents in sprouted soy-based foods.

The microbial community of fermented soy-based foods from sprouted soy foods and their
respective controls was determined using rep-PCR and high throughput amplicon sequencing
(HTS). Samples of spontaneously fermented soymilk and soymilk-kefir were collected at 6 h
interval from 0-48 h and subjected to analyses. From rep-PCR, identified LAB species include
Weissela cibaria, Lactococcus lactis, Leuconostoc lactis, Leuconostoc messenteroides, and
Lecleria adecarboxylata while yeast species are Saccharomyces cerevisae, Pichia fermentans
and Torulaspora delbrueckii. In addition to the genera revealed in rep-PCR, HTS showed the
presence of Bacillaceae and other bacteria involved in spontaneous and kefir fermentation of
soymilk. It could be concluded from the findings of this research that sprouting of soybeans at
the suggested optimized conditions has potential for extension of use of soybeans in the

production of soy-based foods with enhanced nutritional and functional properties.
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Chapter 1: Introduction

Soybean (Glycine max) is a popular plant food source due to its various nutritive components
(Messina, 1999). The major proximate composition of soybean seeds, on dry basis, includes
approximately 40% protein, 30% carbohydrates and 20% oil, which makes it a major plant based
food source of nutrients for human consumption (Yu et al., 2016). Soybeans have also been found
to contain isoflavones, saponins, phytosterols, phytic acid, lectin and trypsin inhibitors, whose
metabolites offer potential health benefits such as the prevention of diabetes and cancer
(Jooyandeh, 2011). In addition to being consumed as roasted or boiled beans, soybeans have also
been processed into many products such as soymilk, tofu (cheese-like product), soy flour, sauce,
among many others, providing a significant food source of protein, oil, carbohydrates and
phytochemicals (Yoshikawa et al., 2014). Soy proteins are also known to contain balanced amino
acids which can compete with proteins from animal sources such as eggs, beef and fish from a
nutritional perspective (Setchell and Radd, 2000). Soybeans have a high lysine content, and as
such, soymilk can be used in place of animal milk to complement cereal foods (Jooyandeh, 2011).
Many products have been made from soybeans to serve nutritional, functional and therapeutic
purposes and isolates such as soy protein and oil are prepared from soybeans. Food products
traditionally prepared from soybeans are either non-fermented; soymilk, tofu, whole dry beans,
soy sprouts, soy nuts (Golbitz, 1995, Jooyandeh, 2011) or fermented such as tempeh, natto, soy
sauce and sufu (Murooka and Yamshita, 2008). Fermented soy products have been found to
contain higher levels of antioxidants and bioavailable nutrients than the unfermented ones

(Tsangalis et al., 2002).

Soybeans have been traditionally consumed in Asia and is gaining wide popularity in other parts
of the world due to the health benefits linked to its consumption (Golbitz, 1995). Consistent
consumption of soy products has been found to reduce the risk of chronic diseases, and provide
the body with minerals, vitamins and other nutritive metabolites. [soflavones such as genistein,
diadzein and glycitein, abundantly available in soy products, have been found to reduce the risk of

cancers (He and Chen, 2013, Aresta et al., 2016).



Other components such as saponins, phytosterols, phytic acid and lectins have been linked with
various beneficial effects, including anti-carcinogenic activities, anti-oxidation and inhibition of

platelet aggregation (Jooyandeh, 2011).

‘Superfoods’ is a general term given to functional foods which have the characteristics of improved
beneficial physiological effects and potentials for reduction of risk of disease development when
consumed, as compared with regular foods (van den Driessche et al., 2018). Sprouting and
fermentation have been used to achieve these purposes in foods. Sprouting of seeds prior to use
triggers the enzymatic activity, leading to the breakdown of proteins, carbohydrates and lipids into
their simpler, bioavailable forms (Nout and Ngoddy, 1997). Almost all the commercially available
products of soybeans have been derived from their dry, unsprouted forms. The sprouting process
is aimed at increasing the versatility and extensive utilization of soybeans, and to break down the
complex constituents, leading to the release of the nutrients in simpler forms (Paucar-Menacho et
al.,2010b). Germination of legumes had been used to improve the nutritional values, reduce the
anti-nutritional factors and also improve protein digestibility (Rumiyati et al.,2012). Factors to be
closely monitored while sprouting seeds for food processing include soaking time, germination
temperature, relative humidity, variety of seeds and germination time, as their effective
combination determines the characteristics of the resulting sprouted seeds (Fernandez-Orozco et

al.,2008, Jiang et al., 2013, Murugkar, 2014).

Fermentation is a food process technology which brings about the improvement of the nutritional,
functional and sensory qualities of foods, as well as enhancement of their shelf lives (Ijabadeniyi,
2007). The biochemical changes occurring during fermentation lead to alterations in structure and
nutritional composition of foods, bringing about digestibility and bioavailability of food
constituents and as such, it has been applied in the production and extraction of bioactive
compounds from foods (Martins et al., 2011, Zhang et al.,2012). In legumes, fermentation results
in increase in the bioactive phenolic compounds and this has enhanced the antioxidant activity of
fermented legume products, hence, improving their health-linked functionalities (Torino et al.,
2013). For example, the development of angiotensin converting enzyme (ACE)-inhibitory peptides
and alpha-aminobutyric acid as a result of lactic acid bacteria fermentation has helped in the

prevention and treatment of hypertension (Kono and Himeno, 2000, Torino et al., 2013).



Also, exposure of microorganisms to oxidative stress during fermentation may bring about the
production of protective mechanisms, such as the production of enzymatic antioxidants which may

in-turn contribute to the anti-oxidation ability of the food being processed (Kim et al., 2005).

Optimization of food and other biochemical processes is a technology aimed at obtaining the best
processing conditions, resulting in products of acceptable quality attributes (Sobukola et al.,
2010). Optimization could either be achieved through traditional methods (one variable) or
response surface methodology (RSM) (multi-variate) (Bas and Boyaci, 2007). RSM has been
suggested and used as the preferred tool of optimization because many biological, chemical and
biochemical processes often require the interrelationships of independent variables to determine
the nature of the resulting responses (dependent variables) (Bas and Boyaci, 2007, Bezerra et al.,
2008). Also, RSM helps to reduce the number of experimental runs necessary to conduct a
research, through the formation of adequate combination of factors, thereby increasing the
reliability of results and reducing the cost and time of research (Bezerra et al., 2008). Therefore,
optimization of sprouting conditions, using RSM, can be employed to determine the best levels for
the combination of factors of sprouting, in order to obtain optimum levels of desired attributes
(responses) in the resulting soy products (Paucar-Menacho et al., 2010a). Many approaches to the
optimization of sprouting parameters of soybeans, using different optimization tools, have been
suggested in literature for optimal production of nutrients, bioactive compounds and antioxidant
capacities (Paucar-Menacho et al., 2010b, Guo et al., 2011, Jiang et al., 2013, Huang et al., 2014)

with differing suggestions of results of optimal sprouting conditions.

The effect of soaking time, as an important factor of sprouting, is yet to be extensively studied
singly or in combination with other factors. Information about the use of sprouted seeds for the
production of soy-based foods and their resulting quality attributes, with respect to nutrition,
antinutritional factors, allergens and antioxidant activity is yet to be sufficiently documented. Also,
the effect of pre-process sprouting of seeds on the microbial community of fermented soy-based
food, especially for spontaneous fermentation, is yet to be adequately explained. Therefore, it is
imperative to investigate the effects of optimization of soaking and germination times of sprouted
soybean seeds on the quality attributes of soy-based ‘superfoods’ that would be produced from

these sprouted soybeans.



This study aims to investigate the improvement of nutritional attributes of fermented and
unfermented soy-based foods as a result of optimization of sprouting conditions of soybeans,
relative to previous studies. Antioxidant (oxidative radicals-scavenging) potentials of sprouted
soy-based foods will also be compared with those of unsprouted ones, using different antioxidant

assays.

The potential for enhanced breakdown of soybean storage proteins will be considered, in order to
investigate the potentials of optimized sprouting on the allergenic tendencies of sprouted soy-based
foods. Also, the microbial community of spontaneously fermented products from sprouted and
unsprouted soybeans will be determined using culture independent and metagenomic approaches,
to adequately understand their microbial diversity and how sprouting, as a pre-processing

operation, affects the community of microorganisms.



Chapter 2: Literature Review

2.1. Soybeans as a food source

Soybean (Glycine max) is a very important leguminous crop that has been used as a good source
of plant protein for human diet, and also constitutes a large percentage of the protein content in the
feed formulations for livestock and aquatic animals (Masuda and Goldsmith, 2009). Apart from
proteins, soybeans are excellent sources of phytochemicals, flavonoids, fibre, polyunsaturated fats
and are low in calories. Soybean is estimated to contain 36.9% protein, 6.1% carbohydrates, 20.9%
fibre, 18.1% lipid and 4.7% ash (Muzquiz et al.,2012). The components of soybean, often referred
to as phytochemicals, include bioactive proteins and peptides, phytosterols (including phenolic
acids and isoflavones), phytic acid and saponins. Although, some of these phytochemicals have
been considered as antinutrients in some literature, they have recently been found to exert
beneficial health and therapeutic effects. The beneficial physiological impact of these substances

is as presented in Table 1.

Table 1: Physiological importance of soybean constituents

Components in soybeans Physiological functions

. Reduction of serum cholesterol, prevention of cardiovascular diseases, reduction
Soybean proteins . L
of body fat and promotion of serum insulin

. . Antioxidant activities, inhibition of angiotensin-converting enzymes and
Peptide from proteins . . .
promoting action of phagocytosis

Anti-carcinogenetic activities, prevention of cardiovascular diseases, prevention

Isoflavones . y L L
of osteoporosis, antioxidant activities and alleviation of menopausal symptoms
. Anticarcinogenic activities, hypocholesterolemic effects, inhibition of platelet
Saponins . . .. o
aggregation, HIV preventing effects and antioxidant activities
Phytosterol Anti-carcinogenic activities
Phytic acid Anti-carcinogenic activities
Lectin (Hemagglutinin) Activation of lymphocytes (T cell) and aggregating action of tumor cells
Nicotianamine Inhibitor of angiotensin-converting enzyme
Protease inhibitors Anti-carcinogenic activities

Adapted from (Jooyandeh, 2011)



2.2.  Soy-based food products

Food products from soybeans have been broadly classified into two: fermented and non-fermented

soy foods.

2.2.1. Fermented soy foods

Most Asian fermented foods are produced with soybeans. Fermentation was the traditional solution
found by the Asian soy food producers, to the objections of consumers, to the intrinsic beany or
grassy flavour of soybeans, and the phenomenon of flatulence associated with the consumption of
unfermented soy products. Soybean is found to contain alpha-galactosides including raffinose (0.5-
1.3%), stachyose (2.2-4.3%) and verbascose (0-0.3%) (Guillon and Champ, 2002, Hood-Niefer et
al., 2012). Fermentation was used to achieve the reduction in beany flavour, flatulence and the
reduction in antinutritional factors, such as phytates and oxalates, which have been implicated in
the blockage of the uptake of essential minerals such as Calcium, magnesium, iron, copper and
zinc. Fermentation of soy foods are either carried out using single cultures, mixed cultures or
spontaneously by allowing the products to ferment and cure naturally. With the proximate
composition of soybean, it is considered a good substrate for the production of functional foods.
Therefore, subjecting soybeans to fermentation will help to improve phytochemical content, such
as free isoflavones, breakdown complex proteins and carbohydrates into simpler, absorbable forms
by the actions of hydrolytic enzymes produced by microbial activities before consumption and
also produce probiotics that may be beneficial to the gastrointestinal tract of consumers.

(Jooyandeh, 2011).

2.2.1.1.  Fermented soybean-barley paste: Miso

The first reference to Miso was in ancient Chinese text around 700BC. Miso is a thick paste which
is rich in protein, vitamins and minerals and has played a very important role in Japanese nutrition
as it is consumed by over 90 percent of Japanese population (Murooka and Yamshita, 2008). It is
a Japanese food (or sometimes seasoning) produced by the fermentation of soybeans with

Actinomucor oryzae mould cultivated on steamed rice or barley and mixed with salt (koji).



The most common types of Miso are made from soybeans, while others are obtained from barley
and rice and they differ in the types of ingredients, temperature and duration of fermentation, salt
content, variety of starter culture used and the variety of fermentation vessel used. Consumption
of Miso may help in reducing the risk of gastric cancer (Hirayama, 1981), due to the presence of
oleic and linoleic acids and their esters which help to slow down the proliferation of cancer cells
(Ueoka and Yamauchi, 2004). Consistent consumption of Miso has also been suggested to have
anti-aging effects, prevent arteriosclerosis (Kawano) and also lower cholesterol levels (HORII et
al., 1990) due to the presence of vitamins B2, B12 and E, as well as lecithin, choline, dietary fibre

and isoflavones in it.

2.2.1.2.  Soy sauce: Shoyu

Soy sauce or Shoyu is made from almost equal quantity (by weight) of cooked soybeans and
roasted wheat. Traditionally, to produce soy sauce, moistened soybeans are first cooked at high
temperature and pressure and mixed with almost the same quantity of grounded roasted wheat,
whole wheat. Thereafter, a mash is made from the mixture by the addition of a small amount of
koji mold (Actinomucor oryzae or Aspergillus kojae) (Kobayashi, 2005), NaCl (15-17%) and water
and allowed to ferment in wooden vessels for 1-2 years. Currently, commercial production of soy
sauce has been automated from raw material mixing to packaging with reduction in the duration
of fermentation (6-8 months). After fermentation, the aged mash is pressed to release soy sauce,
which is further pasteurized before being made available commercially. More than being a sauce,
soy sauce could be regarded as a functional food. Soy sauce has demonstrated antioxidant
potentials (Ando et al., 2003, Long et al., 2000), antimicrobial activity against pathogenic
microorganisms and potentials for angiotensin I converting enzyme inhibition (Kinoshita et al.,
1993). The active compounds of soy sauce are formed during enzymatic digestion of soybeans
and roasted wheat due to the metabolic activities of fermentative microorganisms. Due to
prolonged aging, there are prolonged activities of proteolytic enzymes, leading to the production
of short chain amino acids and peptides and complete elimination of allergens present in the raw

materials (Tsuji et al., 1995, Ogawa et al., 2000).



2.2.1.3. Natto

Natto is a fermented soy product obtained from soybeans cultured with Bacillus subtilis. It is
prepared by steaming soybeans and then inoculating with B. subtilis. B. subtilis is traditionally
obtained from rice straw and hence, Natto could be produced by covering steamed soybeans with
rice straw and allowing to ferment for at least 20 h (Murooka and Yamshita, 2008). Activities of
B. subtilis brings about the degradation of soybean starch and protein into simpler forms of sugars
and amino acids. Also, vitamins, isoflavones, saponins and fibrinolytic enzymes are released
during the fermentation process. About 124 fold increase in vitamin K was found during natto
fermentation (Yanagisawa and Sumi, 2005). The sticky nature of Natfo could be traced to the
formation of polyglutamic acid network. Beneficial effects of Natfo consumption include
antimicrobial activity against E. coli and Helicobacter pylori, prevention of osteoporosis,
breakdown of blood clots through the action of nattokinase and also the breakdown of fibrin

buildup, thereby enhancing the functionality of the heart (Fujita et al., 1995, Sumi et al., 1990).

2.2.14. Tempeh

Tempeh is traditionally produced by dehulling and boiling soybeans and then fermenting with
Rhizopus sp. On achieving the desired colour and texture preferences, usually after 1-2 days of
fermentation, Tempeh is pressed into blocks or cubes, with different colours depending on the
soybean and mold used. Tempeh is rich in aminobutyric acid and isoflavones and the recently
available methods of tempeh production are such that improves their levels in the final products
(Nakajima et al., 2005, Aoki et al., 2003). The richness in aminobutyric acid and isoflavones
makes the consumption of Tempeh a good nutritional supplement for the elderly (Tsuchida et al.,
1999), and a possible way of alleviating the symptoms of osteoporosis (Brzezinski et al., 1997,
Murooka and Yamshita, 2008) and suppress the onset of arteriosclerosis due to improved lipid and

cholesterol metabolism.



2.2.1.5. Fermented soymilk

Soymilk is a water extract of soybeans and it is obtained by soaking raw soybeans in water for a
prolonged time (usually overnight), grinding the soaked beans in a blender, sieving through muslin
cloth and boiling the water extract at temperatures over 100°C for a short time. (Wang et al., 2006).
Fermentation of soymilk has been extensively carried out by the addition of pure culture of
fermentative bacteria, including lactic acid bacteria such as Lactobacillus acidophilus,
Streptococcus thermophilus (Hsieh and Chou, 2006), Lactobacillus rhamnosus (Marazza et al.,
2012) and bifidobacteria such as Bifidobacterium infantis and B. longum (Wang et al., 2006) and
B. bifidum (Zhao and Shah, 2014b). These authors reported antimutagenic effects, improved
antioxidant activity, and increase availability of bioactive components in fermented soymilk.
Spontaneous fermentation of soymilk had been attempted (Obadina et al., 2013) with increase in
the macro nutrients after fermentation for 72 h. The viability of natural fermentation of soymilk,
with respect to antioxidant activity, bioavailability of nutrients and isolation and purification of

possible starter cultures of fermentative microorganisms, is yet to be exhaustively explored.

2.2.2. Non-fermented soy products
2.2.2.1.  Soymilk

As earlier described, soymilk is the water extract of whole soybeans, with some similarities to cow
milk in resemblance and some chemical contents (Cruz et al., 2007). The nutritional contents of
soymilk (Table 2) are as presented by Giri and Mangaraj (2012). Apart from the common method
of production which involves soaking, wet milling, filtering (to remove okara) and cooking,
soymilk can also be made by reconstituting full soy flour in water to the desired consistency.
Soymilk could either be consumed directly or serve as a raw material for the production of other
soy-based foods including tofu, soy yoghurt, ice cream and other soy cheeses (Golbitz, 1995). For
traditional method of soymilk production, sound kernels are manually separated from a soybean
batch, after which water will be added to soak for 4-12 h. Soaked beans are manually dehulled to
separate the shafts and naked seeds. Water is added to dehulled seeds, up to ratio 10:1 (water/seeds)
and then ground. Some methods involve steaming the mixture before filtering or filtering the water

extracts from the residue before cooking the extracts (Murugkar, 2014).



Steaming and cooking are usually carried out to inactivate antinutrients such as lipoxygenase and

trypsin inhibitor. Industrial approach to soymilk production involves ultra-high temperature

processing and aseptic packaging, to enhance the shelf life of soymilk (Giri and Mangaraj, 2012).

The methods of soymilk processing with the resultant physical characteristics of the resulting

products are presented in Table 3. Different factors that can affect the quality of soymilk include

extraction methods (Prabhakaran and Perera, 2006), heat treatment method used (Poliseli-Scopel

et al., 2012), soybean seed composition (Poysa and Woodrow, 2002), pre-process sprouting

(Murugkar, 2014) among many others.

Table 2: Nutritional content of soymilk

Component Amount Component Amount
Water 93 (g) Sodium, Na 12 (mg)
Energy 138 (kJ) Zinc, Zn 0.23 (mg)
Protein 2.8 (g) Copper, Cu 0.12 (mg)
Fat (total lipid) 2(g) Manganese, Mn 0.17 (mg)
Fatty acids, saturated 0.214 (g) Selenium, Se 1.3 (1g)
Fatty acids, mono-unsaturated 0.326 (g) Vitamin C (ascorbic acid) 0 (mg)
Fatty acids, poly-unsaturated 0.833 (g) Thiamin (vitamin B1) 0.161 (mg)
Carbohydrates 1.8 (g) Riboflavin (vitamin B2) 0.07 (mg)
Fiber 1.3 (g) Niacin (vitamin B3) 0.147 (mg)
Ash 0.27 (g) Panthotenic acid (vitamin BS) 0.048 (mg)
Isoflavones 8.8 (mg) Vitamin B6 0.041 (mg)
Calcium, Ca 4.0 (mg) Folic acid 1.5 (g)
Iron, Fe 0.58 (mg) Vitamin B12 0 (lg)
Magnesium, Mg 19 (mg) Vitamin A 3 (lg)
Phosphorus, Mg 49 (mg) Vitamin E 0.01 (mg)
Potassium, K 141 (mg) - -

Source: (Giri and Mangaraj, 2012)

10



Table 3: Comparison of basic soymilk manufacturing processes

Comparison of constituents  Traditional Hot grind Hot blanch Canadian

Beans Whole, any type Whole or dehulled, Whole or dehulled, Whole or dehulled,
high quality good quality any type

Processing chemicals None NaHCO/HCI, etc. NaHCO/HCI, etc. None

Soaking Yes Optional Hot Blanch Preferred

Grinding Cold grind/ Hot grind/filter Hot grind and Airless/cold grind/

filter/cook high-pressure filter or filter/cook
homogenization

Soymilk Dissolved solids ~ Mostly dissolved Is\gi)ifjt;y suspended Dissolved solids
solids

Odor Rancid Less rancid Roasted nut Cereal

Mouthfeel Smooth Chalky Very chalky Smooth

Protein yield 70-90 % 60-80 % 98% 70-90 %

Basic plant cost Low Medium to very high  High Low to medium

Source: (Giri and Mangaraj, 2012)

2.2.2.2. Tofu

Tofu is a curd-like product formed from soymilk using chemical and natural coagulants. Chemical
coagulants used include calcium and magnesium salts while natural coagulant that have been
explored include rossell leaf extract, lemon juice, alum and top water of fermented maize (Obatolu,
2008). Coagulation refers to the precipitation of soy protein from soymilk, with the aid of
coagulants and the type and concentration of different coagulants determine the chemical
composition of the resulting tofu. Curds produced are similar to fresh cottage cheese from cow
milk and can be further pressed into various hardness, depending on the preference of consumers
and the desired quality leading to the variations in the protein contents of the resulting tofu
products (Kada et al., 2008). Obatolu (2008) reported protein (58.2g/100g), fat (13.7%), ash
(7.9%) and calcium (312.7mg/100g) contents in tofu coagulated with calcium sulphate. These
values are higher than those obtained for other coagulants. Prabhakaran et al. (2006) reported
differences in the physical properties (texture, colour and yield) and isoflavone levels when
varying concentrations (0.4 and 0.5% w/w) of different chemical coagulants (chloride, sulphate

and lactate salts of magnesium and calcium) were used.
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In other studies by Sun and Breene (1991) it was reported that differences in the yield, protein
quality, total solids and textural characteristics at calcium sulphate concentrations of 0.02-0.06 N.
The quality of tofu produced from sprouted soybeans at various levels has 