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Effects of Ethanol on the Characteristics of White Bread
Containing Lotus Root Powder
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Abstract

White bread containing lotus root powder was previously reported as unsatisfactory with respect to appearance and
chewiness. In this research, white bread samples were prepared using ethanol(2 wt.%) and lotus root powder(3, 6, or 9
wt. %), and compared to those prepared without ethanol (reference breads). The volumes and heights of the reference
breads increased with increasing lotus root powder content. The moisture contents of the breads prepared with ethanol
were higher than those of the corresponding reference breads. The hardness and fracturability of the breads made with
ethanol were lower than those of the reference breads; however, springiness, cohesiveness, adhesiveness and chewiness
were enhanced. In terms of appearance and sensory qualities, optimum results were obtained when the ethanol was added
along with 6 wt. % lotus root powder. Overall, the results indicate that adding ethanol can improve the quality of white

breads that contain lotus root powder.

Key words : Lotus root powder, ethanol, white bread, quality characteristics.
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method) 2.2 Fig. 13} 2o] AZ23FFHAACC 1983).

Folol NG AR
ZHoz Z3IEL 55T

AH3)a oz Z XU Soxhlet X ](sx-6 Raypa Co, Spain)
2, ZuA L2 2% Kjeldaht ¥4 #X](B-339 Buchi Co.,

A Aol webd A

Table 1. Recipes for the preparation of white bread
(Unit: g)

Ethanol-added(2 wt.%)

Ingredient Control” Lotus root powder

3% 6% 9%
Flour 970 970 940 910
Lotus root powder 30 30 60 90
Water 662 642 642 642
Ethanol 0 20 20 20
Sugar 50 50 50 50
Butter 40 40 40 40
Yeast 30 30 30 30
Salt 20 20 20 20
Yeast food 1 1 1 1

" Control: lotus root powder(3%) only.
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I Dough mixing(27C) —l
l
First fermentation(27+1°C, 75% RH, 60 min) ‘
l
Dividing of dough ‘
l
Rounding w
!
Bench time(Room temperature, 15 min) l
l
Making l
l
‘ Panning ‘
|
‘ Second fermentation(35+1C, 85%
l
| Baking(180C, 30 min) |
l
‘ Cooling }

][]

RH, 50 min) ‘

Fig. 1. Experimental procedure for the preparation of
the white bread by the straight dough method.

e ol gt FAPORE ASE g F 10 mLE F &
Stod 771 EA8 §do 2 AMSSIITE & AR 5 g& 250
mL E3] Z2}2A3d] #3831 HNO; 10 mLE 2o] 713}
WEES 7124171 3 HNO; £-H(HNO; : H;0=1 : 2) 10 mL
9} 60% HCIO; 10 mLE 31 F4lo] & wiztx] 71gsts
o} o]o] Aol FRGFE M3l S8 HAd &7ln o
Al 7FE 8t HCIO4E S8417] 3 HCl £Y(HC : H,0 = 1

:2) 10 mL ¢} T SRTE A ste] 8200l A 43
S3l8kiL 10 mLE A 83le] E48 A 82 AMEsIsiTh ol
Ca, K, Mg, Fe, Na, Cu, Zn 52 94} 3% ¥4 F=A|(Solaor-
MS5. Termo elemental Co, England)2 &% 01—93\9_131], P2 &7
Bdl A vl wpaba B3 F=A(UV- 1601, Shimadzu
Co, Japan)Z 650 nmollA =43}t
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249 7| 2H(Digital Camera, optical 3x zoom 5.0 MEGA PI-
XELS)E 2w gHie] E47 o@te] Hulg dAsTh

(5) ==

2 g5 222 FAPARE Y (Scanning Electron Mi-
croscope; JSM 5900 JEOL, Japan)< ©]-&3lo] 2082 Hj-&
2 28t FAAED S 48 A% sample A ]
(metal coating)<¥= sputtering ﬂﬁ]‘—g‘ o] g3te] FREF L, I
8 24L 15 mA £8, 1107 Torr AFE0NA 120 sec B2
FH3FA T

(6) Texture2| &3
Texture®] =% ZF71L Table 29 721, Texturet o]
Fo] SUHR] XnE HASHAM Texture
analyzer(Model TX XT2i, Table Micro Systems, aluminum)E
o]- g3l 298 FASt 33 A% S TE S dES
hardness(7d =), fracturability(¥-*1%4), adhesiveness(F-2H3),

springiness(5t4), chewiness( 4d) S-oltl.
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crumb &

(7) BHsZAL

HsArke A8l de A5 n wHE *-11%
A EANA Y 545 A
ohe A 129S dideR 7
sHth & A SAIRE Fo] WS 12 om FAIR AoA 127
A =9} A AAIBIH o, H7) 52 A ¥ X(wave form),

€+2 X (springiness), 7]—‘—(p0re) 2873 (color), 2} 7H(chewiness),
%] F(appearance), 7d Z(hardness), =38 (moistness), ZHKflavor),
A AR 7] Z % (overall acceptability)® 71ttt #%5H
7he v o1l M e FH7E7R S HeE 3
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Table 2. Conditions for texture measurements of white
bread

deke A7t A2 el 540
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Table 4. Minerals of lotus root powder
(Unit: mg/100 g)

Ttems Conditions

Ca P Mg K Na Fe Cu Zn

Texture analyzer(Model TX XT2i,

Instrument
s en table Micro Systems, aluminum)

Sample size 6 cmx7 cmx2 cm

Prove p 29 mm
Speed 1.0 mm/sec
Pre test speed 5.0 mm/sec
Post test speed 5.0 mm/sec
Trigger type Auto 50 g
Distance 50 %
Time 5.0 sec
7Fetsiet.
3. A M
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Table 3. Analysis result of lotus root powder

(Unit: %)
. Crude Crude Crude Carbo-
Moistur
olsture ash fat protein hydrates
5.28 4.81 5.73 12.80 71.38

203.62 276.58 39.08 173592 13890 645 034 1.55

ok £ Aol ARE Aol 771 K me/100 g EE
°] 203.62, A2 645, P}Ml4E- 39.0801%1 01, ZFo) 1,735.92
2 7 wsi

2. 91T Aol Ry =y

1) olEt=E &Hrlet iz Ao &2 &t

e Hhe A B2 Arhs g3t A £1
SFE Table 59 YERAATE ANEE 2%E Hrier AW
=T vigtd 7 o] fojx ez F7slith Kim
et al2002)8] =EoAME A Arbge] VLR E S &

ZF 7ML, ole Aol 34 &
Choi et a1(1999)9+ Cho & Lee(1996)2] =0l EalH
W, £ AR ddes A7k AT A a2 Aok
o nj# et AAgle] FE Figol %—ﬂé}‘ﬁ&% A7k

Fre]HQl ztol= UATh wEbA SR Fe] Sk o
A7Yel| ofstAd HFadt dege *& Z-go] FH 59
o & PG AtREM, B =3} W] EIE K-
St AME F2] a3t 2|t 2 ¢A] 2006, Ahn
& Shin 1999).
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T
+
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2) AHE ix'i

2T ol ehE 2%} AT B9S2 3%, 6%, 9% A
7Vt weo] Mg SA g Ad= Table 634 2t Lt
FoAQl Aol & HolA| sk, o] A= 2% oleg 3
7t Latell dEs vAA 43S YePAT Kim et af
2002)& Lol A2 WHESS Aasigrty Kuslal
AR, 2 APGelA 2% AeE H7F Aldle o<l Apelzt

Table 5. Moisture contents of white bread containing
ethanol-added lotus root powder

Ethanol-added(2 wt.%)

Control” Lotus root powder
3% 6% 9%
37374342 40512025 4034038  39.48+0.16°

" Control: lotus root powder(3%) only.
Y MeanstSD(n=10). Means in a row column sharing a common
superscript letter(s) are not significantly different(p<0.05).
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Table 6. Colors of white bread crumbs containing lotus
root powder with or without ethanol

Ethanol-added(2 wt.%)

Control Lotus root powder

3% 6% 9%

LY 7394 43.10" 77.43 £1.40” 74.88+1.99 73.25+2.81N%9
a? —1.5733£0.12° —1216740.50° —-1.61£0.2° —0.55+0.35

b 1175 £1.06 13.06 +131 11.4240.82 12.20+1.03™

" Control: lotus root powder(3%) only.

DL Lightness.

 a: Redness.

? b: Yellowness.

* Values with different letters within a row significantly different
by Duncan's test at p<0.05.

% NS: Not significant.

STk mE3L aghe EREH 3% 2 6% A Alw) zhz)
Q)

AlgtE 2%E HUHeE AWt o9l Aol Heolx] &
31, 9% A 2ol o eRE-S- 29 AHULel Awkal= fo) A
2ol & Btk o] AR 2% olehe M= 3%, 6% A2
2] S FA) F2S 4 F ATk b F9F9l
zfo] & Holx| o} o gg Hrh AT Atz 9 HEe
e A= HRITh $loA] G uke} 2o, ofehe-g 2%
A7 Aol AT H7Eo] 6%Y Wl M= 23 4

7V 718 E9h o33 Abe ofleh2-S 2% AHkeh, A

o ¥

=
=

&

3) Alugto| =0

1o

el wolt= 39 892 F /bg Be HEES 2H5

7HA L 3% Aol H7bE A frelHdl Aol =

A, 6%, 9%l = fref Al Aol e glovt vzl
3t S7ksksdnt. o3 Aabe A drbEe] S71ds
el ol AN A b dleee dfaule &

Table 7. Loaf heights of white bread containing ethanol-

sokAlob £ EBAE

Bz Agote] golu Fae AaE AN AT
A 20002 A7 Aagl FAlsie

4) 9|t} 2|
ko] RuE Fal xghH o2 £33 A= Table 89
eI Al Fe] F3lE g0l 4 Abe} Aol dx|sto]
) BluP s o, dlvhe A7h AT 3% e Fo14
Ql Apolz TR oH, A 6% A{WE KA Ael=
S7FIATE 9%l =tz Zol7) Tt
AL AR thxrdt olleheS AR A 3 3%, 6%,
9%2] Am-& tixd sidzte #Esk Fig 20] Yehi]
ot e gheko] B A 2Tl ol By Wl 7t
2 BfEo] AN FH7 A5 - B 1994) G2 Az
71zl LA veht L2 W3S Holw, 9] Jd7k= 4
o] Afrt FritozA Thde] Aadt ST o]
27] el 7k YR Wk Aol sl FAR A
W3l AR 73S Ho|A 522, Kim ef al(2002)2 A2 3
7Fge] S7VdES iz vls) o] wol, F37} fast
saer, AdE dojya, 718E AdAMTa Eustit
= oeE 2% A7t A, Ael g}
Fol7h izl vla) S7ksksleh. o3t A Ao
dlghee] Joatgol 7k 29 Hf 5= T
Fol FEE TN EA e} gol7t

o

Table 8. Loaf volume of white bread containing ethanol-
added lotus root powder (Unit: cms)

Ethanol-added(2 wt.%)

Control’ Lotus root powder

3% 6% 9%

1803.01+0.57™ 1954.3520.57% 1855.34+1.20° 1803.36+0.34"

added lotus root powder (Unit: cm)
Ethanol-added(2 wt.%)
Control’ Lotus root powder
3% 6% 9%
11.7340.03  12.46+0.06°  11.81x0.08°  11.770.15"

" Control: lotus root powder(3%) only.
Y Values with different letters within a row are significantly
different by duncan's test at p<0.05.

" Control: lotus root powder(3%) only.
Y Values with different letters within a row are significantly
different by duncan's test at p<0.05.

lotus reot powder 9%
(Ethanol-added(2%))

lotus root powder 6%
(Ethanol-added(2%))

Control lotus root powder 3%
(lotus root powder 3%) (Ethanol-added(2%))

Fig. 2. Photographs representing loaf volumes of white
bread containing ethanol-added lotus root powder.
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Fh= Fig. 3¢ dehiRlth o) 24e 7)ge] 23 2
2 Bglom, SRde) B4 7= Bgo] BBt o
& A7 AT 3% el 22tz g 27 3
ge] et S7FRIATE. oleh It A 6% e 22d
e BAe) tizTel wis| FAEAL, 7 Bl i A
Bgol Tl ehe AlEuzt #Udg 713S vyl g
& A7H AT 9% o] A e AT A7KF B2 gl
SR el Aol Tk P et Agge] Aojx
B2 eRE FAN AEuIt ozte) AR 73S RATHA

Zek e ia
Control-3% lotus root powder 3% lotus powder with
(no ethanol) 2% ethanol

6% lotus powder with

9% lotus powder with

2% ethanol 2% ethanol

Fig. 3. Scanning Electron Microscope images of white
bread containing ethanol-added lotus root powder.

BAdsl7] miFolth 5ol F3lEH B4 (elasticity)

g

I &3 d(cohesiveness)S Holed, 2FHE FAst Q)
= ZEjolde ST AP S SFEd e g S B
ATHE 5 2000). wehA] oere H7R= 3%, 6% AS B
o] X7bel UIHE wisol] glojx] FREle] FRE o|F 3, o
T AEE ks B sEE SUAY cdge F2E
F/g3ta 9l OHY]= P o] 553 Hetidd ol
olu|= 14, SH 11, ©|&st OF, 4 A3 il o]
st Aoz Bt}

6) Texture &H

A A7bS EEisha o eheS 2% MUlskd Alz23 &
Aol 1A13F Bt HZAIZ] A E9] texture= Table 99
VERNRIT}, Hardness$} springiness= -2 221 2}o) 7} 1]
o™, fracturability= WZE7T 6% A AHabs folzel
zZpo] & Ho)x| ¢k9kar, 9% AT A7t 2wkl oeke-g A7)l
2lwdo] 526+0.53 2 71 E=A YENGETHp<0.05). T3}, adhe-
siveness= 9% A Aol 257412622 71 =4 23 F
o] 2]l zfo]& K3, chewinesst 6% - 21wul 994
AL 2ol A] Fel ARl Aol & B o, thadt 6% A
2mkato] 2bolE ATl Kim ef al(2002)2 2L 3% o]
A7Vl Fde] AR efo] gudle] £ ¢driy Ha
gtk Bgh, Bae ef al(2006)& T SuHS H71e 2ol )
3o, Han er al(2007)2 St £'8& 37HE 2ol s}
of Ao|d-§ A teke] F71E,F textured] B4 Roim B
nEIIck 3, B Ao E 2% ofehe-S H7HE A9
= 925 6% H7IAR textureol] A0 8RS nX]A] gk
ol weba] ofelst Avhs AW Al Al dehEe] H7K2%)e

Table 9. Effect of ethanol-added lotus root powder on textural characteristics of the resulting white bread

Ethanol-added(2 wt.%)

Contro] * Lotus root powder
3% 6% 9%
Hardness 557.28+162.19 653.63+98.03” 460.85+95.19 1246.57+132.12"5"
Fracturability 3.05+ 1.16% 3.90+ 0.83% 456+ 134" 526+ 0.53°
Adhesiveness 140+ 027 1.69+ 0.69™ 1.30+ 0.81° 257+ 1.26°
Springiness 1459410:£559846.6 942503+273579.5 83539412+14322.8 10349600+:9427771™°
Chewiness 2144812+1255693° 3700339+751006.6° 2388892:£541180.9° 8673431£1263199"

" Control: lotus root powder(3%) only.
" NS: Not significant.
? Values with different letters within a row are

significantly different by Duncan's test at p<0.05.
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2 AFoA ARG e H7F 5L wave form, pore,
color, chewiness, appearance, hardness, moistness, flavor, over-
rall acceptability 5°]%12™, A3 A= Table 109 YERR
Stk Wave form#} flavore tZ2a3} -{] Q] 2o 2 Holx]|
WX 9% AT Aol oehE-S Artet Alwe Zhz7} 58+
1.35, 5.17£1.42 G334 72sles A4S 2} Springi-
ness, pore, color, chewiness, appearance, hardness 2 moistness
T BT 6% A2 2% ogge] Ak Awe] 714 2 3k
< WAL, 9% A A7} Ao] 7P e ghe Bk
FHA BollM e dzx=Tol vlg) 6% A2 2% oehgo]
74 Aol 71t #A vgkom, ol2jdt A= oehE 3
77} REaE 9t S48 FUAZY] Q] Aoz dd
HlF 5 2003). ool 272 Bg u A2We] Afa
of WrhE diEQl 298 72 A4 dggo] A=W
7k B 58S SUAA AEEE g Tren 743 V)
S FAAA R B 3 Sdld a3t vk A
S ivil=2
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Table 10. Sensory evaluation results of the white bread
ethanol-added with lotus root powder

Ethanol-added(2 wt.%)

Control” Lotus root powder

3% 6% 9%

Wave form  6.00£1.35" 65 £1.93” 66 +1.15 5.8 £1.35™9
Springiness  5.75+0.97°  6.67+1.67° 7.17+1.34° 5.5 +1.75°
Pore 6.08+1.78°  6.67+1.44" 7.67+1.30° 5.672.05°
Color 6.67+1.44" 633+13°  7.83+1.03" 5.83+1.35°
Chewiness  5.83x1.80® 6.3 +0.98® 6.83+1.03° 5.33x227°
Appearance  6.17+1.99® 5.67+1.78  7.67+1.56° 6.17+1.57°
Hardness  6.17+1.34™ 5.83+1.03" 6.67+1.15° 5.5 £1.57°
Moistness 5.5 £1.73% 6.17+1.80° 6.67+1.07° 5.0 +1.55°
Flavor 6.0 £2.00 6.17£1.80  6.33+0.98 5.17£1.4™
(zzzgtlabﬂity 6.17£1.34°  6.17+1.34°  7.83+1.34° 4.5+0.93

" Control: lotus root powder(3%) only.

Y NS: Not significant.

? Values with different letters within a row are significantly di-
fferent by Duncan's test at p<0.05.
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