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Abstract: Pearl millet is an important food crop in the arid and semi-arid regions of Asia and Africa. It is a
cheap source for several nutrients when compared to other cereals. Although the nutritive value of pearl millet
is comparable to other cereals, its use has been limited due to the presence of anti-nutritional factors that result
in poor digestibility and reduced palatability. It has been reported that various processing treatments such as
soaking, sprouting and roasting could reduce the anti-nutritional factors. However, the changes in nutritional
levels in response to different treatments are not yet clear. The main objective was to estimate the changes in
anti-nutritional factors (total phenols and tannins), mineral contents (phosphorus, iron, calcium, potassium,
magnesium, copper, zinc and manganese) and enzyme activities (α-amylase, β-amylase, acid phosphatase and
protease) as affected by soaking, sprouting and roasting treatments. The experiment was conducted using a
traditional (CO7) and a hybrid (COHCU-8) pearl millet variety. Untreated raw dry pearl millet seeds were used
as control in the experiment. The results revealed that sprouting treatments were efficient in reducing anti-
nutritional factors while increasing enzyme activities and maintaining mineral contents. 
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INTRODUCTION

Pearl millet is one of the major staple food crops in
the dry and rural regions of India [5,11]. As a fourth most
important cereal crop, it provides ample nutrients and
minerals to the people of India [5]. Although pearl millet is
mainly grown for human consumption, it also serves as
fodder for animals and raw material for animal feed
industries [8]. Pearl millet occupies around 7.4% of the
total food grain area of India and contributes to nearly
3.4% of the total food grain production of the country [3].
Pearl millet is an excellent source of nutrients and is
comparable to other cereals with regard to protein, fat and
mineral contents [15]. Pearl millet is particularly rich in
zinc and iron and has a high level of fat when compared
to other cereals. However, due to the presence of hard
seed coat and high fibre content, it has poor consumer
appeal. In addition, the presence of anti-nutritional
compounds such as phenols and tannins reduces its
preference and for this reason, it is not ideal in the
preparation of weaning foods [1,19]. 

It has been suggested that various processing
methods could reduce the anti-nutritional factors and
improve  the  nutritional  quality of pearl millet [6].
Soaking  is  an essential processing method which is
simple and saves fuel as it facilitates cooking[22].

Sprouting facilitates reduction in anti-nutritional
compounds and increases enzymatic activities in minor
millets [14]. Cereal grains constitute a major portion of
Indian diets and in addition to baking and boiling, a
number of products are made after roasting. Though
roasted grains are not part of regular meals, they
significantly contribute to the daily intake of cereals in the
form of snacks. It is hypothesized that different
processing treatments would reduce the anti-nutritional
qualities while conserving essential nutritional
compounds in pearl millet.

MATERIALS AND METHODS

Pearl millet traditional (CO7) and hybrid (COHCU-8)
seeds were obtained from Tamil Nadu Agricultural
University, Coimbatore, India. Sprouting, soaking and
roasting treatments were carried out to investigate the
changes in anti-nutritional factors, minerals and enzyme
activities. The dry, untreated pearl millet seeds were
finely powdered and were used as control. 

Soaking: In soaking treatments, the raw, clean seeds were
soaked in distilled water for 14 hrs at room temperature.
The soaked seeds were dried at 600C and powdered and
used for further analysis. 
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Sprouting: Sprouting was done by soaking the seeds
overnight in distilled water at room temperature. The
seeds were placed between the folds of Whatmann No.1
filter paper. Continuous watering was done for 48 hours
and the seeds were allowed to germinate. The sprouted
seeds were dried at 600C, powdered and used for further
analysis. 

Dry heat treatment: In dry heat treatments, the dry,
whole grains were heated at 1100C for one hour in hot air
oven. The treated seeds were then powdered and used for
further analysis. 

Nutrient analysis: Anti-nutritional factors such as total
phenols (g100g-1) and tannins (g100g-1) as well as
enzymes such as α-amylase (mm of maltose ml-1 min-1),
β-amylase (mm of maltose ml-1 min-1), acid phosphatase
(mm of phosphorus ml-1 min-1) and protease activities
(mm of tyrosine ml-1 min-1) were estimated [24]. Mineral
contents such as phosphorus (mg100g-1), iron (mg100g-1),
calcium (mg100g-1), potassium (mg100g-1), magnesium
(mg100g-1), copper (mg100g-1), zinc (mg100g-1) and
manganese (mg100g-1) were also analyzed [13]. 

RESULTS AND DISCUSSIONS

Anti-nutritional factors: The results revealed that there
was a significant reduction in the anti-nutritional
compounds such as total phenols and tannins during
soaking, sprouting and roasting treatments in both the
traditional (CO7) and the hybrid (COHCU-8) pearl millet.
Among them, sprouting treatments were very effective in
reducing total phenols and tannins when compared to
untreated  control  in  both  CO7   and  COHCU-8
(Table1, Fig1). 

Decrease in anti-nutritional factors during soaking
treatments might be attributed to the leaching of
polyphenols in soaking water [14]. In addition to leaching,
increased enzymatic hydrolysis might have facilitated the
reduction of total phenols and tannins in sprouting
treatments [4,10]. 

Reduction in total phenols and tannins during
roasting treatments, might be due to the loss of
compounds while treating at a high temperature [27]. While
comparing the traditional (CO7) and the hybrid
pearlmillet  (COHCU-8), amount of anti-nutritional
factors present in the seeds were less in the hybrid
(Table1, Fig.1). 

Table 1: Effect of different processing methods on the anti-nutritional factors, minerals and enzyme activities of pearl millet variety CO7
Treatments
-----------------------------------------------------------------------------------------------------------

Parameters Soaking Sprouting Roasting Control
Anti-nutritional factors
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total phenols (g100g-1) 2.55 (0.18) a* 0.68 (0.08) b* 2.27 (0.22) c* 3.00 (0.14)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tannins (g100g-1) 1.40 (0.02) a* 1.00 (0.03) b* 1.30 (0.02) c* 1.52 (0.02)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Minerals
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total phosphorus (mg100g-1) 360. (5.00) a* 320 (5.00) b* 347 (7.64) c* 371 (5.77)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron (mg100g-1) 8.4 (0.1) aNS 8.2 (0.2) bNS 8.3 (0.2) cNS 8.6 (0.2)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Calcium (mg100g-1) 27.0 (1.0) a* 19.0 (1.0) b* 21.0 (2.0) c* 32.0 (2.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potassium (mg100g-1) 27 (2.0) aNS 23 (1.0) b* 22.0 (2.0) c* 29.0 (1.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Magnesium (mg100g-1) 110.0 (5.0) a* 95.0 (5.0) b* 115.0 (5.0) c* 120 (5.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Copper (mg100g-1) 1.32 (0.02) a* 0.97 (0.02) b* 1.13 (0.02) C* 1.44 (0.02)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zinc (mg100g-1) 5.11 (0.02) aNS 4.47 (0.02) b* 4.80 (0.02) c* 5.20 (0.1)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Manganese (mg100g-1) 5.02 (0.02) a* 4.37 (0.02) b* 4.67 (0.02) c* 5.12 (0.04)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Enzyme activity
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α-amylase (micromoles of maltose ml-1 min-1) 7.67 (0.47) a* 14.67 (0.47) b* 3.00 (0.47) c* 5.33 (0.47)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 β-amylase (micromoles of maltose ml-1 min-1) 10.00 (0.47) a* 14.33 (0.47) b* 6.00 (0.47) c* 8.00 (0.47)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acid phosphate (micromoles of phosphorus ml-1 min-1) 3.83 (0.12) a* 5.67 (0.12) b* 2.50 (0.12) c* 3.14 (0.14)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protease (micromoles of tyrosine ml-1 min-1) 4.99 (0.12) a* 7.00 (0.23) b* 3.00 (0.12) c* 4.00 (0.23)
Statistical comparisons: a-control Vs soaking; b-control Vs sprouting; c-control Vs roasting; *P<0.05; NS-Not-significant
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Fig. 1: Effect of different processing methods on the anti-nutritional contents of the hybrid COHCU-8.

Table 2: Effect of processing treatments on the mineral quality of the pearl millet hybrid COHCU-8
Treatments
--------------------------------------------------------------------------------------------------------------------------------------

Parameters Soaking Sprouting Roasting Control
Total phosphorus (mg100g-1) 380 (5.0)a* 330 (5.0)b* 370 (5.00)c* 390 (5.00)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron (mg100g-1) 8.6 (0.10)aNS 8.3 (0.2)b* 8.2 (0.2)c* 8.8 (0.2)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Calcium (mg100g-1) 28 (2.0)a 22 (2.0)b* 27 (2.0)c* 33 (3.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potassium (mg100g-1) 28 (2.0)aNS 22 (2.0)b* 27 (1.0)cNS 30 (2.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Magnesium (mg100g-1) 130 (5.0)a* 110 (5.0)b* 120 (5.0)c* 140 (5.0)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Copper (mg100g-1) 1.56 (0.02)a* 1.02 (0.02)b* 1.28 (0.02)c* 1.66 (0.04)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zinc (mg100g-1) 4.01 (0.01)a* 3.62 (0.02)b 3.9 (0.10)c* 4.12 (0.02)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Manganese (mg100g-1) 4.49 (0.02)aNS 3.86 (0.02)b 4.1 (0.20)c* 4.65 (0.02)
Statistical comparisons: a-control Vs soaking; b-control Vs sprouting; c-control Vs roasting; *P<0.05; NS-Not-significant

Minerals: In general, different processing methods
reduced  mineral  contents  of pearl millet due to
metabolic loss of nutrients. There was a significant
reduction in total phosphorus and calcium contents in all
the treated samples of the variety (CO7) and hybrid
(COHCU-8) pearl millet when compared to the control
(Table1, Table2). 

Though there was a decline in iron content of all the
treated samples of the variety CO7, it was not statistically
significant. With respect to the hybrid COHCU-8,
sprouting and roasting treatments significantly reduced
the iron content while the reduction was not significant in
soaking treatments (Table2). Copper and zinc contents
were significantly decreased in all the treatments in
COHCU-8. Though the reduction in manganese content
during soaking was not significant, sprouting and roasting
treatments reduced it significantly (Table2). In CO7,
copper and manganese contents were significantly
decreased in all the treatments while zinc level was
decreased only with sprouting and roasting and not with
soaking treatments (Table1). 

With respect to potassium content, the decrease was
not significant during soaking and roasting whereas the

magnesium content decreased significantly in all the
treated samples of COHCU-8 (Table2). Regarding CO7,
there was a significant decrease in potassium content in
sprouting and roasting treatments and the reduction was
not significant in soaking treatments. Conversely,
magnesium content decreased significantly during
soaking and sprouting treatments and not with roasting
treatments (Table1). Hybrid pearl millet (COHCU-8)
recorded higher levels of mineral contents when
compared to the traditional variety (CO7) (Table1,
Table2). 

In  general,  reduction  in  the  levels  of mineral
contents  was  primarily  due  to  the loss that occurs
during  different  treatments  [9,20].  The reduction in
mineral  contents  during  soaking and sprouting
treatments might be due to the leaching out of minerals in
the soaking water [7,16,18,21,25]. The decrease in mineral
contents  with  sprouting   treatments   might   also   be
due  to  the  metabolic  losses  and  transfer  of  nutrients
to the growing embryo [18,28,21]. The reduction in the
mineral contents  with  roasting  treatments  might  be
attributed to  the  loss  of nutrients while treating at high
temperature [21,17]. 
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Fig. 2: Influence of processing treatments on enzyme activities of the pearl millet hybrid COHCU-8.

Enzyme activities: Compared to control, there was a
significant increase in the activities of enzymes such as α-
amylase, β-amylase, acid phosphatase and protease during
soaking and sprouting treatments in both the traditional
(CO7) and hybrid (COHCU-8) pearl millet. On the other
hand, all the enzyme activities were significantly
decreased with roasting treatments in both the cultivars
(Table1, Fig.2).

Seed  germination  triggers  several metabolic
changes and in turn increases the activity of various
enzymes including α-amylase, β-amylase, acid
phosphatase and proteases, which are either present in the
mature seed or induced during germination [23]. α and β-
amylases mediate starch hydrolysis during germination
which is necessary for growth maintenance in the
germinating seeds [23].

Amylose degradation during seed germination was
reported to be related to the increase in the α-amylase
activity. Thus, significant increase in the activity of α-
amylase coincided with higher reduction in amylose
content [23]. β-amylases on the other hand, were present in
an inactive, latent form and were activated during seed
germination [2].. Increase in the level of acid phosphatase
activity with soaking and sprouting treatments could be
attributed to the induction of enzyme activity during seed
germination [23]. The low level of proteolytic enzyme
activity observed in the resting seeds was significantly
increased during germination [12,23]. There was a
significant positive correlation between protease activity
and free amino acids during the germination of minor
millets [23]. The increase in the levels of protease activity
in germinating seeds might be due to the decreased
enzyme inhibitor activity [26]. Conversely, the decrease in
proteolytic enzyme activity during roasting treatments
could be due to enzyme deactivation [26]. 

Conclusion: There was a significant variation with
respect to anti-nutritional factors, mineral contents and
enzyme activities in both the traditional (CO7) and the
hybrid (COHCU-8) pearl millet in response to different
processing treatments. Among them, sprouting treatments
performed well in reducing anti-nutritional factors while
increasing the enzyme activities and conserving mineral
contents. It was also found that the hybrid (COHCU-8)
appears to be the best source of minerals compared to the
traditional variety (CO7). Considering the above
mentioned benefits, it is recommended that sprouted pearl
millet seeds could be used to obtain high quality malt.
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