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ABSTRACT

Korean steamed rice bread called Jeungpyun is a traditional fermented rice product. The increased
consumer interest in healthier foods has increased the consumption of whole grains for numerous
nutritional benefits. However, the increasing amount of whole grains in products is challenging due
to processing difficulties. In the present study, the effect of adding three whole grains (sorghum,
proso millet, and glutinous foxtail millet) on Korean steamed rice bread quality were investigated
using a full factorial design including a center point. Based on preliminary testing, the percentage
of whole grains (used as grain flour), amount of Korean rice—based liquor (makkulli), and fermentation
time were selected as factors, and two levels were selected for each factor. For quality evaluation,
pH and the height of Jeungpyun batter during fermentation, height (Bd— why twice?), cross sectional
area, moisture content, color and texture of Jeungpyun were measured. As the fermentation time
was increased from 3 to 5 hours, the pH of the batters decreased. As the percentage of blended
whole grain flours was increased from 25 to 50%, the Jeungpyun color darkened and its cross sectional
area decreased. Like sorghum, as the amount of glutinous foxtail millet added in place of rice was
increased from 25 to 50%, the Jeungpyun height was decreased. Regardless of grain type, the moisture
content of Jeungpyuns made from rice and whole grain flour blends was similar. Among the factors,
the blending percentage of whole grain flours was the most critical factor for influencing the quality
of Jeungpyun. The overall results demonstrated that sorghum, proso millet, and glutinous foxtail
millet could be successfully used for producing healthy Jeungpyuns and thus advocate for expanding
the whole grain usage in Korea.
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9] gkafjato]Z R o] Sorghum bicolor L, Moench
oJchKim 2004). &, 55, B, 9 thge 2 A4
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226 mg, A 2.8 mg, Z-F 233 mg, YEF 6 mgg 3t
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Table 1. Composition of experimental rice
Jeungpyun preparation

Factor
i i S It
Rice Grain Makkulli Water Fermentation Hsar s
flour flour . @ (@
(ml) (ml) time(h)
g (@
50 - 10 20 5 100 1

ml, A% 10 g, &5 1 g, TEARE SARMS BHOR
AAEF9ItH(Table 1), & & =
Qlgk AT A7 el vlE, weel Eof 1)
2 E AR galsle] Table 29} 2o] AA48HS]
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&4
o} Au) Age] H]
A B S0g S =

Table 2. Experimental design for grain
Jeungpyun preparation (%)

Sample? . Factor. .
No. Grain Makkulli ~ Fermentation
flour(%) (%) time(h)
C 0 333 5
S1 25 333 5
S2 50 333 5
S3 25 20 5
S4 50 20 5
S5 37.5 26.6 4
S6 25 33.3 3
S7 50 333 3
S8 25 20 3
S9 50 20 3
P1 25 333 5
P2 50 333 5
P3 25 20 5
P4 50 20 5
P5 37.5 26.6 4
P6 25 333 3
P7 50 33.3 3
P8 25 20 3
P9 50 20 3
F1 25 333 5
F2 50 333 5
F3 25 20 5
F4 50 20 5
F5 37.5 26.6 4
F6 25 333 3
F7 50 333 3
F8 25 20 3
F9 50 20 3

1)Samples are C: control, S1~S9: sorghum, P1~P9:
proso, F1~F9: glutinous foxtail millet
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Table 3. Change in the pH of Jeungpyun batters
made from rice and whole grain flour
blends before and after fermentation

Sample? Before After Fermentation
No. fermentation fermentation  time (h)
C 5.78 4.62 5
S1 472 3.79 5
S2 4.80 3.86 5
S3 4.83 3.79 5
S4 5.04 3.89 5
S5 4.76 3.95 4
S6 4.53 3.89 3
S7 4.53 4.03 3
S8 4.54 3.85 3
S9 4.74 4.00 3
P1 5.54 4.74 5
P2 5.86 5.11 5
pP3 5.70 4.78 5
p4 5.95 5.54 5
P5 5.59 5.06 4
P6 5.52 5.00 3
P7 5.80 5.34 3
P8 5.63 4.99 3
P9 5.84 5.39 3
F1 5.87 4.87 5
F2 5.94 5.27 5
F3 591 4.85 5
F4 5.88 5.43 5
F5 5.88 5.28 4
F6 5.78 5.22 3
F7 5.88 5.27 3
F8 5.81 5.25 3
F9 5.89 5.24 3

1>Samples are C! control, S1~S9: sorghum, P1~P9:
proso, F1~F9: glutinous foxtail millet
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Table 4. Significant factors and statistical models based on ANOVA for the pH of Jeungpyun batters
made from rice and whole grain flour blends after fermentation

Grain Significant factor Formula R-Squared  Model Constatation
Grain amount Batter pH after fermentation = Curvature  Significant
Sorghum . * " 0.879 . o
Fermentation time 3.89 + (0.058*A) - (0.055*C) Linear Significant
. Batter pH after fermentation = Curvature  Significant
P 14
roso Grain amount 511 + (0.23*A) 0740 [inear  Significant
Glutinous B B 0.429 Curvature  Not significant

foxtail millet

Linear Not significant

DA: grain amount, B: makkulli, C: fermentation time
Jsignificant p-value < 0.05
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Table 5. Batter height of Jeungpyuns made
from rice and whole grain flour blends
fermented for different times

Sample" Before After Fermentation
No.  fermentation fermentation time (h)
C 33 57 5
S1 31 50 5
S2 31 37 5
S3 31 43 5
S4 31 44 5
S5 31 33 4
S6 31 52 3
S7 30 37 3
S8 31 46 3
S9 31 33 3
P1 32 32 5
P2 32 33 5
P3 32 32 5
P4 32 33 5
P5 32 33 4
P6 33 37 3
P7 29 39 3
P8 32 37 3
P9 32 37 3
F1 33 33 5
F2 33 32 5
F3 34 34 5
F4 33 34 5
F5 33 34 4
F6 33 32 3
F7 33 32 3
F8 33 33 3
F9 33 32 3

1>samples are C: control, S1~S9: sorghum, P1~P9:
proso, F1~F9: glutinous foxtail millet
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Table 6. Significant factors and statistical models based on ANOVA for the height of Jeungpyun
batters made from rice and whole grain flour blends after fermentation

Grains Significant factor Formula R-Squared Model Significance
) batter height after fermentation = Curvature Significant
h 5051
Sorghum Grain amount +41.67-(5.00*A) 050 Linear Significant
L batter height after fermentation = Curvature Significant
p F t t 0.8687 . o
roso ermentation time +34.78-(2.50*C) Linear Significant
Glutinous Fermentation time batter height after fermentation = 0.5806 Curvature Significant
foxtail millet Makkulli +32.89-(0.50*B)+(0.50*C) ’ Linear Not significant

YA: grain amount, B: makkulli, C: fermentation time

Dsignificant p—value < 0.05

SHE S| Fol= Table 73 At} W& 100%,
Tz 33.3%, WE SAIRESZ ho] vhE gl
FOI= 45 mmo|Aek. o]of Hlwaly] $jete] HAe
o] g LEARE T e 232 PaEHy Fdst
Al L WA F=re] vl &0k 75252 ake] 1k
E ZH9] Zo|= £4(SDEH 40 mm, 713HPD)ET
40 mm, AZ(FDFHE 38 mm=z 7] 7= ¢

3 S| o7} SrolAlar, wolxl A=

l‘

P

31 =
A &

el e} 2olg Bt
olefst FHe| Fold éf%a H X
eX1DertE olgato] sk A
T Aol 79 7@7}%}01 ?—?—%—%9] %01

o A VIR 7K $00 899 Ao ek
A

295 des1gn

ol e wle £

defe] A7k, WEARE Fo] FaF S WA

Table 7. Height of Jeungpyuns made from rice and whole grain flour blends

S1 S2 S3 S4 S5 S6 S7 S8 S9
Sorghum (mm)

40 31 40 22 32 42 33 41 31

P1 P2 P3 P4 P5 P6 P7 P8 P9
Proso (mm)

40 34 33 32 33 39 38 40 38
Glutinous foxtail millet F1 F2 F3 F4 F5 F6 F7 F8 F9
(mm) 38 34 43 37 41 33 31 44 38

Table 8. Significant factors and statistical models based on ANOVA for the height of Jeungpyuns
made from rice and whole grain flour blends

Grain Significant factor Formula R-Squared ~ Model Significance
C Signifi
Sorghum Grain amount  Height = 41.67 — (5.00*A) 0.5051  orvature stsniicant
Linear Significant
Proso B B 03721 C'urvature Not s%gn%f?cant
Linear Not significant
Glutinous Grain amount . Curvature  Significant
Height= 37.67 - (2.25*A) - (3.25*B 781
foxtail millet ~ Makkulli cight= 37.6 2.25*4) - G25*B) 07813 Linear Significant

VA: grain amount, B: makkulli, C: fermentation time
Jsignificant p—value < 0.05
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Table 9. Cross sectional area of Jeungpyuns made from rice and whole grain flour blends

(unit : mm?

Sorghum Glutinous foxtail millet
Sample Cross sectional area Sample Cross sectional area Sample Cross sectional area
S1 105.2 P1 88.4 F1 99.2
S2 78.6 P2 79.8 F2 89.4
S3 107.2 P3 80.4 F3 82.8
S4 81.8 P4 71.4 F4 81.4
S5 76.2 P5 80.2 F5 98.8
S6 106.4 P6 82.8 F6 80.4
S7 87.8 P7 83.2 F7 76.2
S8 100.2 P8 79.8 F8 91.8
S9 79.6 P9 84.4 F9 78.2

Note: Cross sectional area for control rice Jeungpyun was 100.2 mm?

Table 10. Significant factors and statistical models based on ANOVA for the cross sectional area of
Jeungpyun made from rice and whole grain flour blends

Grain Significant factor Formula R-Squared Model Significance
Curvat Significant
Sorghum Grain amount Cross section = 91.44 - (11.40%A)  0.7524 urvatre ignican
Linear Significant
Proso B B 02432 C.urvature Not s%gn%f%cant
Linear Not significant
Glutinous Curvature  Not significant
S - - 0.3177 . S
foxtail millet Linear Not significant

DA: grain amount, B: makkulli, C: fermentation time
Jsignificant p-value < 0.05
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Table 11. Moisture content of Jeungpyuns made from rice and whole grain flour blends
(unit : %)
Sorghum Proso Glutinuous foxtail millet
Sample Moisture content Sample Moisture content Sample Moisture content
(%) (%) (%)
S1 52.8 P1 51.8 F1 53.2
S2 55.5 P2 53.0 F2 53.6
S3 51.2 P3 52.0 F3 53.3
S4 534 P4 51.3 F4 52.2
S5 52.6 P5 53.1 F5 52.3
S6 51.7 P6 52.0 F6 55.2
S7 50.5 P7 48.9 F7 53.5
S8 50.6 P8 51.6 F8 52.9
S9 52.8 P9 51.1 F9 52.9

Table 12. Significant factors and statistical models based on ANOVA for the moisture content of
Jeungpyuns made from rice and whole grain flour blends

Grain Significant factor Formula R-Squared Model Significance
Sorghum B B 0.5527 C}Jrvature Not s?gn?f%cant
Linear Not significant

Proso B B 0.1911 C'urvature Not s?gn?f?cant
Linear Not significant

Glutinous foxtail Curvature Not significant

. - - 0.3574 : o

millet Linear Not significant

DA: grain amount, B: makkulli, C: fermentation time
Dsignificant p-value < 0.05
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Table 13. Color of Jeungpyuns made from rice
and whole grain flour blends

Sample” Color
No. L (Lightness) a (Redness) b (Yellowness)
C 682 + 04 -16 +01 50+ 04
S1 525 + 047 76 + 0.2 105 * 0.3®
S2 434 £ 09° 92 + 04 104 + 0.6°
S3 46.6 £ 0.9° 88 + 0.2 120 + 0.2¢
S4 39.7+ 1.0° 9.6 = 0.4% 104 + 0.4°
S5 423 + 1.3° 9.1 + 04 109 £ 0.7%
S6 510 £ 0.9° 85 + 04> 11.3 + 0.4
S7 407 = 1.3* 108 + 0.6 13.7 £ 0.7
S8 476 + 074 84 + 02° 114 % 0.3¢
S9 39.0 £ 0.8 9.7 + 0.5° 10.6 £ 0.7%

F-value 1107 244" 17.2°7
P1 584 + 0.4%-0.3 + 0.1° 182 + 0.5
P2 574 + 0.8 1.4 +£ 02° 237 + 04%
P3 580 £ 0.7°-0.3 £ 0.2 174 * 0.4°
P4 574 + 0.3 1.3 £ 0.1° 234 + 0.6¢
P5 59.1 £ 1.0 0.3 £ 0.1 20.3 + 0.3
P6 59.0 £ 0.9 -0.1 £ 0.1° 18.0 £ 0.7
P7 580 + 0.4® 12 + 0.2 237 + 0.6%
P8 60.0 £ 0.8° 0.0 % 0.2° 185 + 0.4°
P9 60.0 £ 1.0° 14 = 0.1° 242 + 0.3

F-value 6.7 109.7°"" 14447
F1 548 = 04¢ -0.1 + 0.1 103 + 0.4°
F2 474 £ 04% 0.6 £ 0.1° 132 + 0.1°
F3 543 + 1.19 -0.1 £ 0.1° 108 + 0.3°
F4 447 £ 0.7 08 + 0.19 131 + 0.4°
F5 53.6 £ 099 0.3 = 0.1° 94 £ 0.5°
F6 497 £ 0.6™-0.0 + 02> 10.6 + 0.5*
F7 463 £ 0.8 05 % 0.1° 119 + 0.4¢
F8 50.8 + 5.0° -0.3 £ 0.1* 10.1 + 0.3
F9 464 + 05 0.5 + 02° 126 + 03¢

F-value 18.17"" 69.3"" 574"

USamples are C: control, S1~89: sorghum, P1~P9:
proso, F1~F9: foxtail glutinous millet

PMean + S.D. p<0.001

"Means in a row different superscripts are significantly
different at the p<0.05 level by Duncan’s multiple

range test

1) M%=(Color)
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Table 14. Significant factors and statistical models based on ANOVA for the color L*,

Jeungpyuns made from rice and whole grain flour blends

o
i1}
m
0x
N
w

a*, b* of

Grain Significant factor Formula R-Squared  Model Significance
Grain amount - B " " Curvature Significant
Makkulli L™= 4475 - (4.35%A) + (1.85*B)  0.9258 Linear Significant
onific
Sorghum Grain amount a®=9.06 + (0.74*A) 0.6680 Cufvature S?gn% %Lant
Linear Significant
B B 0.2140 Culivature Not s?gn%f%cant
Linear Not significant
C Signifi
Fermentation time L*= 58.60 — (0.65*C) 05046 At pmicant
Linear Significant
C Signifi
Proso Grain amount a®=0.56 + (0.74*A) 0.9697 ur'vature e %cant
Linear Significant
onific
Grain amount  b*= 2082 + (2.86*A) 0.0800 ~ Curvamre  Significant
Linear Significant
C Significant
Grain amount  L*= 49.76 — (3.11*A) 06618  onvawre o oencan
Linear Significant
Gluti C Sionifi
SOW Grain amount  a®= 019 + (0.37%A) 07527 ~ vatre . venieant
Foxtail millet Linear Significant
C Signifi
Grain amount  b*= 11.34 + (1.13*A) 06411 nvawre  Semieant
Linear Significant

DA: grain amount, B: makkulli, C: fermentation time
Dsignificant p-value < 0.05
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Table 15. Textural properties of Jeungpyuns Ao ulg} B2Ao] 9 & 4 Q) =k
made from rice and whole grain te Zdo] Az e s Jol2 Hef Sz
flour blends B} F1gEEe el ool sow, Hzle] ol

Sample” . . 20%, WEAZE] 5A1ZH) s49k p4e] BEAJo] 71
No. Hardness Adhesiveness Resilience ol Solsh ARS Wolth Axzale F4 o
C 2.0 = 0.0 1.7 £ 00 03 £ 0.0 o] 25%, wFele] ko] 33 3%, WEAITF] 3417
s1 1.9 £ 01" 23 + 04 03 £ 0.0 F6] BabAdo] 714 =gt

S2 1.6 £ 0.1° 3.5 + 0.8° 03 + 0.0° gEde He ) vhEEe]AE w710 2(Ko et al.
 Tetoo wessiw ossap D7 ENEH GSE skl uge
$5 31+ 000 9.1 + 0.6% 03 + 0.0% T o] tal thdRt ARkE el B 2A 2 7t
S6 22+ 00° 35+ 02% 03 + 00 7 o2} agle] Q] e Wk Zlow A7k,
s7 1.7 £ 0.1° 48 £ 1.6™ 0.3 + 0.0™ A, B2abg 9 gEA Sof Blazle] o3RS n|x|
S8 25+ 01 21+ 00° 03+ 0.0™ L gole BN A= Table 163 2t} 420
59 21 + 0.0 111 + 7;6“d 0.3 + oob o] Ao Awe} matye zoo| Wylek ulzale] o
:value 2.115_7 20.0b 2.8 is.(S).Z“ 0.21i40.0b = EEARE 5 371 89] 2ol Frelde Rolr|
) 21+ 00° 109 + 03 02 + 0.0° gk, et ' sl mAdele] ol
P3 28 + 019 83 + 51 02 + 0.0° frejHog ofFe vA Fivlgel AL vhde
P4 22 + 0.0° 168 + 02¢ 0.2 + 0.0° ofo] WoHE EHAL =Mt} of= Park(2007)¢]
P5 29 £ 0.1 95 £ 0.07 03 £ 0.0° ATox] Heke @ ko] gix|gkoe] 7hadk-
P6 24 £ 01° 54 £ 03" 03 £ 0.0 = gego] e o AsiAsiel Bo Aske
P7 1.7 + o.oa‘ 1.7 £ 0.0° 03 + o.oe‘ Sehpet

P8 25 £ 0.0° 41 + 34° 03 + 0.0°

P9 18 + 0.0° 32+ 03 03+ 0.0° TVESHE At 71el kel ofsf 9%
F-value 80.6""" 11.2"" 89.1"" W= Ao 2 veht 7] Hrkeke] s Awrt
F1 2.5 + 0.0¢ 55 + 0.2 0.3 £ 0.0% violt) o) FrlRel Zuhials Hrlehe] A=k
E2 22 #0074+ 020 02+ 00 =30] 2L A/BIA ke tETHT Aws} =9}
T ion ersom papp  E @Kl 5 Wi ol
F5 23 + 019 30 020 03 + 00° Wl VTS A T ks 2l A7
F6 25+ 000 101 + 1.2° 02 + 0.0° A7HSeo et al. 201)9h= T Aot izt 4]
F7 25+ 04Y 70 £ 1.19 02 + 0.0° 55 IR SEe izt Axr edthe o
F8 1.6 £ 0.1 47 + 02" 03 £ 0.0¢ TH(Choi et al. 1996)9F= LASH= Axpold}, w3k 5
F9 21 + 00 73 £ 05 02+ 00 Ho| Az Al BRert Hrbed Aws) gl
F-value 12177 2417 34.4™7 o= ARTESo| B i ofghEo] Fiiidje] A
YSamples are C: control, S1~S9: sorghum, _

P1~P9: proso, F1~F9: glutinous foxtail millet o 5 2ste] eldle] He page] gl o3 4
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Table 16. Significant factors and statistical models based on ANOVA for the hardness,
adhesiveness, resilience of Jeungpyuns made from rice and whole grain flour blends
) Significant L
Grain Formula R-Squared Model Significance
factor
B B 0.1863 C}Jrvature Not s%gn%f%cant
Linear Not significant
Sorghum _ _ 04276 C-urvature Not STganTcant
Linear Not significant
Grain amount  Resilience = 0.27 — (7.500E-003*A) 0.8396 Curvature  Significant
Makkulli + (1.000E-002* B) ’ Linear Significant
Grain amount  Hardness= 2.27 — (0.25*A) 0.3781 C,u rature Slgmﬁ.c ar.1t.
Linear Not significant
onifi
Proso B B 0.3878 C}Jrvature Not signi %cant
Linear Not significant
Fermentation - p esience = 0.26 - (0.020%C) 0500y  Curvawre  Sianificant
time Linear Significant
C Sienifi
Makkull Hardness= 2.14 + (0.29*B) 07780  -HTvatmre  sismhcant
Linear Significant
Glutinous Curvat Not significant
foxtail - - 0.1855 e ot SEnean
. Linear Not significant
millet -
B ~ 0.3472 C}Jrvature Not signi %cant
Linear Not significant

1)A grain amount, B: makkulli, C: fermentation time
2 significant p-value < 0.05
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