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Summary

Nutritional compositions of the raw materials, such as well-milled rice,
milled glutinous rice, milled grain, glutinous millet, SoRiTae, red beans and
mung beans were analysed, and cooking characteristics and sensory
attributes of mixed cereals were measured.

Calories of SoRiTae and glutinous millet were the highest in the raw
materials. Moisture content was 11.9~14.8%. Crude protein in legumes was
2~4 times higher than that in grains, and SoRiTae was the highest as
31.6%, and well-milled rice was the lowest as 6.5%. SoRiTae contained
16.16% of crude fat, while well-milled rice 6.5%. Crude ash was 3~11
times higher and crude fiber was 5~7 times higher in legumes than in
grains. Nonfibrous carbohydrates were two times higher in grains than in
legumes, and well-milled rice was the highest as 77.5% and SoRiTae was
the lowest as 30.6%.

Iron content in SoRiTae was 3.3 times higher as 7.8 mg/100 g than in
well-milled rice as 2.4 mg/100 g. Calcium content was the highest in
SoRiTae and mung beans. Potassium was the highest as 9344.8 mg/100 g
in red beans, and was the lowest as 924 mg/100 g in well-milled rice.
Vitamin B; was high in glutinous millet, SoRiTae and mung beans than in
grains, and vitamin Bs was 0.02~0.09 mg/100 g. Niacin was 551 mg/ 100
g in mung beans and was 3.77 mg/100 g in glutinous millet.

Cooking characteristics of the mixed grains were measured. Water
uptake of the raw materials increased greatly after 5 min of soaking in

water and then stayed at the same level. Water uptake was the highest in



SoRiTae and decreased in the order of milled grain, milled glutinous rice,
glutinous millet, and well-milled rice. Hardness of cooked well-milled rice
with 1.25 times of water added was 200.5 g/cmz, while that with 1.5 times
of water added was 169.4 g/cmz. Hardness of cooked SoRiTae with the
highest water uptake was low as 142.8 g/cm2 compared with 169.4 g/cm2
of well-milled rice. Cooked milled grain showed the greatest hardness as
206.3 g/cmZ. Cooking time increased and hardness of cooked cereals
decreased with the increase of water added.

Properties of cooked mixed cereals with different mixing ratio of
SoRiTae and mung beans were measured in terms of general composition,
color and hardness. Cooking time and moisture content decreased, while
crude protein, crude ash and crude fiber decreased as the increase of
mixing ratio of SoRiTae and mung beans. Lightness decreased, and red
and blue color increased, and hardness increased as the increased mixing
ratio. Moisture content was 61.1% and crude protein was 5.53% in the
cooked mixed cereal with 8% of SoRiTae and mung beans. Sensory
evaluation showed great preference in terms of color and chewiness in the
cooked mixed cereal with 8% of SoRiTae and mung beans. Odor, roasted
nutty and sweet taste was preferred as the increase of mixing ratio of

SoRiTae and mung beans. Overall acceptance was the best in the cooked

mixed cereal with 8% of SoRiTae and mung beans.
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222 g9z
Micro Kjeldahl <3l (3= 2% <2ksts], 2000)0 ©ste] A =Fat ATt

J_—,‘:__
YAANAY, S5 50 mLE 7hetal AssHdAol Zaeant. /A9
4% boric acid &N 25 mlL Fo| Eo7EE Yt =

EFAANGS 5 FE /1D 0IN HS0; 9oz HAFch FAA

v
-
rr

GEAel @ HE FEHHORE st FEES AATHV, mL). HMEE blank
test=2A] Alm Al S/FTE AR 9 HAsta 2L 2Ho=m T3 - FF

ato] AASATHV, mL). =& 2 thg Aol oldto] ALtsdn

Vi @ 0.IN HpSO4 &2 A X (mL)

Vs : Blank testoll A Z4#H]¥ 0.IN H,SO, £ 24 =] (mL)
F : 0.IN H,SO; & 99] factor

N : AL A5

S AR AH =)

2.2.3. A%
Soxhlet A #W (A FF A, 200000] st AAaeAT. BAN

ok 5 g& HFHF] AEAH ] @i, 100CY Ax7oNA 247+ A=x38FS T}
S 3k )9 2/3 A9 ethyl etherE 7}star W2z, Soxhlet &3,
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ok 1 g& Aol ethyl ether® YAAIZ] & ether® £H4 3]
AL Az SR &2 wg 7FERE 125% b 250 mL<s
7hete] 18 oo #EE &xE FAdslal 3087 # . Bucher funnels
o] &ste] WEEol WEHA FLrF AFdstil, AL FHTFE E0]
Adol HA @S wizhA wHEste]l o stgivh. Hol e ZhAbel 1.25%
NaOH 250 mLE 7pstar 22 o= 7Fd&itt. 7F2 § Gooch crucible
S o] &3le] o S AL SHFEE odo] IS wHH FS wrbH
sty mpx|uto g 959 oleke 2 A H ettt Glass filtero]l ‘ol
FALE Az7) A dxete] S Feta(Wy) thAl 550T A 3] 83t

O FFE TEHW), e el elstel A% Fwe 4E AL

A (%) = — S 100

W, : 79 A% T glass filterd] 32 (g)
W, @ 3]3} & glass filtere] = (g)

S AR A FHg)



EHANE oF 3 g& kel A#FEta 500C st 2ol A kR 387
S oA WzkbAZ Y HCI(1+1) 10 mLE 7F8F F hot plated] A oFahA|
7Fdete] AAES &A1 F 100 mLE AEEUT. olIete] B84
of IFES A T T665A2 golA Air-CoHs
FEde) HdFMoRRE ANEFE(we/mL) & Aite

TEE AESAT(AACC, 1995).

- B B y . —D
&= (mg/100 g)= (Cy —Cy) x 100 S x 10

Cs }\] E(ﬂg/mL)
Cp @ MR8 M 5% (ug/mL)
D : 84 g

S AR ()

2.2.7. Ca¥ Fe
A E oF 3 g& EVHHAM HEF 5 3ol W 3 sA T

AGPA 10 mLE 7hete] 341713 hot plates 4 1], Fu, AzA7) T
AFES N HCT 20 mLol Al etk Jaxe 27Es SRFR 2
T La 89 20 mLE 7Fd 5 100 mLE A8, ¥l FYEE
o]

%Xéa’/\)\q’. Ca% 4227A9/] -‘ﬂ';g‘oﬂ/ﬂ Air*CQHQ %17%.9_2, Fe% 2483A9]
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5% (ppm) = C. * 100 * g

Cs t Al & =(ug/mL)

100 © HZx=AA

A5 ¢F 3 g5 500 mL kjeldahl flaskel a1, 24F 20 mL¢ KNO; 3
. &d astE di7hA] Kjeldahl A 7] JzF & gk A5
Al &astAZ T & o] Ao & wj7bA] HARS

WA ¥ FRE 150 mLE Jheka #7) A&e 587 boiling AT

10
2l
Ip
)
=)
k]

9l golo] A4 5~10 mLE 7b8a, NHOHE 347 the 242 2 $&

N
-~
off
o
)
>
o,
)
>

17132 100 mL=Z 34 A7l & d2xoA] 50C=2 7I<E
P.O;s 0.1 g molybdate &2 75 mL9 H|&Z 73t & HJAEI} oA E=
Ho| AR 7|3 ZFE&HE 7tste] &siA AT AA|FS 3 WE ks &

IN HClg Mo 7 HAste] %PE EFY A THAACC, 1995).

2.2.9. Vitamin B;3 By

AZo] 01N HCIE 50 mL 7}8al  autoclave(121TC, 30%) A7l %
WZbslal, 2N sodium acetate® pHE 452 ZA3 & /7S 71sted 100
mL A&t oJFe & 40 mL FH3F] test tubed] 7], 1% potassium
ferricyanide(in 15% sodium hydroxide) 3.0 mLS 7}sta 10%7F vortexing
A AT 187 ks % 375N HCIE 30 mL 7F8bal vortexing Al Zth.
Sep-Pak cartridge® AIE5E A % 045 pm Millet filter2 o 73}
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HPLCel  ¢J3te] #2438ttt HPLC Al2=¥l2  Spectra-Physics®  P4000
pump(Spectra-Physics Analytical Inc., CA, USA), fluorescence detectoro}
AS3500 autosampler(TSP Inc., USA)Z FA%H<o At} Columne CI18
uBondapak(3.9 mm x 30 cm, 10 mm, Waters Inc., USA) 1, A= 34
360 nm excitation, 503 nm emission 2™, °]&A2 0.006M ammonium
acetate(acetic acid® pH 50 ZA) : methanol(72:28)1 2™, F%2 15
mL/min °]Att. AL Sigmarle] ThiaminHCl, riboflavine 7% 3} ]
ol 5ol UA™Y LA A HPLCE #ste] yawzxyo=zm AL

Injection volume< 20 pL$tH(Sims and Shoemaker, 1993).

2.2.10. Niacin

6702 250 mL A& ef2Ad 27 Ca(OH); 15 g3 nicotinic  acid
EESUL 0,5 10,15, 20, 25 mL 75kt thE 250 mL Az E e
A8 °F 25 g3 Ca(OH), 15 g& ¥, E Zg23d FHF5 oF 90mL =
7hste] EEo] EFsta, 15 b h¥elA 2A1%F F<t autoclave g F
AL AHoA & gt o] AS of 40CT=E W4 ¥ 100 mL 8§
Foaaw w7 A&l deds oF 50 mLA 77 A4l el FHsha,
ice bathel 15%%F #Wxg & 1587 At 8 g ammonium
sulfate®} 2 mL phosphate buffer &o] Eoi9l= ThE U T A5 dqS
ZkzE 20 mLA &3 v, &80 &dletal 583 dAEYET & o Isto

=

g2 dlS AT 2702 AlE F(sample blank, sample)S 4|3}k

ol

5ml¥ ¥i, W= AlFAH 1VIE +4H8te] reagent blank® WHWstil S
5 mLE 7}ttt 33 standard blank, sample blankol+ 22 SR/
10 mLA 7Fstsich BE AP #-S v Al o] & batholl ¥o] W§adarel A 303t

W25k ol Standard®t sample, 12|31l reagent blanke] =}7}% 10 mL
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CNBr& AWz 71sle] 4 % standard blank, sample blank®] 55%
sulfanilic acid €945 1.0 mL 7letal HA] £50°] 42 % 470 nmolA
FTHEE SAsA T Standard blankE celldl 718t 470 nmelA §FE=E
0%= 9 F standarde} Al59] ODE A5l ts Aol 28y s&&
A A THAACC, 1995).

Nicotinic acid (mg/100g) =

C: A5 &% (ug/mL)
St AlE AFH ()

23. TH AT AWSA

2.3.1. Autv 9 A=

ke A 51999 Wil wat 100 go FHAdmE JHHA Aod
=2 23 FAT F A A FRFAL 15 20, 225 25W7F HES 22
Zbeke]l  FHAWH/E2HE  A7]R2%E(CUCK,  SR-056R)e.2 FHubshgi
HAE gaHw B2 1087 52 St

>

[o

i

0 g& 150 mLe] S/F<F(20C)°lA 5, 10, 20, 30, 60, 120% ‘&<t
HAR 5 Aol oA 9o =elo] FHEFE AASL FFEe TEE
SAsto] Fel o3 FA FUheS FreE WEWATH(H, 1992).



T wbs ARolA 3ARE WA & FSEEY WS 6 g F5k
cellol %o} color difference meter(Tokyo Denshoku Co., Ltd., Japan)® 33

=74 3to] L(ME®), a(A=%), b(FH %) ¢t Fstdth o o Wade] L, a

Avkda weo] Ax FALS 71(1992)¢ WHe wek A Fe] 40 mmeo]al
=ol7F 156 mmel nAE 8 g¥ wol rheometer(CR-100D, Sun Scientific
Co., Ltd,, Japan)dl &d#%¥<S % Z%(hardness)E& SAsA<=d, =4 <
2% W3 E FHagslr] fste A A A WA F FSEE BE
F skt

Probe(cylindrical type)d Z724& 10 mmAx SAHZAL HQIS 10

Kgi= 3} table speed= 60 mm/min, clearance= 0.3 mm ©|%l o™ 33]

gl wedAs 50009 wHow AAddnE, A ¥ 10%

Eoo7lE she] Aol 1Az A% F WAL ARZ A§L

,14,



Ao Bsd 542 Phskag gk
Fold ARE A%NE By F Y S gl 35E FAAL
(1d=t3s] dv}, 3H"=&t}, 5H=RZo|t}, 7H=Ft}, 9H=t3]
Zth)

Sample code 576 693 814

color
odor

roasted nutty

sweet taste

chewiness

overall
acceptance

Fig. 1. Sensory evaluation sheet.
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Table 1. General composition of cereals

. . Crude Crude Crude Carbohydrates
Calorie Moisture

Materials protein  fat ash

(kcal/100 g) (%) . ) ) Nonfibrous Fiber

05 (%) (%) 0 00

Well-milled rice  347.3 142 65 046 042 775 084

ﬁled glutinous 4 7 142 80 084 041 757 079

Milled grain 352.4 119 87 071 08 770 073

Glutinous millet 412.8 12.6 89 283 1.29 734 0.83
16.1

SoRiTae 4146 119 316 463 306 493
6

Red beans 334.4 143 198 102 336 572 419

Mung beans 330.6 148 216 094 367 547 407

,17,
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Table 2. Mineral contents of cereals(mg/100 g)

Materials Iron Calcium  Phosphorous Potassium
Well-milled rice 2.4 4.37 118.1 92.4
?ﬁled glutinous 2.4 556 171.1 128.2
Milled grain 4.1 229 128.8 263.7
Glutinous millet 3.0 136 394.3 341.6
SoRiTae 7.8 71.0 179.8 7196.4
Red beans 5.6 1.7 268.9 9344.8
Mung beans 5.5 71.0 392.3 7922.7

,19,
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ul F o) oh(sk=r g kst sl 1998). 484 HIElYl B 7Fd 7FE b AR

1xFQl HIEFRD Bo(riboflavin) ¢ $He =9 dAm <5 =570 71

7k 551 mg/ 100 go= 7Fg Eskem, F42 377 mg/
b

Table 3. Vitamin content of cereals(mg/100 g)

Materials Thiamine Riboflavin Niacin
Well-milled rice 0.15 0.02 1.22
Miled glutinous 0.14 003 1.42
Milled grain 0.15 0.03 1.48
Glutinous millet 0.22 0.05 3.77
SoRiTae 0.27 0.08 2.52
Red beans 0.26 0.08 1.75
Mung beans 0.27 0.09 5.501
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Fig. 2. Water absorption curves of cereals.
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Table 4. Cooking time and hardness of cooked cereals

Materials Ratio of water Cooking time Hardne;ss

to cereals (min) (g/cm”)
Well-milled rice 1.25 129 200.5
Well-milled rice 15 135 169.4
Milled grain 1.5 12,5 206.3
SoRiTae 15 11.4 142.8
Red beans 1.5 9.7 1674
Mung beans 1.5 10.8 158.1
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Table 5. Cooking time and hardness of cooked mixed cereals with

different ratio of water to cereals

Ratio of water Cooking time Hardness
to cereals (min) (g/cm’®)
15 16.9 179.0
2.0 172 132.7
25 23.2 104.3
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Table 6. Mixing ratio of cereals(%)

Mixed cereal

Materials

A B C
Well-milled rice 39 37 35
?i/lci(leled glutinous 13 39 30
Milled grain 6 5 5
Glutinous millet 6 o 5)
SoRiTae 5) 8 10
Red beans 5) 8 10
Mung beans 6 5 5
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Table 7. General composition, color value and hardness with different

mixing ratio of cereals

Mixed C09k1ng Moisture Crudg Crude C.rude Color Hardness
1 time (%) protein ash fiber ( /sz)
Cereals  (min) %) (%) (% L a b &
A 214 62.5 4.86 0.433 1.17 4503 223 7.82 131.4
B 20.2 61.1 5.53 0.512 1.31 4224 221 752 153.0
C 19.8 59.6 6.05 0.607 157 36.89 3.34 553 173.4

,2’77
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Table 8. Sensory properties with different mixing ratio of cereals

Mixed cereals

Sensory attribute

136

156

106

color

151

136

120

odor

145 155

107

roasted nutty

128 129

92

sweet taste

159 136

134

chewiness

136

150

118

overall

acceptance
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Table 9. Moisture content and hardness of cooked mixed cereals

with different ratio of water to cereals

Ratio of water Moisture Hardness
to cereals (%) (g/cm?)
2.0 60.2 155.1
2.25 64.9 116.3
2.5 66.8 85.7
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