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Methanolic extracts of whole grains of five millet types and two sorghum

varieties were evaluated for anti-lipidemic, anti-inflammatory, and a range

of anti-oxidant properties in vitro (n = 3 each). Furthermore, proximate

composition (n = 3 each) was also studied. Results showed significant

di�erences (P < 0.05) among the selected samples for studied parameters.

Pancreatic lipase and cholesterol esterase inhibitory activities of selected

samples (2 mg/ml) ranged from 21.16 ± 1.58 to 66.65 ± 3.30 and 17.43

± 0.60 to 52.09 ± 1.61%, respectively. Nitric oxide inhibitory activity of

selected samples (2 mg/ml) ranged from −1.17 ± 0.32 to 13.56 ± 0.93%.

Total polyphenolic content (TPC), total flavonoid content (TFC), and total

proanthocyanidin content (TPAC) were in the range of 0.19 ± 0.01–12.50

± 0.87mg gallic acid equivalents/g, 0.05 ± 0.00–1.57 ± 0.01mg quercetin

equivalents/g, and 0.35 ± 0.01–12.87 ± 0.25mg cyaniding equivalents/g

of samples, respectively. Ferric reducing anti-oxidant power, oxygen radical

absorbance capacity, ferrous ion chelating activity, and ABTS and DPPH

anti-oxidant properties ranged from 0.15 ± 0.00 to 4.56 ± 0.03mg of Trolox

equivalents (TEs)/g, 0.19± 0.01 to 8.50± 0.72mg of TEs/g, 0.13± 0.00 to 0.79

± 0.03mg EDTA equivalents/g, 0.22 ± 0.00 to 25.57 ± 0.35mg of TEs/g, and

0.07 ± 0.00 to 22.97 ± 0.83mg of TEs/g of samples, respectively. Among the
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studied samples, pigmented sweet sorghum exhibited the highest activities for

all the tested parameters. The observed activities were moderate compared to

the reference standards used. The highest values for proximate composition

parameters tested varied with the di�erent samples studied. In conclusion,

the consumption of especially pigmented millet and sorghum in Sri Lanka

may play an important role in the prevention and management of oxidative

stress–associated chronic diseases. This is the first study to report pancreatic

lipase and cholesterol esterase inhibitory activities of any millet types and

sorghum varieties in Sri Lanka and the first report of cholesterol esterase

inhibitory activity of millet and sorghum the world over.

KEYWORDS

millet, sorghum, anti-lipidemic, anti-inflammatory, anti-oxidant, proximate

composition

Introduction

Plant-based materials have long been used for treating a

variety of diseases, improving lipid profiles, and managing

inflammation (Singh et al., 2016; Yousuf et al., 2016; Pohl

and Kong Thoo Lin, 2018). They are potential sources for the

development of functional foods, nutraceuticals, and modern

drugs (Singh and Sashidhara, 2017; Wilson et al., 2017; Jain

et al., 2018). Millets and sorghum are small-seeded grasses and

are dietary staples for millions of people living in the semi-

arid tropics of Asia and Africa (Vila-Real et al., 2017; Chisi

and Peterson, 2019). Whole grains of millets and sorghum

are reported to have a variety of health benefits including

anti-lipidemic, anti-inflammatory, and anti-oxidant activities

worldwide (Chandra et al., 2016; Sarita and Singh, 2016;

Simnadis et al., 2016; Bhat et al., 2018; Jayawardana et al.,

2021). Currently, there is a growing interest to explore and

identify functional dietary staples which could be effectively

used as vehicles for the prevention and management of

hyperlipidemia and oxidative stress–associated chronic diseases,

namely, diabetes, cancer, cardiovascular diseases, and other

inflammatory diseases (Jew et al., 2009; Senevirathne et al.,

2021).

Although there are reported studies on the health benefits

of millets and sorghum the world over (Chandra et al., 2016;

Sarita and Singh, 2016; Simnadis et al., 2016; Bhat et al., 2018;

Jayawardana et al., 2021), studies addressing anti-inflammatory

(Burdette et al., 2010; Shi et al., 2017; Jayawardana et al., 2021)

and lipase inhibitory activity (Irondi et al., 2019; Jakubczyk

et al., 2019) which are related to the anti-lipidemic property of

sorghum and millet are scanty to date. Furthermore, reported

findings have shown variation in activity depending on the

genotype and availability of pigments in the grains (Awika

et al., 2003; Dykes et al., 2005; Chandrasekara and Shahidi,

2010). To the best of our knowledge, there are no previous

reports on cholesterol esterase inhibitory activity of millet and

sorghum worldwide.

In Sri Lanka, millets and sorghum are important cereals

(Kumari et al., 2017, 2020; Jayawardana et al., 2018, 2021;

Senevirathne et al., 2021) and a range of millet types and

sorghum varieties are being cultivated island-wide. Recent

research conducted in the country was able to report glycemic

regulatory properties of a range of millet types and sorghum

varieties in Sri Lanka through anti-amylase, anti-glucosidase,

antiglycation, and glycation-reversing activities (Senevirathne

et al., 2021; Jayawardana et al., 2022). Furthermore, anti-

oxidant (Chandrasekara and Shahidi, 2010; Kumari et al.,

2017; Jayawardana et al., 2018), anti-microbial (Jayawardana

et al., 2020), and anti-inflammatory properties (Jayawardana

et al., 2021) of some millet types in Sri Lanka have also been

reported. However, the anti-oxidant properties of sorghum

varieties and anti-lipidemic properties of any of the millet types

and sorghum varieties in Sri Lanka have not been previously

reported. Furthermore, a comparative study addressing a

range of anti-oxidant, anti-inflammatory, and anti-lipidemic

properties for a wide range of millet types and sorghum varieties

cultivated in Sri Lanka is not reported to date. Thus, the

present study was planned to evaluate the anti-lipidemic, anti-

inflammatory, and anti-oxidant properties, and proximate the

composition of a range of millet types and sorghum varieties in

Sri Lanka.

Materials and methods

Chemicals and reagents

Pancreatic lipase (Porcine pancreatic lipase, type

II), cholesterol esterase (cholesterol esterase porcine), 4-

nitrophenyl butyrate (p-NPB), sodium taurocholate hydrate,
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orlistat, simvastatin, gallic acid, quercetin, 6-hydroxy-2-

5-7-8-tetramethylchroman-2-carboxylic acid (Trolox),

rutin, ethylenediamine tetra acetic acid (EDTA), 2,4,6-

tripyridyl-s-triazine (TPTZ), 1,1-diphenyl-2-picryl-hydrazyl

(DPPH), 2,2’-azobis (2-amidinopropane) dihydrochloride

(AAPH), 2,2 azinobis (3-ethylbenzothia zoline-6-sulfonate

diammonium salt) (ABTS), 4,4-disulfonic acid sodium

salt (Ferrozine), fluorescein, Folin Ciocalteus reagent,

dimethyl sulfoxide (DMSO), aluminum chloride (AlCl3),

sodium acetate tetrahydrate, glacial acetic acid, sodium

hydroxide (NaOH), hydrochloric acid (HCl), methanol,

monosodium dihydrogen orthophosphate, disodium

monohydrogen orthophosphate, N-(1-Naphthyl ethylene

diamine dihydrochloride), phosphoric acid, sulfanilamide,

sodium nitroprusside, ferrous sulfate, acetonitrile, sodium

phosphate, sodium chloride (NaCl) were purchased from

Sigma-Aldrich, St Louis, USA. All the other chemicals and

reagents used were of analytical grade.

Sample collection

Five millet types, namely, foxtail millet (Setaria italica),

finger millet (Eleusine coracana) [Oshadha, Rawana, and white

finger millet varieties], proso millet (Panicum miliaceum),

Kodo millet (Paspalum scrobiculatum), and two sorghum

varieties (Sorghum bicolor), namely, sweet sorghum and

sorghum ICSV 112 (see Figure 1) were collected from Field

Crop Research and Development Institute, Mahailluppallama,

Sri Lanka.

Preparation of samples

Whole grains of selected samples were milled using

a laboratory mill (Fritsch, Pulverisette 14, Germany) and

passed through a 0.5-mm sieve to obtain flour. Then,

the whole grain flour of each millet type and sorghum

variety was kept at 4◦C in a laboratory refrigerator until

the analysis.

Preparation of extracts

One gram of flour from each selected millet type and

sorghum variety was extracted in 100ml of methanol overnight

at 160 rpm using a laboratory shaker (Orbital laboratory

shaker, Stuart, UK) at room temperature (28 ± 2◦C).

Extracts were then centrifuged (825 g) for 10min, filtered,

and evaporated under vacuum using a rotary evaporator

(Büchi
R©

Rotavapor
R©

R-210 evaporator, Switzerland)

and freeze-dried (Christ-Alpha 1-4 Freeze dryer, Biotech

International, Germany).

Anti-lipidemic properties

Lipase inhibitory activity

Pancreatic lipase inhibitory activity of selected samples was

performed according to the method of Kim et al. (2010) and

Abeysekera et al. (2017a) with some modifications using 96-

well microplates (n = 3 each). Reaction volume of 200 µl

containing 100 µl of the sample (2 mg/ml) in 0.1M Tris HCl

buffer with 5mMCaCl2 and 50µl of 5mg/ml porcine pancreatic

lipase were pre-incubated at 37◦C for 15min. Then, 10 µl of

10mM 4-nitrophenyl butyrate (p-NPB) in dimethylformamide

was added and incubated at 37◦C for 30min and the absorbance

readings were measured at 405 nm using a 96-well microplate

reader (SpectraMax Plus384, Molecular Devices, USA). Orlistat

was used as the positive control. Inhibition of lipase activity

was expressed as the % of lipase inhibitory activity and IC50

values (µg/ml).

Anti-cholesterol esterase activity

Pancreatic cholesterol esterase inhibitory activity of samples

was performed according to the method of Pietsch and

Gütschow (2005) and Abeysekera et al. (2017a) with some

modifications using 96-well microplates (n= 3 each). A reaction

volume of 200 µl containing 50 µl of 24mM taurocholic

acid, 10 µl of 8mM p-NPB in 0.1M sodium phosphate buffer,

and 0.1M NaCl, and 100 µl of the sample (2 mg/ml) were

pre-incubated at 25◦C for 10min. Then, 30 µl of (1µg/ml)

cholesterol esterase was added and incubated at 25◦C for 6min

and absorbance readings were monitored at 405 nm using a 96-

well microplate reader (SpectraMax Plus384, Molecular Devices,

USA). Simvastatin was used as the positive control. Results were

expressed as the % of cholesterol esterase inhibitory activity

inhibition and IC50 values (µg/ml).

Anti-inflammatory activity

Nitric oxide inhibitory activity

The nitric oxide inhibition assay was performed according

to the method of Patel Rajesh and Patel Natvar (2011) with some

modifications to the 96-well microplates (n = 3). The reaction

volume of 100 µl containing 50 µl of the sample (2 mg/ml)

and 50 µl of 10mM sodium nitroprusside (30 mg/ml) was

incubated at room temperature (25 ± 2◦C) for 90min. Then,

60µl of 0.1% N-(1-Naphthyl ethylene diamine dihydrochloride)

in 2.5% phosphoric acid and 60 µl of 1% sulfanilamide in

2.5% phosphoric acid were added and incubated at room

temperature (25 ± 2◦C) for 30min. Absorbance readings were

then recorded at 550 nm using a 96-well microplate reader

(SpectraMax Plus384, Molecular Devices, USA). Rutin was used

as the standard. Results were expressed as % of nitric oxide

inhibitory activity.
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FIGURE 1

Millet types and sorghum varieties selected for the study (A) millet types (B) sorghum varieties.

Anti-oxidants and anti-oxidant properties

Total polyphenolic content

TPC of selected samples was determined using the Folin-

Ciocalteu method (Singleton et al., 1999) with the 96-well

microplates (n= 3 each). Reaction volume of 200 µl containing

20 µl of the sample (2 mg/ml), 110 µl of 10 times diluted

Folin-Ciocalteu reagent, and 70 µl of 10% sodium carbonate

were incubated at room temperature (25± 2◦C) for 30min, and

the absorbance readings were recorded at 765 nm using a 96-

well microplate reader (SpectraMax Plus384, Molecular Devices,

USA). Gallic acid was used as the standard. TPC was expressed

as mg gallic acid equivalents (GAEs) per g of sample on a dry

weight basis.
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Total flavonoid content

TFC of selected samples was determined using the

aluminum chloride method (Siddhuraju and Becker, 2003)

using 96-well microplates (n = 3 each). A reaction volume

of 200 µl containing 100 µl of 2% aluminum chloride in

methanol and 100 µl of each sample (2 mg/ml) were incubated

at room temperature (25 ± 2◦C) for 10min and absorbance

readings were taken at 415 nm using a 96-well microplate reader

(SpectraMax Plus384, Molecular Devices, USA). Quercetin was

used as the standard. TFC was expressed as mg Quercetin

equivalents (QEs) per g of sample on a dry weight basis.

Total proanthocyanidin content

TPAC of samples was determined by HCl-butanol assay as

described by Porter et al. (1985) with minor modifications. A

reaction volume of 3.6ml containing 100 µl of 2% ammonium

iron (III) sulfate dodecahydrate in 2M HCl, 3ml of HCl butanol

reagent, and 0.5ml of sample (0.5 mg/ml in methanol) were

allowed to react in screw-capped test tubes in a water bath at

95◦C for 40min. The same reaction mixture without heating

in a water bath was used as the sample negative control. Blank

was prepared by replacing the extract with methanol. The

mixtures were allowed to cool to room temperature (25± 2◦C),

and absorbance readings were taken at 550 nm using a 96-

well microplate reader (SpectraMax Plus384, Molecular Devices,

USA). Cyanidin chloride was used as the standard. Results were

expressed as mg of cyanidin equivalents per g of the sample on a

dry weight basis.

Ferric reducing anti-oxidant power

Ferric reducing anti-oxidant power (FRAP) of selected

samples was performed according to the method of Benzie and

Szeto (1999) with modifications using 96-well microplates (n =

3 each). The FRAP reagent was prepared by mixing 300mM

of acetate buffer (pH-3.6), 20mM of ferric chloride solution

(FeCl3.6H2O), and 10mM of 2,4,6-tripyridyl-s-triazine (TPTZ)

in a ratio of 10:1:1 just before use and incubated at 37◦C for

10min. Reaction volume of 200µl containing 150µl of working

FRAP reagent, 30 µl of acetate buffer, and 20 µl of the sample

(2 mg/ml) were incubated at room temperature (25 ± 2◦C) for

8min, and the absorbance readings were taken at 600 nm using

a 96-well microplate reader (SpectraMax Plus384, Molecular

Devices, USA). Trolox was used as the standard. Results were

expressed as mg of Trolox equivalents (TEs) per g of sample on

a dry weight basis.

Oxygen radical absorbance capacity

Oxygen radical absorbance capacity (ORAC) of samples was

performed according to the method described by Ou et al.

(2001) with some modification in 96-well microplates (n = 3

each). Reaction volume of 200 µl containing 100 µl fluorescein

(4.8µM), 50 µl of the sample (1 mg/ml), or Trolox (1.5 and

0.75µg/ml), and 50 µl AAPH (40 mg/ml), or 50 µl phosphate

buffer for control (75mM, pH 7.4) were incubated at 37◦C

5min. The plate was placed on the fluorescent microplate reader

(SPECTRAmax- Gemini EM, Molecular Devices Inc, USA) set

with excitation and emission at 494 and 535 nm, respectively,

and decay of fluorescein was recorded in 1min interval for

35min. Trolox was used as the standard. Results were expressed

as mg of TEs per g of sample on a dry weight basis.

Ferrous ion chelating activity

Ferrous ion chelating activity (FICA) of selected samples

was determined according to the method of Chandrasekara

and Shahidi (2010) with some modifications using 96-well

microplates (n= 3 each). Reaction volume of 200 µl containing

100 µl of the sample (2 mg/ml), 20 µl of 1mM ferrous

sulfate solution, 40 µl of distilled water, and 40 µl of 1mM

ferrozine solution was incubated at room temperature (25 ±

2◦C) for 10min. The absorbance readings were measured at

562 nm using a 96-well microplate reader (SpectraMax Plus384,

Molecular Devices, USA). EDTA was used as the standard.

Results were expressed as mg of EDTA equivalents per g of

sample on a dry weight basis and IC50 values (µg/ml).

ABTS radical scavenging activity

The ABTS radical scavenging activity was performed

according to the method by Re et al. (1999) with modifications

in 96-well microplates (n= 3 each). ABTS radical was generated

by incubating 10mg ABTS in 2.5ml of 2.5mM potassium

persulfate at 37◦C for 16 h under dark conditions. Reaction

volume of 200 µl containing 55µM of ABTS radical, 50 µl of

the sample (2 mg/ml), and 95 µl of buffer were incubated at

room temperature (25 ± 2◦C) for 10min. Then, absorbance

readings were recorded at 734 nm using a 96-well microplate

reader (SpectraMax Plus384, Molecular Devices, USA). For dose-

response studies, 7.8125, 15.625, 31.25, 62.5, 125, and 250µg/ml

concentrations of selected extracts were used. Trolox was used

as the standard. Results were expressed as mg of TEs per g of

sample on a dry weight basis and IC50 values (µg/ml).

DPPH radical scavenging activity

The DPPH radical scavenging activity was determined

according to the method of Blois (1958) with modifications

using 96-well microplates (n = 3 each). Reaction volume of

200 µl containing 60 µl of DPPH (0.2 mg/1ml), 90 µl of

methanol, and 50 µl of the sample (2 mg/ml) was incubated at
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room temperature (25 ± 2◦C) for 10min and the absorbance

readings were measured at 517 nm using a 96-well microplate

reader (SpectraMax Plus384, Molecular Devices, USA). For dose-

response studies, 7.8125, 15.625, 31.25, 62.5, 125, 250, 500,

and 1,000µg/ml concentrations of selected extracts were used.

Trolox was used as the standard. Results were expressed as

mg TEs per g of the sample on a dry weight basis and IC50

values (µg/ml).

Proximate composition

As a proximate composition, whole grain flour of selected

samples was analyzed for moisture content (oven dry method),

crude ash (dry ashing method), crude protein (Kjeldahl

method), crude fat (Soxhlet method), and crude fiber contents (n

= 3 each) using methods described in the Association of Official

Analytical Chemists (AOAC, 2000).

Statistical analysis

Data were analyzed using Minitab software (Version 17.3.1,

Minitab, Inc, Pennsylvania, USA). Experiments were carried out

in triplicates (n = 3) and results were expressed as mean ±

standard deviation (SD). The differences in mean values among

samples were determined using the one-way analysis of variance

(ANOVA) followed by Tukey’s Honestly Significant Difference

(HSD) multiple rank tests at a P ≤ 0.05 significance level.

Results and discussion

Anti-lipidemic activity

Lipase inhibitory activity

Pancreatic lipase is a key enzyme involved in the digestion

of fats into free fatty acids and glycerol in the intestine (Birari

and Bhutani, 2007). Percent lipase inhibitory activity of selected

millet types and sorghum varieties screened at 2 mg/ml is given

in Figure 2A. All the selected millet types and sorghum varieties

showed lipase inhibitory activity, and it ranged from 21.16

± 1.58 to 66.65 ± 3.30%. Among the studied samples, sweet

sorghum exhibited the highest inhibitory activity (P < 0.05) at

the tested concentration. Furthermore, it showed concentration-

dependent relationship (r2 = 0.98) in dose-response studies. The

IC50 value was 927.35 ± 5.57µg/ml, and the results are given

in Figure 2B. However, the observed lipase inhibitory activity

of sweet sorghum was significantly low (P < 0.05) compared

to the reference drug orlistat (26.78 ± 2.45µg/ml) used in

this study. The order of potency of samples in terms of lipase

inhibitory activity was sweet sorghum>Kodomillet>Oshadha

> sorghum ICSV112 = Rawana = foxtail millet > white finger

millet= proso millet.

Worldwide reports on the lipase inhibitory activity of millets

and sorghum are extremely limited. Irondi et al. (2019) have

reported lipase inhibitory activity (IC50 value) of raw and

roasted red sorghum as 12.72 ± 1.1 and 14.13 ± 1.42µg/ml,

respectively. In a study by Jakubczyk et al. (2019), lipase

inhibitory activity (IC50 value) of heat-treated millet grains

was reported as 0.03 mg/ml. The observed lipase inhibitory

activities of selected millet types and sorghum varieties in Sri

Lanka were lower than the findings of Irondi et al. (2019) and

Jakubczyk et al. (2019). This might be due to the differences

in genotypes and extraction protocols used in the studies. It

has been shown that lipase inhibitory activity has a positive

relationship with the presence of anti-oxidants such as a variety

of polyphenolic compounds and anti-oxidant activities, namely,

DPPH and ABTS radical scavenging activities and FRAP and

ORAC in natural products (Quiroga et al., 2013; Huang et al.,

2020). Interestingly, Irondi et al. (2019) have also observed

higher lipase inhibitory activity in sorghum samples containing

high anti-oxidant activity. In the present study, we also observed

high lipase inhibitory activity in millet and sorghum samples

(Oshadha and sweet sorghum) containing high amounts of TPC,

TPAC, and high DPPH, and ABTS, FRAP, and ORAC anti-

oxidant properties. Therefore, the observed lipase inhibitory

activity of samples may be at least partly due to the presence

of anti-oxidants and their mode of action. However, the exact

mechanisms in mediating the lipase inhibitory activity of millet

and sorghum in Sri Lanka should be evaluated in future

research studies.

Cholesterol esterase inhibitory activity

Dietary cholesterol contains free and esterified cholesterols,

and pancreatic cholesterol esterase is the enzyme responsible

for the hydrolysis of esterified cholesterols. Therefore, inhibition

of cholesterol esterase activity plays a key role to bring down

dietary cholesterol absorption (Kumar et al., 2011). All the

selected millet types and sorghum varieties showed cholesterol

esterase inhibitory activity, and it ranged from 17.43 ± 0.60 to

52.09± 1.61% (2 mg/ml), and the results are given in Figure 3A.

Sweet sorghum exhibited the highest inhibitory activity (52.09±

1.61%) among the samples tested and the IC50 value was 1861.71

± 20.74µg/ml. The dose-response relationship (r2 = 0.99) of

sweet sorghum for cholesterol esterase inhibitory activity is

given in Figure 3B. However, the observed activity of sweet

sorghum was significantly low (P < 0.05) compared to the

reference drug Simvastatin (IC50 value: 18.56 ± 0.68µg/ml).

Among the millets studied, Oshadha showed the highest

cholesterol esterase inhibitory activity. The order of potency

of tested samples was sweet sorghum > Oshadha > sorghum

ICSV112 = proso millet = foxtail millet > Kodo millet >

Rawana= white finger millet.
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FIGURE 2

Lipase inhibitory activity of selected samples. (A) Screening of selected millet types and sorghum varieties for lipase inhibitory activity at 2 mg/ml

concentration. (B) Dose-response relationship of sweet sorghum for lipase inhibitory activity: IC50: 927.35 ± 5.57µg/ml. Di�erent letters on bar

graphs are significantly di�erent at P < 0.05.

The presence of anti-oxidants such as flavonoids, phenolic

compounds, and anti-oxidant properties, namely, free radical

scavenging ability (ABTS andDPPH radical scavenging activity),

reducing ability (FRAP) have shown a positive relationship in

mediating cholesterol esterase inhibitory activity of some natural

products (Adisakwattana et al., 2012; Chatatikun and Kwanhian,

2020). In the present study, we too observed high cholesterol

esterase inhibitory activities in Oshadha and sweet sorghum
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FIGURE 3

Cholesterol esterase inhibitory activity of selected samples. (A) Screening of selected millet types and sorghum varieties for cholesterol esterase

inhibitory activity at 2 mg/ml concentration. (B) Dose-response relationship of sweet sorghum for cholesterol esterase inhibitory activity: IC50:

1861.71 ± 20.74µg/ml. Di�erent letters on bar graphs are significantly di�erent at P < 0.05.

samples containing the greatest anti-oxidants (TPC and TPAC)

and anti-oxidant activities (ABTS, DPPH, ORAC, and FRAP).

Therefore, the observed cholesterol esterase inhibitory activity

of millet types and sorghum in Sri Lanka might be due to the

presence of anti-oxidants and anti-oxidant activities through

multiple mechanisms. As there are no previous reports of

cholesterol esterase inhibitory activity in millet and sorghum the

world over, a comparison is impossible.

Anti-inflammatory activity

Nitric oxide inhibitory activity

Plant extracts and plant-derived formulations have been

used to control inflammatory disorders and related diseases

since ancient times (Salminen et al., 2008; Mueller et al., 2010).

The % nitric oxide inhibitory activity of selected millet types

and sorghum varieties ranged from−1.17 ± 0.32 to 13.56
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FIGURE 4

Nitric oxide inhibitory activity of selected millet types and sorghum varieties at 2 mg/ml concentration. Di�erent letters on bar graphs are

significantly di�erent at P < 0.05.

± 0.93 at 2 mg/ml, and the results are shown in Figure 4.

Oshadha (13.56 ± 0.93%) and sweet sorghum (12.99 ± 1.27%)

exhibited significantly high (P < 0.05) nitric oxide inhibitory

activity among the samples tested in this study. Next, the

highest nitric oxide inhibitory activities were observed in white

finger millet (4.76 ± 0.80%) and Rawana (3.61 ± 1.80%)

varieties. Kodo millet and sorghum ICSV112 did not show

nitric oxide inhibitory activity at the tested concentration.

The concentrations higher than the tested concentration were

not evaluated as the tested concentration is an agreeable

concentration for a natural product to present a biological

activity of interest. Results clearly showed that observed nitric

oxide inhibitory activities of the tested samples were very low

compared to the reference drug rutin (IC50: 17.62± 0.01µg/ml)

used in this study. To the best of our knowledge, NO scavenging

activity of millet is extremely limited, and this highlights the

need for conducting research on this topic. A recent study

(Ajiboye et al., 2017) has reported NO scavenging activity

of ethanolic and methanolic extracts of finger millet and the

highest activity has been observed in the ethanolic extract

with IC50 value of nearly 10 mg/ml. In the present study,

we observed the highest activity of 13.56 ± 0.93 at 2 mg/ml

and this indicates finger millets might have less NO activity.

NO scavenging activity of sorghum has been reported in few

studies (Dia et al., 2016; Hong et al., 2020). Dia et al. (2016)

have reported that methanolic extracts of sorghum inhibited

NO production from 16.8% to 51.5% while ethanolic extracts

inhibited NO production from 33.8 to 61.7%. In the present

study, we observed NO inhibitory activity for sweet sorghum as

12.99± 1.27% at 2 mg/ml concentration. Hong et al. (2020) have

reported NO scavenging activity using cell-based assays and thus

comparison with the present study is quite difficult.

Jayawardana et al. (2021) have reported anti-inflammatory

activity of methanolic and ethanolic extracts of Oshadha and

Rawana Sri Lankan finger millet varieties through inhibition of

Arachidonate 5-lipoxygenase enzyme and have shown strong

positive correlation with anti-oxidant activities, namely, DPPH

and ABTS radical scavenging activities. In the present study,

we observed high nitrogen oxide inhibitory activity in millet

(Oshadha) and sorghum samples (Sweet sorghum) containing

greatest amounts of TPC & TPAC and anti-oxidant activities,

namely, FRAP, ABTS and DPPH radical scavenging abilities

and ORAC.

Anti-oxidant activity

Total phenolic content

Phenolic compounds present in plants play a vital role

in exhibiting anti-oxidant activities through multiple pathways

(Tungmunnithum et al., 2018). In this study, the TPC of selected

millet types and sorghum varieties in Sri Lanka ranged from

0.19 ± 0.01 to 12.50 ± 0.87mg of GAEs/g of the sample, and

the results are presented in Figure 5. Sweet sorghum showed

significantly high (P < 0.05) TPC (12.50 ± 0.87mg of GAEs/g)

among the samples tested in this study. The order of samples in

term of TPC was sweet sorghum > Oshadha > Kodo millet =
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FIGURE 5

Total Phenolic Content (TPC) of selected millet types and sorghum varieties. Di�erent letters on bar graphs are significantly di�erent at P < 0.05.

Rawana > foxtail millet = sorghum ICSV112 = proso millet =

white finger millet.

The TPC of a range of millet types in Sri Lanka has

been reported in few studies conducted in the country

(Chandrasekara and Shahidi, 2010, 2011a,b; Kumari et al., 2017;

Jayawardana et al., 2018, 2021). The reported studies have

clearly shown that TPC was highest in pigmented millet types

(Finger millet variety Ravi and Kodo millet) compared to the

non-pigmented millet types such as pearl, proso, foxtail, and

little millet (Chandrasekara and Shahidi, 2010). Comparison of

reported results with the present study is quite difficult as inmost

of the reported studies the sample preparation and extraction

protocols and the expression of results (mostly presented as

ferulic acid equivalents/g of dry matter) are different from the

present study. However, the results of the present study are

at least in agreement with the previous research findings with

respect to the highest TPC in pigmented millet types (Oshadha,

Rawana, and Kodo millet) compared to the non-pigmented

millet types. To the best of our knowledge, there are no previous

reports on the TPC of sorghum in Sri Lanka. However, there

are a number of studies on the TPC of sorghum varieties the

world over (Dykes et al., 2005; Wu et al., 2016; Rao et al.,

2018). According to Dykes et al. (2005), the purple and red color

sorghum grain samples had high levels of total phenolics (3.1–

8.9mg GAEs/g) than those from tan-colored sorghum grain

samples (2.1–2.6mg GAEs/g). Similarly, the same results were

observed in a study conducted by Rao et al. (2018). In the present

study, we observed that TPC was highest in pigmented sorghum

variety, namely, sweet sorghum compared to the non-pigmented

variety, sorghum ICSV112. Thus, our results are in agreement

with the previous research findings.

Total flavonoid content

Flavonoids are a group of polyphenolic compounds that

exert anti-oxidant properties through multiple mechanisms

(Hendrich, 2006). The TFC of selected millet types and sorghum

varieties in Sri Lanka is given in Figure 6. The TFC of selected

millet types and sorghum varieties ranged from 0.05 ± 0.00 to

1.57 ± 0.01mg of QEs/g of the sample. Among the samples

studied, sweet sorghum exhibited the highest (P < 0.05) TFC.

The order of samples for TFC was sweet sorghum > Kodo

millet > foxtail millet > Oshadha > Rawana > sorghum

ICSV112 = white finger millet = proso millet. According to

few reported studies in Sri Lanka (Chandrasekara and Shahidi,

2010, 2011a,b; Kumari et al., 2017; Jayawardana et al., 2021) and

the world over (Upadhyay et al., 2015), TFC of millet types and

sorghum varieties had shown vast differences. This might be

due to differences in genotypes, sample preparation protocols,

extraction protocols, processing conditions, and the optimized

assay conditions used in such studies (Abeysekera et al., 2017a).

Therefore, the comparison of the results of the present study
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FIGURE 6

Total Flavonoid Content (TFC) of selected millet types and sorghum varieties. Di�erent letters on bar graphs are significantly di�erent at P < 0.05.

with the previous studies is quite difficult. To the best of our

knowledge, this is the first report of TFC of sorghum varieties

in Sri Lanka.

Total proanthocyanidin content

Proanthocyanidins or condensed tannins are a group of

phytochemicals that are present in various plants exerting a wide

range of biological activities including anti-oxidant properties

(Smeriglio et al., 2017). The total TPAC of the selected millet

types and sorghum varieties in Sri Lanka is given in Figure 7.

Significant differences (P < 0.05) were observed among the

samples for TPAC, and they ranged from 0.35 ± 0.01 to 12.87

± 0.25mg of cyanidin equivalents (CEs)/g of the sample. The

highest (P < 0.05) TPAC was observed in sweet sorghum while

the second highest TPACwas observed in sorghum variety ICSV

112. The order of samples for TPAC was sweet sorghum >

Oshadha > Kodo millet = foxtail millet = Rawana = sorghum

ICSV112= white finger millet= proso millet.

Few reports are available on the proanthocyanidin content

of millet types cultivated in Sri Lanka. According to a study

conducted by Kumari et al. (2017), the Rawana finger millet

variety had the highest TPAC compared to Oshadha and Ravi

finger millet varieties. Chandrasekara and Shahidi (2010) have

shown that TPAC was highest in a local finger millet variety

(311.28 ± 3.0 µmol of CEs/g of defatted meal) followed by

finger millet variety Ravi, foxtail millet, little millet, pearl millet,

and proso millet. The results of both studies mentioned above

have been presented in different units hence the comparison of

results with the present study makes it impossible. Furthermore,

international reports on TPAC of millets and sorghum are

extremely limited. According to a study by Bvochora et al.

(1999), malting and lactic acid fermentation could decrease the

TPAC of high proanthocyanidin-containing sorghum cultivars

indicating that there is an effect of processing conditions on

the TPAC of sorghum cultivars. Thus considering the reported

findings, it is clear that the TPAC of millet and sorghum varies

based on a number of factors. This is the first study to report

TPAC of sorghum varieties in Sri Lanka.

Ferric reducing anti-oxidant power

The FRAP assay is widely used in assessing the reducing

power of plasma. However, currently, this assay is extensively

used for evaluating anti-oxidant activity of various foods and

other natural products (Benzie and Strain, 1996). All selected

millet types and sorghum varieties in Sri Lanka showed FRAP

and results varied significantly (P < 0.05) among the samples.

The FRAP of tested samples ranged from 0.15 ± 0.00 to

4.56 ± 0.03mg of TEs/g of the sample, and the results are

given in Figure 8. Sweet sorghum (4.56 ± 0.03mg of TEs/g)

exhibited the highest FRAP among all the studied millet and

sorghum samples. The order of potency of samples for FRAP

was sweet sorghum > Oshadha > Rawana > Kodo millet >

foxtail millet = proso millet = sorghum ICSV112 = white

finger millet.
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FIGURE 7

Total Proanthocyanidin Content (TPAC) of selected millet types and sorghum varieties. Di�erent letters on bar graphs are significantly di�erent

at P < 0.05.

FIGURE 8

Ferric Reducing Anti-oxidant Power (FRAP) and Oxygen Radical Absorbance Capacity (ORAC) of selected millet types and sorghum varieties.

FRAP and ORAC have been statistically analyzed separately. Di�erent letters on bar graphs are significantly di�erent at P < 0.05.

There are few reported studies on the FRAP of millet and

sorghum the world over (Sreeramulu et al., 2009; Abeysekera

et al., 2017b; Kumari et al., 2017; Jayawardana et al., 2018).

However, none of these studies have addressed FRAP of a

range of millet types and sorghum varieties as we report in

the present study. Furthermore, the results of such studies have

shown wide variations for FRAP of millet and sorghum varieties

tested. Kumari et al. (2017) have reported that the FRAP of

the Rawana millet variety was higher than that of the Oshadha

millet variety, and the results are different from the findings

of the present study. The observed variations might be due

to the differences in the sample preparation and extraction
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protocols used in these two studies. According to a study by

Jayawardana et al. (2018), the FRAP of finger millet (43.81–

58.18mgGAEs/100 g) was higher than the FRAP of foxtail millet

(21.36–25.78mg GAEs/100 g). Furthermore, they have observed

a strong positive correlation between FRAP and TPC. In the

present study, we also observed that samples that showed the

highest TPC, TFC, and TPAC exhibited the highest FRAP. Thus,

phenolic compounds might play an important role in exerting

FRAP of millet and sorghum varieties. Abeysekera et al. (2017b)

have reported that FRAP of methanolic extract (1413.69 ± 1.61

TEs/100 g whole grain) of finger millet sample collected from

the local market was significantly (P < 0.05) higher than the

ethanolic extract (606.34± 5.00mg of TEs/100 g whole grain) of

the same sample showing that extraction protocols have a major

influence on the FRAP of cereals including millets. There are an

extremely limited number of studies on the FRAP of sorghum

the world over (Rao et al., 2018). Results of reported studies

(Abeysekera et al., 2017b; Kumari et al., 2017; Jayawardana et al.,

2018) have clearly shown that the FRAP of pigmented sorghum

varieties is much greater than the non-pigmented sorghum

varieties. Thus, the findings are in accordance with the findings

of the present study.

Oxygen radical absorbance capacity

Peroxyl radicals play a major role in lipid peroxidation

in foods and create oxidative stress in biological systems

under physiological conditions. The ORAC assay evaluates the

ability of an anti-oxidant to inhibit the peroxyl radical-induced

oxidation. Thus, ORAC values are considered to be more

biologically relevant as a reference for anti-oxidant effectiveness

(Cao et al., 1993).

ORAC of selected millets and sorghum samples varied from

0.19 ± 0.01 to 8.50 ± 0.72mg of TEs/g of the sample, and

the results are given in Figure 8. Among the samples tested

sweet sorghum exhibited significantly high (P < 0.05) ORAC

compared to all the other samples studied. The order of potency

of samples for ORAC was sweet sorghum > Oshadha > Kodo

millet > Rawana > foxtail millet = sorghum ICSV112 = proso

millet= white finger millet.

There are a limited number of reported studies on ORAC

of millet and sorghum varieties in the world (Awika et al.,

2003; Chandrasekara and Shahidi, 2011a,b; Abeysekera et al.,

2017b). Chandrasekara and Shahidi (2011a) have reported

ORAC of Kodo millet as 95.7 ± 2.37 µmol/g for defatted meal.

Furthermore, in another study, they have shown that ORAC

was high in millet varieties with high TPC (Chandrasekara and

Shahidi, 2011b). Similarly, in the present study, we observed that

TPCmight have a role in exerting ORAC of millet and sorghum.

Abeysekera et al. (2017b) have reported that ORAC of market

collected finger millet samples as 1240.45 ± 67.38 and 1112.52

± 24.38mg TEs/100 g in methanolic and ethanolic extracts of

samples, respectively. Comparison of results with the present

study is quite difficult without knowing the extract variety used

in the study of Abeysekera et al. (2017b). Awika et al. (2003) have

clearly shown that ORAC values become low with the low levels

of tannins, anthocyanins, and phenolic compounds in sorghum.

Furthermore, in this study, they reported pigmented sorghums

(brown sorghum and black sorghum) with greater ORAC values

(140–870mg of TEs/g grains and 710–3,100mg of TEs/g brans)

compared to non-pigmented sorghum (white sorghum) tested.

In the present study, we also observed the same finding. This is

the first study to report ORAC of sorghum in Sri Lanka.

Ferrous ion chelating activity

Ferrous ions are identified as an important catalyst

to generate free radicals and initiate radical-mediated lipid

peroxidation. Chelating agents inhibit the free radical generation

through stabilizing transition metal ions and this process

subsequently reduces free radical-induced damage to the

biologically important macromolecules. Therefore, compounds

which can play a role in chelating transitional metal irons are

important in the management of oxidative stress-associated

chronic diseases (Patel, 2013).

The FICA of selected millet types and sorghum varieties

is varied significantly (P < 0.05) among the samples and the

results are given in Figure 9. The FICA of tested samples varied

from 0.13 ± 0.00 to 0.79 ± 0.03mg of EDTA equivalents/g of

the sample. Among the samples studied, sweet sorghum (0.79

± 0.03mg of EDTA equivalents/g) showed the highest FICA.

The order of potency of samples for FICA was sweet sorghum

> Kodo millet > Oshadha = proso millet = foxtail millet >

sorghum ICSV112 = Rawana = white finger millet. However,

all the tested samples showed low FICA at the tested (2 mg/ml)

sample concentration. The concentrations higher than the tested

concentration were not tested in the present study as pigments

in the millet and sorghum samples interfere with the assay

condition. Furthermore, a tested concentration is an agreeable

concentration for a natural product to present a biological

activity of interest.

Studies on FICA of millets and sorghum are extremely

limited. Kumari et al. (2017) have reported that the Rawana

millet variety (4.3± 0.2µmol of EDTA equivalents/g drymatter)

had a higher FICA than the Oshadha millet variety (3.5 ±

0.1 µmol of EDTA equivalents/g dry matter). Furthermore, the

above-stated study has also shown that foxtail millet and proso

millet with lower FICA than finger millet, and the results are not

in agreement with the present study. The observed variations

might be due to the differences in sample preparation and

extraction protocols used in the above-stated study and the

present study. To the best of our knowledge, there are no other

reported studies on FICA of millet and sorghum the world over.
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FIGURE 9

Ferrous Ion Chelating Activity (FICA) of selected millet types and sorghum varieties. Di�erent letters on bar graphs are significantly di�erent at P

< 0.05.

ABTS radical scavenging activity

ABTS radical scavenging assay is extensively used to evaluate

the anti-oxidant activity of a variety of foods and natural

products (Re et al., 1999). The screening of selected millet types

and sorghum varieties in Sri Lanka for ABTS radical scavenging

activity is given in Figure 10. Furthermore, the dose-response

relationship of selected samples is given in Figures 11A,B.

Results showed that ABTS radical scavenging activity of selected

millet types and sorghum varieties ranged from 0.22 ± 0.00 to

25.57± 0.35mg of TEs/g of the sample at the screening. Among

the samples studied, sweet sorghum exhibited significantly high

(P < 0.05) ABTS radical scavenging activity compared to all

the other samples tested. The order of potency of samples at

screening (2 mg/ml) for ABTS radical scavenging activity was

sweet sorghum>Oshadha>Rawana>Kodomillet> sorghum

ICSV112= foxtail millet= proso millet > white finger millet.

In dose-response studies, all the selected samples, namely,

sweet sorghum (r2 = 0.96), Oshadha (r2 = 0.94), Rawana

(r2 = 0.98), Kodo millet (r2 = 0.94), sorghum ICSV 112

(r2 = 0.99), foxtail millet (r2 = 0.99), proso millet (r2 =

0.99), and white finger millet (r2 = 0.97) exhibited good

dose-response relationship (Figures 11A,B). The observed ABTS

radical scavenging activities were significantly (P < 0.05)

different among the samples and IC50 values ranged from 13.75

± 0.17 to 222.22 ± 9.46µg/ml. Interestingly, ABTS radical

scavenging activity of sweet sorghum (13.75 ± 0.17µg/ml)

was comparable with the reference drug Trolox (IC50:7.73 ±

0.11µg/ml) used in this study. Thus, sweet sorghum shows

its potential to be used in functional foods, medic foods, and

nutraceutical industries. The order of potency of tested samples

for ABTS radical scavenging activity in terms of IC50 values was

proso millet> sorghum ICSV112>white finger millet> foxtail

millet > Kodo millet > Rawana > Oshadha > sweet sorghum.

The ABTS radical scavenging activities of millet and

sorghum have been reported in a number of studies (Ragaee

et al., 2006; Choi et al., 2007; Abeysekera et al., 2017b).

Abeysekera et al. (2017b) have reported that ABTS radical

scavenging activity of market collected finger millet samples was

100.47 ± 0.19% and 88.52 ± 4.32% at 50µg/ml in methanolic

and ethanolic extracts, respectively. According to a study by

Ragaee et al. (2006), the ABTS scavenging capacity of sorghum at

3min time period was 51.7± 0.57 (µmole/g). However, in all the

above-reported studies, the presentation of results, optimized

assay conditions, sample preparation, and extraction protocols

used are quite different from the present study. Therefore, the

comparison of results with the present study is quite difficult.

DPPH radical scavenging activity

DPPH radical is a synthetic stable-free radical that can be

scavenged by the presence of anti-oxidant compounds in various
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FIGURE 10

Screening of selected millet types and sorghum varieties for ABTS and DPPH radical scavenging activities. ABTS and DPPH radical scavenging

activities have been separately analyzed. Di�erent letters on bar graphs are significantly di�erent at P < 0.05.

food samples (Pyrzynska and Pekal, 2013). The screening

of selected millet types and sorghum varieties in Sri Lanka

for DPPH radical scavenging activity is given in Figure 10.

Furthermore, the dose-response relationship of samples for

DPPH radical scavenging activity is given in Figures 12A,B.

Results showed that the DPPH radical scavenging activity of

selected millet types and sorghum varieties ranged from 0.07

± 0.00 to 22.97 ± 0.83mg of TEs/g of the sample at the

screening. Among the samples studied, sweet sorghum exhibited

significantly high (P < 0.05) DPPH radical scavenging activity

compared to all the other samples tested. The order of potency

of samples at screening (7.8125, 15.625, 31.25, 62.5, 125, 250,

500, and 1,000µg/ml) for DPPH radical scavenging activity was

sweet sorghum>Oshadha>Rawana>Kodomillet= sorghum

ICSV112= foxtail millet= proso millet= white finger millet.

In dose-response studies, all the selected samples, namely,

sweet sorghum (r2 = 0.94), Oshadha (r2 = 0.97), Rawana

(r2 = 0.99), Kodo millet (r2 = 0.99), sorghum ICSV 112 (r2

= 0.97), foxtail millet (r2 =0.98), proso millet (r2 = 0.98),

and white finger millet (r2 = 0.96) exhibited good dose-

response relationship (Figures 12A,B). The observed DPPH

radical scavenging activities were significantly (P < 0.05)

different among the samples and IC50 values ranged from 15.45

± 0.21 to 3455.2 ± 55.4µg/ml. Interestingly, the DPPH radical

scavenging activity of sweet sorghum (15.45 ± 0.21µg/ml)

was comparable with the reference drug Trolox (IC50:9.33 ±

0.21µg/ml) used in this study. Thus, sweet sorghum shows

its potential to be used in functional foods, medic foods, and

nutraceutical industries. The order of potency of tested samples

for DPPH radical scavenging activity in terms of IC50 values

was white finger millet > foxtail millet > proso millet >

sorghum ICSV112 > Kodo millet > Rawana > Oshadha >

sweet sorghum.

There are a number of reported studies on the DPPH radical

scavenging activity of millet and sorghum varieties cultivated

throughout the globe (Dykes et al., 2005; Sreeramulu et al., 2009;

Chandrasekara and Shahidi, 2011b; Wu et al., 2016; Abeysekera

et al., 2017b; Kumari et al., 2017; Rao et al., 2018). A study

conducted by Kumari et al. (2017) has reported that Rawana

(10.3 ± 0.7 µmol of TEs/g of dry matter) and Oshadha (8.8

± 0.2 µmol of TEs/g of dry matter) millet varieties cultivated

in Mahailluppallama, Sri Lanka, had higher DPPH radical

scavenging activity than foxtail millet and proso millet, and

results are accordance with the present study. According to

the findings of Abeysekera et al. (2017b), the DPPH radical

scavenging activities of finger millet collected from the local

market were 67.05 ± 1.24% and 39.97 ± 0.27% in methanolic

and ethanolic extracts, respectively, at 50µg/ml. However, in the

present study, finger millet samples [(Oshadha: 2.10 ± 0.09mg

of TEs/g of the sample) and (Rawana: 1.20± 0.02mg of TEs/g of

the sample)] and white finger millet (0.07± 0.00mg of TEs/g of

the sample)] showed lower DPPH radical scavenging activity at
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FIGURE 11

Dose-response relationship of selected samples for ABTS radical scavenging activity. (A) Dose-response relationship of sorghum ICSV112,

foxtail millet, Oshadha, and sweet sorghum: IC50 values: 163.24 ± 1.11b, 136.53 ± 6.93c, 44.33 ± 0.19f and 13.75 ± 0.17g µg/ml, respectively. (B)

Dose-response relationship of proso millet, white finger millet, Kodo millet, and Rawana: IC50: 222.22 ± 9.46a, 147.41 ± 0.39c, 86.07 ± 1.64d

and 61.87 ± 0.66e µg/ml, respectively. IC50 values superscripted by di�erent letters are significantly di�erent at p < 0.05.

the same concentration. A study conducted by Sreeramulu et al.

(2009) has reported DPPH radical scavenging activity of finger

millet as 1.73± 0.03 TEs mg/g, and the results are in accordance

with the present study. A number of studies have reported a

positive correlation between DPPH radical scavenging activity

and the TPC (Dykes et al., 2005;Wu et al., 2016; Rao et al., 2018).

In the present study, we also observed higher DPPH radical

scavenging activity in the samples containing more TPC. This
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FIGURE 12

Dose-response relationship of selected samples for DPPH radical scavenging activity. (A) Dose-response relationship of sweet sorghum,

Oshadha, and Rawana: IC50 values: 15.45 ± 0.21e, 85.10 ± 3.13e and 120.93 ± 2.15e µg/ml respectively. (B) Dose-response relationship of white

finger millet, foxtail millet, proso millet, sorghum ISCV112, and Kodo millet: IC50: 3455.2 ± 55.4a, 2170.7 ± 97.7b, 2168.0 ± 55.9b, 1383.4 ± 48.1c

and 1075.6 ± 56.3d µg/ml, respectively. IC50 values superscripted by di�erent letters are significantly di�erent at p < 0.05.

Frontiers in Sustainable FoodSystems 17 frontiersin.org

https://doi.org/10.3389/fsufs.2022.884436
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Abeysekera et al. 10.3389/fsufs.2022.884436

TABLE 1 Proximate composition of the selected millet types and sorghum varieties.

Sample Moisture Crude protein Crude fat Crude fiber Crude ash Total carbohydrate

Kodo millet 12.41± 0.20a 12.13± 0.07a 4.23± 0.19b 5.46± 0.14a 2.24± 0.01b 81.40± 0.02d

Rawana 11.56± 0.49b 9.24± 0.07e 1.42± 0.07c 3.95± 0.11b 2.87± 0.13a 86.45± 0.13a

White finger millet 11.02± 0.16bc 10.54± 0.10c 1.55± 0.13c 4.32± 0.18b 2.24± 0.01b 85.68± 0.01ab

Oshadha 10.95± 0.08bc 10.22± 0.16cd 1.51± 0.35c 4.98± 0.11a 2.63± 0.14a 86.63± 0.02ab

Sorghum ICSV 112 10.59± 0.12cd 9.25± 0.26e 3.79± 0.02b 1.67± 0.22c 1.46± 0.01c 85.50± 0.03b

Sweet sorghum 10.43± 0.05cd 9.98± 0.14d 4.13± 0.09b 1.47± 0.24c 2.35± 0.01b 83.55± 0.02c

Foxtail millet 9.90± 0.25de 11.94± 0.14a 4.03± 0.08b 4.08± 0.14b 2.78± 0.02a 81.26± 0.10d

Proso millet 9.61± 0.12e 11.25± 0.18b 5.25± 0.28a 3.95± 0.13b 2.68± 0.01a 80.64± 0.03d

Data presented as mean ± SD (n = 3). Crude protein, crude fat, crude fiber, crude ash, and total carbohydrate contents are presented on a % dry weight basis. Mean values in a column

superscripted by different letters are significantly different at P < 0.05.

is the first report of the DPPH radical scavenging activity of

sorghum in Sri Lanka.

Proximate composition

Moisture, crude protein, crude fat, crude fiber, crude ash,

and total carbohydrate contents of selected millet types and

sorghum varieties in Sri Lanka are presented in Table 1.

Moisture, crude protein, crude ash, crude fat, crude fiber, and

total carbohydrate contents of selected millet types and sorghum

varieties ranged from 10.43 ± 0.05 to 12.41 ± 0.20, 9.24 ± 0.07

to 12.13 ± 0.07, 1.46 ± 0.01 to 2.87 ± 0.13, 1.42 ± 0.07 to

5.25 ± 0.28, 1.47 ± 0.24 to 5.46 ± 0.14 and 80.64 ± 0.03 to

86.63 ± 0.02%, respectively. Kodo millet (12.13 ± 0.07%) and

foxtail millet (11.94 ± 0.14%) showed significantly high (P <

0.05) crude protein contents compared to the other samples

tested. Furthermore, Kodo millet also showed significantly

high (P < 0.05) crude fiber (5.46 ± 0.14%) content while

proso millet was highest in crude fat content (5.25 ± 0.28%).

For crude ash content, foxtail millet, proso millet, and finger

millet varieties, Rawana and Oshadha showed comparable and

highest (P < 0.05) ash contents compared to the other samples.

Total carbohydrate content was highest (P < 0.05) in Rawana,

Oshadha, white finger millet, and ICSV 112 sorghum samples.

Proximate composition of millets and sorghum in Sri

Lanka has been reported in several studies (Jayawardana

et al., 2018, 2019). According to a study by Jayawardana

et al. (2018), moisture content, protein content, crude fat

content, ash content, total carbohydrate content, and crude

fiber content of Sri Lankan finger millet varieties, namely,

Ravi, Oshadha, and Rawana were in the ranges of 10.60–

13.16, 8.13–8.74, 1.40–1.31, 2.95–3.22, 86.92–87.24, and 3.73–

3.82%, respectively. Analysis of the nutritional composition of

finger millet, common millet, foxtail millet, and Kodo millet

by the Department of Agriculture, Sri Lanka, has shown that

the moisture, protein, fat, and carbohydrate contents were as

11.09–18.1, 7.3–11.43, 1.3–4.83, and 59.75–72%, respectively.

The results of the present study are more or less in accordance

with the findings of the above-stated national studies. The

slight deviations observed might be due to the effect of

agro-climatic factors on crop production. Interestingly, the

findings of the present study are also comparable with the

findings of international studies conducted by Chinenye et al.

(2017), Ahmad et al. (2018), Al-Juhaimi et al. (2019), and

Mohapatra et al. (2019).

Conclusion

In conclusion, proximate composition, anti-lipidemic, anti-

inflammatory, and anti-oxidant properties of millet and

sorghum in Sri Lanka varied significantly depending on

the variety. Among the studied millet types and sorghum

varieties, the pigmented sweet sorghum showed the highest

activities for all the investigated biological activities. Overall,

the pigmented millet and sorghum samples showed the highest

biological activities compared to the non-pigmented millet

and sorghum samples studied. Interestingly, this relationship

was not observed for the proximate composition of millet

and sorghum samples studied. This indicates that nutritional

composition does not vary much depending on pigmented

or non-pigmented varieties; however, biological activities vary

significantly due to the presence of pigments in millet and

sorghum. Thus, for the prevention and management of

non-communicable diseases and their related complications,

pigmented millet and sorghum varieties might be useful and

could be used in developing value-added functional foods and

nutraceuticals. However, nutritional improvement in healthy

individuals could be performed with the enhanced consumption

of millet and sorghum with high nutrient contents irrespective

of the presence of pigments in the grain. Interestingly, this is

the first comparative study conducted in Sri Lanka covering

a wide range of anti-oxidant, anti-inflammatory, and anti-

lipidemic properties for millet types and sorghum varieties
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in the country. Furthermore, this is the first report of

cholesterol esterase inhibitory activity of millet and sorghum the

world over.
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