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5
Discussion

5.1. Analysis of market samples

The results (Table 14) show that all the samples contained a high count of TAMB (>105

cfu/g) which indicated a lapse in maintaining good hygiene practices during the
preparation of these foods. Some foods such as dhokla, dosa and idli are either fried or
steamed at their final processing stages before consumption. In doing so a number of
associated microbiota, either fermenting or pathogenic microorganisms in the foods are
killed which should render these foods safe for consumption. However, in the present
study, it was found that these foods contained a high level of TAMB cells. This may be
due to the high moisture content and post-preparation contamination of the foods
introduced from various seasoning ingredients like chilli, grated coconut, spices and curry
leaves in case of dhokla while in dosa it may be from potato, onion and spices stuffed
inside the dosa fold. At the various food outlets surveyed, idli was prepared in advance
and stored at ambient temperatures and warmed before serving them out to the customers.
This holding time of idli could be the reason for the multiplication of the TAMB cells. The
foods like sattoo, besan, papad and wadi that are sold without any packaging were
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highly contaminated. Packaging was capable of reducing contamination.
Since legumes are not processed to reduce their natural flora of microorganisms

greatly, they are likely to contain moulds, yeasts and bacteria which are ready to grow if
enough moisture is present (Joshi and Pandey, 1999). Cereal and legume grains get
contaminated with various saprophytes during the development of the plant. These
contaminants may be introduced from air, soil, animals or humans (Sarrias et al., 2002).
Bacillus spp. are important foodborne pathogens found in a variety of foods (Johnson,
1984). It has been reported in several legume-based fermented foods like Indonesian
tempe (Samson et al., 1987) and African dawadawa (Antai and Ibrahim, 1986). The
presence of this pathogen in the food samples of this study poses a serious threat to the
health of the consumers. This is because of the subsequent toxin production associated
with the food poisoning caused by it (Banerjee and Sarkar, 2004). Bacillus subtilis, the
fermenting microorganism in kinema, is known to adversely affect the growth and
proliferation of Bacillus cereus s.l. (Nout et al., 1998). However, all the market samples of
kinema analyzed in this study showed the presence of this pathogen. A high level of
initial contamination of the soybean seeds by the pathogen may be the reason for its
presence even after fermentation.

Staphylococcus aureus was found in only one sample of wadi and in all the other
seven foods it was not detected. The lack of initial contamination, competition and/or
antagonistic reaction may be the reasons that prevented the proliferation of this pathogen.

The Enterobacteriaceae count in a food sample indicates the general hygiene and
sanitary measures adopted while preparing the food. They indicate the microbiological
quality of a food rather than the possible health hazard caused by the product (Adams
and Moss, 1995). The presence of these microorganisms in the foods studied reflects the
lack of adequate hygiene measures adopted while preparing the foods. Presence of faecal
coliforms in sattoo, besan, wadi, papad, kinema and dhokla indicates the poor quality of
these foods making them unfit for consumption.

5.2. Analysis during processing stages of some foods

5.2.1. Sattoo

The results of moisture, pH, aw and microbial load during the processing stages of 3
samples of sattoo collected from the site of production are summarized in Table 18. The
presence of TAMB in the raw Bengalgram seeds indicated the contamination from various
sources, during the development of the plant or during the post-harvest phase. This
formed the source for contamination in the subsequent stages. The temperature at which
the seeds were roasted could not completely eliminate the natural microbiota. Even though
B. cereus s.l. was not detected after the roasting phase, it reappeared in the subsequent
stages. The vessels, sieves and the stone grinder used in the manufacturing process were
rarely washed. Most of the time the pots used for roasting and storing the seeds were
wiped with a dry cloth before a fresh batch of sattoo was prepared. So, these vessels and
sieves could serve as a vehicle for transferring contaminants to fresh samples. This may
be the possible reason for the recontamination of Bengalgram dal. The presence of
Enterobacteriaceae at all the stages indicated the lapse in personal hygiene of the
manufacturers. It was not the practice of the producers either of wearing hand gloves or
washing hands during the preparation of sattoo.
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5.2.2. Idli

The results of moisture, pH, aw and microbial load during the processing stages of 3
samples of idli collected from the site of production are summarized in Table 19. Soaking
the blackgram seeds and rice increased the TAMB counts. The aw in any food indicates
the amount of moisture present in the food that is available for microbial use. With soaking,
there was a rise in aw which made it conducive for the growth and proliferation of
microorganisms. As idli is a fermented product, organic acid such as lactic acid is produced.
On account of this the pH of idli is acidic. This low pH is possibly responsible for the
decrease in B. cereus s.l. counts in the batter after fermentation. On the other hand, the
other pathogens like S. aureus and Enterobacteriaceae were eliminated in the acidic
environment caused by the fermentation of the idli batter. Even though Enterobacteriaceae
cells were obtained in the mixed batter stage, they failed to survive the fermentation
process. The few B. cereus s.l. spores could escape the steaming process.

5.2.3. Wadi

The results of moisture, pH, aw and microbial load during the processing stages of 3
samples of wadi collected from the site of production are summarized in Table 20. Wadi
is a slightly acidic fermented food prepared by drying the wadi batter in the sun. Drying
reduced the aw to a great extent, but wadi was still found to be heavily contaminated
with TAMB cells. This is because wadi was dried out in the open under the sun which
increased the scope of contamination by microorganisms present in the air, flies, and
birds. The occurrence of Enterobacteriaceae at all the stages of processing of wadi suggested
the improper sanitary measures adopted at the site of production. B. cereus s.l. and S.aureus
were absent in the raw blackgram seed and also in the subsequent processing stages of
wadi.

5.3. Response surface optimization of different food processing parameters

5.3.1. Optimization of soaking of blackgram in view of reduced RFO content

Soaking of blackgram dal is a preliminary processing stage during the preparation of all
traditional legume-based fermented and non-fermented foods of India. Soaking improves
digestibility by leaching out many complex sugars from the beans that may otherwise
cause flatulence. Girigowda et al. (2005) have reported a considerable decrease in the
amount of these sugars (raffinose, 41.7%, stachyose, 47.6%, verbascose, 28.5% and
ajugose, 26.8%) in blackgram after soaking in water (bean:water, 1:10). Besides bean-
water ratio, there are also other factors which can affect the RFO content in the beans
during soaking. Hence in this study, the four significant parameters, namely bean-water
ratio, soaking temperature, time and pH were selected.

An unknown sugar with retention time of 7.8 min eluted after verbascose and it
was possibly ajugose. Its identity could not be confirmed because of unavailability of the
standard. However, it was considered as ajugose on the basis of its elution order and
was quantified using the calibration curve of the previous peak (verbascose) Girigowda
et al. (2005) used a similar chromatographic method, but the analytical conditions were
not the same, and, for this reason, the retention time obtained could not be compared
with that obtained in this study.
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RSM was used for optimizing the soaking conditions of raw blackgram dal that
could reduce the level of RFO content. A CCRD with four independent factors (bean-
water ratio, soaking temperature, time and pH) were used to study the effect of these
variables on the total RFO content of the soaked beans. It was observed that even after
removing the non-significant terms, the t- and p-values of the factors, Temp. and Time of
the reduced model in Table 22 are not acceptable. However, these values of their higher
order, i.e. Temp. × Time. and Time × Time, are significant and cannot be excluded from
the model. Reduced models generated by Minitab are hierarchical. Because the interaction
terms of factors Temp. and Time being significant were included in the reduced model,
their lower order terms although insignificant had to be included.

The factors in Minitab can be expressed as coded and uncoded units. Minitab sets
the low level of all factors to -1, the high level to +1 and centre points to 0. These are the
coded units, whereas the levels assigned in the factors sub-dialog box of a Minitab
worksheet are the uncoded units. However, using either coded or uncoded unit does
change the statistical significance of the variable. Therefore, the statistical indicators, p-
and t-values in Table 22 generated for the RSM model are the same and applicable for
both the coded or uncoded values as they represent the same design points measured on
different scales or units.

5.3.1.1. Effect of process parameters on the total RFO content in soaked blackgram

The response surface plots depict the individual and interaction effects of two factors on
the response variable while fixing the other factors at a certain hold value. The total RFO
content decreased upon increase in the bean-water ratio when time and pH were fixed
at 12 h and 6.0, respectively (Fig. 13a). This perhaps maybe because at a higher ratio
level coupled with a higher temperature softened the tissues of the blackgram seeds,
thereby facilitating a greater diffusion of the soluble sugars out of the beans. This trend
was observed throughout the range of the test temperature. As predicted by the regression
analysis, a rise in the temperature increased the total RFO content, but this was not
significant (p <0.05). Instead, the other factor ratio showed a predominant effect upon
the response.

Fig. 13b shows that at a lower ratio level, the total RFO content at 25°C and after
12 h of soaking decreased with an increase in the pH. This observation suggests that
alkalinity seems to favour the leaching out of the sugars from the beans. Ku et al. (1976)
have reported the increased removal of sugars from legumes soaked in 5 g NaHCO3/l.

Time was another important parameter of the soaking procedure. The interaction
effect of soaking time and ratio indicated a curvature and a non-linear relationship
between the response and these two factors (Fig. 13c). This curved relationship was
evident at all the ratio levels. Abdel-Gawad (1993) has also reported a reduction in the
RFO content for some legumes like faba bean, lentil and common bean after a 12 h soaking
period. Due to the lowest molecular weight among the RFOs, leaching out of raffinose
was maximum, followed by stachyose, verbascose and ajugose (Table 21). With soaking
up to 12 h, the RFOs diffuse into the soaking water and this accounts for their reduction
in the soaked beans (Price et al., 1988). Besides this, soaking may also activate the dormant
enzymes like α-galactosidase, leading to the breakdown of the RFOs. The higher rate of
RFO reduction in this study could be because of the absence of any seed coat which
would otherwise act as a diffusion barrier (Siddhuraju and Becker, 2001).
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The effects of varying pH and time against temperature are depicted in Fig. 13d
and 13e. The pH of the soaking water seemed to have a significant effect upon the response
in comparison to the factor, temperature. The rapid decrease in total RFO content at an
alkaline pH is possibly due to the tenderization of the seeds which leads to enhanced
diffusion of the RFOs out of the beans. This is the possible explanation for a negative
linear effect of pH on the total RFO content in the soaked beans. Similar observation by
Kim et al. (1973) has been reported in which there was a rapid decrease in the RFO
content after soaking soybeans in a buffer solution of pH 8.0.

5.3.1.2. Optimization of experimental parameters

In the present study, RSM was successfully used to optimize the soaking conditions of
blackgram seeds. As the other legumes, blackgram contains a considerable amount of
RFOs which are potent antinutritional factors. Efforts have been made in the past to
reduce the RFO content in blackgram by the modulation of various processing methods.
In the present study an attempt was made to reduce them at the soaking stage itself
before the other preparation stages like cooking and fermentation of different blackgram-
based foods. The optimized soaking conditions obtained from the model could be
maintained conveniently both at a household and commercial scale. This research was a
first step in reducing an antinutritional factor in blackgram and this concept can be
applied for other legumes as well. Such an effort can go a long way in increasing the
utility and consumption of legumes which, in spite of being highly nutritious, are often
avoided due to these antinutritional factors.

5.3.2. Optimization of mechanized drying of wadi

5.3.2.1. Sensory analysis

In an ideal situation, the sensory scores of the experiments at the central points in Table
23 should be identical. However, since the experiments were performed separately on
different days as per the experimental order generated by the software, variations
developed due to the speed and force of hand-beating the batter.

Since an average of the OAA scores obtained was used, the variation in the results
of experiments 5 and 7 in Table 23 did not affect the significance of the model. Besides
the r2-values of the model were 89.3% (using insignificant terms) and 87.1% (for the final
reduced model), which suggested that an error of 11-12% had occurred in the experiments.
These errors generated because of the variations occurred during preparation of the
separate batches of samples. However, the model did not account for these errors but
showed its level of significance, considering all the variations in the experimental results.

The p-values help to check the significance of the coefficients, and smaller the value
greater is the significance (Kalil et al., 2000). Even after removing the non-significant
terms, the t- and p-values of the factors, Time and Dia of the reduced model in Table 25
were not acceptable. However these values of their higher order, i.e. Time X Time and
Dia X Dia are highly significant and cannot be excluded from the model. Since the
interaction terms of factors Time and Dia being highly significant were included in the
reduced model, their lower order terms although insignificant had to be included.

The response surface plots showing the effect of two factors at a time, while fixing
the other factor at a certain hold-value, helps to show both the actual effects and interaction
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effects of these two factors (Sasikumar and Viruthagiri, 2008). It was evident from Fig.
14a that OAA gradually decreased with an increase in RH because humidity affects
proper drying and leads to sogginess and spoilage of wadi, thus making it unfit for
consumption.

The RSM plot in Fig. 14b suggested that a further increase in size to 35 mm reduced
the OAA. While drying the sample inside a dehumidifying chamber at a particular RH,
warm air flew through the chamber which dried the sample. So a varied internal
temperature was developed at different RH values, and this factor along with the other
two factors have shown to affect the colour and textural attributes which eventually
affected the OAA of wadi. This is in consistence with the finding of Pérez-Francisco et al.
(2008) who have reported that drying temperature and sample diameter significantly
affected the colour of vegetal pear by causing its darkening. Colour is an important
attribute which determines the sensory quality and acceptability of any food (Konopacka,
2006; Pérez et al., 2006). Over-drying of wadi results in the development of Maillard
browning as a consequence of reactions between the protein and carbohydrate
components.

5.3.2.2. aw

Figure 15 indicated that at higher RH values, aw of wadi increased. This is probably due
to an increase in the vapour pressure of water within it due to an increase in surrounding
vapour pressure (Shivhare et al., 2004). Time had an inverse effect on aw of wadi and Fig.
15c illustrated the decrease in aw when drying time was enhanced. Extending the drying
period caused the evaporation of water from the food and a consequent drop in the aw-
values, but such an extension beyond the optimal level led to excessive loss of moisture
resulting in very low aw-values and corresponding hardness which was undesirable for
wadi due to its brittle and porous nature.

5.3.2.3. Optimization of experimental parameters

Mechanization of the drying phase in contrast to the traditional sun-drying of wadi will
help in the year-round production of wadi and thereby economically benefit the cottage-
scale industries manufacturing them. So, in the present study, RSM was successfully
used for this purpose using the OAA of wadi and aw as the response parameters. The
optimum conditions obtained were 42.5% RH, 72 h time and a sample diameter of 25
mm with the experimental values obtained being very close to the predicted values.

5.3.2.4. Comparative study of sun-dried and machine-dried wadi

After the optimization of the mechanized drying conditions of wadi, a comparative study
between the traditional method of sun drying and the improvised method of machine
drying was attempted (Table 27). It was found that the machine-dried wadi contained a
lower microbial count than the sun-dried wadi. Since drying in the former case was
conducted in a closed chamber, the microbial counts were obviously lower than when
dried in the open under the sun, exposed to several contaminants. So, drying inside a
dehumidifying chamber not only produced organoleptically acceptable wadi but also
enhanced its safety.
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5.4. Challenge study in idli and wadi

Idli, is a traditional cereal-legume-based food and its fermentation is essentially an
autofermentative process. Two significant changes occurring in idli fermentation are
leavening and acidification of the idli batter. The LAB present as a part of the microbiota
for idli batter fermentation are essential for leavening of batter and for acid production
in idli and yeasts are responsible for pH reduction (Mukherjee et al., 1965; Reddy et al.,
1982; Venkatasubbaiah et al., 1984; Chavan et al., 1989; Soni and Sandhu, 1990b).

During the 18 h period of fermentation, the volume of the batter increased by 1.7
times and there was a steady increase (p <0.05) in the LAB cells at every 6 h interval. Due
to this, there was an increase in the titratable acidity which was measured in terms of
lactic acid produced by the LAB. Due to acid production, the initial pH of the fermenting
batter decreased from 6.1 to about 4 (Table 28). Inoculating the idli batter at the start of
fermentation with the pathogens like Escherichia coli, B. cereus s.l., or S. aureus or a
combination of all the three pathogens did not affect the growth of the LAB (Table 29).
All the pathogens increased (p <0.05) in their cell numbers in the first 6 h of fermentation.
This could be probably due to the fact that the pH was initially high (6.11) and as
fermentation had just begun, the environment had not turned non-conducive for the
pathogens. However, after 12 h of fermentation the pH decreased (p <0.05) due to acid
production which may have led to the death of the pathogens. However, according to
Jama and Varadaraj (1999) a reduction in the pH values during idli batter fermentation
could alone not be responsible for the reduction in the pathogen counts. Overcrowding
and competition for survival among the organisms could also be the reason for their
retarded growth. Inoculating the batter with LAB had no apparent influence on the
parameters studied during fermentation or cooking except that, after 18 h of fermentation
the LAB-inoculated set showed a higher (p <0.05) LAB count and a subsequent higher
titratable acidity value. LAB also influenced the growth of B. cereus s.l. after 18 h of
fermentation.

Even though the pathogen cell counts decreased after 18 h of fermentation, B. cereus
s.l. could not be eliminated even after steaming the fermented batter for 15 min. This is
due to the fact that B. cereus s.l. produces endospores which are heat resistant and escape
death. According to Davies and Wilkinson (1973) although cooking kills most of the
microorganisms, the heat-resistant endospores may survive or even be stimulated to
germinate. It was present among the natural microbiota, so this suggests the need to use
superior quality raw materials while preparing idli. Since the B. cereus s.l. level in freshly
prepared idli was low (102 cfu/g), it was considered safe for consumption as only a load
>104 cfu/g causes gastro-intestinal problems. Idli cakes obtained after 15 min of steaming
the fermented batter was completely free from both E. coli and S. aureus.

Fermentation of wadi batter occurs during drying. This is also an autofermentative
process where LAB and yeasts play an important role (Sandhu and Soni, 1989). In the
present study, wadi was mechanically dried under previously optimized drying
conditions. During the 72 h drying period, the aw of wadi decreased significantly (p
<0.05) (Table 30). Among the pathogens, only B. cereus s.l. was detected in the wadi
batter as a part of the natural microbiota which was eliminated after 24 h of drying,
possibly due to the lowering of aw during drying (Table 31). All the three pathogens, E.
coli, B. cereus s.l. and S. aureus when inoculated into the wadi batter at the start of drying
failed to survive the drying process beyond 12-24 h (Table 31). The results indicate that



DISCUSSION   108

aw along with pH, might have caused the death of the pathogens. LAB was also found to
influence the growth and survivability of the pathogens. Their antimicrobial activity might
be a result of various inhibitors like hydrogen peroxide, acids, bacteriocin, etc. In addition
to these reasons, certain other hurdles like nutrient depletion and over-crowding could
also be the causes for their elimination. A storage study revealed an increase in the TAMB
counts (Table 32). An increase in the aw-values of wadi during storage maybe responsible
for an increase in the TAMB counts which ultimately can lead to its spoilage.

The present microbial challenge study upon idli and wadi revealed the necessity of
using superior quality raw materials and adopting good hygienic practices to ensure best
quality product. As LAB was found to show antagonism towards the pathogens, so it
could be used as a potent antimicrobial agent. In order to enhance the safety of foods,
production should be followed by quality testing and quality monitoring of the food.

5.4.1. Antibacterial activity of LAB

LAB, are aciduric and acidophilic and therefore occur predominantly in fermented foods
like idli, wadi, dosa and dhokla. They can produce high levels of lactic acid which lowers
the pH of the substrate and even checks the proliferation of food spoilage and pathogenic
microorganisms. Various workers have suggested that microbial antagonism is the basis
for preservation and enhancement of microbiological safety of fermented products
(Callewaert and De Vuyst, 2000; Gänzle et al., 2000). The possible antagonistic effects of
LAB against pathogens have been proposed due to the production of organic acids,
competition for nutrients, formation of hydrogen peroxide and the production of
antiobiotic-like substances called bacteriocins (Gibbs, 1987).

The LAB isolates were initially screened for any antagonistic effect against the growth
of three bacterial pathogens, B. cereus s.l., E. coli and S. aureus. Only 13% of the total LAB
isolates showed antagonistic activity in the agar spot test (Table 33). The cause of this
antagonism could either be nutrient competition or induced microbial antagonism due
to the production of organic acid, hydrogen peroxide, antimicrobial protein or the action
of lytic bacteriophages. The concentrated culture supernatants of the positive 17 isolates
also produced inhibition zones in well diffusion test against the respective pathogens. Of
these only 2 isolates, both belonging to Lactococcus lactis were postive in well diffusion
test when their concentrated culture supernatants were neutralized (Table 34). The
antibacterial activity of most of the isolates was due to the production of organic acids.
These acids decrease the pH and make the environment antagonistic to less acid tolerant
bacteria. The organic acids on entering into the cells get dissociated and cause acidification
of the cytoplasm (Levine and Fellers, 1940). This acidification disrupts the proton motive
force, resulting in the inhibition of nutrient transport and increased energy consumption
to maintain pH homeostasis (Herrero, 1983). In this way these acids inhibit the
microorganisms.

Hydrogen peroxide produced by LAB has been identified to be contributing to their
inhibitory activity (Gibbs, 1987). S. aureus is inhibited by the peroxide produced by L.
lactis and Lactobacillus bulgaricus (Dahiya and Speck, 1968). For determining the
antibacterial activity due to hydrogen peroxide, the culture supernatants were treated
with catalase and assayed by well diffusion test. As the cell-free supernatants of the two
isolates scored positive in this assay, it was confirmed that the nature of the antibacterial
compound was not hydrogen peroxide (Table 34).
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These two isolates still scored positively when they were subjected to reverse side
technique thereby proving that lytic bacteriophages were not responsible for these zones,
as this technique, prevents the contact between bacteriophages if present in culture
supernatants or the pathogens (Table 34).

The inhibitory effect of the cell-free culture supernatants was eliminated by the
proteolytic enzyme, pepsin. Preliminary studies suggest that the antibacterial compound
produced by these two isolates is proteinaceous in nature, which is a key character of
bacteriocin (Table 34).

5.5. Effects of modulation of traditional processing of kinema on safety and shelf-life

5.5.1. Effect of NaCl

Among several factors affecting the growth and survivability of microorganisms, aw and
pH deserve to be mentioned (Sutherland et al., 1996). The aw of a food denotes the amount
of unbound water that is available for biochemical reactions and microbial growth. Salt
is able to reduce the aw on account of the capacity of the Na+ and Cl- to bind with the
water molecules (Fennema, 1996b).

Salt was added at the beginning and not part way through fermentation, as was
done by Allagheny et al. (1996), so that the fermenting microorganism was not disturbed
thereby affecting the quality of the final product. Salt-free kinema was alkaline due to
the production of ammonia due to a strong proteolytic activity of Bacillus during
fermentation. Free ammonia concentrations in kinema have been reported to increase
from 0 to 200 mg/100 g soybeans (Sarkar et al., 1993). With increasing salt concentration
the pH of kinema changed to the acidic side as salt significantly affected the proteolytic
activity. There was a steady drop in the activity with an increase in the salt concentration
(Table 36). The proteinases were perhaps “salted out” in the presence of salt resulting in
its denaturation. This is in conformity to the effect of NaCl concentration on the proteolytic
activity in soy sauce koji (Su et al., 2005) in which 5 g salt/100 g reduced the activity by
60%. Addition of salt seems to reduce the pungent ammoniacal odour due to reduced
proteolytic activity. Salt here acts as a buffering agent by reducing the amount of ammonia
produced by the proteolytic activity in soy proteins and subsequently the pH is also
lowered.

Since an optimum level of functional microorganism is essential for the production
of a fermented food, it was of concern that addition of salt might affect the density of
functional cells. It was revealed that there was no significant (p <0.05) change in either
the viable cell count or the organoleptic attributes of kinema having up to 4 g salt/100 g
(Table 36). The observation validates the addition of salt during the kinema production
stage which helps to restrict the degradation of valuable amino acids by excess of
proteolytic activity without impairing the sensory attributes of the product.

A challenge study upon kinema with 4 g salt/100 g added during fermentation
was performed (Table 37). A microbiological study on kinema conducted by Nout et al.
(1998) revealed that some strains of B. cereus s.l. were capable of producing enterotoxin
(even >256 ng/g kinema). Although most of the toxins were inactivated while frying the
kinema in oil (3 min, 180-200°C  - a common culinary practice followed), yet there are
emetic toxins which resist heating for 90 min at a temperature of 126°C posing a serious
health hazard. They have also reported B. subtilis DK-W1 to reduce the growth of B.
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cereus s.l. and consequentially enterotoxin production in a mixed culture experiment
dominated by B. subtilis DK-W1. But a higher initial B. subtilis and B. cereus s.l. levels
increases the proliferation of B. cereus s.l. and toxin formation. So, it becomes necessary
to eliminate the pathogen completely which has been achieved in the present study by
the addition of 4 g salt/100 g prior to fermentation (Table 37). Browne and Dowds (2001),
while studying the effect of heat and salt on B. cereus s.l., revealed that 0.5 g salt/100 g
can induce osmotic shock in these cells with no adaptive response which can affect the
cell metabolism and the synthesis of several proteins, like the Gap protein, required in
glycolysis. The presence of salt has been reported to adversely affect the accumulation of
this enzyme in the cells but in the absence of salt B. cereus s.l. survived and increased in
population. However, in the presence of E. coli it failed to survive even in the absence of
salt. There are reports on antimicrobial effect of E.coli against Bacillus spp. (Shah and
Hasan, 2012). Results from the microbial interference study proved that the death of B.
cereus s.l. was not due to the production of any acids or antimicrobial compounds by E.
coli rather it may have occurred due to nutrient competition among the cells.

Whether the elimination of S. aureus was due to its inability to cope up with the
other bacteria in the competition for survival or due to the presence of 4 g NaCl/100 g
level was ascertained. It was confirmed that there was no inhibitory substance present in
the beans to prevent the recovery of S. aureus rather it was due to the presence of
competitive microbiota that it got eliminated as reported in tempe formation (Nout et al.,
1988). Overcrowding leading to nutrient deficiency and/or antagonistic reactions may
also lead to its death. Even though it can survive extremely high concentrations of NaCl
yet there are reports of NaCl induced cell lysis of S. aureus (Cripps and Work, 1967).
There are observations of some strains of S. aureus showing autolysis at 5 g salt/100 g
(Madiraju et al., 1987) which probably occurs due to the salt induced activation of cell-
wall hydrolases such as the N-acyl-muramyl-L-alanine amidase resulting in cell lysis
(Gilpin et al., 1972). According to Marquis (1968) and Ou and Marquis (1970) salt causes
shrinkage of the peptidoglycan layer facilitating autolysis as the substrate is brought
closer to the enzyme. Hence, in the present study the elimination of S. aureus from kinema
may have occurred as a result of both salt and competition.

 In the presence of the pathogens and the functional microorganism together, E.
coli survived but could not grow; this is possibly due to overcrowding, competition and
nutrient depletion. Survival of E. coli even in the presence of salt suggested halotolerance
in them. Halotolerance of the pathogenic strain E. coli 0157: H7 up to 8 g/100 g NaCl has
been reported by Stein (2000). Hrenovic and Ivankovic (2009) have suggested that the
inhibitory effect of salt towards bacteria is reduced when Na+ and Cl- attach to the organic
components of the media resulting in the active multiplication of the E. coli cells in a
nutrient-rich media containing up to 5 g NaCl/100 g. Since soybean is a nutrient-rich
substrate, the Na+and Cl- possibly get neutralized in it resulting in its reduced antimicrobial
effect towards E. coli.  Although there was a decline in the E. coli population in the
presence of salt, a complete die-off was not observed, and this observation urges hygiene
and quality control for kinema essential.

This study revealed that addition of salt prior to fermentation is advantageous in
the sense that the condition was capable of completely eliminating the presence of at
least B. cereus s.l. cells.

A storage study of both the salted and non-salted kinema at 20°C revealed that salt
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had no influence on the shelf-life of kinema but storage at a lower temperature improved
its quality (Table 38). This augments the findings of Tamang and Nikkuni (1998) who
observed that kinema matured below 10°C for one day after the desired fermentation
showed a significant increase in relative viscosity. Maturation of natto below 10°C for 1-
2 days after fermentation is practiced in the commercial natto production for flavour
and viscosity development (Ueda, 1989). Proteolysis after fermentation is complete is
undesirable as it leads to the loss of amino acids and reduction in food value. However
the proteolytic activity of the salted variety of kinema was significantly (p <0.05) less
than the non-salted kinema. Thus, the addition of salt during the processing stages of
kinema proved to be beneficial in decreasing the degradation levels of soy-proteins at the
time of storage.

5.5.2. Effect of moisture content

The influence of aw on the survival and growth of the residual E. coli cells in the challenge
study described above was studied. The use of salt (4 g/100 g cooked beans) prior to
fermentation followed by drying of kinema led to the development of microbiologically
safe product.

5.6. Moisture sorption study of kinema

Fresh kinema by virtue of its moisture content (67 g/100 g solids) is liable to microbial
spoilage, so it is sometimes sun-dried to extend its shelf-life by reducing the moisture
content (9.6 g/100 g solids). However a proper storage at a suitable temperature and
moisture level is essential for even dried kinema. A moisture sorption study can give an
insight into the conditions required for its proper storage and shelf-life.

5.6.1. Sorption isotherms of kinema

The type II sigmoid moisture sorption isotherms of kinema showed three regions (Fig 16).
In region I the water is strongly bound to the polar groups of the food while region II, or
the multimolecular phase in which the additional layers of water accumulate over the
monolayer has a gentle slope. In this region the bound water slowly converts into free
water and finally Region III, where the water exists in the free state and condenses into
the pores and spaces of the food (Kinsella and Fox, 1987). Availability of free water in
which the food components begin to dissolve and various chemical reactions which began
in Region II ultimately leads to product deterioration (Chetana et al., 2005).

Adsorption isotherms of soy proteins have been prepared by Weisser (1985) and he
has reported the considerable effect of temperature on its moisture sorption characteristics.
In another work on the adsorption characteristics of functional soy protein products by
Pan (2003), the effect of temperature on adsorption has been reported. It was found that
soy protein products when exposed to high moisture contents for even a short period of
time could adsorb a significant amount of moisture leading to microbial growth and
degradation of product quality. Kinema being a soybean food also exhibited a similar
sorption pattern. The EMC decreased progressively with an increase in temperature at a
particular aw because temperature helped to activate the water molecules which tend to
break away from their binding sites (McMinn and Magee, 2003). On the other hand,
EMC at a particular temperature increased with an increase in aw. This occurs due to a
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rise in the internal vapour pressure of water within the food as a result of an increase in
the vapour pressure of the external environment (Shivhare et al., 2004).

5.6.2. Equations describing isotherms of kinema

The moisture sorption data obtained for kinema at 15, 25 and 35°C were fitted to the
Oswin Caurie, BET and GAB model (Table 39). The GAB model which showed the best
fit has also been successfully used to describe the moisture sorption characteristics of
functional soy protein products, milk burfi and bean flour (Pan, 2003; Chetana et al.,
2005; Menkov and Durakova, 2005). On account of the similarity between the BET and
GAB equations, the Mb- and Mg-values were almost the same as reported in coriander
seeds (Selot et al., 1991).

5.6.3. Properties of bound water and surface area of adsorbent

The monolayer moisture content (Mc) refers to the amount of water tightly bound to the
sorption sites. It is the safe lower limit of moisture levels for foods. The Mc of dried kinema
decreased with an increase in temperature (Table 40). This may be due to the loss of
sorption sites like the carbohydrates and proteins of food, with an increase in temperature.
Also the loss of hydrophobic hydration results in a decrease in the monolayer values
suggesting that storage of kinema at higher temperature may lead to its spoilage.

Surface area of the sorption sites also affects the rate of sorption. A larger surface
area means more polar hydrophilic groups are exposed leading to increased sorption.
However with an increase in temperature, surface area decreased (Table 40).

Bound water in dried kinema also decreased with a rise in temperature. However
density of the sorbed water increased with an increase in temperature. This is possibly
due to the intermingling of the food components with the sorbed water at higher
temperatures (Table 40).

5.6.4. Thermodynamic functions of kinema

Thermodynamically, free energy change is the amount of work done by a system during
a sorption process. It is the amount of energy needed to transfer the water molecules
from the surface of the substance to the vapour state, or vice-versa. Free energy changes
(ΔG) occurring in both adsorption and desorption were calculated, with the (ΔG)-values
obtained for desorption process were higher than those obtained in the adsorption process
(Table 41). Similar observations have been reported in milled rice (Nayak and Pandey,
2000) and red chillies (Kaleemullah and Kailappan, 2007).

The sorption heat decreased with increase in moisture content (Fig 17) due to
reduced availability of active sorption sites and indicated the ease of moisture removal
(Palou et al., 1997).  Higher sorption heat at lower moisture content indicated a strong
interaction between water and food components (Telis-Romero et al., 2005). As isosteric
heat of sorption shows the state of sorbed water, it indicates the stability of a food.

As differential entropy is an indicator of the availability of sorption sites and the
results here shows that with an increase in the moisture contents, sorption sites are reduced
(Fig 18). The presence of moisture increased the surface tension of the sorption sites due
to adsorbed molecules and hence the spreading pressure increased with an increase in
moisture content (Table 42).
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5.7. Moisture sorption study of wadi

In spite of being a dried product, wadi is shelf-stable only to a certain extent. Its storage
becomes problematic during the monsoons when RH of the atmosphere is high and it
absorbs moisture from the air and becomes mouldy, thus making it unfit for consumption.
So, the moisture sorption study of wadi was important in order to understand its sorption
mechanics.

5.7.1. Sorption isotherms of wadi

The moisture isotherms of wadi were type II sigmoid (Fig. 20) and such isotherms are
typical of foods rich in carbohydrates (Bolin, 1980; Iglesias and Chirife 1982;
Bandyopadhyay et al., 1987). Wadi, which contains a high level of carbohydrate (Sandhu
and Soni, 1989), exhibited the typical S-shaped isotherm as expected and resembled the
isotherms of some food products, like papaya and ginger powder (Vega-Gálvez and
Lemus-Mondaca, 2008; Alakali and Satimehin, 2009). Moisture sorption isotherms of
several sugar rich foods such as dried figs, prunes, date pastes, cake mixes have also been
described by other workers (Leiras and Iglesias, 1991).

The adsorption isotherms showed three regions as reported for other food
products, such as dudh churpi and milk burfi (Hossain et al., 2002; Chetana et al., 2005).
The steep rise in the isotherms suggests rapid changes in the product quality, and the
beginning of steep rise in moisture indicates the onset of physicochemical deterioration
(Labuza and Contreras-Medellin, 1981).

The EMC increased with the increase in aw at a particular temperature. This may
be due to an increase in the vapour pressure of water within the foods with an increase
in the surrounding vapour pressure. Increase in temperature activates the water molecules
causing them to break away from their binding sites leading to a decrease in the water
sorption with an increase in temperature (McMinn and Magee, 2003). This phenomenon
can also be explained from the aspect of kinetic molecular theory which says that samples
adsorb more water at low temperatures than at higher temperatures as water molecules
at lower temperatures have a lower kinetic energy which is not enough to overcome the
corresponding sorption energy. However, in the present study, at aw >0.70, the EMC
increased with an increase in temperature, possibly due to the solubilization of sugars at
higher temperatures, as reported in the case of date pastes where the EMC increased
with an increase in temperature for aw 0.45-0.55 (Alhamdan and Hassan, 1999).

The sorption isotherms at aw >0.68 intersect due to an increase in the moisture
content for these water activities, mainly due to rise in the sugar solubility of wadi as
observed in some foods like papaya (Vega-Gálvez and Lemus-Mondaca, 2008). This
phenomenon is found to occur in foods rich in sugar (Kaymak-Ertekin and Gedik, 2004).

5.7.2. Equations describing isotherms of wadi

The GAB model can be said to give the best fit to the experimental data (Table 43). This is
in agreement with other findings (Chetana et al., 2005; Menkov and Durakova, 2005),
where the GAB model among other models gave a very good fit to the experimental data
for milk burfi and bean flour. The adsorbent capacity and the intensity of adsorption can
be measured from the values of the intercept (ln a) and the slope (1/b) in the Freundlich
isotherm (Lowell and Shields, 1991). In the present study, it was found that the sorption
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capacity of the adsorbent decreased with an increase in temperature, which accounts
for the reduced monolayer moisture values at higher temperatures (Table 44). This finding
is consistent with the results obtained from BET, GAB and Caurie models.

5.7.3. Properties of bound water and surface area of adsorbent

The decrease in the Mc-values for wadi with a rise in temperature maybe due to the loss
of some moisture sorption sites as a result of some physical and chemical changes on
temperature rise (Mazza, 1982). In the region of lower aw, the proteins and carbohydrates
in wadi (Sandhu and Soni, 1989) were the preferred sorption sites at lower temperatures
than at higher temperatures, because these food components have polar hydrophilic
groups with high water-binding capacity in them. Water also forms hydrogen bonds
with some specific groups leading to hydrophobic hydration (Kinsella and Fox, 1987),
but with an increase in temperature there was a decrease in the number of hydrophilic
groups and the hydrophobic hydration of the biopolymers also begins to break at higher
temperatures. This explains reduced monolayers at higher temperatures (Table 44).

Dried foods, like wadi, have a greater shelf-life if they are kept at low moisture
contents, because under such conditions the rate of chemical reactions within the food is
greatly reduced (Bolin, 1980). However, there is an optimum moisture content, also called
the monolayer moisture for storage even under low moisture conditions, above which
spoilage begins (Labuza, 1968).

Surface area of the globular proteins also shows a direct relation with the Mc

(Schumacher and Cox, 1961). A larger surface area means greater number of polar groups
that are exposed, resulting in the increase in water sorption. With an increase in
temperature the surface area decreased (Zettlemoyer, 1968) as reported in some products,
like peeled ginger powder (Alakali and Satimehin, 2009) and dudh churpi (Hossain et
al., 2002), where this value decreased from 203.8 to 151.1 m2/g in the former and from
239.7 to 214.1 m2/g in the latter as the temperature increased from 15-45°C.

The moisture sorption study was conducted with an intention to understand the
sorption characteristics of wadi at 15-45ºC and describe the various properties of sorbed
water. It can be concluded that the optimum storage temperature for wadi lies at 15-
25°C and aw <0.7.

       Legumes are increasingly being recognized for their high nutritive value and the
legume-based foods of India are gaining popularity not only in India but also in other
countries. Improving the nutritive and microbial safety of traditional legume-based foods
employing scientific knowledge and technology would be beneficial. Microbial safety is
an important aspect in which it is essential to train the people, producers and the sellers
in particular about the health hazards imposed due to negligence or lack of knowledge
about foodborne diseases. Better manufacturing practices, storage, distribution and service
should be arranged to enhance the microbial safety of these foods.

Optimized manufacturing conditions always ensure quality production. RSM was
successfully used in this research to improve the processing of blackgram seeds and drying
wadi. RSM was used to optimize the soaking conditions of blackgram seeds. As the other
legumes, blackgram contains a considerable amount of RFOs which are potent
antinutritional factors. Efforts have been made in the past to reduce the RFO content in
blackgram by the modulation of various processing methods. In this study, an attempt
was made to reduce them at the soaking stage itself before the other preparation stages
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like cooking and fermentation of different blackgram-based foods. The optimized soaking
conditions obtained from the model could be maintained conveniently both at a household
and commercial scale. This research was a first step in reducing an antinutritional factor
in blackgram, and this concept can be applied for other legumes as well.

      Wadi is a popular legume-based condiment consumed in the Indian sub-continent.
In spite of its popularity, a large-scale production by mechanizing the manufacturing
process is not carried out. During the production of wadi, manufacturers rely on the
solar energy for drying it which restricts its production only to the winter season when
the temperature and humidity are optimum for proper fermentation and drying. This
season-dependent production of wadi stands as the main obstacle in its industrial-scale
production, thereby limiting the earning opportunities of its manufacturers. Producing
shelf-stable wadi throughout the year irrespective of the changing climatic conditions is
an important consideration for its large-scale production, which can be achieved only
through controlled mechanized drying.

LAB obtained from wadi and idli during fermentation showed promising
antagonistic effects against the foodborne pathogens tested. Two of these LAB strains
obtained from wadi were found to produce bacteriocin which advocates the therapeutic
benefits of lactic acid fermented foods like idli, wadi, dosa, dhokla, etc. An attempt to
improve the traditional method of kinema preparation with added salt (4 g/100 g) was
found to be organoleptically acceptable. The significant achievement was the elimination
of B. cereus s.l. cells without adversely affecting the functional microorganism, B. subtilis.
Salt reduced but could not eliminate E. coli from kinema. However, it was achieved by
reducing the aw of kinema. This opens up a future scope for exploring the possibilities of
using kinema as a flavouring or food supplement ingredient.

       The sorption study demonstrated the effect of moisture and temperature on the
storage and shelf-life of the food. Low moisture content and temperature proved to be
better for storage, as less energy was required to remove moisture from the foods.
Deterioration in the chemical and microbiological quality of a food begins to occur once
the bound water gets converted into the free form. The sorption studies revealed that the
amount of bound water was more at lower temperatures and it decreased with an increase
in temperature. So the shelf-life of the foods were higher at lower temperatures. Besides,
Mc is an indication of the stability of a food, and from this study we obtained the optimum
moisture levels of kinema and wadi at the four test temperatures. The cottage-scale
production of wadi is restricted during the winter season only when the ambient
temperature is 10-25°C. High RH during monsoons makes them mouldy and unfit for
consumption. Besides, improper packaging and storage conditions bring about undesirable
changes in the sensory qualities of wadi. So, the moisture sorption study of wadi was
important in order to understand its sorption mechanics and exploit this information to
improve its quality and shelf-life by applying hurdle technology.


