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Abstract

Six types of mixed cereals powder were prepared using different mixing ratios of badey, proso millet, sorghum,
and adlay, and their nutritional components and functionalities were analyzed. The mixed cereals powders contained
high levels of crude protein. The free amino acid and mineral contents of Sample E were the highest among all
the samples. Fructose, glucose, sucrose, and maltose were detected as the four major free sugars in all the mixed
cereals powders, and Sample D had the highest amount of reducing sugar among all the samples. The total polyphenol
and total flavonoid contents of Sample F were significantly higher than those of the other samples. Sample C
showed the highest level of DPPH radical scavenging activity and reducing power. As for the ABTS radical scavenging
activity, the ICsp of Sample D was the lowest among all the samples, but did not significantly differ from that
of Sample C. Therefore, we suggest 2:2:1:1 (in Sample D) as the best mixing ratio of badey, proso millet, sorghum,
and adlay to produce a mixed cereals powder with excellent nutritional value and antioxidant activities.
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Characteristics of mixed cereals powder

o) o

Zhell Tk A7) F2= HAlHAL 9o
A7 AR oA ol E
doluh At 53 AA oo met
Aare] S o AeRds Sl
shalH ZHAsAl AR 5 e ERREEEE Axst]
A 71 E ANt o

3 5ol 4B

SR
AT MY W NY KB
EFRIFRL AZE AF AFL AFRAG FARA,

712 % ZAVYE EYE R E(Hordeum wulgare L., barley),
717 (Panicum miliaceum L., proso millet), <~4~(Sorghum
bicolor(1..) Moench, sorghum), &5(Coix lacryma-jobi L.,
adlay)E 783t h9). & A AHEE =S AL
5o YxgE & A@gol A T3t =X 7IM-1211,
Starion, Busan, Korea) 2 #4}3}o] 4ol R 3ste] A8-3}

stdom, 23w A3 o2, 2L Kjeldahl
Hell w2} Micro Kjeldahl 7X|(Distillation Unit B-323,
Buchi, Flawil, Switzerland)E ©]-8-5}o] SA3} ) e4=3}
2o A7 AAES 100%2 313 8, o 22, 23]
T FHR) = A ASE STk

sz =3

5g5 108(vw) o] SR &

389

vl 3k oFS 4C 8,000 rpmoll A 2087 14152 (Supra-
21K, Hanil, Incheon, Korea)dle] Aojd A=AS- filter
paper(Whatman No. 1, Maidstone, England)= ] }-3}] 5Hl]
345 A AHEsHATh Z4zke] Al el A8 1 mLe}
DNS(dinitrisalicylic acid)A]®F 1 mLE Y3

oA 102 &t TBAA F20lM SE3] Y4112 v+
ST 3 mLE ¥o] 550 nmoll A FRFEE 578 (U-2000,

Hitachi, Tokyo, Japan)3}$3Th.

el e AR 5 g& 100(viw) o SF5 3
vl gk £ 4°C 8,000 rpmol|A] 203 &<t A4l st B
ASAS 50 mLE A3 & IS 045 m membrane
filter(Milipore, Billerica, MA, USA)Z oldsle] {89 =
A B2 ARSI, HPLC(Water 1515, Waters Co., Milford,
MA, USA)Z #2313t}

wElofn| =t BE 53
frejobl et e Mg 5 g& 108w TF5

A mEagE 3 47, 8,000 pmol| A 202 E<F A4l ot
de FEHE 50 mLZ FES T IAFS 045m
membrane filter(Milipore) 2 o #}3}e] f-glolu =3t =4
A5 2 AHE-3H, Amino Acid Analyzer(L-8800, Hitachi,
Tokyo, Japan)Z #2413} th.

F718 g £y
F714 e 5253l HH (Wet Digestion Method)(10)2-

2 243190 AxE Al 1 g9l 65%<] HNO; 6 mLS}
30% H:0 1 mLE teflon bottle] T - o]5 2] Al
SNOZ 3}, microwave digestion system(Ethos-1600,
Milestone, Sorisole, Italy)S- ©]-8-3t4] il 600 W2 & 203
R aEelE AAsa A0 $ge AN Ange
0.45 ;m membrane filter(Milipore) 2 ©§34}3}<] Inductively
coupled plasma spectrometer(ICP-IRIS, Thermo Elemental

Co., Franklin, MA, USA)E A3} th

F=EE M=
80% WEFS- 800 mLE 7}5}t]
oF 23] BF FEIAT

o

Table 1. Mixing ratio of barley, proso millet, sorghum and adlay for production of mixed cereals powder

Mixing ratio (%)

Final mixing ratio of barley, proso millet,

Sample
Barley Proso millet Sorghum Adlay sorghum and adlay
A 28.6 28.6 28.6 142 2:2:2:1
B 28.6 28.6 142 28.6 2:2:1:2
C 28.6 142 28.6 28.6 2:1:2:2
D 333 333 16.7 16.7 2:2:1:1
E 333 16.7 16.7 333 2:1:1:2
F 333 16.7 333 16.7 2:1:2:1
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filter paper(Whatman No. 1)E ] 3#}3}e] 314 A 7]
(R-124, Buchi, Flawil, Swizerland)Z 7} %3 &
&2 Z1Z(FD-1, Eyela, Tokyo, Japan)sl] ¢ F=2 A=
sto] Aol ARE-SAT

£ EQlHE ¥ & S22 0|E 8 5

% Z9 9% S Folin-Denis(11)WH .8 =439
t}. 35 0.2 mL$} Folin-Ciocalteu’s phenol reagent 0.2
mLE Z 33t & 387 A0 ¥EEA]7]A, 10%
NayCO; 04 mL9} S75 4 mLE 37}sto] 204 1471
WXk & 725 nmollA] SHEE SIS H, gallic
acid(Sigma Aldrich Co., St. Louis. MO, USA)2] 7 &4 o]
oJgte] S AEstATh

ZgH o= deFS Moreno $5(12)9] HHH o 3}
2439tk 55 0.5 mLol 10% aluminum nitrate 2} 1
M potassium acetate Z}Z} 0.1 mL, 80% ethanol 4.3 mLE
7¥ste] Eqatal A2ox 408 AAS F 415 nmell A
EFTE =439} Quercetin(Sigma Aldrich Co.)] 73
Aol oJste] TS ST

DPPH radical &AH=

Eohar 2o DPPH radical 27152 Blois(13)2] %4
o F3te] A3 free radical?l 1,1-diphenyl-2-picryhydrazyl
(DPPH, Sigma, USA)°l| gt Al5 &-H}e] Hx}go] a3
ZH o] ¥k o3 DPPH radical®] #Asle A=E
spectrophotometer(U-2000, Hitachi)Z =73} t}. Zt
5 FEHE AZ3 Al 2 mLolA 0.2 mM DPPH £
1 mLE 7}k, 10%7} vortex mixing & 37 Col| A 30%7t
HESA)A 517 nmollA] SFFEES 5:75*—8}939_111, DPPH
radical 27%-& A& 7t A% FAE 20| S HMES

(%)Z JER AT

==

T=

£3}3]2] A2198 A3E (2014)

acid] 2718482 Re 5(14)9] W< Wstel sk
ABTS 7 mM3} potassium persulfate 2.45 mM-< /50
&3allste] 12~16A17F 5 2ol t‘o‘i]é}ai ABTS cation
radical (ABTS)& B4AIZ1 &, o] §4S 734 nmol| A
E34% ko] 0.700+0.0027} H 52 80% ethanol= 3] A8}
t} 34 ® ABTS £ 3 mLol =8 &5 50 uLS
7Fste] 6t E<F 734 nmoll A FE=o] WEE S0
™, ABTS radical 2758 A8 H7} AF9] E3 xjo|=

W EE(%)=2 YER ST

ghelz
{2@%‘2—%} ‘94 AL Mau 5(15)2] Wl 23] =
Atk ¥ FEE 250 pLol 02 M sodium phosphate

buffer(pH 6.6) 250 uL, 1% potassium ferricyanide

[KsFe(CN)s ] 250 uLE 712t &§ste] 50Coll A 202 &<t
HF-S-A1Z1 3 10% trichloroacetic acid(CCl;COOH, w/v) 250
ULE 718kT) ) whg-lS 1,000 pmol| A 1087 AR
g3te] e 500 uLoll S5 500 uLE T3S, 0.1%
ferric chloride(FeCls:6H,0) 100 uLE 7}ale] vk-g-oo] &34
©E 700 nmol| X STk

SAHEN

2 AR A= 33 g o2 e Wy FHA
2 Yehlileh 2 2323 thgt SARA-S SPSS B
3 2 713(Statistics Package for the Social Science. Ver. 21.0,
SPSS Inc., Chicago, IL, USA)=- ©]-83}%] one-way ANOVA
(Analysis of Variation)Z 413+ %] Duncan’s multiple range
test= AT H A 7H FolH ol AFATh

ABTS radical &Hs Rl
ABTS[2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic IR IR i, 24, 22, 21
Table 2. Proximate composition of mixed cereals powder
Sample Proximate composition (%)
Moisture Carbohydrate Crude lipid Crude protein Crude fiber Crude ash
A 10574025 68.470.61° 32740.15° 13.18£0.98" 3.1640.39" 1.3420.07°
B 10.53£0.21° 67.59£1.11° 385+0.19° 13.70+0.86" 2.99+0.05" 1.33£0.06"
C 10.20+0.30° 68.95+1.73° 4.16£0.05° 13.30£1.25° 2164013 1.23+0.04"
D 11.03:0.31° 7145+0.30° 3.57+0.04° 9.65+0.27" 3.06+034' 1.25+003"
E 1033021 73.870.51° 3.000.07° 10.04:023" 1.43+0,04° 1.33+0.08"
F 10.70+0.71° 75.07+081° 259+0.05" 891+036" 1.59+0.23° 115+0.04°
A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum : adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
: proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay = 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Means with the same small letter in each column are not significantly different at p<0.05 (n=3).
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ﬁl‘ﬁz &S SAS A7+ Table 29}

o}& Shake 67.59~75.09% 2]
W2 et o IIL SRS 1020~11.03% HYIE L}
el 2 gheke 8.91~13.70% MAE A8 €7t
13.70% 2 7H¢ =2 39S Jehliey A= A, B9}
oA Q1 Aol KolA etk ZAHe] 4% A= C7t
4.16%= THE A5 B3l Fo3 o2 =4 Ueson,
232 1.15~1.34%2] B2 1 el 2 zhel7t §ld
o} B3R T o] AWt ES AZ AR E(16)0] AN H
o Q= Wvle] ANk R(F53HE, 77.1%, B E 6.4%,

AA 04%, 3E 04%)7} vlwd o), SR we] g
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2 5 }

e 3 A=
Table 33} 2t} Sdolgt HhgAo] = L8| =7]s}
AE71E 2t 5454 €2989S Sl 99

=

273.91~281.37 mg/100 g M= A5 D] &
=Skom, A7 CY o] 7P Bl UEbsith St
E2o] f-2]3-2 fructose, glucose, sucrose, maltose 2 74
o] 9o, EFgFE Lo 8T FA = maltose”}
714 e e mTh EFHIE0) Be Aol s
e £ B fodem A8 e Aol 93
o uglth fel @ BATL feloheist Pl Ao
B9 A %ﬁ@%ﬂ—gimx WA E A gele x)
9 AEolgel ERRFELL U2l olgFozn £
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Table 49} 20}, #2) olvl=ake A BAEAe] T4
= A

Holy, blS Y= FQ3F AREolt} olu=it B4
4% Ay, EFR/FELANAME

methionine, isoleucine, leucine, phenylalanine, lysine,

threonine, valine,
aspartic acid, serine, glutamic acid, glycine, alanine, tyrosine,
histidine, arginine .2 % 15%-9] fgjo}v|=4to] HAEH S
o % frelolulgt e EYRFEL A B, C, D, E,
F Z}Z} 100 g & 55.19 mg, 59.11 mg, 56.26 mg, 63.38 mg,
59.71 mg, 58.85 mgO. = 3= D7} 7MY 2 &
& Jephglnh felolvledt 249 B BE ERET
o) waroju]iste] ulgo] Béolvliate] ulg
Boh =4 UEigen, 7E9S W= aspartic acid®b
glutamic acid(18)®] §HFo] 7| ebstth. wheby £33
FEE WITE sl 22 45713 8T
W, Brolnlibe] YA ohleh 349 754 F
AN 5 9 Ao Berdn,

=
SR FU1d s £A% A= Table 59
2ot EFFE T e Z(Ca), TE(Cu), H(Fe), Z
FHK), e Mg), BZHMn), HEF(Na), oFd(Zn) F
97kA 9] F-71de] AEH AL, EFFE L] iE F
7189 ke 480.42~543.11 mg/100 g WY& &=
2 E7F P e B e g vkt §14
FEFE ZEK) > mlEMp) > ZFCa)Y oA E
Uepdt Lee 5@ 22, 718, 4, &7 2F FFS
Z}7} 100g 3 164.46 mg, 152.33 mg, 261.88 mg, 290.88
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Table 3. Free sugar and reducing sugar contents of mixed cereals powder

Free sugar content (mg/100 g)

Reducing sugar content

Sample Fructose Glucose Sucrose Maltose (mg/100 g)
A 2.80£0.29" 1041+0.04° 5.8240.86" 1598+2.73 2794+1.67°
B 2.8410.14' 13.78+0.44" 6.02:0.87" 20.6240.74' 274.94£1.92™
C 27440.12° 9.13£095° 5.44+1.74° 1413039’ 27391427
D 242:023" 10.17£0.53" 6.71+1.73" 18.080.00° 281.37099°
E 1.76+0.18" 7.09+0.87° 5.69+1.10° 13.71:0.22° 276324075
F 2.18£0.26° 7.64£093" 529:033" 20.66:0.88" 275.433.00"

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum :

: proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum :

adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley

adlay = 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Means with the same small letter in each column are not significantly different at p<0.05 (n=3).
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Table 4. Free amino acid contents of mixed cereals powder

(mg/100 g)
Free amino acid A B C D E F

Threonine 1.43:0.05 1.59:0.20 142005 1.780.19 1.640.05 1.53£0.00

Valine 42040.13 470024 4.19:0.00 499+0.32 4334051 423+.0

Methionine 057002 0.830.16 0.56+0.14 090:0.13 085003 0.650.03

Essenta, amino Tsoleucine 1112007 1424025 1192000 1,5840.16 1424000 1224002
Leucine 1.7740.10 2424025 1.93+001 263+020 2434003 2.0240.09

Phenylalanine 12840.19 1.6240.19 1.34+007 1754006 1.63£0.01 1.3840.00

Lysine 2.1740.18 2844022 226+0.12 3.0540.13 2.80£0.02 233+0.00

Total essential amino acid 12.54+0.75 1541141 12.894025 16.67+1.19 15.11:0.64 13450.15
Aspartic acid 12.7740.67 11.22:0.78 13.37:024 12.93+0.55 12.304020 14.67:0.09

Serine 261006 279:0.19 264004 290:0.19 2.68+0.05 265004
Glutamic acid 1244051 13.112051 12.8740.13 13.50:0.86 13264023 12.53:0.56

Nonessenfial Glycine 2364001 2.63+0.14 233004 273011 263001 247+0.02
amino acid Alanine 6.054021 6.13+051 5.54+0.11 665023 6.23+0.33 6.31+0.35
Tyrosine 1.4040.04 1.70£0.14 1.4740.02 1.7940.07 1.7040.00 1.6140.02

Histidine 0.75+0.04 0924015 0.81£0.03 0.85£001 0.83+0.02 0.760.11

Arginine 42740.12 5.19+024 433+0.11 535£030 499+0.19 4414003
Total nonessential amino acid 42.65£1.16 43.69£2.65 43.3720.65 46.71£2.30 44.61£1.04 45.40£0.87
Total free amino acid 55.19+191 59.11+4.06 56.26+090 63.38+3.49 59.72+167 58.85:0.71

Total EAA / Total FAA (%)) n7n 2607 2291 2630 2530 2285

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum : adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
. proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay = 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Total EAA: Total essential amino acid.

Total FAA: Total free amino acid.

Nd: Not detected.

Table 5. Mineral contents of mixed cereals powder

(mg/100 g)
Minerals A B C D E F

Ca 38.48+2.39° 36.40£0.72° 39.87+0.77 42.552.76* 46.43£2.14° 4370+1.58™
Cu 0.68+0.00° 0.73:0.01° 0.46+0.00° 0.51:0,01° 032000 049:0,01°
Fe 6.90:0.17" 12.9540.25° 14.1140.14° 14.614032° 14.131.01° 16.08+0.26"
K 282.28+0.77° 264.66+1.73" 297.83+2.80° 256.172.19° 292.36+2.50° 292.49+5,08"
Mg 157.85+2.55° 147.78+385" 149.75+0.60" 142.36+2.78" 162.05+9.23" 160.602.10°
Mn 4.96+0.09" 5.00£0.05™ 524:002" 4.88£0.12° 496032 5.55£0.10°
Mo 0.05£0.02° 0.090.01° 0.12001% 0.14£0,03" 0.1240.03" 0.11001%
Na 7.90£0.02" 8.14£0.06° 9.31£007" 9.96+0.09° 10.56:0.06" 1139:0.07"
n 9.09:0.16" 7.67£0.14° 9.08+0.39™ 9.24+1.20° 12.19£1.03" 9.02+0.81™
total 508.19+2.64° 483.42+4.00° 525.7743.02° 480.42+8.99° 543.11£12.64° 539.44+8.10°

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum : adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
. proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay = 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.
Means with the same small letter in each column are not significantly different at p<0.05 (n=3).

& Zolgs U EeiEo|= &3 A$E =4S HEmolgal stal, sfo|=FA71E 270 o
w4 312 (CHy) 2] 44 F 3h}7} dFo] =2 4] 7)(OH) 2 Zk3 e EAS ZETEelgta 3, R solEs
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Hz=A sheke T sfUE A2 s gA4E Egu=
spgtEe] 2 77 F9 sttt o3 HuEde I,
el A, sl e, st S, AdEE B
Py ol B9} 5 Al Ui HAH f-g bt ae)
AAHL AH0). 53] FF9 ITEol=EE FE
anthocyanidins, flavonols, flavones, cathechins %! flavanones
o2 F450] gk, EFAFRLE & Solun
T STt solE S 4% ZAF= Table 63 2t
ERRATED) & e F Sepriols JL
29.27~52.94 mg/100 g, 2.53~4.94 mg/100 g = H]-&-0
e Aol AYAT, FAFRED P/ F FelvlE I
52.94 mg/100 g, ¥ SR =o]= T 4.94 mg/100 g=
V3 BA etk ERRIRLY F EeldlE e
Jo 5(22)°] Hagk Az, TR, AH o i
5.67 mg/100 g, 4.76 mg/100 g, 3.06 mg/100 g XU} =&
FFS HYow, ol Heuy ohjeh EHRTR L
FHe 71, o, 50l 238 wssigEd 71de
102 gorEh

X
R

Table 6. Total polyphenols and total flavonoids contents of mixed
cereals powder

(mg/100 g)
Sample Total polyphenols Total flavonoids
A 40.85025° 464037
B 29.272.06° 2.53£0.23°
C 48.02£136" 4.49:042°
D 36471.23° 2.7440.13"
E 37.190.52° 3.17:0.14°
F 52.9420,09° 4.94+022°

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet :
sorghum : adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2;
D, barley : proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet :
sorghum : adlay = 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.
Means with the same small letter in each column are not significantly different at
p<0.05 (n=3).

eHtsl ety

ICso(half maximal inhibitory concentration ; mg/mL)-2 2]
T sk wE i) s ¥ist o RRY AstE
50% AAshs T== veRd glolH, ST it
3} &A8 E2X935)7] ¢18) DPPH radical &A%, ABTS
radical &7, #9489 ICseS S48t th DPPHE M4
3} free radical 2 cysteine, ghutathione?} 742 3 $hf o=
~F37} ascorbic acid, tocopherol 52 @4kt =2l ofsf el
wo] A EZ itsleS ST wf Bo| o] &HTh23).
T332 2] DPPH radical 24%9 A, B, C, D, E, F
7}7} 0.27 mg/mL, 0.40 mg/mL, 0.18 mg/mL, 0.19 mg/mL,
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Fig. 1. ICs of DPPH radical scavenging activity of mixed cereals
powder.
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1G5 of DPPH radical scavenging activity

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum
:adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
: proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay
= 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Means with the same small letter in each bar are not significantly different at p<0.05
(n=3).
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Fig. 2. ICs of ABTS radical scavenging activity of mixed cereals
powder.

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum
:adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
: proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay
= 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Means with the same small letter in each bar are not significantly different at p<0.05

(n=3).
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Fig. 3. ICs of reducing power of mixed cereals powder.

| o of reducing power (mg/mL)

A, barley : proso millet : sorghum : adlay = 2:2:2:1; B, barley : proso millet : sorghum
: adlay = 2:2:1:2; C, barley : proso millet : sorghum : adlay = 2:1:2:2; D, barley
: proso millet : sorghum : adlay = 2:2:1:1; E, barley : proso millet : sorghum : adlay
= 2:1:1:2; F, barley : proso millet : sorghum : adlay = 2:1:2:1.

Means with the same small letter in each bar are not significantly different at p<0.05
(0=3).
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