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phenolic compounds which are good sources of natural 
antioxidants [1]. Pearl millet is a principal source of energy, 
protein, vitamins and minerals for millions of the poor-
est people in the regions where it is cultivated [2]. Due to 
good nutritional and phytochemical properties it has gained 
considerable attention as a botanical dietary supplement in 
many functional foods. Nutritional knowledge of functional 
foods also helps to improve the health of consumers [3].

Thermal treatments may reduce or increase the phenolic 
content and the antioxidant activities of cereals, depend-
ing on heat treatment, provided time period and the type 
of cereal tested [4, 6]. Therefore, it is necessary to find an 
effective processing method to enhance these compounds. 
As consumers are becoming more health conscious, they 
demand for mild processing treatments which have fewer 
effects on the nutritional compounds. In India, both toast-
ing and cooking treatments are widely used to process vari-
ety of cereals and millets including pearl millet. The study 
of these treatments will provide useful information to con-
sumers, food industry as well as breeders. The literature 
searched also pointed towards scarce information on the 
effect of different processing conditions on the antioxidant 
properties of pearl millets. Therefore, the present investi-
gation was undertaken to study the antioxidant properties 
of commercially important pearl millets cultivars grown in 
India after thermal treatments (toasting and cooking).

Materials and methods

Materials

Pearl millet cultivars (HC-10, HHB-67, HHB-223, HHB-
226 & W-445) were procured from Chaudhary Charan 
Singh Haryana Agriculture University, Hissar, India 
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Introduction

Pearl millet (Pennisetum glaucum L.) is a drought tolerant 
cereal crop grown primarily as a food grain in India and 
Africa. India is the largest producer of the pearl millet in 
the world. Cereals and millets are the most commonly con-
sumed food items in India. They contain a wide range of 
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whereas GHB-732 cultivar was procured from Pearl Millet 
Research Station, Jamnagar, Gujarat, India.

Toasting

Grains were toasted according to method described by 
Fares and Menga [7]. Different pearl millet cultivars (200 g 
each) were conditioned to a moisture content of 10% to 
maintain uniformity during toasting process and toasted at 
115 ± 5 °C in an oven (NSW-143, New Delhi, India). Grains 
were then milled in a flour mill and the flour so obtained 
was passed through the 70 mesh sieve. It was then packed 
in the polythene bags till further use.

Cooking

Pearl millet (25  g) grains were cooked in 150  ml boiling 
distilled water on a hot plate (MAC, New Delhi, India). 
Few grains were collected after 10 min interval and there 
after 1 min interval during the cooking operation to deter-
mine the extent of cooking by pressing between the two 
glass slides. Cooking time was recorded as the time taken 
until the disappearance of white core in more than 95% of 
collected grains. Grains were then milled in a flour mill and 
the flour so obtained was passed through the 70 mesh sieve. 
It was then packed in the polythene bags till further use.

Hunter color characteristics

Color measurements of pearl millet flour samples were 
carried out using a Hunter colorimeter Model D 25 opti-
cal Sensor (Hunter Associates Laboratory Inc., Reston, VA, 
USA) on the basis of L*, a* and b* values [8]. A glass cell 
containing flour was placed above the light source, covered 
with a white plate and L*, a* and b* color values were 
recorded. The instrument (45°/0° geometry, 10° observer) 
was calibrated against a standard red-colored reference tile 
(Ls = 25.54, as = 28.89, bs = 12.03).

Where the L* value indicates the lightness, 0–100 rep-
resenting dark to light, a* value gives the degree of the 
red–green color, with a higher positive a* value indicat-
ing more red. The b* value indicates the degree of the yel-
low–blue color, with a higher positive b* value indicating 
more yellow.

Antioxidant activity using DPPH

Antioxidant activity (AOA) was measured following a 
modified version of the method described by Brand-Wil-
liams et  al. [9]. Ground pearl millet samples (100  mg) 
were extracted with 1  ml of methanol for 2  h and centri-
fuged at 3000×g for 10 min. The supernatant (100 µl) was 
reacted with 3.9 ml of a 6 × 10−5 mol/l of DPPH solution. 

Absorbance (A) at 515 nm was read at 0 and 30 min tak-
ing a methanol as a blank. AOA was calculated as % 
discoloration.

Total phenolic content

The total phenolic content (TPC) was determined by fol-
lowing the Folin–Ciocalteu specterophotometric method 
described by Gao et  al. [10]. Pearl millet flour samples 
(200  mg) were extracted with 4  ml acidified methanol 
(HCl/methanol/water, 1:80:10, v/v/v) at room tempera-
ture (25 °C) for 2 h using wrist action shaker. The mixture 
was centrifuged at 3000×g for 10 min on a centrifuge. The 
supernatant was used for determination of TPC. Aliquot of 
extract (200  µl) was added to 1.5  ml freshly diluted (20-
fold) Folin–Ciocalteu reagent. The mixture was allowed to 
equilibrate for 5 min and then mixed with 1.5 ml of sodium 
carbonate solution (60 g/l). After incubation at room tem-
perature (25 °C) for 90  min, the absorbance of the mix-
ture was read at 725 nm. Acidified methanol was used as a 
blank and the results were expressed as a µg of gallic acid 
equivalents (GAE)/g of flour.

Total flavonoids content

The total flavonoids content (TFC) was determined by fol-
lowing the method as described by Jia et  al. [11]. Pearl 
millet flour samples (200  mg) were extracted with 4  ml 
acidified methanol (HCl/methanol/water, 1:80:10, v/v/v) at 
room temperature (25 °C) for 2 h using wrist action shaker. 
The mixture was centrifuged at 3000×g for 10  min on a 
centrifuge. The supernatant was used for determination of 
TFC. Extract (250  μl) was diluted with 1.25  ml distilled 
water. Sodium nitrite (75 μl of 5% solution) was added and 
the mixture was allowed to stand for 6 min. Further, 150 μl 
of a 10% aluminium chloride was added and the mixture 
was allowed to stand for 5 min. After that, 0.5 ml of 1 M 
sodium hydroxide was added and solution was mixed well. 
The absorbance was measured immediately at 510  nm 
using a spectrophotometer (Systronics-106, Ahmadabad, 
India). Catechin was used as standard and the results were 
reported as µg of catechin equivalents (CE)/g of flour.

Metal chelating activity

The metal chelating activity (MCA) of pearl millet extract 
was measured by following the method described by Dinis 
et  al. [12]. The extract (0.5  ml) was mixed with 50  μl of 
ferrous chloride (2  mM/l) and 1.6  ml of 80% methanol 
was added. After 5  min, the reaction was initiated by the 
addition of 5 mM/l ferrozine (100 μl) and the mixture was 
shaken on vortex. The mixture was incubated at room 

%AOA = (1 − (A of samplet = 30/A of controlt = 0)) × 100
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temperature (25 °C) for 10 min. Absorbance of solution was 
measured at 562 nm on a spectrophotometer. The chelating 
activity of the extract for Fe2+ was calculated as follows:

ABTS+ scavenging capacity

ABTS+ scavenging capacity was measured by following 
the method described by Re et  al. [13]. This involved the 
use of free radical ABTS, 2,2-azinobis(3-ethylbenzothia-
zoline-6 sulfonic acid) diammonium salt. ABTS+ was gen-
erated by oxidation of ABTS with potassium persulfate. 
3  ml of ABTS+ solution was mixed with 30  µl extract in 
disposable microcuvette and the decrease of absorption was 
measured after 1 min of incubation.

Statistical analysis

The data shown in all the tables are an average of triplicate 
observations and were subjected to one way analysis of var-
iance (ANOVA) using Minitab statistical software version 
14 (Minitab Inc, USA).

Results and discussion

Hunter color values of flours

Color parameters of flours from toasted and cooked grains 
were evaluated using hunter color lab (Table 1). After toast-
ing, L* value was significantly (p < 0.05) reduced in com-
parison to control or unprocessed counterpart sample, the 
highest for flours from cv.W-445 whereas the lowest was 
observed for cv.HHB-67 flour. Toasting resulted in higher 
a* values indicating more redness with values ranging from 
0.36 to 1.76, flour from cv.W-445 showed the maximum 

Iron (Fe2 + ) chelating activity (% ) = {1 − (Absorbance of sample/Absorbance of control)} × 100

redness. b* value was also increased upon toasting with 
flours from cv.W-445 showing the maximum yellowness. 
Sandhu et al. [14] observed the similar trend of decrease in 

L* value and increase in the both a* and b* values of flours 
from oat cultivars after toasting. L* value of flours, how-
ever, increased in comparison to control counterparts after 
the cooking and the values ranged from 75.5 to 83.5; the 
highest and the lowest being observed for flours from cv.W-
445 and cv.HC-10 respectively. Both a* and b* values were 
decreased after cooking. Yadav et al. [15] reported increase 
in L* value and decreased in a* and b* values after hydro-
thermal treatment till 20 min. Comparison of L* values of 
flours after toasting and cooking methods revealed higher 
L* values after cooking. On the contrary a* and b* values 
for flours after toasting were significantly (p < 0.05) higher 
than those after cooking.

Total phenolic content

The total phenolic content (TPC) of flours from con-
trol cultivars varied significantly (p < 0.05) and ranged 
from 2394 to 3137  μg GAE/g, with cv.GHB-732 and 
cv.HHB-223 having the highest and the lowest values 
(Data already published, Siroha et  al. [16]). Toasting 
led to a significant increase in the TPC by 4.3 to 22.1% 
(Table 2). Sandhu et al. [14] also reported the increase in 
TPC of oat cultivars after toasting. The increase in TPC 
after toasting which is less severe heat treatment may be 
due to the release of bound phenolic compounds. Boateng 
et al. [17] also concluded that increase of phenolic com-
pounds could be associated with release of more bound 
phenolics from the breakdown of cellular constituents 
during thermal treatment. Wanyo et al. [18] also reported 

Table 1   Hunter color values of 
flours after toasting and cooking

a, b, c, d, and e superscripts are significantly (p < 0.05) different column wise within different cultivars 
whereas p and q superscripts are significantly (p < 0.05) row wise within a cultivar for different process-
ing conditions. Subscripts denote the percentage increase (↑) decrease (↓) from control samples for cor-
responding properties

Cultivars Toasting Cooking

L* a* b* L* a* b*

HC-10 73.9abp
↓1.5 0.80cq

↑11.1 11.3abq
↑6.6 75.5aq

↑0.5 0.68dp
↓5.5 9.9abp

↓6.6

HHB-67 73.1ap
↓3.8 0.64bq

↑48.8 10.9aq
↑4.8 79.7bq

↑4.8 0.14ap
↓67.4 9.9abp

↓4.8

HHB-223 75.6cp
↓3.5 0.36aq

↑12.5 11.1aq
↑12.1 83.4dq

↑6.3 0.07ap
↓78.1 9.2ap

↓7.0

HHB-226 74.8bp
↓3.8 0.63bq

↑6.7 11.6bq
↑6.4 83.5dq

↑7.3 0.22bp
↓62.7 10.2bp

↓6.4

W-445 75.7cp
↓2.3 1.76dq

↑7.3 14.2dq
↑5.1 83.4dq

↑7.6 0.96ep
↓41.4 12.0dp

↓11.1

GHB-732 74.5bp
↓1.1 0.80cq

↑8.1 12.5cq
↑8.6 80.8cq

↑7.1 0.37cp
↓50.0 10.5cp

↓8.6



875Effect of heat processing on the antioxidant properties of pearl millet (Pennisetum glaucum…

1 3

the increase in phenolic component in rice sample after 
the far-infrared (FIR) radiation heat treatment.

On contrary to toasting, cooking led to decrease in 
the TPC by 16.4 to 39.1% (Table  2), with cv.HHB-223 
showing the maximum effect. Chandrasekara et  al. [19] 
reported that after processing cooking in pearl millet the 
TPC was decreased. They concluded that the reduced 
TPC after boiling in millet grains could be due to the 
degradation of phenolics upon heat treatment or leach-
ing into the endosperm to form complexes with proteins 
and other macromolecules, thus making phenolics less 
extractable. Siah et  al. [20] also reported that boiling 
decreases the TFC of faba bean cultivars. Cardoso et al. 
[21] also reported that cooking in water reduced the con-
tent and retention of phenolic compounds in sorghum 
flour. These reductions may be due to the loss of the com-
pounds in the cooking water [22]. When both toasting 
and cooking methods were compared, toasting showed 
higher TPC values as compared to cooking.

Total flavonoids content

Flavonoids have generated interest because of their broad 
human health promoting effects, most of which are related 
to their antioxidant properties and to synergistic effects with 
other antioxidants [23]. Total flavonoids component (TFC) 
of flours from different pearl millet from control cultivars 
ranged from 1721 to 2484 µg catechin equivalent (CE)/g, 
the highest for cv.HC-10 and the lowest for cv.HHB-223 
was observed [Data already published, 16]. Upon toasting, 
TFC of flours increased by 3.4–62.6% (Table 3), the larg-
est increase being observed for cv.HHB-223. Pradeep and 
Guha [24] reported that heat treatment increased the TFC 
in millets. On the contrary when pearl millet was cooked 
their flours showed decrease in TFC by 6.9 to 81.3% 
(Table  3), with cv.W-445 having the maximum effect. 
Sharma et al. [23] reported that a significant decrease in the 
TFC was observed upon extrusion cooking. Sharma and 
Gujral [25] reported the decrease in flavonoids after heat 
treatment. The flavonoids are heat susceptible phenolic 
compounds therefore heat exposure during heat treatment 
decrease these components [26, 27]. Comparison of both 
processing methods for TFC values revealed toasting as a 
better processing alternative.

Metal chelating activity

The transition metals have been reported to be catalysts for 
the initial formation of free radicals. The metal chelators 
may stabilize metal ions in the living system and inhibit 
the radical producer hence reduce the free radical damage 
[28]. Metal chelating activity (MCA) of different control 
pearl millet cultivars ranged between 6.7 and 20.3% [Data 
already published, 16]. MCA after toasting and roasting is 
shown in Fig.  1. Toasting led to a significant increase in 

Table 2   Total phenolic content (µg  GAE/g) of flours after toasting 
and cooking

a, b, c, d, e and f superscripts are significantly (p < 0.05) different 
column wise within different cultivars whereas p and q superscripts 
are significantly (p < 0.05) row wise within a cultivar for different 
processing conditions. Subscripts denote the percentage increase (↑) 
decrease (↓) from control samples for corresponding properties

Cultivars Toasting Cooking

HC-10 2795aq
↑4.7 1754cp

↓34.2

HHB-67 2867bq
↑12.2 2088ep

↓18.2

HHB-223 2925cq
↑22.1 1456ap

↓39.1

HHB-226 2794aq
↑4.3 1966dp

↓26.5

W-445 2914cq
↑21.2 1632bp

↓32.1

GHB-732 3681dq
↑17.3 2620fp

↓16.4

Table 3   Total flavonoids Content (µg CE/g) of flours after toasting 
and cooking

a, b, c, d, e and f superscripts are significantly (p < 0.05) different 
column wise within different cultivars whereas p and q superscripts 
are significantly (p < 0.05) row wise within a cultivar for different 
processing conditions. Subscripts denote the percentage increase (↑) 
decrease (↓) from control samples for corresponding properties

Cultivars Toasting Cooking

HC-10 2569cq
↑3.4 569bp

↓77.0

HHB-67 2884eq
↑22.9 1018dp

↓56.5

HHB-223 2799dq
↑62.6 969cp

↓43.6

HHB-226 1930aq
↑7.2 1675fp

↓6.9

W-445 3660fq
↑52.1 448ap

↓81.3

GHB-732 2309bq
↑13.4 1114ep

↓45.2
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tivars whereas superscript (p and q) are significantly (p < 0.05) differ-
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the MCA by 29.5–67.9%, the largest increase was observed 
for cv. HHB-223 whereas cv.GHB-732 had the smallest 
increase. Sandhu et al. [14] observed that after toasting, the 
MCA increased significantly (p < 0.05) for oat cultivars. 
The increase in metal chelation after heat treatment may 
be due to alteration of phenolic structure and/or degrada-
tion of phenolic compounds to different maillard reaction 
products like melanoids which could also act as antioxi-
dants [29, 30]. Upon cooking, MCA of pearl millet flours 
were increased and this increased by 39.6 to 94.7%, with 
cv.HHB-223 showing the maximum effect. Sharma and 
Gujral [25] reported that after the cooking processing the 
MCA among barley cultivars was increased. When both 
methods were compared cooking showed higher MCA 
values.

Antioxidant activity

DPPH is a stable free-radical compound widely used to test 
the free-radical scavenging ability of various samples [31]. 
Antioxidant activity (AOA) of different control pearl millet 
cultivars varied significantly (p < 0.05) and ranged between 
31.8 and 46.7% [Data already published, 16]. Antioxidant 
activity (%) after toasting and roasting is shown in Fig. 2. 
Upon toasting, AOA of pearl millet flours increased and 
this increased by 6.5 to 23.5%, the highest increase was for 
cv.HHB-223 whereas lowest was observed for cv.W-445. 
Dewanto et al. [32] found an increase in AOA after thermal 
treatment for sweet corn. Pradeep and Guha [24] reported 
that the radical scavenging activity of processed millet 
extracts increased when compared to their native coun-
terpart sample. An increased AOA activity can be attrib-
uted to the formation of non-enzymatic browning products 
especially melanoids at high temperatures which contrib-
ute to AOA [25]. Cooking led to a significant decrease in 

AOA by 9.6 to 37.4%, the highest and the lowest decrease 
was observed for flours from cv.W-445 and cv.GHB-732, 
respectively. Chandrasekara et al. [19] reported a decrease 
in AOA in the millets after cooking. Xu and Chang [33] 
also found that after processing different grains, the DPPH 
radical scavenging was significantly reduced when com-
pared to their counterpart sample. A decrease in AOA after 
cooking may be due to the activity leached into the boiling 
water [34]. AOA after toasting had higher values than the 
values after cooking.

ABTS+ scavenging activity

The antioxidative capacity of test compounds is assessed 
by measuring their ability to reduce the ABTS radical to 
its non radical form. ABTS+ activity of different control 
pearl millet cultivars varied from 18.3 to 25.0%, with cv.W-
445 showing the maximum activity. Salar and Purewal [35] 
observed ABTS+ activity from 27.0 to 52.01% for differ-
ent pearl millet cultivars. ABTS+ (%) scavenging activ-
ity of flours after toasting and cooking is shown in Fig. 3. 
After toasting ABTS+ activity of flours increased by 0.3 
to 25.5% with cv.GHB-732 showing the maximum effect. 
Chandrasekara and Shahidi [19] also reported an increase 
in AOA values of thermally treated cashew kernels com-
pared to that of its unroasted counterparts. It has been also 
reported that during thermal treatment Maillard products 
such as HMF (5-hydroxymethyl-2-furaldehyde) are formed 
and contributed to AOA [36]. Cooking, however, had the 
reverse effect as compared to toasting and ABTS+ scav-
enging activity decreased by 22.8 to 54.1%. Most of the 
phenolic compounds are found to be heat sensitive, which 
could be the reason for their significant decrease in scav-
enging activity upon cooking [37]. Comparison of both 
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processing methods revealed that toasting resulted in higher 
ABTS+ scavenging activity than cooking.

Conclusions

Antioxidant as well as hunter color properties of flours 
from pearl millet cultivars were significantly (p < 0.05) 
affected after toasting and cooking. Comparison of both the 
methods of processing revealed that toasting significantly 
(p < 0.05) increased TPC, TFC, AOA, and ABTS+ scav-
enging activity as compared to cooking. MCA, however, 
was higher for flours after cooking. Toasting thus resulted 
in increase of all the antioxidant properties whereas except 
for MCA, cooking decreased all the antioxidant proper-
ties. Cv.HHB-223 was affected the most for TPC, TFC, 
MCA and AOA. Further research is required to study the 
enhancement or degradation of antioxidant compounds 
after toasting and cooking processing of pearl millets.
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