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ABSTRACT
Interest in proso millet as a functional food is growing. However,
studies on the chemical composition, antioxidant, and
antiproliferative activities’ differences of proso millet cultivars in
China are limited. Nine Chinese proso millet varieties (five waxy
varieties – S, D, N2, N4, N8 and four non-waxy varieties – J1, J3, J7,
J9) were investigated. Results showed that the non-waxy varieties
were significantly higher than waxy varieties in the content of
amylase and resistant starch (22.95%, 0.23%, 2.02%, and 0.78%,
respectively; P < .05). Lys was the first limit amino acid (AAS:
16.08%). Linolenic acid (61.74%) and oleic acid (22.16%) were the
dominant fatty acids. Overall, the antioxidant content and
antioxidant activities of J1 and J3 were higher than other cultivars.
And, J7, J3, and J1 possessed better antiproliferative effects than
other proso millet varieties. These results are anticipated to
provide useful information on the development of proso millet-
based functional food.
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1. Introduction

Proso millet (Panicum miliaceum L.) is a kind of the oldest cultivated millet crop and con-
sumed as a staple food among the majority of people who live in arid and semiarid tropics
of the world, such as Asia, Africa, and parts of Europe (Lu et al., 2009). Several reports
have shown that millet is superior to other major cereals in nutritional value (Pathak, Sri-
vastava, & Grover, 2000). Starch, which is the most abundant nutrient in proso millet, is
nearly 70%. However, proso millet-based products own a lower glycemic index (GI) than
corn, which means proso millet appears to be a good ingredient for producing low-GI pro-
ducts (McSweeney, Seetharaman, Ramdath, & Duizer, 2017). Studies have also shown that
protein accounts for 12% and the essential amino acid index (EAAI) of proso millet was

© 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

CONTACT Ruiling Shen shenrl1967@163.com School of Food and Biological Engineering, Zhengzhou University of
Light Industry, No. 136 Kexue Road, Zhengzhou 450000, Henan, People’s Republic of China, Guixing Ren renguixing@
caas.cn Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, No. 80 South Xueyuan Road, Haidian
District, Beijing 100081, People’s Republic of China

FOOD AND AGRICULTURAL IMMUNOLOGY
2018, VOL. 29, NO. 1, 625–637
https://doi.org/10.1080/09540105.2018.1428283

http://crossmark.crossref.org/dialog/?doi=10.1080/09540105.2018.1428283&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:shenrl1967@163.com
mailto:renguixing@caas.cn
mailto:renguixing@caas.cn
http://www.tandfonline.com


higher (51%) compared to wheat (Kalinova & Moudry, 2006). Besides, proso millet also
contains fat, crude fibre, minerals, vitamins, and other phytochemicals, such as phenolic,
flavonoid, proanthocyanidin, and phytic acid (Shahidi & Chandrasekara, 2013).

Recently, proso millet has attracted attention for its considerable health benefits
and functional components, particularly with respect to the antioxidant, anti-dia-
betic, anti-cancer, anti-liver injury, and antiproliferative effects. A large number of
studies have shown that the aqueous/ethanol/methanol extracts of proso millet
possess antioxidant properties (Chandrasekara & Shahidi, 2011a, 2011b; Chandrase-
kara & Shahidi, 2012; Ragaee, Abdel-Aal, & Noaman, 2006). Park, Ito, Nagasawa,
Choi, and Nishizawa (2008) suggest that proso millet protein concentrate may
have potential for therapeutic intervention in type 2 diabetes. Nishizawa et al.
(2002) suggested that proso millet is considered to be another preventive food for
liver injury by examining the effects of dietary protein from proso millet on liver
injury induced by D-galactosamine in rats.

In spite of good characteristics, proso millets are still underutilized, and there is little
information on the differences of Chinese proso millet varieties. Therefore, the present
study was carried out to (1) compare the chemical compositions, particularly with
respect to amino acid and fatty acid components, (2) evaluate the antioxidant activities
and antiproliferative effect on MDA-MB-231-Breast Cell Lines of extracts from nine
Chinese proso millet varieties and (3) investigate correlations between the antioxidant
activities and antiproliferative effect.

2. Materials and methods

2.1. Proso millet materials

Nine proso millet varieties, including five waxy proso millet varieties (S, D, N2, N4, and
N8) and four non-waxy proso millet varieties (J1, J3, J7, and J9), were collected. S and D
were procured from Millet Research Institute, Shanxi Academy of Agricultural Sciences,
China. The others were procured from Gansu Academy of Agricultural Science, China.
All samples were dried at 40°C, dehusked in a centrifugal sheller, ground in a laboratory
mill (Landert-Motoren AG, Buelach, Switzerland), and passed through a Ф 0.178 mm
screen sieve successively to obtain the whole proso millet flour.

2.2. Chemicals

Mixed amino acid standard H was produced by Wako Pure Chemical Industries
(Osaka, Japan). Fetal bovine serum (FBS), penicillin, streptomycin, and gentamicin
were purchased from Life Technologies (Grand Island, NY). Standards of tryptophan,
oleanolic acid, gallic acid, rutin, Folin Ciocalteu’s reagent, 6-hydroxy-2,5,7,8-tetra-
methylcrroman-2-carboxylic acid (Trolox), DPPH (2,2-diphenyl-1-picrylhydrazyl),
phosphate-buffered saline (PBS), and minimum essential medium (MEM) were all
obtained from Sigma-Aldrich (Shanghai, China). Total antioxidant capacity assay
kits (the ABTS (2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)method and
ferric reducing ability of plasma (FRAP) method) were obtained from TIANDZ
(Beijing, China). Megazyme assay kits were purchased from Ireland Ltd (Megazyme
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Int; Wicklow, Ireland). All other reagents and solvents used were of analytical and
HPLC grade.

2.3. Nutritional composition analyses

Crude starch, amylose, and resistant starch were measured using the Megazyme assay kits.
Protein and fat contents were determined according to the methods of the Association of
Official Analytical Chemists (2005) 979.09, 996.11.

Amino acids were determined by an amino acid analyzer (L-8800; Hitachi, Japan) after
sample pretreatment (Qin et al., 2014). Besides, the tryptophan was analysed alone after
alkaline hydrolysis (Guo et al., 2017). EAAI was calculated as a geometric average of
amino acid score (AAS) of all essential amino acids. AAS = 100× the amino acid
content in tested protein/content of the amino acid in standard protein according to
FAO/WHO.

Fatty acid analyses were performed according to the method of Miao et al. (2010), using
gas chromatography (Agilent Agilent Technologies, Palo Alto, CA) equipped with a flame
ionisation detector.

2.4. Preparation of proso millet extracts

Extracts for the determination of antioxidant compounds, antioxidant activities, and anti-
proliferation activity were prepared according to the method of Shi, Yao, Zhu, and Ren
(2017) and some modifications were made. In brief, two grams of proso millet flours
were mixed with 20 mL of 70% methanol in a 50-mL centrifuge tube. Then, the
mixture was placed in an ultrasonic bath (Powe sonic 420, Hwashin co., Korea) and soni-
cated at 50°C for 45 min. Subsequently, the mixture was cooled. Then, the mixture was
centrifuged at 5000 rpm/min for 10 min. The supernatants were transferred into
culture tubes and stored at −4°C for the determination of antioxidant content and anti-
oxidant activities, and the remaining supernatants were dried by a stream of nitrogen
for the measurement of cytotoxicity and antiproliferative experiments.

2.5. Determination of antioxidant compounds

The measurement of the total saponin content (TSC) was done following the method of
Wu, Lin, and Chau (2001) using oleanolic acid as a standard. The results were expressed as
mg/g of extracts. Total phenolic content (TPC) measurement was based on the Folin–Cio-
calteu method of Dewanto, Wu, Adom, and Liu (2002) using gallic acid as a standard. The
results were expressed as mg/g of extracts. Total flavonoid content (TFC) detection was
based on aluminium chloride calorimetric assay of Kim, Jeong, and Lee (2003) using
rutin as a standard. The results were expressed as mg/g of extracts.

2.6. Determination of antioxidant activity

The DPPH radical scavenging activity was estimated according to the method of Cheung,
Cheung, and Ooi (2003) and calculated based on a calibration curve using Trolox and
expressed as μM/g of extracts.
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The scavenging capacity of 2,2’-azino-di-[3-ethylbenzthiazoline sulphonate] (ABTS•+

radical cations) was measured using a total antioxidant capacity assay kit (the ABTS
method). Briefly, 200-μL ABTS+ solution and 10 μL of the supernate (distilled water or
solution of Trolox standard) were added to a 96-well microplate. The mixture was
mixed and left for 2–6 min at room temperature under dim light, and then the absorbance
was measured at 734 nm using a microplate reader. The results were reflected in μM/g of
extracts.

The FRAP assay was determined using a total antioxidant capacity assay kit (the FRAP
method). Briefly, 180-μL FRAP solution and 5 μL of the supernate (distilled water or sol-
ution of FeSO4 standard) were added to a 96-well microplate. The mixture was mixed and
left for 3–5 min at room temperature under dim light, and then the absorbance was
measured at 593 nm using a microplate reader. The results were expressed as the concen-
tration of extracts (μM/g of extracts) having a ferric reducing ability equivalent to that of
1 mmol/L FeSO4.

2.7. Cell culture

MDA-MB-231 human breast cells were purchased from American Type Culture Collec-
tion Stock (ATCC, MD, USA). The cells were cultured in MEM, containing 10% FBS,
1 mmol/L Hepes, 0.01 mg/mL insulin, 50 units/mL penicillin, 50 μg/mL streptomycin,
and 100 μg/mL gentamicin (Wang, Xie, Wang, Liu, & Ju, 2014) as described previously.
All cultures were incubated at 37°C in humidified atmosphere with 5% CO2.

2.8. Measurement of cytotoxicity by methylene blue assay

The cytotoxicity was determined using the method reported by Wang et al. (2014) and
Yoon and Liu (2008). Briefly, MDA-MB-231 cells were seeded into a 96-well microplate
(4.0 × 104 cells/well) in 100 μL of growth medium/well and were incubated for 24 h. Then,
the cells were treated with 100 μL of medium with different concentrations (31.25, 62.5,
125, 250, 500 μg/mL) of proso millet extracts; the wells that received medium without
proso millet extract served as the control. After 24 h of incubation, the cells were
stained using 50-μL methylene blue coloured liquid (98% HBSS, 0.7% glutaraldehyde
and 0.6% methylene blue). After 1 h of incubation, the cells were washed six times in deio-
nised water, and 100 μL of elution buffer (49% PBS, 50% ethanol, and 1% acetic acid) was
added. The absorbance was measured at 570 nm in a microplate reader (Bio Rad, IMAX,
Hercules, USA) after shaking for 20 min on a tablet oscillator. The cytotoxicity was deter-
mined as percentage compared to the control. If a certain concentration of proso millet
extract reduced cell viability compared to the control, then that concentration was con-
sidered to be cytotoxic (Felice, Sun, & Liu, 2009).

2.9. Measurement of antiproliferative activity by methylene blue assay

The antiproliferative activities of proso millet extracts were assessed using the method of
Wang et al. (2014) and Yoon and Liu (2008). Briefly, MDA-MB-231 cells were seeded into
the central 96-well microplate (2.5 × 104 cells/well), and cell-free medium was added to the
peripheral wells of the 96-well microplate at 100 μL of growth medium/well. After 8 h of
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incubation, the medium was removed and 100 μL of medium with different concen-
trations (31.25, 62.5, 125, 250, 500 μg/mL) of proso millet extracts was added; the wells
that received medium without proso millet extract served as the control. Following 96 h
of incubation, the staining solution was removed and the 96-well microplates were
washed six times in deionised water. Then, 100 μL of elution buffer (49% PBS, 50%
ethanol, 1% acetic acid) was added to each well. The 96-well microplates were transferred
to a tablet oscillator for 20 min. Absorbance was measured at 570 nm using a microplate
reader (Bio Rad, IMAX, Hercules, USA). The antiproliferative activities were evaluated by
the EC50 (Effective concentration of 50% cell proliferation)values, which were expressed as
μg of proso millet extracts/mL.

2.10. Statistical analysis

All determinations were made in triplicate. The experimental data were expressed as the
mean ± SD. One-way analysis of variance and Dunnett’s multiple range tests (SPSS 17.0)
were used to determine the significant differences between a group means at P < .05.Cor-
relations between DPPH, ABTS+, FRAP, and EC50 values of antiproliferative activity were
identified using Spearman’s correlation (SPSS 17.0). Correlations were considered highly
significant at P < .01.

3. Results and discussion

3.1. Total starch, amylose, and resistant starch

The total starch content of these 9 proso millet varieties ranged from 65.82% to 78.59%
(Table 1). The average amylase content of these 4 non-waxy proso millets (22.95%)
were significantly higher (P < .05) than that of these 5 waxy proso millets (0.23%),
which were in agreement with the earlier reports of Ragaee et al.(2006). The RS content
of these 9 proso millet varieties ranged from 0.64% (S) to 2.21% (J7), and non-waxy
proso millet varieties were significantly richer (P < .05) than waxy proso millet varieties,
which were in agreement with the report of Ragaee et al. (2006). RS is a fraction of

Table 1. The contents (%) of total starch, amylose, and resistant starch in nine Chinese proso millet
cultivars.
Cultivar Total starch Amylose Resistant starch

S 65.82 ± 0.36a 0.20 ± 0.04a 0.64 ± 0.01a

D 71.91 ± 0.27b 0.27 ± 0.05a 0.86 ± 0.04b

N2 74.91 ± 0.31d 0.17 ± 0.02a 0.70 ± 0.03a

N4 75.66 ± 0.49e 0.24 ± 0.06a 1.01 ± 0.05c

N8 72.17 ± 0.37b 0.26 ± 0.04a 0.70 ± 0.01a

J1 76.85 ± 0.30f 27.46 ± 1.36cd 2.00 ± 0.06e

J3 78.59 ± 0.21g 28.50 ± 1.51d 2.07 ± 0.08e

J7 73.89 ± 0.32c 26.50 ± 1.46c 2.21 ± 0.10f

J9 73.59 ± 0.25c 9.33 ± 0.71b 1.82 ± 0.07d

Mean waxy 72.10 ± 3.87 0.23 ± 0.04 0.78 ± 0.15
Mean non-waxy 75.73 ± 2.41 22.95 ± 9.11* 2.02 ± 0.16*
Mean 73.71 ± 3.65 10.33 ± 13.21 1.33 ± 0.67

Note: Data are expressed as mean ± standard deviation of triplicate samples; mean values with different superscripts in the
same column are significantly different (P < .05).

*Means there are significantly different (P < .05) between the waxy group and non-waxy group within the same column.
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starch that resists digestion within the small intestine, reaching the large intestine intact.
RS-rich foods may be particularly useful for managing diabetes and improving gut micro-
biota composition (Matsumoto et al., 2016; Nielsen, Theil, Purup, NØrskov, & Knudsen,
2015). Thus, the non-waxy proso millets, especially the variety of J7, may be a good ingre-
dientfor the prevention of diabetes and improvement of intestinal flora.

3.2. Total protein and amino acid profile

The contents of protein and 18 kinds of amino acids in 9 Chinese proso millet varieties are
shown in Table 2. The average protein content of waxy proso millet varieties was higher
than non-waxy proso millet varieties (13.38% and 12.05%, respectively). All varieties of
proso millet were particularly rich in Glu, Leu, and Ala (averaging 32.55 mg/g,
16.19 mg/g, and 12.25 mg/g, respectively). Besides, the AAS, which is based on the
theory of balance of essential amino acids, was used to judge the limit amino acid
(Table 3). It can be found that Lys was the first limit amino acid for all these nine
proso millet cultivars and sulphurous amino acid (Met and Cys) was the second limit
amino acid (AAS: 16.08% and 62.00%, respectively), which were in agreement with the
earlier reports of Kalinova and Moudry (2006). The average EAAI of waxy proso millet
varieties (80.64%) was higher than non-waxy proso millet varieties (77.57%), and the
highest value of protein (EAAI) was found in J7(85.22%). The results were higher than
that of wheat and the report of Kalinova and Moudry (2006), and this is possibly due
to the difference of varieties and the conditions for growth.

3.3. Total fat and fatty acid profile

The fat and fatty acid compositions of nine Chinese proso millet varieties are presented in
Table 4. The fat contents ranged from 1.54% (J3) to 3.77% (D), which were lower than that
in brown grains but in agreement with the range of 1.2% to 3.8% in polished and whole
grains reported by Devisetti, Yadahally, and Bhattacharya (2014). There were clear differ-
ences in the fatty acid contents of the 9 Chinese proso millet cultivars. Linolenic acid and
oleic acid were the two dominant fatty acids in the nine proso millet varieties, and their
average contents were 61.74% and 22.16%, respectively. These results were consistent
with the report (65.5% and 20.0%, respectively) of Annor, Marcone, Corredig, Bertoft,
and Seetharaman (2015). D and N8 had the highest linolenic acid (64.23%) and linolenic
acid (2.51%) among all proso millet cultivars, respectively. Linolenic acid and linolenic
acids are essential fatty acid and must be supplied via the diet (Kim, Nam, Kim, Hayes,
& Lee, 2014; Malcicka, Visser, & Ellers, 2017). It is reported that linolenic acid has
many benefits for human health, such as cardiovascular-protective, anti-cancer, neuropro-
tective, and anti-inflammatory effects (Kim et al., 2014). Therefore, proso millet may be
beneficial as a healthy food ingredient.

3.4. The phytochemical compounds and antioxidant activities of methanol
extracts

It has been reported that methanol is an effective solvent in extracting phenolics and
other polar substances in grains (Suma & Urooj, 2012). In this study, 70% methanol
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Table 2. Protein (%) and amino acid content in nine Chinese proso millet cultivars (mg/g).
Cultivar S D N2 N4 N8 J1 J3 J7 J9 Mean waxy Mean non-waxy Mean
Protein 13.48 ± 0.24e 14.10 ± 0.09g 12.66 ± 0.17d 12.82 ± 0.10d 13.84 ± 0.03f 11.89 ± 0.02b 10.65 ± 0.03a 12.19 ± 0.16c 13.47 ± 0.21e 13.38 ± 0.63 12.05 ± 1.16 12.79 ± 1.09

N-EAA Asp 8.13 ± 0.06e 8.20 ± 0.10e 7.91 ± 0.72de 7.95 ± 0.21de 6.99 ± 0.81cd 5.63 ± 0.81a 6.61 ± 0.12bc 7.52 ± 0.06cde 5.94 ± 0.81ab 7.83 ± 0.49* 6.42 ± 0.84 7.21 ± 0.97
Ser 9.09 ± 0.41bcd 9.89 ± 0.26d 9.37 ± 1.16cd 9.60 ± 0.50d 9.03 ± 0.56bcd 7.27 ± 0.89a 8.26 ± 0.46abc 8.90 ± 0.48bcd 7.99 ± 0.54ab 9.40 ± 0.36* 8.11 ± 0.68 8.82 ± 0.83
Glu 33.32 ± 0.41cd 38.25 ± 1.88e 34.77 ± 2.50cde 37.25 ± 1.21de 31.75 ± 2.48c 26.23 ± 2.07a 30.66 ± 0.69bc 33.75 ± 0.47cd 26.95 ± 2.87ab 35.07 ± 2.70* 29.40 ± 3.49 32.55 ± 4.14
Pro 7.39 ± 0.10cde 7.77 ± 0.23e 7.36 ± 0.86cde 7.70 ± 0.31de 6.98 ± 0.24bcd 6.00 ± 0.61a 6.31 ± 0.07ab 6.94 ± 0.04bc 6.44 ± 0.19ab 7.44 ± 0.31* 6.42 ± 0.39 6.99 ± 0.63
Gly 2.28 ± 0.04c 2.22 ± 0.03c 1.86 ± 0.16b 1.87 ± 0.07b 1.86 ± 0.12b 1.52 ± 0.16a 1.55 ± 0.07a 1.84 ± 0.03b 1.73 ± 0.10b 2.02 ± 0.21* 1.66 ± 0.15 1.86 ± 0.26
Ala 13.33 ± 0.12cd 14.21 ± 0.53d 12.50 ± 0.89c 13.89 ± 0.40d 12.57 ± 0.84c 9.24 ± 0.72b 11.02 ± 0.72b 12.33 ± 0.32c 11.19 ± 0.54b 13.30 ± 0.77* 10.95 ± 1.27 12.25 ± 1.56
His 2.73 ± 0.06de 2.84 ± 0.13e 2.66 ± 0.21de 2.72 ± 0.12de 2.51 ± 0.07bcd 2.13 ± 0.20a 2.29 ± 0.07ab 2.57 ± 0.10cd 2.42 ± 0.10bc 2.69 ± 0.12* 2.35 ± 0.19 2.54 ± 0.23
Arg 3.53 ± 0.27f 3.05 ± 0.14e 2.56 ± 0.19d 2.43 ± 0.09cd 2.54 ± 0.08d 1.80 ± 0.21a 2.01 ± 0.03ab 2.46 ± 0.06cd 2.21 ± 0.13bc 2.82 ± 0.46* 2.12 ± 0.28 2.51 ± 0.52

EAA Thr 6.83 ± 0.14cde 7.29 ± 0.14e 7.07 ± 0.55de 7.04 ± 0.14de 6.81 ± 0.46cde 5.74 ± 0.56a 6.34 ± 0.17abc 6.57 ± 0.06bcd 6.12 ± 0.44ab 7.01 ± 0.20* 6.19 ± 0.35 6.65 ± 0.50
Val 4.67 ± 0.07e 4.81 ± 0.12e 4.23 ± 0.26cd 4.49 ± 0.07de 4.07 ± 0.20c 3.43 ± 0.43a 3.61 ± 0.08ab 4.29 ± 0.10cd 3.94 ± 0.21bc 4.46 ± 0.30* 3.82 ± 0.38 4.17 ± 0.46
Met + Cys 2.93 ± 0.03cd 3.14 ± 0.12e 2.75 ± 0.23bc 2.93 ± 0.14cd 2.50 ± 0.09a 2.43 ± 0.10a 2.57 ± 0.01ab 3.11 ± 0.06de 2.51 ± 0.03a 2.85 ± 0.24 2.66 ± 0.31 2.76 ± 0.27
Ile 4.28 ± 0.06cde 4.48 ± 0.05e 4.02 ± 0.21cd 4.31 ± 0.04de 3.93 ± 0.12c 3.17 ± 0.44a 3.40 ± 0.10ab 3.99 ± 0.03cd 3.54 ± 0.25b 4.21 ± 0.22* 3.53 ± 0.35 3.90 ± 0.45
Leu 17.19 ± 0.39cd 18.49 ± 0.41cd 16.66 ± 1.07bc 19.01 ± 1.38d 16.60 ± 0.72bc 13.15 ± 1.96a 13.16 ± 1.72a 16.55 ± 0.24bc 14.93 ± 0.97ab 17.59 ± 1.10* 14.45 ± 1.63 16.19 ± 2.08
Phe + Tyr 10.46 ± 0.24b 11.39 ± 0.16d 10.59 ± 0.53bc 11.30 ± 0.27cd 11.49 ± 0.46d 8.64 ± 0.88a 9.01 ± 0.20a 10.51 ± 0.07bc 11.10 ± 0.46bcd 11.05 ± 0.49 9.81 ± 1.17 10.50 ± 1.03
Lys 1.69 ± 0.04e 1.35 ± 0.05d 1.11 ± 0.03bc 1.05 ± 0.02b 1.08 ± 0.05b 0.83 ± 0.06a 0.87 ± 0.02a 1.10 ± 0.03bc 1.16 ± 0.04c 1.26 ± 0.27 0.99 ± 0.16 1.14 ± 0.26
Trp 1.33 ± 0.04bc 1.37 ± 0.08bc 1.18 ± 0.14abc 1.37 ± 0.13c 1.33 ± 0.05bc 1.17 ± 0.13ab 1.00 ± 0.13a 1.31 ± 0.11bc 1.32 ± 0.03bc 1.32 ± 0.08 1.20 ± 0.15 1.26 ± 0.12

Total N-EAA 79.80 86.44 79.00 83.41 74.23 59.81 68.72 76.31 64.86 80.57 67.42 74.73
Total EAA 49.38 52.33 47.61 51.50 47.81 38.57 39.96 47.44 44.63 49.73 42.65 46.58

Note: Data are expressed as mean ± standard deviation of triplicate samples; mean values with different superscripts in the same row are significantly different (P < .05).
*Means there are significantly different (P < .05) between the waxy group and non-waxy group within the same row.
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extracts from proso millets were used for the determination of phytochemical com-
pounds, antioxidant, and antiproliferative activities. The TSC, TPC, and TFC ranged
from 100.93 to 162.11 mg oleanolic acid equivalents, 9.28–19.05 mg gallic acid equiva-
lents, and 3.51–7.33 mg rutin equivalents per gram of extracts, respectively (Table 5).
Non-waxy proso millets were significantly higher than waxy proso millet in TSC
(136.12 mg/g and 108.51 mg/g, respectively; P < .05). J1 had the highest TSC and
TPC, while S possessed the lowest. The results were in agreement with the studies of
Choi, Jeong, and Lee (2007) and higher than wheat, barley, and rice (Kim, Hyun, &
Kim, 2010).

Table 3. Amino acid content (AA, mg/g protein), amino acid score (AAS, %), and essential amino acid
index (EAAI, %) of nine Chinese proso millet cultivars.
Cultivar Thr Val Met + Cys Ile Leu Phe + Tyr Lys Trp EAAI

S AA 50.69 34.66 21.70 31.76 127.49 77.57 12.54 9.87 83.18
AAS 126.72 69.32 62.01 79.40 182.13 129.28 22.80 98.66

D AA 51.72 34.13 22.28 31.76 131.20 80.82 9.57 9.72 81.28
AAS 129.30 68.26 63.66 79.40 187.43 134.70 17.40 97.19

N2 AA 55.90 33.44 21.71 31.76 131.65 83.66 8.80 9.32 80.71
AAS 139.75 66.88 62.03 79.40 188.08 139.44 15.99 93.24

N4 AA 54.89 35.02 22.85 33.63 148.25 88.12 8.17 10.68 84.52
AAS 137.22 70.03 65.28 84.09 211.78 146.87 14.86 106.83

N8 AA 49.18 29.41 18.03 28.42 119.91 83.03 7.77 9.61 73.50
AAS 122.95 58.83 51.51 71.04 171.30 138.38 14.13 96.07

J1 AA 48.29 28.87 20.43 26.65 110.67 72.71 7.01 9.84 71.08
AAS 120.71 57.75 58.36 66.62 158.10 121.18 12.75 98.44

J3 AA 59.51 33.90 24.11 31.92 123.59 84.61 8.14 9.39 81.35
AAS 148.78 67.79 68.89 79.81 176.65 141.01 14.79 93.89

J7 AA 53.89 35.22 25.54 32.74 135.73 86.15 9.03 10.74 85.22
AAS 134.73 70.43 72.97 81.84 193.90 143.59 16.42 107.43

J9 AA 45.46 29.24 18.66 26.31 110.81 82.36 8.59 9.80 72.63
AAS 113.64 58.47 53.30 65.77 158.31 137.27 15.62 97.97

Mean waxy AA 52.48 33.33 21.31 31.47 131.70 82.64 9.37 9.84 80.64
AAS 131.79 66.66 60.90 78.67 188.14 137.73 17.04 98.40

Mean non-waxy AA 51.79 31.81 22.18 29.40 120.20 81.46 8.19 9.94 77.57
AAS 129.47 63.61 63.38 73.51 171.72 135.76 14.89 99.43

Mean AA 52.17 32.65 21.70 30.55 126.59 82.12 8.85 9.89 79.27
AAS 130.42 65.31 62.00 76.37 180.84 136.86 16.08 98.86

Table 4. Contents of crude fat and fatty acid (%) in nine Chinese proso millet cultivars.

Cultivar Crude fat
Palmitic acid

(16:0)
Stearic acid

(18:0)
Oleic acid
(18:1)

Linoleic acid
(18:2)

Linolenic acid
(18:3)

S 2.59 ± 0.04c 16.17 ± 0.73f 2.60 ± 0.16d 18.01 ± 1.45a 60.74 ± 1.80b 2.49 ± 0.05d

D 3.77 ± 0.02f 11.93 ± 0.22d 1.75 ± 0.04a 20.51 ± 0.80b 64.23 ± 0.61e 1.59 ± 0.20bc

N2 3.00 ± 0.07d 10.23 ± 0.18a 2.70 ± 0.03de 24.66 ± 0.07e 61.47 ± 0.10bc 0.94 ± 0.01a

N4 1.70 ± 0.10b 11.99 ± 0.62d 2.81 ± 0.13e 22.15 ± 0.37c 61.48 ± 1.35bc 1.58 ± 0.63bc

N8 3.31 ± 0.11e 14.74 ± 0.39e 2.86 ± 0.14e 21.69 ± 0.34c 58.20 ± 0.01a 2.51 ± 0.09d

J1 1.58 ± 0.05ab 10.46 ± 0.20ab 2.23 ± 0.02c 23.66 ± 0.12de 62.64 ± 0.22cd 1.00 ± 0.10a

J3 1.54 ± 0.12a 11.11 ± 0.25bc 2.41 ± 0.03c 23.95 ± 0.55de 61.28 ± 0.77bc 1.24 ± 0.05ab

J7 1.65 ± 0.06ab 11.39 ± 0.34cd 1.95 ± 0.17b 21.53 ± 0.63bc 63.18 ± 0.68de 1.95 ± 0.58c

J9 2.61 ± 0.07c 10.81 ± 0.43abc 2.25 ± 0.01c 23.30 ± 0.15d 62.47 ± 0.30cd 1.16 ± 0.03ab

Mean waxy 2.87 ± 0.78 13.01 ± 2.39 2.54 ± 0.46 21.40 ± 2.43 61.23 ± 2.15 1.82 ± 0.67
Mean non-waxy 1.84 ± 0.51 10.94 ± 0.40 2.21 ± 0.19 23.11 ± 1.09 62.39 ± 0.80 1.34 ± 0.42
Mean 2.42 ± 0.84 12.09 ± 2.03 2.39 ± 0.38 22.16 ± 2.05 61.74 ± 1.71 1.61 ± 0.60

Note: Data are expressed as mean ± standard deviation of triplicate samples; mean values with different superscripts in the
same column are significantly different (P < .05).
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The antioxidant properties of proso millets were evaluated on the basis of measuring
scavenging for DPPH radicals, ABTS radical cations, and FRAP by proso millet methanol
extracts. The average proso millet extracts’ values were 35.60 μmol TE/g, 75.76 μmol TE/g,
and 86.36 μmol FeSO4/g as determined by the DPPH, ABTS, and FRAP assays, respect-
ively (Table 5). As a whole, non-waxy proso millet possessed a higher antioxidant activity
than waxy proso millet. Among all these nine Chinese proso millet varieties, N2 displayed
the highest DPPH radical scavenging activity (41.28 μM/g), J3 had the highest ABTS
radical scavenging activity and FRAP value (104.16 μM/g and 117.54 μM/g, respectively),
whereas S showed the lowest antioxidant activity. The differences between DPPH, ABTS+

radical scavenging activity, and FRAP among the varieties may be due to the content and
composition of phenolics and flavonoids of the extracts (Chandrasekara and Shahidi,
2011).

3.5. Cytotoxicity and antiproliferative effects on MDA-MB-231-Breast Cell Lines

The cytotoxic effects and inhibition of MDA-MB-231-Breast Cell Lines’ proliferation by
the proso millet extracts are presented in Figure 1. As shown in Figure 1(a), all of the
extracts had no cytotoxic effect (<10% reduction in the absorbance reading at
570 nm compared to the control) on MDA-MB-231-Breast Cell Lines in a low
dosage range (0–125 μg/mL). Figure 1(b) shows that all extracts inhibited MDA-MB-
231-Breast Cell Lines’ proliferation at doses of 31.25, 62.5, 125, 250, 500 μg/mL, and
the inhibition was dose-dependent. For the different cultivars of proso millet, the
EC50 values of antiproliferative activities are shown in Figure 2. The EC50 of J7
(88.26 μg/mL), J3 (93.98 μg/mL), and J1 (94.98 μg/mL) were significantly lower than
all other cultivars (P < .05). Therefore, the methanol extracts of J7, J3, and J1 possessed
better antiproliferative effects than other proso millet varieties. The result suggested
that the inhibitory effect was not attributed to a cytotoxic effect but to the anti-
cancer effects of the extracts in a certain extract range. Zhang, Liu, and Wei (2014)

Table 5. The content of total saponin (TSC), total phenolic (TPC), total flavonoid (TFC), and antioxidant
activities of proso millet extracts.

Cultivar TSCa (mg/g) TPCb (mg/g) TFCc (mg/g)

Antioxidant activities

DPPH (μM/g)d ABTS (μM/g)d FRAP (μM/g)e

S 100.93 ± 2.46a 9.28 ± 0.22a 3.51 ± 0.05a 15.65 ± 0.12a 38.67 ± 0.61a 50.59 ± 2.95a

D 103.60 ± 2.73ab 11.88 ± 0.12b 5.61 ± 0.20b 28.61 ± 0.44b 65.47 ± 1.35b 64.61 ± 0.38b

N2 108.89 ± 2.18b 18.00 ± 0.38ef 6.46 ± 0.30c 41.28 ± 0.80e 76.25 ± 1.04d 89.91 ± 1.23de

N4 119.82 ± 3.67c 16.32 ± 0.49d 7.33 ± 0.39d 40.76 ± 1.14e 73.58 ± 0.76c 90.77 ± 0.48de

N8 109.29 ± 4.47b 17.78 ± 0.15e 5.50 ± 0.42b 41.17 ± 0.97e 75.30 ± 1.16cd 85.26 ± 0.80c

J1 162.11 ± 5.97e 18.84 ± 0.91fg 5.03 ± 0.20b 41.05 ± 0.45e 98.14 ± 2.03f 91.80 ± 0.33e

J3 133.37 ± 4.12d 19.05 ± 0.62g 5.45 ± 0.59b 39.87 ± 1.52de 104.16 ± 1.95g 117.54 ± 0.88g

J7 132.26 ± 1.31d 18.24 ± 0.50efg 5.21 ± 0.35b 38.47 ± 0.64d 82.64 ± 1.54e 98.30 ± 1.94f

J9 116.75 ± 1.99c 13.65 ± 0.72c 5.11 ± 0.41b 33.52 ± 2.46c 67.63 ± 1.54b 88.48 ± 0.71d

Mean waxy 108.51 ± 7.25 14.65 ± 3.88 5.68 ± 1.42 33.50 ± 11.34 65.85 ± 15.78 76.23 ± 17.84
Mean non-waxy 136.12 ± 18.91* 17.44 ± 2.55 5.20 ± 0.18 38.23 ± 3.31 88.14 ± 16.41 99.03 ± 13.00
Mean 120.78 ± 19.29 15.89 ± 3.49 5.47 ± 1.04 35.60 ± 8.64 75.76 ± 19.07 86.36 ± 19.15

Note: Data are expressed as mean ± standard deviation of triplicate samples; means in a column with different letters differ
significantly (P < .05); a, b and c are expressed as mg oleanolic acid equivalents; gallic acid equivalents, and rutin equiva-
lents per gram of extracts, respectively; d and e are expressed as μmol Trolox and FeSO4 equivalents per gram of extracts,
respectively.

*Means there are significantly different (P < .05) between the waxy group and non-waxy group within the same column.
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also reported that both free and bound phenolic extracts of edible proso millet showed
antiproliferative activities towards MDA cells. However, further researches are needed
to elucidate which function compounds are responsible for the antiproliferative activity
of proso millet.

3.6. Correlations

The correlations between antioxidant activity (DPPH, ABTS, and FRAP value) and anti-
proliferative activity (EC50 value) are shown in Table 6. The results showed that antipro-
liferative activity significantly negatively correlates with ABTS (P < .01) and FRAP (P
< .05). The negative correlation indicates that the higher ABTS values resulted in a
higher inhibition of cancer cell proliferation. However, there was no significant linear

Figure 1. Cytotoxicity towards MDA-MB-231-Breast Cell Lines (a) and per cent inhibition of MDA-MB-
231-Breast Cell Lines’ proliferation (b) by extracts (0–500 μg/mL) from nine varieties of Chinese proso
millets. The error bars represent one standard deviation.
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relationship between the DPPH value and EC50 value of anti-cancer activity of MDA-MB-
231-Breast Cell Lines (R 2 =−0.587, P < .05).

4. Conclusion

Although all the nine kinds of Chinese proso millet had good nutritional characteristics of
antioxidant and antiproliferative activities, there were still significant differences among
the evaluated proso varieties. The non-waxy varieties were significantly higher than
waxy varieties in the content of amylase and resistant starch (P < .01). All of the proso
millets showed high content of protein and suitable amino acid constitution (EAAI =
79.27%). Oleic and linolenic acids were the dominant fatty acids. In general, non-waxy
proso millet, especially J3 and J7, possessed a higher content of phytochemical com-
pounds, antioxidant, and antiproliferative activity than waxy proso millet. Besides, signifi-
cant negative correlations (P < .05) of antiproliferative activity with ABTS and FRAP were
observed. The nutritional and biological activities data suggest that the proso millets, par-
ticularly non-waxy proso millets, hold promise as healthy food ingredients. These results
are anticipated to provide useful information on the selection of daily diets or the devel-
opment of proso millet-based functional food.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 2. EC50 of antiproliferative activity by nine Chinese proso millet extracts (mean ± SD, n = 3). Cul-
tivars with no letters in common are significantly different (P < .05).

Table 6. The correlation of antioxidant activity and antiproliferative activity.
DPPH ABTS FRAP

ABTS 0.820**
FRAP 0.827** 0.895**
EC50 value of antiproliferative activity −0.587 −0.858** −0.707*
**Correlation is significant at the .01 level.
*Correlation is significant at the .05 level (two-tailed).
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