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                                                                                                                                                      Results

4.1. Kinema

4.1.1. Raw beans

Raw soybeans contained a considerable amount of antinutritional factors (per gram dry weight: 1.8 mg

tannins, 8.4 mg phytic acid, 40 kU trypsin inhibitor activity, 427 U haemagglutinating activity and 158 µg

biogenic amines) (Table 20).

4.1.2. Soaking

The levels of antinutritional factors under experimental combinations of soaking are shown in Table 6.

Soaking caused reduction of all the factors tested except biogenic amines. The models had significant F-

value, insignificant lack-of-fit, and low standard deviation and coefficient of variance (Table 21). Adjusted

and predicted R2-values for the models were in reasonable agreement among themselves. Adequate

precision for models in the study had a ratio greater than 4, which is desirable and indicates adequate

model discrimination. The values having low CV and SD for the models show adequacy with which the

experiment was conducted and indicate a better prediction. Regression coefficient data (Table 22) indicate

that the reduction (P <0.05) in tannins content and trypsin inhibitor activity was dependent on raw bean-

water ratio and soaking time, and their interaction. The phytic acid content and haemagglutinating activity

remained unaffected (P <0.05) by individual independent variables or their interactions. While soaking
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time-temperature and temperature-pH caused an increase (P <0.05) in haemagglutinating activity, the

interaction of time, temperature and initial pH together had no effect (P <0.05) on haemagglutinating

activity. Although initial pH caused a reduction (P <0.05) of total biogenic amines content, its interaction

with temperature had an opposite effect.

The reduced polynomial equations after removing insignificant terms for coded variables of each

response were

Tannins content (mg/g) = 0.930 – 0.114A – 0.129B – 0.062AB + 0.065A2

Trypsin inhibitor activity (kU/g) = 38.269 – 0.378A – 0.466B – 0.256AB + 0.186C2

Haemagglutinating activity (U/g) = 416.833 + 20.125BC + 26.750CD + 37.708B2 – 27.292C2 – 27.292D2

Total biogenic amines content (µg/g) = 452.175 + 73.978C – 93.805D + 36.184CD + 26.084C2 + 61.031D2

where A was raw beans-water ratio, B was soaking time, C was soaking temperature and D was initial pH

of soaking water.
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The response surface 3D plots (Fig. 11) indicate that when temperature and initial pH were kept constant 
at 17.5°C and 6.0, respectively, an increase in time and ratio caused a linear reduction in tannins content 
(Fig. 11a) and trypsin inhibitor activity (Fig. 11b) to 0.71 mg/g (61%) and 37.1 kU/g (7%), respectively. 
The minimum haemagglutinating activity of 324 U/g (24%) was obtained at 25°C and pH 4.0 when the 
ratio and time were maintained at 1:7 w/w and 13.5 h, respectively (Fig. 11c). The minimum total 
biogenic amines content was (334 mg/g), when the beans were soaked at 10°C in water having initial pH 
8.0 keeping the ratio and time fixed at 1:7 w/w and 13.5 h, respectively (Fig. 11d). The initial pH 

 

Fig. 11. Response surface 3D plots showing the influence of raw soybeans-water ratio, initial pH of 
soaking water, soaking time (t) and soaking temperature (T) on antinutritional factors: influence of 
beans:water and t on tannins content (TC; a) and trypsin inhibitor activity (TIA; b) when the pH and T 
were kept constant at 6.0 and 17.5°C, respectively; influence of pH and T on haemagglutinating activity 
(HA; c) and total biogenic amines content (TBAC; d), when the ratio and t were kept constant at 1:7 w/w 
and 13.5 h, respectively. 
 
 
caused a decrease (P <0.05) in the level of total biogenic amines content of soaked soybeans; however, 
the interaction of temperature and initial pH caused an increase (P <0.05) in the content (Table 22).  
 Numerical optimization was carried out to determine optimum condition to minimize the different 
antinutritional factors during soaking. The predicted optimum condition for soaking of soybeans was 1:10 
w/w of beans-water ratio, and 20 h, 10°C and 8.0 as soaking time, temperature and initial pH, 
respectively, which predicted reduction (P <0.05) of tannins content, phytic acid content and trypsin 
inhibitor activity by 56%, 26% and 8%, respectively. While haemagglutinating activity remained 
unchanged (P <0.05), the predicted minimum increase (P<0.05) of total biogenic amines was 114% 
(Table 20). The experimental values were close to the predicated ones. 
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4.1.3. Cooking 

The levels of antinutritional factors for each combination of independent variables of cooking stage are 
shown in Table 7. Cooking reduced either quantity or activity of all the antinutritional factors. The models for 
cooking stage were significant with non-significant lack-of-fit (Table 21). The low R2-values for tannins 
content and haemagglutinating activity indicate that 52% and 55% of variations were influenced by the 
independent variables of cooking conditions and the remaining variations could be attributed to other 
factors. Adjusted and predicted R2–values for the models were found in reasonable agreement among 
themselves. Adequate precision for models in the study had a ratio greater than 4. The low values of CV, SD 
and PRESS for the models show adequacy with which the experiment was conducted and indicate a better 
prediction. 
 Regression coefficient data indicate that cooking time and pressure were significant processing 
variables for minimizing the levels of antinutritional factors (Table 23). The significant (P <0.05) linear terms 
 

 
 
for tannins content, phytic acid content and trypsin inhibitor activity, and quadratic terms for 
haemagglutinating activity and total biogenic amines content, and their interaction terms, after removing the 
insignificant terms for coded levels, can be written as 
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Tannins content (mg/g) = 0.072 – 0.035A – 0.043B 
Phytic acid content (mg/g) = 5.754 – 0.058A – 0.066B 
Trypsin inhibitor activity (kU/g) = 13.519 – 1.365A – 1.087B 
Haemagglutinating activity (U/g) = 15.663 – 5.392A – 5.392B + 5AB – 2.698A2 – 2.698B2 – 3.876C2 
Total biogenic amines content (µg/g) = 323.212 – 5.970A – 5.573B – 3.825A2 – 2.601B2 
where A was cooking time; B was cooking pressure and C was soaked beans-water ratio.  

The response surface 3D plots indicate that when cooking pressure and time were increased keeping 
soaked beans-water ratio fixed at 1:3.5 w/w, a change in the content of antinutritional factors was 
observed (Fig. 12). The minimum levels of antinutritional factors were obtained when optimally soaked 
beans were cooked at 1.3 kg/cm2 for 20 min. Cooking lowered tannins content below the limit of 
detection (Fig. 12a). The minimum levels of phytic acid content, trypsin inhibitor activity, 
haemagglutinating activity and total biogenic amines content obtained were 5.63 mg/g (Fig. 12b), 11 kU/g 
(Fig. 12c), 5 U/g (Fig. 12d) and 307 mg/g (Fig. 12e), respectively, indicating 9%, 70%, 99% and 9% 
corresponding reduction over optimally soaked beans. 

 

Fig. 12. Response surface 3D plots showing the influence of cooking pressure (kg/cm2) and cooking time 
(t) on antinutritional factors: influence of pressure and t on tannins content (TC; a), phytic acid content 
(PAC; b), trypsin inhibitor activity (TIA; c); haemagglutinating activity (HA; d) and total biogenic amines 
content (TBAC; e), when the optimally soaked soybeans-water ratio was kept constant at 1:3.5 w/w. 
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The predicted optimum condition for cooking was soaked beans–water ratio of 1:5 w/w, and 
cooking pressure and time of 1.10 kg/cm2 and 20 min, respectively. In this condition, the predicted 
reduction (P <0.05) of tannins content, phytic acid content, trypsin inhibitor activity and 
haemagglutinating activity in cooked beans was 96%, 10%, 68% and 99%, respectively, over optimally 
soaked beans. Total biogenic amines content remained unchanged (P <0.05) (Table 20). The 
experimental values were in reasonable agreement with the predicted ones. 

4.1.4. Fermentation 

The response levels for each combination of independent variables during fermentation are shown in 
Table 8. The models show significant lack-of-fit (Table 21). Low R2-values for the contents of tannins and 
phytic acid show that 54% and 41% of variations were influenced by independent variables of 
fermentation conditions, and the remaining variations can be attributed to other factors. Adjusted and 
predicted R2–values for the models were in reasonable agreement among themselves. Adequate 
precision for models in the study had a ratio greater than 4. The low values of CV and SD for the models 
show adequacy with which the experiment was conducted and indicate a better prediction. 
Regression coefficient data show that fermentation time had a reducing effect (P <0.05) on the contents 
of tannins and phytic acid. Fermentation time and temperature individually shows a reducing effect on 
trypsin inhibitor activity, however, an increasing effect on total biogenic amines content (Table 24). 

 

The reduced linear equations after removing non-significant terms for coded variables of the 
antinutritional factors were 

Tannins content (mg/g) = 0.029 – 0.031A 
Phytic acid content (mg/g) = 3.527 – 0.256A 
Trypsin inhibitor activity (kU/g) = 11.964 – 0.333A – 0.232B  
Total biogenic amines content (μg/g) = 914.282 + 148.222A + 74.079B  

where A was fermentation time and B was fermentation temperature. 
 The response surface 3D plots for tannins content, phytic acid content and trypsin inhibitor 
activity indicate that at fixed inoculum load of 4.5 log total cells/g cooked beans and fermentation 
condition of 45°C and 54 h, the levels of antinutritional factors reduced sharply (Fig. 13). Tannins 
content was reduced below the limit of detection (Fig. 13a). Phytic acid content was reduced to 3.2 mg/g 
(Fig. 13b), indicating 43% reduction over optimally cooked beans. The minimum trypsin inhibitor activity 
of fermented beans was 11.4 kU/g (Fig. 13c), showing 5% reduction over optimally cooked beans. The 
minimum total biogenic amines content (694 μg/g), the value of which was 122% more than that of 
optimally cooked beans, was obtained when the fermentation temperature and time reduced to 25°C and 
18 h, respectively (Fig. 13d). 
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Fig. 13. Response surface 3D plots showing the influence of fermentation time (t) and fermentation 
temperature (T) on antinutritional factors: influence of t and T on tannins content (TC; a), phytic acid 
content (PAC; b), trypsin inhibitor activity (TIA; c) and total biogenic amines content (TBAC; d), when the 
inoculum load was kept constant at 4.5 log total cells/g optimally soaked and cooked soybeans. 

 

The predicted optimum condition of 
fermentation was 3 log total cells/g beans, and 
fermentation temperature and time of 37°C and 48 
h, respectively. Percent reduction (P <0.05) of the 
contents of tannins and phytic acid during 
fermentation is shown in Table 20. 
 The overall optimized processing 
conditions of kinema preparation stages have been 
summarized in Fig. 14 and Table 20. Kinema 
produced from optimized processing stage on per 
gram dry weight basis contained 0 mg, 3.0 mg, 12 
kU, 0 U and 991 µg of tannins, phytic acid, trypsin 
inhibitor activity, haemagglutinating activity and 
total biogenic amines, respectively. In kinema, 
tannins content, phytic acid content,    trypsin 
inhibitor activity and haemagglutinating activity 
decreased (P <0.05) over raw beans by 100%, 
61%, 70% and 100%, respectively. 
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 Kinema obtained from optimally 
processed conditions was subjected to 
sensory analysis. A good-quality kinema 
should have nutty flavour with mild 
ammoniacal odour, a greyish brown colour 
and highly sticky or mucilaginous texture. 
The sensory score of kinema scored 91 in 
terms of overall quality, justifying an 
‘excellent’ grade (Table 25).  
 

4.2. Idli 

4.2.1. Raw ingredients 
 
Raw blackgram dal contained a considerable amount of antinutritional factors (per gram dry weight: 0.49 
mg tannins, 5.1 mg phytic acid, 120 U trypsin inhibitor activity, 160 U haemagglutinating activity, 295 µg 
total biogenic amines, 1.3 mg raffinose, 5.4 mg stachyose, 40 mg verbascose and 4.1 mg ajugose, while 
raw rice contained 0.06 mg tannins, 1.5 mg phytic acid and 70 µg total biogenic amines) only. Raw rice 
is devoid of trypsin inhibitor activity, haemagglutinating activity and oligosaccharides (Tables 26 and 27). 
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4.2.2. Soaking 

The levels of antinutritional factors under different conditions of soaking dal according to CCRD are shown in 
Table 11. The models had significant F-value, insignificant lack-of-fit, low standard deviation and low 
coefficient of variation (Table 28). The low R2-values for trypsin inhibitor activity (59%) and haemagglutinating 

 

 

activity (54%) indicate that such low variations were caused by independent variables of soaking conditions, 
and the remaining variations could be attributed to other factors. Adjusted and predicted R2-values for the 
models were in reasonable agreement among themselves. Adequate precision for models in the study had a 
ratio greater than 4. Low values of CV, SD and PRESS for the models showed adequacy with which the 
experiment was conducted and indicated a better prediction. 



                                                                                                                                                  RESULTS     44 
 

 The regression coefficient data indicate that the reduction (P <0.05) of tannins content, phytic 
acid content and trypsin inhibitor activity was influenced by raw dal-water ratio and time (Table 29). The 

 

reduction of haemagglutinating activity was dependent on temperature; initial pH had no effect for its 
reduction (P <0.05). While initial pH played a significant (P <0.05) role in the reduction of biogenic amines 
content, temperature had an opposite (P <0.05) effect. Interestingly, interaction of temperature and initial 
pH had a reducing (P <0.05) effect on the levels of biogenic amines content. After removing insignificant 
terms for the coded variables of each response, the reduced polynomial equations were 

Tannins content (mg/g) = 0.283 – 0.044A – 0.054B 
Phytic acid content (mg/g) = 3.844 – 0.189A – 0.378B + 0.119A2 
Trypsin inhibitor activity (U/g) = 82.598 – 4.380A – 7.327B 
Haemagglutinating activity (U/g) = 125.756 – 6.611C + 10.972D 
Total biogenic amines content (µg/g) = 316.816 + 9.709C – 7.042D – 5.547CD – 4.724A2 – 3.615B2 + 4.454C2 
where A was raw dal-water ratio, B was soaking time, C was soaking temperature and D was initial pH of 
soaking water. 
 The response surface 3D plots (Fig. 15) indicate that when temperature and initial pH were kept 
constant at 26°C and 6.0, respectively, an increase in time and dal-water ratio caused a linear reduction in 
tannins content (Fig. 15a) to 0.19 mg/g (61%), phytic acid content (Fig. 15c) to 3.4 mg/g (33%), trypsin 
inhibitor activity (Fig. 15e) to  71 U/g (41%) and haemagglutinating activity (Fig. 15f) to 118 U/g (26%). 
The minimum content of total biogenic amines (Fig. 15g) was 308 mg/g when dal was soaked in water of 
initial pH 8.0 and at 20.5°C, keeping dal-water ratio and time constant at 1:7 w/w and 12 h, respectively. 
The results showing the levels of antinutritional factors under different soaking conditions of raw rice 
according to CCRD are given in Table 12. The models for different antinutritional factors during soaking of 
rice are significant with insignificant lack-of-fit (Table 28). For the contents of tannins and phytic acid, the 
model terms explained 50% of variations. On the other hand, R2-value of total biogenic amines indicated a 
good fit between predicted values and the experimental data points. This implies that 92% of the 
variations for reduction in the levels of antinutrients could be explained by independent variables studied. 
Regression coefficient data for the soaking of rice indicate that rice-water ratio and time caused a 
reduction (P <0.05) of the contents of tannins and phytic acid (Table 30).  
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Fig. 15. Response surface 3D plots showing the influence of blackgram dal/rice-water ratio, soaking time 
(t), soaking temperature (T) and initial pH of soaking water on antinutritional factors: influence of ratio 
and t on tannins content (TC; a, soaked dal and b, soaked rice), phytic acid content (PAC; c, soaked dal 
and d, soaked rice), trypsin inhibitor activity (TIA; e) and hemagglutinating activity (HA; f), when T and 
pH were kept constant at 26°C and 6.0, respectively; influence of T and pH on total biogenic amines 
content (TBAC; g, soaked dal and h, soaked rice), when ratio and t were kept constant at 1:7 w/w and 12 
h, respectively. 
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The main influencing factors for reduction of biogenic amines content were rice-water ratio, initial pH and 
temperature-initial pH interaction. However, temperature alone showed an opposite (P <0.05) effect. The 
reduced polynomial equations were 
Tannins content (mg/g) = 0.020 – 0.010A – 0.015B 
Phytic acid content (mg/g) = 1.217 – 0.119A – 0.116B 
Total biogenic amines content (mg/g) = 75.946 – 1.467A + 4.331C – 4.390D – 2.242CD + 2.486C2 +  
            3.191D2 
where A was raw rice-water ratio, B was soaking time, C was soaking temperature and D was initial pH of 
soaking water.  
 Response surface 3D plots indicate that keeping temperature and initial pH constant at 26°C and 
6.0, respectively, an increase in time and rice-water ratio caused a complete reduction of tannins content 
(Fig. 15b); the level of phytic acid minimized to 0.98 mg/g (Fig. 15d), indicating 35% reduction over raw 
rice. The minimum content of total biogenic amines (74 mg/g; Fig. 15h) was obtained by soaking rice at 
20.5°C in water (pH 7.0), and keeping rice-water ratio and time fixed at 1:7 w/w and at 12 h, respectively. 
 Among the oligosaccharides, raffinose was the first to be eluted with the retention time of 4.9 
min (Fig. 16). It was followed by stachyose and verbascose with retention time of 5.7 min and 6.7 min, 

 

 
 
 
 
 
Fig. 16. High-performance 
liquid chromatograms of raw 
blackgram dal (a) and raw 
rice (b) extracts. Su, sucrose; 
Ra, raffinose; St, stachyose; 
Ve, verbascose; Aj, ajugose 
(?). Injection volume, 5.0 µl; 
flow rate, 1.0 ml/min; eluent, 
acetonitrile: water (65:35 
v/v); column temperature, 
31°C.  
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respectively. A peak with retention time of 7.8 min indicated the presence of the next higher member of the 
family, possibly ajugose, in blackgram dal. Because of unavailability of the standard, the identity of ajugose 
could not be confirmed. It was considered as ajugose on the basis of its elution order and quantified using 
the calibration curve of verbascose. To quantify the loss of sugars during extraction and deproteination, 
each sample was spiked with xylose (1 mg/ml) before extraction. The post-analysis recovery of xylose was 
94%. The total oligosaccharide contents under different soaking conditions as per the design are shown in 
Table 13. The coefficients for coded and uncoded values of the experimental design for the response are 
given in Table 31. 

 

ANOVA results indicate that the models were significant (P <0.05) with F-, P-, R2- and R2
adj-values of 2.54, 

0.038, 0.69 and 0.42, respectively. Thus, the model could be used to predict the response and the following 
equation generated by the software showed the relationship between the factors and the response, i.e. 
total oligosaccharide content in soaked dal in terms of coded units. 

Total oligosaccharides (mg/g) = 7.664 – 0.528A + 0.184B + 0.003C – 3.066D + 0.428AA + 3.063BB – 2.257CC – 
1.207DD + 3.578AB + 1.203AC + 4.678AD + 9.683BC – 3.263BD – 3.468CD  

where A was dal-water ratio, B  was soaking time, C was soaking temperature and D was initial pH of 
soaking water.  

After removing non-significant terms from the model, a reduced model was obtained. The reduced 
model was significant (P <0.05) with F- and P-values of 4.04 and 0.005, respectively. The R2- and R2

adj-
values of the model were 0.55 and 0.42, respectively. Based on this model, the following reduced equation 
was generated. 

Total oligosaccharides (mg/g) = 7.025 - 0.528A + 0.184B + 0.003C - 3.066D + 3.329CC + 4.678AD + 9.683BC 

 Positive regression coefficients for soaking temperature and time indicate a linear positive effect on 
the total oligosaccharide content retaining in the dal after soaking. On the contrary, negative coefficients for 
dal-water ratio and initial pH of soaking water indicated a decrease in the total oligosaccharide contents by 
leaching out of the sugars from the soaked dal. The responses demonstrating the effect of these four 
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factors were depicted in the form of response surface 3D plots (Fig. 17). At any temperature level, the 
results of total oligosaccharide contents minimized to 6.51 mg/g with an increase in the ratio from 1:3 to 

 

Fig. 17. Response surface 3D plots showing the influence of dal-water ratio, soaking time (t), soaking 
temperature (T) and initial pH of soaking water on oligosaccharide contents: (a) influence of ratio and T 
when pH and t were kept constant at 6.0 and 12 h, respectively, (b) influence of ratio and pH when T and 
t were kept constant at 25°C and 12 h, respectively, (c) influence of ratio and t when pH and T were kept 
constant at 6.0 and 25°C, respectively, (d) influence of T and pH when ratio and t were kept constant at 
1:6.5 w/w and 12 h, respectively, (e) influence of T and t when pH and ratio were kept constant at 6.0 
and 1:6.5 w/w, respectively, (f) influence of t and pH when ratio and T were kept constant at 1:6.5w/w 
and 25°C, respectively. 
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1:10 w/w when the time and initial pH were fixed at 12 h and 6.0, respectively (Fig. 17a). Increase in initial 
pH from 4.0 to 8.0 soaking of blackgram dal for 12 h at 25°C caused a decrease in the content of total 
oligosaccharides to 0.99 mg/g (Fig. 17b). The interaction of soaking time and ratio indicated a non-linear 
relationship. At 25°C and initial pH 6.0, the minimum oligosaccharide content obtained was 7.10 mg/g after 
12 h of soaking (Fig. 17c). The minimum total oligosaccharide content of 3.95 mg/g was obtained at initial 
pH 8.0 and 15°C with the ratio and time fixed at 1:6.5 w/w and 12 h, respectively (Fig. 17d). The interaction 
of temperature and time had a pronounced effect (P <0.05) upon the response (Fig. 17e). At a lower 
temperature (18°C) with the ratio fixed at 1:6.5 w/w and the pH at 6.0, minimum oligosaccharide content of 
the dal was 4.10 mg/g after 20 h of soaking. Due to the interaction between initial pH and time, the 
minimum oligosaccharide was 10.15 mg/g dry weight (Fig. 14f).  
 After numerical optimization, the optimum condition for soaking dal was 1:10 w/w of dal-water 
ratio, time of 18 h, temperature of 16°C and initial pH of 4.0, and that for soaking rice was 1:10 w/w of rice-
water ratio, time of 18 h, temperature of 22°C and initial pH of 7.1. To minimize wastage of water, 
desirability of various target ratios was compared (P <0.01), and a ratio of 1:5 w/w for dal/rice-water was 
selected (Table 32). 

 

 Therefore, the optimized soaking condition for dal was 1:5 w/w of dal-water, 18 h, 16°C and initial 
pH 4.0. Similarly, the optimum soaking condition for rice was 1:5 w/w of rice-water, 18 h, 16°C and initial 
pH 5.6. Predicted reduction (P <0.05) of the content of antinutritional factors in soaked dal and rice is 
shown in Table 26. 
 The initial pH (set under different experimental conditions) for both dal and rice ranged from 4.0 to 
10.0. The final pH of soak water of dal and that of rice ranged from 3.0 to 6.8 and 3.0 to 6.6 (run numbers: 
18 to 8), respectively (Tables 11 and 12). 
 The predicted optimum soaking condition for reducing the content of oligosaccharides in blackgram 
dal was: dal-water ratio of 1:10 w/w, and soaking temperature, time and initial pH of 16°C, 21 h and 6.0, 
respectively. Based on optimization, the minimum total oligosaccharides content predicted was 1.97 mg/g 
dry weight; the corresponding experimental value was 2.02 mg/g dry weight. Under optimized conditions of 
soaking, the percent decrease of raffinose, stachyose, verbascose and ajugose in soaked dal was 94%, 
93%, 96% and 92%, respectively; the total oligosaccharide content decreased by 95%. The deviation 
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error between the predicted and experimental values of the results of total oligosaccharide contents 
in soaked dal was 2.5%, and this validates the model. 

4.2.3. Unfermented mixed batters 

The mixed batter, prepared from optimally soaked dal paste and optimally soaked rice slurry, 
contained 0.09 mg tannins, 1.7 mg phytic acid, 33 U trypsin inhibitor activity, 40 U haemagglutinating 
activity, 127 µg total biogenic amines, <0.05 mg raffinose, 0.14 mg stachyose, 0.40 mg verbascose 
and 0.11 mg ajugose per gram dry weight (Tables 26 and 27). 

4.2.4. Fermentation 

The levels of antinutritional factors under different fermentation conditions as per CCRD are shown in 
Table 14. The models are significant with non-significant lack-of-fit. The R2-values showed that 
independent variables explained more than 75% variation for each antinutritional factor. Adjusted 
and predicted R2-values for the models were in reasonable agreement among themselves. Adequate 
precision for the models had a ratio greater than 4. Low values of CV, SD and PRESS for the models 
showed that the models were fit for prediction (Table 28). 
 Fermentation time and temperature were significant for minimizing levels of all the 
antinutritional factors, except total biogenic amines (Table 33). Although salt concentration had a 
lowering effect on total biogenic amines content, it did not affect the other antinutritional factors. 
Reduced equations for  significant (P <0.05) linear terms for tannins content, phytic acid content, 
haemagglutinating activity and total biogenic amines content and quadratic terms for trypsin inhibitor 
activity were 

Tannins content (mg/g) = 0.091 – 0.047B – 0.026C 
Phytic acid content (mg/g) = 1.085 – 0.277B – 0.185C 
Trypsin inhibitor activity (U/g) = 22.189 – 2.183B – 0.751C + 0.630B2 
Haemagglutinating activity (U/g) = 31.667 – 19.615B – 12.426C 
Total biogenic amines content (µg/g) = 633.707 – 81.090A + 62.260B + 30.337C  
where A was salt concentration; B was fermentation time and C was fermentation temperature. 

 

The response surface 3D plots (Fig. 18) indicated that with an increase in fermentation time from 10 
h to 24 h at 30°C caused a linear reduction in tannins content (Fig. 18a) to 0.04 mg/g (56%), phytic 
acid content (Fig. 18b) to 0.7 mg/g (59%) and haemagglutinating activity (Fig. 18d) to 12 U/g (70%) 
over unfermented mixed batter. When salt concentration was fixed at 16 g/kg, the minimum level of 
trypsin inhibitor activity (Fig. 18c) was 20 U/g (39%) at 24 h and 35°C. The minimum level of total 
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Fig. 18. Response surface 3D plots showing the influence of added salt concentration, fermentation time (t) and 
fermentation temperature (T) on antinutritional factors: influence of salt and t on tannins content (TC; a), phytic 
acid content (PAC; b), hemagglutinating activity (HA; d) and total biogenic amines content (TBAC, e), when T 
was kept constant at 30°C; influence of t and T on trypsin inhibitor activity (TIA; c), when salt concentration was 
kept constant at 16 g/kg mixed dal/rice batter. 
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biogenic amines content (493 µg/g; Fig. 18e) was obtained after 10 h of fermentation when the salt 
concentration was increased to 25 g/kg, keeping fermentation temperature fixed at 30°C. 
 Although maximum reduction of antinutritional factors was at 25 g salt/kg, the presence of such a 
high concentration of salt in the finished product may affect organoleptic quality and may not be acceptable 
to consumers. Thus, based on the desirability (P <0.01) of various concentrations of salt, 16 g salt/kg was 
selected organoleptically. Similarly, although fermentation for 24 h gave maximum reduction of 
antinutritional factors, a period of 19 h was selected as the duration of fermentation (Table 34). 
 

 
 Therefore, the optimized fermentation condition was 16 g added salt/kg unfermented mixed batter 
at 35°C for 19 h. The predicted reduction in the levels of antinutritional factors is shown in Table 26. The 
experimental values agreed with the predicted ones. Fermentation of mixed batter using optimally soaked 
dal reduced the contents of each of the oligosaccharides below their respective limits of detection (Table 
27). 
 
4.2.5. Steaming 

The level of antinutritional factors after different time of steaming fermented batter, as per CCRD, is shown 
in Table 15, and the predicted reduction of tannins content, phytic acid content, trypsin inhibitor activity 
and haemagglutinating activity is shown in Table 26. The results of steaming indicated a high precision in 
predicting reduction in antinutritional factor levels. Adjusted and predicted R2-values, adequate precision, 
CV, SD and PRESS indicated adequate model discrimination (Table 28). Regression coefficient data 
indicated that the models for steaming were significant in reducing antinutritional factors (Table 35). Phytic 
acid 
 

 
content, trypsin inhibitor activity and total biogenic amines content reduced (P <0.05) with the increase in 
steaming time. The reduced significant linear equations were 

Phytic acid content (mg/g) = 0.410 – 0.288A + 0.236A2 + 0.271A3 – 0.302A4 
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Fig. 19. The overall optimized and experimentally validated process

conditions (within boxes) of idli-making.

Trypsin inhibitor activity (U/g) = 17.650 – 1.047A + 2.303 + 0.427A3 – 2.013A4

Total biogenic amines content (µg/g) = 639.577 – 11.357A – 0.329A2 + 7.877A3

where A was steaming time.

When steaming time was raised to 20 min, the levels of antinutritional factors reduced sharply

(Table 15). The phytic acid content increased initially (run numbers: 7 to 3), however after 12.5 min (run

numbers: 3 to 1) it decreased. Total biogenic amines content reduced by 7%, indicating steaming for 20

min was effective in removing total biogenic amines content in idli. Thus, the predicted optimum time for

steaming condition was 20 min.

Optimum production processes of idli with minimum level of antinutritional factors are shown in

Fig. 19 and Table 26. While traditionally prepared (non-optimized) idli contained no haemagglutinating

activity but 0.06 mg tannins,

0.7 mg phytic acid, 24 U trypsin

inhibitor activity and 641 µg

total biogenic amines, idl i

prepared under optimum

condition contained no tannins

and haemagglutinating activity

but 0.3 mg phytic acid, 17 U

trypsin inhibitor activity and 636

µg total biogenic amines per

gram dry weight of f inal

product. In idli, while the total

biogenic amines content

increased by 339% over raw

ingredients, tannins content,

phytic acid content, trypsin

inhibitor activity and

hemagglutinating activity

decreased by 100%, 89%,

58% and 100%, respectively.

Steaming had no effect (P <0.05) on the oligosaccharide content of the fermented batter (Table

27). Compared to raw ingredients, there was 100% reduction of oligosaccharide contents in idli.

Idli, prepared from batter having 16 g salt/kg and fermented under optimized condition of 35°C

for 19 h, scored maximum (94), reaching to the “excellent” level (Table 36).

4.2.6. Microbiological study

Total aerobic mesophilic bacteria, lactic acid bacteria and yeasts of both unfermented and fermented

mixed batters under different experimental conditions were enumerated (Table 14). The microbial content,

initial pH (5.6) and titratable acidity (0.03%) values of unfermented batter changed rapidly during the

course of fermentation. With the increase in added salt concentration, lactic acid bacterial and yeast

counts reduced compared to total aerobic mesophilic bacterial count, indicating a low salt concentration

favoured the growth of lactic acid bacteria and yeasts. Again, with the increase in fermentation time not

only lactic acid bacterial and yeast counts but total aerobic mesophilic bacterial count also increased. At the

onset of fermentation, the population of total aerobic mesophilic bacteria exceeded (P <0.05) that of

lactic acid bacteria (1:0.9), indicating the presence of a relatively large number of non-lactic acid bacteria.

However, after fermentation, the situation reversed (1:1.2), indicating that lactic acid bacteria had outgrown

(dominated) other (non-lactic acid) bacteria, which in combination with the demonstrated acidification is a

sign of successful lactic acid fermentation.
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4.3. Dhokla 

4.3.1. Raw ingredients 

Raw bengalgram dal contained (per gram dry weight basis) 2.2 mg tannins, 1.7 mg phytic acid, 16 kU 
trypsin inhibitor activity, 5 kU haemagglutinating activity and 423 µg total biogenic amines, while raw rice 
had no trypsin inhibitor and haemagglutinating activities but contained only 0.06 mg tannins, 1.5 mg 
phytic acid and 70 µg total biogenic amines (Table 37). 
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4.3.2. Soaking 

The levels of antinutritional factors in soaked bengalgram dal under different combinations of soaking are 
shown in Table 17. Insignificant (P >0.05) lack-of-fit indicated models to be accurate for prediction (Table 
38). The R2-values for tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating 
 

 
 
activity and total biogenic amines content were 0.97, 0.90, 0.90, 0.79 and 0.82, respectively. A high R2-
value indicates that variability of all the responses was well-explained by the models, and the models had a 
good fit. Regression coefficient data for soaking of bengalgram dal under different experimental 
combinations according to CCRD are shown in Table 39. Dal-water ratio and soaking time had a reducing 
effect (P <0.05) on tannins content. The reduction (P <0.05) of phytic acid content was influenced by 
individual effect of dal-water ratio, soaking time and soaking temperature. Similarly, trypsin inhibitor and 
haemagglutinating activities were influenced (P <0.05) by individual effect of soaking time and temperature. 
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However, in the case of total biogenic amines content, soaking time and initial pH of soaking water played

a significant (P <0.05) role in reduction. On the other hand, temperature had an opposite effect (P

<0.05) and influenced its accumulation. On the other hand, temperature had an opposite effect (P

<0.05) and influenced its accumulation. After model fitting, the insignificant terms were omitted and the

following reduced polynomial equations generated were

Tannins content (mg/g) = 0.530 – 0.038A – 0.278B + 0.126B2 + 0.146C2

Phytic acid content (mg/g) = 1.170 – 0.020A – 0.084B – 0.025C + 0.023B2

Trypsin inhibitor activity (kU/g) = 9.613 – 1.279B – 0.213C

Haemagglutinating activity (kU/g) = 1.992 – 0.533B – 0.302C + 0.253B2

Total biogenic amines content (µg/g) = 391.809 – 16.145B + 23.906C – 7.878D

where A was raw dal-water ratio, B was soaking time, C was soaking temperature and D was initial pH of

soaking water.

Similarly, the models for rice soaking (Table 12) showed insignificant lack-of-fit. The models explained

50% of the variation of tannins and phytic acid content. In case of total biogenic amines, the model

explained 92% of variation (Table 38). The regression coefficient data indicate that the increase of rice-

water ratio and soaking time caused a reduction (P <0.05) in the tannins and phytic acid content, while

rice-water ratio, initial pH, and interaction of temperature and initial pH were the influencing factors for the

reduction (P <0.05) of total biogenic amines content. However, temperature individually had an opposite

effect and was responsible for their increase (P <0.05). The polynomial equation generated after removing

insignificant terms of the models were

Tannins content (mg/g) = 0.020 – 0.010A – 0.015B

Phytic acid content (mg/g) = 1.217 – 0.119A – 0.116B

Total biogenic amines content (µg/g) = 75.946 – 1.467A + 4.331C – 4.390D – 2.242CD + 2.486C2 +

        3.191D2

where A was rice-water ratio, B was soaking time, C was soaking temperature and D was initial pH of

soaking water.

The response surface 3D plots (Fig. 20) showed minimum tannins content to be 0.37 mg/g when

the dal-water ratio and soaking time increased keeping soaking temperature and initial pH of soaking water

fixed at 30°C and 6.0, respectively (Fig. 20a). This caused 83% reduction of tannins content from raw dal.

The tannins content reduced completely in soaked rice (Fig. 20b). The minimum phytic acid content of dal

was 1.07 mg/g indicating a reduction of 37%, when the dal was soaked at a ratio of 1:4 w/w for 20 h at

40°C and initial pH 6.0 (Fig. 20c). However, the phytic acid content of rice was minimized to 0.98 mg/g,

causing 35% reduction at 1:10 w/w of rice-water when soaked for 18 h (Fig. 20d). The minimum trypsin

inhibitor activity was 8.2 kU/g showing 49% reduction, when soaked in 1:5 w/w dal-water ratio for 20 h

at 30°C and initial pH 6.0 (Fig. 20e). Haemagglutinating activity was minimized to 1.4 kU/g, indicating 72%

reduction by soaking dal at 40°C for 20 h (Fig. 20f). The minimum total biogenic amines content of 370

µg/g was obtained, indicating 13% reduction in the content when dal was soaked at a ratio of 1:5 w/w for

20 h at 30°C and initial pH 6.0 (Fig. 20g), while the minimum level in soaked rice was 74 µg/g at 20.5°C

and initial pH 7.0, when rice-water ratio and soaking time were kept constant at 1:7 w/w and 12 h,

respectively (Fig. 20h).

After numerical optimization, the optimum condition for soaking of dal was 1:5 w/w of dal-water

ratio for 20 h at 23°C and initial pH 7.0 of soak water. For soaking of rice, the optimum condition was 1:5

w/w of rice-water for 18 h at 16°C and initial pH 5.6 of soaking water. The predicted reduction of

antinutritional factors from raw ingredients is shown in Table 37.

The reduction of antinutrients might also be related to the change in pH of soaked water. The

initial pH (set under different experimental conditions) for dal ranged from 4.0 to 8.0, and that of rice

ranged from 4.0 to 10.0. The final pH of soak water of dal ranged from 3.9 to 6.9 (run number: 5 to 1),

and that of rice ranged from 3.0 to 6.6 (run numbers: 18 to 8) (Tables 12 and 17).
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Fig. 20. Response surface 3D plots showing the influence of bengalgram dal/rice-water ratio, soaking time 
(t), soaking temperature (T) and initial pH of soaking water on antinutritional factors: influence of ratio 
and t on tannins content (TC; a, soaked dal and b, soaked rice), phytic acid content of soaked rice (PAC; 
d), trypsin inhibitor activity of soaked dal (TIA; e) and total biogenic amines content of soaked dal (TBAC; 
g), when T and pH were constant at 30°C and 6.0, respectively. Influence of t and T on phytic acid 
content of soaked dal (PAC; c) and haemagglutinating activity (HA; f) of soaked dal when ratio and pH 
were constant at 1:4 w/w and 6.0, respectively. Influence of T and pH on total biogenic amines content 
(TBAC; h) of soaked rice when ratio and t were constant at 1:7 w/w and 12 h, respectively. 
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4.3.3. Unfermented mixed batters 

The mixed batter, prepared from 
optimally soaked dal paste and 
optimally soaked rice slurry, 
contained 0.30 mg tannins, 1.1 mg 
phytic acid, 6 U trypsin inhibitor 
activity, 1 U haemagglutinating 
activity, 270 mg total biogenic 
amines per gram dry weight and 
dhokla prepared from different 
ratios of dal batter-rice slurry 
showing sensory scores are shown 
in Tables 37 and 40, respectively.  
 
4.3.4. Fermentation 

The levels of antinutritional factors during fermentation are shown in Table 18. The models showed 
insignificant (P >0.05) lack-of-fit, indicating that the models were accurate for predicting response variations. 
The R2-values for tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating activity 
and total biogenic amines content were 0.77, 0.53, 0.61, 0.96 and 0.99, respectively. The high R2-values 
indicate that variability of all the responses was adequately explained by the models. The R2-values also 
indicate that 53% and 61% of the variations in phytic acid content and trypsin inhibitor activity were 
influenced by fermentation (Table 38). However, the remaining percentage of variations could be attributed 
to other factors. The regression coefficient data (Table 41) obtained for fermentation were fitted to 

 

second order polynomial equations. After removing insignificant terms, the reduced polynomial equations for 
each response were 

Tannins content (mg/g) = 0.122 – 0.055B – 0.031C 
Phytic acid content (mg/g) = 0.378 – 0.137B 
Trypsin inhibitor activity (kU/g) = 2.722 – 0.662B 
Haemagglutinating activity (kU/g) = 0.213 – 0.199B + 0.094B2 – 0.046C2 
Total biogenic amines content (µg/g) = 358.088 – 24.338A + 82.674B + 21.905C + 7.725AB + 9.435AC + 7.633BC + 
                    5.161A2 + 15.513B2   
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where A was amount of added common salt, B was fermentation time and C  was fermentation 
temperature. 
 The reduction of tannins content was influenced by fermentation time and temperature. 
However, the reduction of phytic acid content, and trypsin inhibitor and haemagglutinating activities 
were influenced by fermentation time only. Salt concentration alone had a reducing effect (P <0.05) on 
total biogenic amines content, while interactions of salt concentration and fermentation time, salt 
concentration and fermentation temperature, and fermentation time and fermentation temperature 
favoured the formation of total biogenic amines (Table 41). 
 The response surface 3D plots (Fig. 21) indicate that keeping fermentation temperature fixed 
at 31.5°C when salt concentration decreased and fermentation time increased, the minimum contents of 
tannins (Fig. 21a), phytic acid (Fig. 21b) and trypsin inhibitor activity (Fig. 21c) were 0.06 mg/g (80%), 
0.24 mg/g (78%) and 1.9 kU/g (68%), respectively, over unfermented mixed batter. The minimum 
 

 
 
Fig. 21. Response surface 3D plots showing the influence of added salt concentration, fermentation time 
(t) and fermentation temperature (T) on antinutritional factors: influence of salt and t on tannins 
content (TC; a), phytic acid content (PAC; b) and trypsin inhibitor activity (TIA; c), when T was constant 
at 30°C; Influence of t and T on haemagglutinating activity (HA; d) and total biogenic amines content 
(TBAC; e), when salt concentration was constant at 10 g/kg mixed dal/rice batter. 
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haemagglutinating activity (Fig. 21d) of 0.05 kU/g (95%) was obtained when the fermentation time and 
temperature were increased, keeping added salt concentration fixed at 10 g/kg. The minimum amines content 
was 282 mg/g when fermentation time decreased to 10 h at 27.6°C, keeping added salt concentration fixed at 
10 g/kg (Fig. 21e). 
 Optimum fermentation condition comprised 9.4 g/kg added salt and fermentation at 38°C for 24 h. 
Although this condition gave maximum reduction of antinutritional factors, a shorter fermentation time, a lower 
temperature and a lower concentration of salt were selected without affecting desirability. This is because salt-
restricted diet is the current trend, ambient temperature at night is usually low and a faster production is 
preferred. Thus, the predicted optimum fermentation condition selected was 8 g/kg added salt at 32°C for 18 h. 
The predicted reduction of antinutritional factors is shown in Table 37. 

In the present study, the values of microbial load, initial pH and titratable acidity of unfermented batter 
changed rapidly during the course of fermentation (Table 18). It was further observed that the lactic acid 
bacteria outnumbered other, non-lactic acid bacteria, causing reduction (P <0.05) in pH of fermented batter 
(Table 18). 

 
4.3.5. Steaming 

The levels of antinutritional factors during steaming of optimally fermented batter are shown in Table 19. The 
models showed insignificant (P >0.05) lack-of-fit, indicating their adequacy for predicting those response 
variations. The R2-values for all the antinutrients were high, indicating that the models could explain 100% of 
variation for reduction of antinutritional factors during steaming (Table 38). The regression coefficient data are 
shown in Table 42. 
 

 
 
The reduced polynomial equations were 
Phytic acid content (mg/g) = 0.140 – 0.070A – 0.050A2 + 0.030A3 + 0.040A4 
Trypsin inhibitor activity (kU/g) = 1.100 – 0.050A – 0.030A2 + 0A3 + 0.030A4 
Total biogenic amines content (µg/g) = 294.720 – 34.063A + 40.967A2 – 9.227A3 – 25.387A4 

where A was steaming time. 
 Increase of steaming time caused a reduction (P <0.05) of phytic acid content, trypsin inhibitor activity, 
and total biogenic amines content (Table 19). The amines content in dhokla was 269 µg/g. Therefore, the 
optimum steaming time of 20 min was effective in reducing accumulated amines during fermentation.  
 The experimentally validated optimized process condition of dhokla preparation stages is shown in Fig. 
22. The final steamed product (dhokla) experienced a reduction of tannins content, phytic acid content, trypsin 
inhibitor activity, haemagglutinating activity and total biogenic amines content by 100%, 94%, 92%, 100% and 
20%, respectively, over the average values of raw ingredients.      
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                                   Fig. 22. The optimized and experimentally validated process 
                                   conditions (within boxes) of dhokla-making. 
 
Dhokla, prepared from batter having 8 g/kg added salt, fermented under optimized conditions of 32°C for 18 h, 
scored maximum (95), ranking “excellent” in terms of sensory attributes (Table 43). 
 

 


