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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
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G5 71FAE o} dTE PE Aol we
A R Ao gRRe] £FY e 4989 3
gale) 7S A8 4 At EFRTRRL Az
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712 % ZAVYE EUE R E|(Hordeum wulgare L., barley),
717 (Panicum miliaceum L., proso millet), 9~4~(Sorghum
bicolor(1..) Moench, sorghum), & 5(Coix lacryma-jobi L.,
adlay)E 783t h9). & A3 AHEE =S AL
5o g & Aol A T[S =X 7IM-1211,
Starion, Busan, Korea)Z #2135} 4Coll ®Hs}e] A-8-3}
At

SR vl S AL ST AESsEA
= W 71545 7 gt
ato] RS 67HAZ HAs 0, EHHIE-S Table

13 2t

< 7](Soxtec 2050, Foss, Hoganas, Sweden)E-
stamon, 232 A3 o, A e Kjeldahl
el mE} Micro Kjeldahl %*|(Distillation Unit B-323,
Buchi, Flawil, Switzerland)E ©]-8-3}] Z7g3}t}. ©3}
E& AR AAE 100%E shal g2, 20, 22, 23]
T FHp= 73 A= 3ol
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vl 3k ohS 4C 8,000 rpmol A 2087 14152 (Supra-
21K, Hanil, Incheon, Korea)dle] Qi A=HS- filter
paper(Whatman No. 1, Maidstone, England)Z ©J3}-5}] 5]}
345 A AHEsHATh Z4zbe] Al #el A8 1 mLS}
DNS(dinitrisalicylic acid)A]eF 1 mLE 93, &= &

oA 103 &<t TRAIA oA T3] WAA Tt

Z5 3 mLE 9ol 550 nmollA F3 TS =7 (U-2000,
Hitachi, Tokyo, Japan)3}$3Th.
FreEld S AR 5 g5 108 (viw) o] ST

vl gk £ 4°C 8,000 rpmol|A] 203 59t A4t B2
deHE 50 mLE FE3 F AHFE 0.45 m membrane
filter(Milipore, Billerica, MA, USA)Z o #}3le] el =
A B2 AFE-SPH, HPLC(Water 1515, Waters Co., Milford,

MA, USA)Z 2239tk
felolo=at B2k £
freobu =gt e Al 5 ¢S 108(viw) Y] SR/

Al wkagk 3 4T, 8,000 rpmol| A 2038 E<t HA4lEE] 5]
B A5AE 50 mLE FES F AAFS 045m
membrane filter(Milipore) 2 ] 3}5te] f-gloln| 2l =7
A5 2 AHE-5}H, Amino Acid Analyzer(I-8800, Hitachi,

Tokyo, Japan)Z #2335} t}.

2! <&2] 53 }H (Wet Digestion Method)(10)2-
2 B89ty 1x" A8 1 goll 65%2 HNO; 6 mL9}t
30% H:0; 1 mLE teflon bottleol] T2 F o]& zHz2] A3
SN0 F 3}, microwave digestion system(Ethos-1600,
Milestone, Sorisole, Italy)= ©]-8-3}o] Z 31 600 WZ & 20%
F AR E AABEATE AR BFES AR AlE8AS
0.45 ym membrane filter(Milipore) 2 ©33}-5}o] Inductively
coupled plasma spectrometer(ICP-IRIS, Thermo Elemental

Co., Franklin, MA, USA)Z #43}%t}

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 o] 3}3}o] 3% 7]
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acid] 24842 Re 5(14)Y WS W3t A Th
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L85t 12~16A17F B9 Gael 1 j]é]-oq ABTS cation
radical (ABTS")S A2 F, o] 4L 734 nmolA]
4% ko] 0.700£0.0027} H &2 80% ethanoli I RSETE|
o} 3|4 E ABTS™ €9 3 mLol| ¥5¥ F55 50 uL=

of\ [

e

22 Folin-Denis(11)'}H 0.2 =43}
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mLE 2z Iﬂ-ﬁ]—

383 A2olA wEA7)a,

10%

Na,CO; 04 mLo} SH5 4 mLE 7}ate] 2204 147t
WX & 725 nmolA] SHEE SIS H, gallic
acid(Sigma Aldrich Co., St. Louis. MO, USA)2] 734l

Jatel P2 W
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=359 +

sttt
S Moreno 5(12)9] H ol F3}4
ZE 0.5 mLol| 10% aluminum nitrate2} 1

M potassium acetate Z}Z} 0.1 mL, 80% ethanol 4.3 mLE

7tate] E3eta A-A 40%
FH=E 43I Quercetin(Sigma Aldrich Co.)2] 73
v i=2
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o] F3t] QHJ 3t free radical?] 1,1-diphenyl-2-picryhydrazyl
(DPPH, Sigma, USA)°ll th3t A& &4 2}e] Halgof a3t
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S Mau 5(15)¢] el 93 =
= 250 pLell 0.2 M sodium phosphate
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£ 747 £3s
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st 50Tl 202 <t

HF-S-A]1Z1 3 10% trichloroacetic acid(CCl;COOH, w/v) 250
HLE 73t 9] wEE-S 1,000 pmollA] 1087 A4

2Jste] H5d 500 pLel
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oI T
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B Y9 Avke 38 MEBOR U PYIH REAR
2 Yepliiek 2k A8 tigk SAE4 SPSS S
3 2 13(Statistics Package for the Social Science. Ver. 21.0,
SPSS Inc., Chicago, IL, USA)=- ©]-8-5}%] one-way ANOVA
(Analysis of Variation)= 413 %] Duncan’s multiple range

1 mLE 7}8kaL, 10Z7} vortex mixing $- 37 Coll A 30%&7t test= AFT HiA 7+ FF zolE HFEATH
H-EA1A 517 nmollA FBEE S5t on, DPPH
radical 2ASS A8 H7) AF9 EFL zjo]E WES
(%)= e At op o pE
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Table 2. Proximate composition of mixed cereals powder
Proximate composition (%)
Sample
Moisture Carbohydrate Crude lipid Crude protein Crude fiber Crude ash
A 10574025 68.47+0.61° 32740.15° 13.18+0.98" 3.16£039" 1.340.07"
B 10.53+0.21° 67.59+1.11° 3.8540.19° 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" 216013 1.230.04%
D 11.03:031° 7145:0.30° 3.5740.04° 9.65:0.27" 3.06:0.34' 1.25:0.03"
E 1033£021% 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' 8.9140.36" 1.59+023° 1.15:0.04°
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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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" 15984273 2794+167°
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 2424023 10.17£0.53 6.71+1.73" 18.08+0.00° 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° 764093 529:033" 20.66:0.88" 275.433.00"

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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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 1.78:0.19 1.640.05 1.53:0.00

Valine 42240.13 470024 4.19+0.00 499+0.32 433051 423+.02

Methionine 057002 0.830.16 0.56+0.14 090:0.13 0.850.03 0.65:0.03

Essenta amino Tsoleucine 1112007 1424025 1192000 1.5840.16 1424000 122:002
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 12.5440.75 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 12,9305 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 236001 263:0.14 233004 273011 2.63:001 247002
amino acid Alanine 6.054021 6.13+051 5.54+0.11 6.65:023 623+0.33 6.31+0.35
Tyrosine 1.4040.04 1.70£0.14 1.47+0.02 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 4994019 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 63384349 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 42.5542.76* 46.432.14° 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 6.900.17" 12.9540.25° 14.1140.14° 14614032 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+3.85" 149.75+0.60" 142.362.78" 162.05+9.23" 160.602.10°
Mn 4.96+0.09" 5.00£0.05™ 5.240.02° 4.88£0.12° 496032 5.55£0.10°
Mo 0.05£0.02° 0.09£0.01° 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).
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Hz=A stk Fo shUE AEoA s gA4E Egu=
spgHEe] & H7 F9o shuelnh o2d HuEde I,
el A, sl e, wstel, FA A, AdEE B
ey o) 55 Al e A g} 9y
E T 9ok, 53 FRe Fehwol=e F2
anthocyanidins, flavonols, flavones, cathechins 2 flavanones
5oz FAE0] YoeD. EFAFRL F Eelvz
TSPt eol= S BT 2= Table 63} 2t}
TR FELY F ZYHsH T FHEEolE TR
29.27~52.94 mg/100 g, 2.53~4.94 mg/100 g M= H|-&
G Aol AYAT, EAFRED B/ F Eluls I
52.94 mg/100 g, ¥ EetE=ol= T 4.94 mg/100 g=
43 B btk ERRIRLY F BelslE FFE
Jo (0] Bad Are), Bue), Anes] v Fae)
5.67 mg/100 g, 4.76 mg/100 g, 3.06 mg/100 g BT} =2
S HoH, ol Heivt ojyet R L
EdEE 71, 5, S5 T3 dssdEel 719
Aoz dddEch

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

(mg/100 g)
Sample Total polyphenols Total flavonoids
A 40.850.25° 4642037
B 29.27£2.06° 2.53£0.23°
¢ 48.02£136" 4.49:042°
D 36471.23° 2.7440.13"
E 37.19£0.52° 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 %o wE g3} s ¥ist 302 RY AEE
50% AAshs F== veRd grolH, ST it
3} &AL B8] 935 DPPH radical 475, ABTS
radical 2715, U9 ICss 5783131 th DPPHE QM4
S} free radical 2 cysteine, glutathione®} 22 3} & o} =
Ak} ascorbic acid, tocopherol 52 &3} B4l o) 2l
o] gAEE g tslsS S8 wf ol o] &Erh23).
332 2-9] DPPH radical 2759 A, B, C, D, E, F
Z}7} 0.27 mg/mL, 0.40 mg/mL, 0.18 mg/mL, 0.19 mg/mL,
0.35 mg/mL, 0.73 mg/mL= 3472 C| DPPH radical
2A G397} 958 Ao 2 YRS ABTS radical 27

9] ICso 5.63~10.79 mg/mL2] H<$| 2 DPPH radical 4~7]
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Fig. 1. ICso of DPPH radical scavenging activity of mixed cereals
powder.

(Hg/mL)
&
(w]

1G5 of DPPH radical scavenging activity

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

|G 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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