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Analysis of Functional Compounds on the Seeds of Sorghum
(Sorghum bicolor Moench) and Their Sprouts

Chun, Hyun-Sik - Jeon, Seung-Ho - Cho, Young-Son

This study was done to examine antioxidant compounds, antioxidative activity and
chemical properties in organically cultivated sorghum seed and their sprout, and to
examine as a basic data for various application methods as an organic farming
product of sorghum. The crude protein and mineral contents in the sprout had 2.5
and 1.6~9.87 folds more than sorghum seed, respectively. Total polyphenol content
as antioxidant was more in the sprout showing 4,135 mg GAE g than the seed,
whereas total flavonoid content was relatively higher in the seed showing 3.86 mg
GAE g'. ABTS radical scavenging activity in the seed was observed by higher
level as 15.78 mg TE g'. However, The sprouts with and without natural light
were no significant difference. DPPH radical scavenging activity in the seed
exhibited activity of 11 folds or more compared to that of the sprout. The highest
activity was detected from the seeds and the sprouts in Donganmae. Although
sorghum was no significant correlations among the varieties, it showed correlation
with between the light-treated condition and antioxidation.
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mm ©]3}9] QI=e} 22 oldy] XY A E AUE FASEZ AujEo] & FEZA Q&
Tl ST 50% EdstH, SHIEe] w1 vl Q0] H2 AHZEE dEA
ATHBennett er al., 1990; Khosla et al., 1995; Wiedenfeld and Matocha, 2010). Z=3F 5= 2

©]’d F, phenolic compounds &2 FEAEC] O F FF5 o] 221, phenolic compoundst=
SR olE, ¥4, HE4t o2 FAE Ja tiFE EgHxolEE 4HA
(Chae and Hong, 2006; Kim et al., 2006).

22 =0 79 AR e tig A7 st P EHEA gl FHrE o
A+ phenolic compounds+= 733 FEdWolAdde o] e ALE HiHHT glon
(Grimmer et al., 1992), ¥4 FEE2 ZEs S8 S el A2 484
(Hahn et al., 1984). 52| 7|54 g AT 2= &
FHIE AT ATKIl et al, 2009), FF FEA oI kA S

)+ A-(Dykes and Rooney, 2006) 5o &3+ B E0] o}

FHZ Aol o] shako 2 ste] 1995 HE] A AA| Ax(sprouts), A4 E(salad) 52 A4
Hol 2 F Aol FAFH7] A&t HAat el v Ao E 4ol AtkSoriano et al.,
2000). 53], AEANLE FHH &F TH A= Tyt S5, AZTFEE 2009 2
£ Jo 3 thKuo et al., 1988; Lee and Kim, 2008). Y& =3+ ARAz 4 AV7F S5 S
om, AAAFL] 10~20%5 AA3FIL JThHLee and Kim, 2008). Ul A= A&z Ao
3 a9l Aol FEEE F7Eta oM (Lee et al, 2007), &3y}, HEFE], WY,

2 FA T AR A (Park et al., 2007)2F oA AR AE A 5= 9

fr Ji

A e GRE LR A7) ZA|NE doto]l o7k thkgh A 2Hgol &fste] 5~10
Aoz dHA YoM (Khalil et al., 2007), o}v] =i, Er3LE, vy,
S A 71eAH AEBAERY ol woF ATITA HFeE
Zuky QIt(Badshah et al, 1991; Cevallos-Casals and Cisneros-Zevallos, 2010; Choi et al.,
1996; Feng, 1997; Lee et al., 2012). =3t F<F glo] Al = A& TS HA ) 40|
™, AlZH o] gFol $HirE Y4 HiEo] olsto] AA F7F WE Aol ATHEL-Adawy,
2002; Khalil et al., 2007).

HetA B ATE §7)

ksl A, b RES dolBoB2H, S0 frlE SAEEA O



G5 FASh ARA 20 A eHE B 501

L AN & Al el

2 Afof| A8 FFFTS 715 E QFES W2 35 Z(cv. Hwanggeumchal, HGC),
Y3 & (cv. Nampungchal, NPC), 22 (cv. Sodamchal, SDC) ® < (cv. Donganmae,
DAM)ZE FHH! ‘AsAH S oA U TAE S22 o AH & BdFol Y1
A2 A SAIRE F1F AFste] EekE Au87]ol ¥ AL 20~24TC o ArjA oA A ulskd
ot Al 3AIRE IHA 02 1584 Aeste] 643 AuistR o, AuAg T Adds
W2 A2 (8 AR &)} ShA ol A AR A2 (F-E AR ) E FESk] s
A8k T

S &A= 5AAZ7)(FDS512, IIShin Lab. Co. Ltd., Korea)Z 52 X3}t
= HYUEH(DK201, Sejung Tech, Daegu, Korea)E °©]-83}4] 4,600 rpm o=
Fo ARE FHstAth IRHAEES AOAC (1995 @t E435tdth &
2 Kjeldahl £437](2100 Kjeldahl Analyzer Unit, Foss Tecator, Eden Prairie, MN,
USA)E o]&3te] A B4t T8RS Aoz =4I Ed, A8 1 g2 550
CToA F3gk 3 0.5 N HNO;S @37 GF/C(90 mm, Cat No. 1822 090, Whatman Interna-
tional Ltd., Maiidstone, England) &} # A2 o] 3}3F Th2- 0.5 N HNO; 50 mlZ %83} Induc-
tively Coupled Plasma Spectrometer (ICP, Thermo Jarrell Ash, Franklin, MA, USA)Z #2433
o} A== 2 A2LA|(Color Difference Meter) (CCM-3500, Minolta Co., Tokyo, Japan)E Ak
&3} Huter?] CIE L, a, b &2 A3+t

o)h M

3. & polyphenol ¥ flavonoid &% #4

A5 80% HEHEE 2A17F 59t 33 ZYFE(SK-71 Shaker, JEIO Tech, Kimpo, Korea)
3 ohS o33t} 7HbsS(Eyela N-1000, Tokyo, Japan) 3o =3t} &5 tjdh
Z polyphenol 32 Folin-Ciocalteu phenol reagent® Z&]|#H &4 SFES LA AA £
259 H(Dewanto ef al, 2002). &, 2+ FE== 50 ulol 2% Na,CO; £ 1 mlE 713k 3 3
Tt WAk 50% Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis, MO, USA) 50 pl & 7}3}
Stk 308 3 HAE HESAS 750 nmol A FEE HoZ SAFAT TFEZQ gallic
acid (Sigma-Aldrich)E A3l A4S 2519 o 3942 y=0.003x (R*=0.989)F ©]

d
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4314, g T2 mg gallic acid (AZZF71)E Z polyphenol &S E 3T F flavonoid &+
#Z-& Dewanto 5(2002)2] Wl Wl FEE 250 ulol S/ 1 ml2}F 5% NaNO, 75 ul &
7+ o2, 5% 3 10% ALCL; 6H,0 150 pl 7}8ted 6% W3ka 1 N NaOH 500 pl & &
ZFstath olojA 1148 &, 510 nmollA ¥HEH ] FF = ZAstuth xE=4
(+)-catechin (Sigma-Aldrich)S AF&-3le] A #A-8 24319 a1, 3192 y=0.005x (R>=0.998)=
o] g3l AE g $2 mg catechin (XX E F flavonoid &HFHS FTH3IA T

1:u

4. ABTS ¥ DPPH #vZ £724 74

FZ2E U3 g4kt ABTS (2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid,
Sigma-Aldrich) & DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) 2tt]Z2o] 2ASEHS
S48l tHLee and Lee, 2006). ABTS #HHZe] &AE/4d2 ABTS 7.4 mM3} potassium
persulphate 2.6 mM-E 3} &<t il WX|ste] ABTS ol FAAAZ & o] 4
735 nmol A FF = Zko] 1.4~1.57} HEE BEFFAT(e =3.6<10° M cn)E o] &3]
g2 34T 348 ABTSE | mloll 2 50 wl & 7tste] F3=9 HsE 4
23] 308 Fo| =43t on, EFE2ZA Trolox (Sigma-Aldrich)E 5% 71693 mg
TE (Trolox equivalent antioxidant capacity) g' 2 E &3 th DPPH 2o 2AFAL 0.2
mM DPPH -£-28(99.9% methanol®l]l £3l) 0.8 mloll A& 0.2 mlE 7} & 520 nmoll A A
3H3] 308 Foll FH= AALAE SHNoH, FFEZEA Trolox (Sigma-Aldrich)E &
& 718l mg TE ¢'2 EHSAL.

39 dlolE = SASZEZ (V. 9.2, Cary, NC, USA)2] PROC ANOVA procedureE ©]
43l Duncan® t5H 9174 W (Duncan’s multiple rage test, DMRT)S 53l H &S 5%
frolsEel Al Blarsk Ao

Fr AR L F715 A2 F909 %%01 Ae AEE dopir] ffsto] 52
AZ T BAS AB(ZA, ARAL)E AAAZ v s I Table 17 2ok ©WA 47
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ol Hy 79.60.= 7H Biokom, £33 AEA| Aol A
L FEoAE FF AR A AEE o] TR &2 80.
QHeP7F e ghol BTk afe TANA T
b 7Y 7.999] =& A AeE Ueda, 13 AR A
A =5 YEbl T batoll A e 73 AR A0l A HE 19.
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Table 1. Changes of Hunter values depending on treatments in sorghum samples

Hunter values
Treatments
L (lightness) a (red-greenness) b (yellow-blueness)

HGC 7445 7.99° 11.79°
NPC 72.6 6.83° 11.98"

Seeds
SDC 71.4¢ 6.97° 9918
DAM 70.5" 5.66° 8.31"
HGC 72.24 -5.47 20.14°
f i b
Light NPC 70.4 -5.06 18.76
sprouts SDC 70.6 -3.96" 17.99°¢
DAM 69.2¢ -5.228 20.41°
HGC 79.0° 3.51¢ 15.74°
b f d
No light NPC 79.8 0.17 16.78
sprouts SDC 80.7° 1.42° 15.61°
DAM 78.7° -0.568 15.83¢

" HGC, Hwanggeumchal; NPC, Nampungchal; SDC, Sodamchal; DAM, Donganmae.
" Means with same letters are not significantly different in DMRT (p<0.05).

2. o A 29 Ay

B e e 4 ALY FAe] YU RS Folr ] 95ty w2 g
, 2F, Zw, vtdE, YEF e S4SAH(Table 2). 7= AHe] =i o
4 AR A7 H 20.89 g 100g" 0.2 Egkow, B A& s HF 17.64 g 100g”
ATk FFTE v ME 53 AR A Fetul oA 7 =2 26.88 g 1007, < F
W Fao) A 7HE e 670 g 100g' 02 ZHzE 2AE QT 237 S A £33 AR

rlo HE

o)
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Ao A Het 523 g 100g' 22 7H =A YER e, FAbo| A e 1.89 g 100g' 22
SA Uetgth FFAAE FE R A AR Lot TANA BF M w2 ko] vE
Stk F7IAEY Be HEFS AQdS ZF, g 2 vtvls dEFol 13 AR 4ol
A Y7 672, 533 2 592 mg 100g' 0.2 BF F& o7 yeiyton YEFIIME 73
AR 20l A H 52,0 mg 100g’' O & =8 gro] YEhyt

Table 2. Changes of mineral components depending on treatments in sorghum samples

Crltld'e Cru}(lle K Ca M Na
Treatments protemn a

...... g/lOOg mg/lOOg
HGC" 9.04 1.88 203 5.91 59.8 6.67
NPC 8.40 2.04 213 5.71 52.3 6.18

Seeds

SDC 8.69 1.76 187 4.70 51.2 7.61
DAM 6.70 1.86 189 5.31 59.2 7.41
HGC 22.68 4.99 645 49.9 58.8 15.2
Light NPC 16.38 6.07 709 50.6 54.7 26.8
sprouts SDC 17.61 476 661 448 55.3 19.4
DAM 26.88 5.20 673 68.0 67.9 19.8
HGC 18.01 3.93 470 34.4 57.0 39.9
No light | NPC 17.49 5.07 689 34.4 61.2 63.7
sprouts SDC 13.64 475 661 36.2 61.3 61.0
DAM 21.40 4.71 501 50.2 58.7 43.5

" HGC, Hwanggeumchal; NPC, Nampungchal; SDC, Sodamchal; DAM, Donganmae.

o] 3t A= Chi 5(2005)0] Rt koA Aujdt FuEol vls) F2L 273 =
AZUEA A 2okl 2ull HEFRIS 4 Hi7E FUEsohE Balel 2ol o] AjAR)
ol A= 733 AR L SAb Hls] zwhuo] 250 F71eE A0 2 UEiton, ghalo
AMe AuE T3] AR Aol vl 1.18H] ST A S E UERTh ERE T oA
T TR vlaf AR LA 1.6~9.87812] F7HE Holw SR Y, YEH o g9
T AN LZA o] & Al ThFd Wigto® 8ol & Aoz AZETh
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3. &4 A £ % polyphenol 2 flavonoid 33k 4

=4 33E29] phenolic hydroxyl”]7} T} o A Exte} AdS Fall dats), 3
oF @ 3 o AL JHAE Ao ® 4 A QthDroge, 2001; Halliwell et al., 1995;
Rice-Evans et al., 1997). =7 M3 29} F248] F polyphenol &2 ST A3 13 A
A 2o A HiF 4,135 mg GAE g' 02 =ton, OF Aga I Fetul oA 4281,
43.00 mg GAE g' 2 53] %2 &3S YeEUth(Fig. 1, A). o2 73 Al &x] 4ol
A B4 26.66 mg GAE g' 02 UERFI FAbol A B 14.46 mg GAE g' 2 33 Aj#=)
49] oF 2.9u19] zto]7} yrERSTE

A aa 15.0
_ult 22l : 2 ‘
S E % 145 ~
a =17 ] 2
w3 = é 140 2
W = é b las w
g sor = é d be 17 o
= . i g
§ - é é -2.5§
c = g 5
8 E é g P21 2.0 8
S = é é E ' 3
c E % 7 ef 7115 ¢
£ = | . f B
g = g é 7 -1.0§
S = é é gh “- }
= = H 0.5
. 7 =17 71
Géds33353333 wavesi353333

Fig. 1. Examination of antioxidant components in sorghum samples (A: polyphenol con-
tent; B: flavonoid content). Means with same letters are not significantly different
in DMRT (p<0.05). Expressed as mg gallic acid equivalent (GAE) per g of dried
weight. S., Seeds; L., Light; N.L., No light; HGC, Hwanggeumchal; NPC, Nam-
pungchal; SDC, Sodamchal; DAM, Donganmae.

Flavonoidi= 2 anthocyanidins, falvonols, flavones, cathechins % flavanones 5 2.2 T4
Hoj 9o, I x| Wt &4 flavonoid= F4Hst € A & TS AEEAd S 2

3 Ade Aoz BHuFE thMiddleton and Kandaswami, 1994). Flavonoid $H&#-2 FA}ol
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Al B 3.86 mg GAE g' O & Shfrgo] £ Hog
Aol A ZHZ} 4.48, 4.58 mg GAE g' o2 $Hfio] =
2 B f33 AR Aol 336 mg GAE g' 0.2
w7k 744 =& 2.06 mg GAE g'o & L}E}uu}
8] Aol s FARG B a0 F polyphenol o] EE A E UEES
U, flavonoid & FAol| A tjFEo] EFo| A el Sy
MR 53], 73 AR LA B e ROl UEue 210 ® ZAEIT Ko 5
o011yl o3t sz e Woluty F FAadte AEFS B, AL dolA FoA
.E-:_o —5]_%]: 5)
2ol 7t Qe Barel fARsE Aot UrEP t} o] F FMH = &
Uelal 53], 33 Aol F2ke] 294 o] o] =& ko] YehY, A @d4tkst
AzA 2o 77} @ Aoz AmHT)
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4. G MAR 29 FANBA

A= stEA e A etz AAE Fosta AF Fo AL 4stE oA
ste B4 7R ok A WellAEs &4 gz o3t k3tEs AAAT= 9E8S
st glom, gz AAZXEL A9 AW w3l WA e= tus] Fa% 9T
FH(Kim et al,, 2001). E7ollA ABTS &t Zo] S8 571 e4kstAol oaf A== Zlol

71z3slq 7dE ABTS @tz 244 (Kim et al., 2009)3} ascorbic acid, tocophenol,
polyhydroxy W&FE3etE, WHFS ofvl Toll oA sdxo] F& ApAfo] GAlg o 2 X
atstE o 7‘4XP‘°1%% =% o AM853 9= DPPH &tz AAEA H(Nieva et
al., 2000)2 EFEZ < Trolox9t ¥ 23t mg TE (Trolox equivalent antioxidant capacity) g
o2 Jepd Ay Fig 29 2t

T TALE AR 0] ABTS &tz 2AZAZ L 4 FAIA 3 1578 mg TE g
o= FA Uetston, £33 AR Lok 733 A o= 2 2bel7t /I ARE F
= oA M =d FAPEA 164 mg TE ¢! 22 YeRgow, A8 Lo £33
A Ao A 2] Eetr’ 2 UERETHFig. 2, A). DPPH 2tz £2AZA o = A& =) 40}
A 2k FEls Apolvt YEben, Aol A Bt 15.79 mg TE g' 02 A 2 HTH 11
Hj o] =& FAS BAHFig 2, A). 7HE B2 &AL Fotu FAloA 17.93 mg TE
g2 Yelgy, o agz FAdA Yelgth AR E {3 gt 73

o°1‘

IN'

AER & BT FbEell Tt w2 EAdo] UEsth
olZ st A= gbsl FAoA FobH FAIA BF w2 FAo] YEloH, oo
ksl JEolA e F b7t & &Aool e skl FEE 283 diks A F
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S AA skl FF9e] olgel ¥ #El & Aoz A4HEn. gl $AME o] §T
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DPPH radical scavenging activity (mg TE-g'1 DW)

Ay

é h . 9 gh f-2
_ : '
§ 99288928892 88388838883
IZ0VO0IZnNOIZNaO T ZNOVDAQAITZANDAQAITZANA
ausas335333 eadaiii5334]

Fig. 2. Examination of antioxidant activity in sorghum sprouts (A: ABTS radical scavenging
activity; B: DPPH radical scavenging activity). Means with same letters are not
significantly different in DMRT (p<0.05). Expressed as mg trolox equivalent (TE)
per g of dried weight. S., Seeds; L., Light; N.L., No light; HGC, Hwanggeumchal;
NPC, Nampungchal; SDC, Sodamchal; DAM, Donganmae.

T 55 D FAT ) S E 2 S0 FABAE SAS program O = EAF A
= Table 37 2T} WA FF7e] G4 E 9 &4 11 AadAdA = freldel
© FAoZ Yehgo, FA g mE JaBAdAE 52 F94del e AoE YEh
t}. Polyphenol &3 Ztoll rghd 04662 Ao AABAES HHY o, flavonoid?}t ABTS,
DPPH radical 2784 7roll= z+zE -0.7207, -0.908™, -0.863" & =& .o A#A#A 7} et
Bk oM ¥ FEH dAks) 2toll M ABBAE BolA o), T, MR AL At

k1
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Table 3. Correlation coefficient between antioxidant contents and sorghum sprouts by light

treatments
Polyphenol Flavonoid ABTS DPPH
Cultivar 0.020™ 0.118™ 0.036™ 0.106™
Treatment 0.446™ -0.720" -0.908" -0.863"

NS: No significance difference
" significance difference at 0.05 probabilities
*: significance difference at 0.05 probabilities

VI. H =]

= T T FES ALY T8 7T AR s 9 kst
24, AR EES dotm o B2M, o f71E SAEEN Y e 28t
AgE dotB A AASAT T fF33 MR e Tl vl 2ehid §haFo] 2.5
S7H Ao ' Vet o, B4l = AR
o} &4ksl A8 F F polyphenol 2 33 AR iﬂ—/:\—Oﬂ/ﬂ 4 4,135 mg GAE g'0. 2 =
ko, flavonoid g2 FAkol A Hit 3.86 mg GAE g' 0.2 gfFo] & Z 07 FALY
Atk ABTS Btz 2ASA S FAolA Hd 1578 mg TE g' 0.2 =4 Yehton, #3%
AR 20} 733 AR Aol A= B3t 2bol= UERGA] 94T DPPH 2tz 427187 o
M FANA Bt 1579 mg TE g' 2 A Aol vl3] 18] ©]de] & EAo] YEly
th 53], gt = e, EEE g AagE) vig) FAket AR LA T w2 &4
0] UrE‘rLHO*E‘r AR 9 ?‘%}*&5}%@% FEh= FoAel ey, FAeete vl
oS Baivh wekA 2 HA FibstA F5dY o] &Al FA
(‘E%Uﬂ’) o gst= Zlo] F aelal e AR Y] FUA F
o gk

71 AEZ o Z MR o]&
[Submitted, May. 11, 2017 ; Revised, May. 16, 2017 ; Accepted, May. 22, 2017]
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