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To identify nutritional and therapeutic properties of the new Korean red waxy sorghum cultivar 
‘Hwanggeumchalsusu (HGC)’, we assayed the antioxidative effects and neuraminidase inhibitory 
activity. A methanol and 70% ethanol extract of HGC exhibited strong antioxidative effects (IC50 val-
ues of 83.2±2.7 for DPPH) and 85.6±2.4 μg/ml for ABTS) and neuraminidase (ND) inhibitory activity 
(IC50 values of 1.8±0.1 from extracted with methanol and 3.4±0.1 μg/ml from extracted with 70% etha-
nol) compared with that of the control, noncolored sorghum cultivar ‘Huinchalsusu (HC)’ (IC50 > 200 
μg/ml). We isolated nine polyphenols, Gallic acid (1), Protocatecuic acid (2), p-Hydroxy benzoic acid 
(3), Vanillic acid (4), Caffeic acid (5), Ferulic acid (6), Luteolinidin (7), Apigeninidin (8), Luteolin (9), 
from the HGC–methanol extract, to determine whether they were the active components Luteolinidin 
of one kind of polyphenols from the HGC, exhibited significant antioxidative effects (IC50 values of 
10.9±0.5 μM for DPPH and 8.6 0.6 μM for ABTS) and neuraminidase (ND) inhibitory activity (IC50 val-
ues of 26.3±0.6) showed noncompetitive inhibition model. The binding affinity of the ND inhibitors 
in molecular docking experiments correlated with their ND inhibitory activities. These results suggest 
that HGC may be utilized to serve as a potential effective antioxidant and inhibitor of ND.
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Introduction

Sorghum is one of the most important staple foods in 

the semiarid tropics of Africa and Asia. It is primarily used 

as food in these regions and also used as feed for domestic 

animals. Recently, the number of studies that focus on the 

importance of sorghum as a food source has increased be-

cause of the beneficial effects of sorghum on human health 

[2]. For example, when consumed as part of the diet, sor-

ghum or its components act as antiinflammatory agents [5], 

anticancer drugs [22], and as antimutagens [2]. Sorghum 

contains numerous compounds, particularly phenolic com-

pounds such as phenolic acid and flavonoids. Among them, 

3-deoxyanthocyanins, apigeninidin, and luteolinidin are 

components of pigments that impart grain color to sorghum 

[3]. These compounds mediate the beneficial effects of sor-

ghum on health and contribute to the favorable character-

istics of processed goods prepared using sorghum [7].

 Seasonal influenza kills hundreds of thousands of peo-

ple because of the high infectivity of influenza virus and 

the emergence of strains with new antigenicity [2]. The sur-

face of the influenza virus particle contains hemagglutinin, 

neuraminidase (ND), and an ion channel. ND, which is 

widely distributed among viral and bacterial species, 

cleaves sialic acid residues from the cell–surface. Because 

of the ND function, progeny virus particles are easily re-

leased from host cell [4, 6, 18]. Therefore, ND is a significant 

therapeutic target for the development of antiviral drugs. 

Several polyphenols which are derived from natural sources 

have been reported as ND inhibitors [12, 13]. 3-deoxy-

anthocyanidin is a major polyphenol of sorghum; however, 

there are no reports on its ability to inhibit ND activity.

Antioxidants protect organisms against the harmful ef-

fects of free radicals, which are derived from environmental 
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pollutants, ultraviolet light and chemicals. The free radicals 

damage DNA, RNA, and proteins, leading to different types 

of tissue injuries [1, 10]. Antiviral agents taken together with 

antioxidants, antiinflammatory agents, or both demonstrate 

enhanced activity [8, 24]. Therefore, compounds that act as 

antioxidants and ND inhibitors may serve as powerful ther-

apeutics to control influenza virus.

In the present study, we investigated the ability of a 

Korean red waxy sorghum cultivar on ND activity and anti-

oxidative effect. To the best of our knowledge, this is the 

first study to show that a colored sorghum cultivar may 

serve as food for human consumption or as animal feed 

with antioxidative and antiviral activity.

Materials and Methods

Plant materials

Two Korean waxy sorghum cultivars (Sorghum bicolor L. 

Moench), ‘Hwanggeumchalsusu (HGC)’ with a red pericarp 

and ‘Huinchalsusu (HC)’ with a white pericarp, were har-

vested in 2013 at the experimental field of the National 

Institute of Crop Science (NICS), Rural Development 

Administration, Korea. The samples were packaged in plas-

tic bags and stored at -20°C.

Chemicals

1,1-diphenyl-2-picryhydrazyl (DPPH), 2,2’-azino-bis(3- 

ethylbenzothiazoline-6-sulfonic acid (ABTS), potassium per-

sulfate, Clostridium perfringens neuraminidase (ND), 4-meth-

ylumbelliferyl-α-D-N-acetylneuraminic acid sodium salt hy-

drate (4-MU-NANA), sodium acetate, trifluoroacetic acid 

(TFA) were purchased from Sigma-Aldrich (St. Louis, USA). 

HPLC-grade water and acetonitrile (ACN) were purchased 

from J.T. Baker (Phillipsburg, USA).

Isolation and identification of active compounds

Dried HGC grain was ground using a miller to a mesh 

size of 100, and 1 kg of this powder was extracted with 

methanol containing 0.5% HCl (v/v) at room temperature 

for 3 days. The extract was concentrated at 40°C under re-

duced pressure using an evaporator, and 61 g of dark red 

residue was obtained. The residue was subjected to reverse 

phase column chromatography (RPCC, LiChroprep C18, 

Millipore, Darmstadt, Germany) and eluted with a mixture 

of ACN and methanol (ACN:methanol, 10:1, 5:1, 1:1, and 

0:1, v/v). Based on the TLC profile, five main fractions (F.10

–5) were collected. F.2 was again subjected to RPCC and 

yielded compounds 8 (380 mg) and 9 (82 mg). Compounds 

7 (198 mg) and 6 (46 mg) were isolated from F.3 and F.4, 

respectively, using an RPCC eluted with a mixture of meth-

anol and distilled water. F.5 was divided into five sub-

fractions (F.5.1–5) and yielded compounds 5 (71 mg), 4 

(11 mg), and 3 (20 mg) from F.5.2–4. Subfraction F.5.5 was 

applied to an RPCC that was eluted with a mixture of meth-

anol and distilled water (5:1, 1:1, and 0:1), yielding com-

pounds 2 (26 mg) and 1 (27 mg). Nuclear magnetic reso-

nance (NMR, Bruker Avance-300, Bruker Biospin, Karlsruhe, 

Germany) and ultra–highperformance liquid chromatog-

raphy (UPLC, Waters, Milford, USA) equipped with an elec-

tro–spray ionization–tandem mass/mass spectrometric 

system (LC/MS/MS, Waters) were used to determine their 

structures. The 1H- and 13C-NMR spectral data of com-

pounds are available as supplementary materials. LC/ 

MS/MS analyses ware performed over the range m/z 50–

1,000 and conducted using positive- and negative-ion 

modes. The operating parameters were: cone voltage 40 V; 

capillary voltage, 2.8 kV; drying gas, N2, 800 l/hr; collision 

gas, argon, 0.12 ml/min. Full scan data acquisition was 

processed MassLynx (Waters).

Evaluation of antioxidant activities

Free radical scavenging activities were determined using 

the DPPH and ABTS assays [15]. DPPH (200 μl, 0.15 mM) 

was mixed with sample (50 μl), and absorbance (ABS) was 

measured at 517 nm after 30 min at room temperature. The 

ABTS stock solution (7.4 mM) was mixed with 2.4 mM po-

tassium persulfate and maintained for 4 hr until the absorb-

ance stabilized. The ABTS (225 μl) and sample (25 μl) were 

mixed for 1 min and ABS was immediately measured at 

734 nm. DPPH and ABTS radical scavenging activity were 

calculated according to formula (1).

Free radical scavenging activity (%) = (ABSblank–ABSsample) 

/ ABSblank ×100                            (1)

Bacterial neuraminidase inhibition assay

Inhibition of ND activity was measured using a mod-

ification of a method published by Potier et al [16]. The 

sample (100 μl, inhibitor, I) was mixed with 2 mM 4- 

MU-NANA (125 μl) and sodium acetate buffer (1771 μl, pH 

5.0) and maintained at 37°C. ND (4 μl, 10 U/ml) was added, 

mixed well, and the reaction product 4-methylumbelliferon 

was immediately measured at 37°C using a fluorescence 
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spectrophotometer (SpectraMax M5, Molecular Devices, 

Sunnyvale, USA). The excitation and emission wavelengths 

were 365 and 450 nm. Inhibitory activities were calculated 

according to equation (2).

Activity (%) = 100[1 / (1 + ([I] / IC50))]          (2)

To determine the inhibition model displayed by com-

pounds, Lineweaver-Bulk and Dixon plot were obtained at 

several inhibitor concentrations using several substrate (S) 

concentrations and data were analyzed using the SigmaPlot 

(SPCC Inc., Chicago, USA). The kinetic parameter, Ki values 

were calculated according to equation (3).

Ki = IC50 / [1 + ([S] / Km)]                    (3)

Molecular docking calculations

Docking calculations were determined using the program 

AUTODOCK 4.2 [14]. The monomer model of the three–di-

mensional structure of neuraminidase (PDB code: 2VK6) 

[18] was used. The AUTODOCKTOOLS program was also 

used to generate the docking input files using the im-

plemented empirical free energy function and the 

Lamarckian genetic algorithm. The grid maps for docking 

simulations were generated with 60 grid points in the x, 

y, and z direction centered on the O-4 hydroxyl of 2-de-

oxy-2,3-dehydro-N-acetyl neuraminic acid (NeuAc2en) in li-

gand binding site of catalytic domain using the AutoGrid 

program. The best docked conformation was chosen to have 

the lowest binding energy in the cluster with the greatest 

number of members. The figure was generated using 

PyMOL (http://www.pymol.org).

Quantitative analysis of phenolic compounds

Quantitative analysis of phenolic compounds was per-

formed using the UPLC system. One gram of sorghum grain 

powder was extracted with 20 ml of methanol containing 

0.5% (v/v) HCl for 24 hr at 30°C. The extract injected into 

a column (Waters ACQUITY BEH C18) that was maintained 

at 35°C and absorbance was measured at 254 nm. The mo-

bile phase, 0.1% TFA in water (A) and ACN (B), was deliv-

ered at 0.4 ml/min using a gradient as follows: initial, 3% 

B; 10 min, 20% B; 13 min 30% B; 15 min, 50% B; 16 min, 

90% B; 20 min 3% B. The calibration curve was generated 

using different concentrations of isolated compounds. The 

identities of the compounds were determined by comparing 

the retention times of the standard peaks with those of the 

sorghum extract peaks.

Statistical analysis

All measurements were repeated three times, and the re-

sults are presented as the mean ± standard deviation (SD) 

of data obtained from triplicate experiments. The data were 

displayed using SigmaPlot software.

Results and Discussion

Antioxidative effects and ND inhibitory activities 

of sorghum grain extracts

The evaluation of antioxidative activity is primarily used 

to determine the biological effects of natural products and 

foods. The antioxidative activities of HGC and HC extracts 

were measured using DPPH and ABTS assays which have 

been commonly used to evaluate free radical scavenging 

activity of natural compounds [21]. HGC–methanol and 

HGC ethanol (70%) extracts and only the HCC–methanol 

extract was active in DPPH and ABTS antioxidant assays 

(Table 1). The antioxidative effects of HGC–methanol ex-

tracts were higher than those of HC–methanol extracts (by 

factors of 3.5 in DPPH assay and 5.8 in ABTS assay). There 

was no significant difference in the effects of methanol and 

ethanol (70%) extracts of HGC. All HGC extracts inhibited 

ND activity, specifically, the IC50 values of the HGC–meth-

anol and HGC–70% ethanol extracts were remarkable 

(1.8±0.1 μg/ml and 3.4±0.1 μg/ml, respectively). In contrast, 

HC–hexane and HC–ethyl acetate extracts only inhibited 

ND activity, with IC50 values of 16.8±0.3 μg/ml and 19.6±0.8 

μg/ml, respectively. Throughout the assessment of the free 

radical scavenging and ND inhibitory activities, the anti-

oxidant capacity and ND inhibition of sorghum may be de-

termined by compounds, contained within HGC methanol 

extract more than other extracts. These compounds, which 

were expected to be active on antioxidant capacity and ND 

inhibition, were expected to have different dissolution char-

acteristic, antioxidant capacity, influence on ND action, and 

contents in sorghum grain. Therefore, we selected the HGC

–methanol extract for further analysis.

Identification of compounds isolated from the 

sorghum cultivar HGC

The HGC–methanol extract yielded fractions containing 

discrete peaks from repeated column chromatographic sepa-

rations, and nine phenolic compounds were identified using 

NMR and LC/MS/MS. The LC/MS/MS chromatograms 

are shown in Fig. 1, and their UV–VIS absorption maxima, 
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Table 1. Yields, antioxidative effects, and ND inhibitory activities of extracts of two sorghum cultivar grains prepared using four 

different solvents

Cultivars Extraction solvent
Extraction yield

(%)
a)

Antioxidative effect IC50 (μg/ml)b)
ND inhibitory activity

IC50 (μg/ml) c)
DPPH ABTS

HGC

Hexane

Ethyl acetate

Methanol

70% Ethanol

15.0

11.5

 5.9

 5.2

>1,000

>1,000

108.6±47.9

 83.2±2.7

>1,000

>1,000

 94.0±23.3

85.6±2.4

33.1±6.6

25.3±0.1

 1.8±0.1

 3.4±0.1

HC

Hexane

Ethyl acetate

Methanol

70% Ethanol

11.9

 4.7

 5.6

 4.7

>1,000

>1,000

381.2±18.7

>1,000

>1,000

>1,000

541.8±34.1

>1,000

16.8±0.3

19.6±0.8

>200

>200

a)Extraction yields are represented as g/100 g dry weight.
b)All extracts were assayed in a set of experiments repeated three times. The IC50 values represent the concentration of a compound 

that scavenged 50% of the free radicals.
c)All extracts were assayed in a set of experiments repeated three times. IC50 values represent the concentration of a compound 

that inhibited enzyme activity by 50%.

Table 2. UV–VIS absorption maxima, LC-retention times, and MS data of phenolic compounds isolated from the sorghum cultivar 

HGC

Compound

number

UV max

(nm)

tR at 254 nm 

(min)

Molecular ion

[M-H] (m/z)

Fragment ions in 

ESI/MS (m/z)
Identification References

1

2

3

4

5

6

7

8

9

215.2

217.6

255.4

219.9

323.3

323.3

486.9

473.6

356.3

 1.5

 2.9

 4.3

 5.3

 5.6

 8.2

 9.2

10.2

12.8

169 [M-H]
-

152 [M-H]-

137 [M-H]-

167 [M-H]-

179 [M-H]-

193 [M-H]-

271 [M-H]+

255 [M-H]+

287 [M-H]+

125, 79

108

93

152, 123, 108

135

178, 134

141, 115

152, 128, 115

153, 135

Gallic acid

Protocatecuic acid 

p-hydrobenzoic acid

Vanillic acid

Caffeic acid

Ferulic acid

Luteolinidin

Apigeninidin

Luteolin

23, 24

23, 24

23, 24

23, 24

23, 24

23, 24

25

25

26

retention times, molecular ions, and fragmentation ion pat-

terns were compared with already published values (Table 

2). Compounds 1-3 and 5 yielded molecular ions [M-H]− 

at m/z 169, 152, 137 and 179. The fragment ions at m/z 125, 

108, 93 and 135 with the same fragmentation pattern were 

generated by the loss of a carboxyl group (Fig. 1.A–C, 1.E). 

Compounds 1-3 and 5 were identified as gallic acid, proto-

catechuic acid, p-hydroxybenzoic acid, and caffeic acid re-

spectively, according to the NMR data and comparison with 

already published data [20, 21]. Compounds 4 and 6 ex-

hibited a molecular ion [MH]− at m/z 167 and 193, and 

produced a fragment ion at m/z 152, 123 and 108 in com-

pound 4, and 178 and 134 in compound 6 with sequential 

loss of a methyl and a carboxyl groups (Fig. 1.D, 1.F). 

Compounds 4 and 6 were identified as vanillic acid and 

ferulic acid, respectively, in agreement with already pub-

lished data [9, 11]. Compounds 7-9 yielded molecular ions 

[M-H]+ at m/z 271, 255 and 287, respectively (Fig. 1.G–I). 

According to the characterization of the C ring, fragments 

of compound 7 were detected at m/z 141 and 115, fragments 

of compound 8 at 152, 128, and 115, and fragments of com-

pound 9 at 153 and 135. The compounds were identified 

as luteolinidin, apigeninidin, and luteolin according to pub-

lished fragmentation patterns [20, 22], NMR data, and 

LC-retention times.

Antioxidative effects and ND inhibitory activities of 

phenolic compounds isolated from sorghum cultivar 

HGC

The antioxidative and ND inhibitory activities of the nine 

polyphenol compounds are shown in Table 3. The activities 

of all compounds, except compound 5, were higher in the 

ABTS assay than in the DPPH assay, and compounds 1 

and 7 were highly active in both. The activity of compound 
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A B C

D E F

G H I

Fig. 1. Spectra of LC/MS/MS fragmentation patterns of compounds 1-9 isolated from sorghum cultivar HGC. (1), gallic acid; 

(2), protocatechuic acid; (3), p-hydrobenzoic acid; (4), vanillic acid; (5), caffeic acid; (6), ferulic acid; (7) luteolinidin; (8), 

apigeninidin; (9), luteolin.

Table 3. The antioxidative effect, ND inhibitory activities, and mechanisms of inhibition of the phenolic compounds isolated from 

HGC

Compound
Antioxidative effect IC50 (μM)

a) ND inhibitory activity

DPPH ABTS IC50 (μM)b) Type of inhibition (Ki, μM)

1
2
3
4
5
6
7
8

 9c)

 18.2±4.3
 54.7±9.3

 -d)

-
 34.4±1.3
 73.9±2.9
 10.9±0.5
237.9±6.2
 31.6±2.7

15.0±0.2
41.5±0.5

-
31.2±2.4
41.2±4.8
19.3±0.6
 8.6±3.0
 9.3±0.4
29.8±0.7

-
-
-
-
-
-

26.3±0.6
24.3±1.2
12.9±3.8

cNDe)

ND
ND
ND
ND
ND

Noncompetitive (28.1±1.9)
Noncompetitive (19.4±1.1)
Noncompetitive (19.4±0.4)

a)All extracts were assayed in a set of experiments repeated three times. The IC50 values represent the concentration of compound 

that scavenged 50% of free radicals.
b)All compounds were examined in a set of experiments repeated three times. The IC50 values represent the concentrations of 

compounds that inhibited enzyme activity by 50%.
c)Luteolin was used as a positive control.
d)Free radical scavenging and ND inhibitory activities were very low (0%-7.2% at 100 μM).
e)Not determined.

8 in the ABTS assay was high, and its activity in the DPPH 

assay was lower than those of the other compounds. ND 

activity was markedly inhibited by compounds 7 and 8 with 

the IC50 values of 26.3±0.6 μM and 24.3±1.2 μM, respectively 

(Fig. 2A, Table 3). To the best of our knowledge, this is 

the first study to demonstrate the ability of compounds 7 

and 8 to inhibit ND activity. Compound 9 is a known ND 

inhibitor [9, 24], and was used as a positive control. The 

ND inhibitory activity of compound 8 was slightly lower 

than that of compound 9 and similar to that of compound 

7. The inhibition of ND by compound 8 was concentration 

dependent (Fig. 2B). The plots of enzyme activity versus 
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A B

C

D

Fig. 2. Effect of compounds 7-9 on ND activity and graphical 

determination of the mechanism of inhibition. (A) 

Enzyme activity expressed as a function of inhibitor 

concentration. (B) Enzyme activity expressed as a func-

tion of enzyme concentration using different concen-

trations of compound 8. Panels (C) and (D) show the 

modified Lineweaver–Burk and Dixon plots for com-

pounds 7 and 8, respectively.

Fig. 3. Binding modes of docked compounds 

within the activity site of ND. Overlay 

of the active site of the ligand free 

structure and compounds. The ND is 

shown in gray and the substrates are 

shown in stick: Compound 7 (oxygen 

in red, carbon in yellow), compound 

8 (oxygen in red, carbon in orange), 

compound 9 (oxygen in red and car-

bon in green).

enzyme concentration were linear and intercepted the y-axis 

near the origin, indicating that compound 8 was a reversible 

inhibitor. The mechanisms of inhibition of ND by com-

pounds 7 and 8 were determined using a modification of 

the Lineweaver–Burk and Dixon plots (Fig. 2C, 2D). Vmax 

values decreased as a function of increased concentrations 

of both compounds and Km values maintained a constant 

value. As shown in the Dixon plots, the inhibition curves 

for each concentration intercepted the same point on the 

negative x-axis, indicating that the two compounds were 

noncompetitive inhibitors and those bind the free enzyme 

and the enzyme–substrate complex. Ki values were de-

termined from the Dixon plots, in which the x-axis intercept 

is equal to −Ki. Ki values for compounds 7 and 8 were 

28.1±1.9 μM and 19.4±0.4 μM, respectively (Table 3). As 

previously reported, the inhibitory activity of compound 9 

is mediated by the presence of hydroxyl groups and absence 

of glycosides [1]. The flavonoid moieties of compounds 7 

and 8 are identical, and their structures are similar to that 

of compound 9 with a structural difference at the C-ring. 

We found that this structural analogy may affect the in-

hibitory activities of compounds 7-9 during the enzyme–

substrate interaction.

Molecular docking simulation of phenolic com-

pounds isolated from sorghum cultivar HGC 

To determine effect of chemical structure, inhibitor’s 

binding modes in the ND active site were analyzed via mo-

lecular docking calculation using by AUTODOCK (Fig. 3). 

The least stable binding mode with energy of -4.6 kcal/mol 

for compound 9 was obtained, and energy of compound 

7 and 8 were very similar to that of compound 9 with the 

value of -5.05 kcal/mol and -5.04 kcal/mol, respectively. 

The docking suggests that the those compounds 7-9 were 

binding cell into the active binding site interacting with the 

well conserved binding modes and residues of compounds 

7-9 were very similar. Those compounds were interacting 

with side chain of active site residues. As mentioned above, 
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A

B

C

Fig. 4. UPLC profiles of nine polyphenols in 

HGC and HC extracts. (A) HGC, (B) HC, 

(C) Standard chemicals. The peak re-

tention times were as follows: peak 1 

(compound 1, gallic acid), tR = 1.5 min, 

peak 2 (compound 2, protocatechuic 

acid), tR = 2.9 min, peak 3 (compound 

3, p-hydrobenzoic acid) tR = 4.3 min, 

peak 4 (compound 4,  vanillic acid), tR 

= 5.3 min, peak 5 (compound 5, caffeic 

acid), tR = 5.6 min, peak 6 (compound 

6,  ferulic acid) tR = 8.2 min, peak 7 

(compound 7, luteolinidin), tR = 9.2 min, 

peak 8 (compound 8, apigeninidin), tR = 

10.2 min, and peak 9 (compound 9, lu-

teolin) tR = 12.8 min.

Table 4. Content of phenolic compounds (compounds 1-9) of 

the sorghum cultivars HGC and HC

Compound
Content of phenolic compounds

a) (mg/100 g)

 HGC   HC

1

2

3

4

5

6

7

8

9

  5.5±0.7

  5.4±0.4

  2.2±0.1

  4.2±0.1

 16.3±0.5

  9.1±0.8

 28.1±4.1

 75.3±5.1

 18.6±0.6

6.8±0.2

2.0±0.2

3.1±0.0

1.5±0.1

8.9±0.0

6.4±0.1

 tr
b)

tr

19.5±0.2

Total 164.6±9.8 48.2±0.4
a)All extracts were examined in a set of experiments repeated 

three times. 
b)Traced.

structural differences in C-ring of three compounds existed, 

therefore, 4-oxygen C-ring of compound 9 was key inter-

acted with side chain of Arg555. It may be make compound 

9 more tightly interact with ND. The molecular docking 

of the binding mode of compounds 7-9 should strong pro-

vide clues to understand how the inhibitor compound 

bound to the ND active site.

Quantitative analysis of phenolic compound content 

of two sorghum cultivars

The content of the candidate polyphenols responsible for 

the antioxidant effects and ND inhibitory activity in HGC 

and HC were quantified using UPLC. Chromatograms of 

the methanol extracts prepared from HGC and HC are 

shown in Fig. 4. The total amount of polyphenols in HGC 
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was 164.6±9.8 mg/100 g, approximately was higher by a 

factor of 3.4 than that in HC extract (Table 4 and Fig. 4). 

We found it of interest that different compounds were iden-

tified as major components of HGC and HC. Compound 

8 was the most abundant compound in the HGC extract 

and compound 9 was the most abundant compounds in 

the HC extract (approximately 50% and 40%, respectively). 

In HGC, the sum of the contents of three major compounds 

7, 8 and 9, which markedly inhibited ND activity, was 

121.9±10.6 mg/100 g; however, compound 9 accounted for 

19.5±0.2 mg/100 g, the rest two compounds were present 

at trace levels in HC. These results suggest that HGC, which 

contained nine polyphenols in abundance, was a more effec-

tive antioxidant and inhibitor of ND activity than HC. 

Furthermore, the HG extract was a poor inhibitor of ND; 

therefore, these findings suggest that HGC sorghum cultivar 

may serve as a resource for producing antioxidants and ant 

influenza agents.

Conclusion

In conclusion, we assessed for the first time the anti-

oxidative effect and ND inhibitory activity of new Korean 

red waxy sorghum cultivar HGC, and compounds isolated 

from HGC. We found that methanol extracts of HGC strong-

ly inhibited ND activity and exhibited antioxidant activity. 

Compounds 7 (luteolinidin) and 8 (apigeninidin) were iso-

lated from this extract, and we show here that they sig-

nificantly inhibited ND activity. Compounds 7 and 8 were 

present at relatively high levels in HGC, and we also identi-

fied compound 9 (luteolin), which is a known inhibitor of 

ND. Based on these results, we conclude that the Korean 

sorghum cultivar HGC can be applied to preparing food 

for humans and feed for domestic animals, with the poten-

tial benefit of preventing and controlling diseases caused 

by oxidative damage and infection with influenza virus.
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록：황 찰수수(Sorghum bicolor L. cv. Hwanggeumchalsusu) 유래 에탄올 추출물  폴리페

놀계 화합물의 항산화 활성  뉴라미니데이즈 억제 효과

나지은1,2
†
․서경혜1

†
․고지연1․이미자1․강 1․김선림1․정일민2․서우덕1*

(1농촌진흥청 국립식량과학원, 2건국대학교 환경생명과학대 응용생명학과)
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