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Effect of lotus root powder on the baking quality of white bread

Young-Suk Kim, Sun-Sil Jeon*, Seung-Tae Jung
Dept. of Food Technology, Sunghwa College
Dept. of Food & Nutrition, Sunchon National Universty*

Abstract

Quality characteristics of white bread added with lotus root powder(3, 6%) were investigated. Moisture
content of white bread added with lotus root powder were higher than control. As the amount of added lotus
root powder increased, the lightness, redness and yellowness of bread crust as well as the volume of the bread
decreased, but the redness and yellowness of the crumb increased slightly. The content of free amino acids
increased by the addition of lotus root powder and the major ones were L-glutamic acid, L-alanine, L-valine
and threonine. The major flavor components were 2-methyl butanal and 3-methyl butanal, which were formed
by the amino-carbonyl reaction in baking bread at high temperature. Aldehyde flavor components such as
2-ethylfuran, 2-butanedione and 3-butanedione were formed by yeast fermentation. Ethyl acetate and vinyl
acetate also influenced the flavor of the bread. The addition of lotus root powder increased the hardness and
fracturability, and decreased the gumminess, chewiness and cohesivenes of the bread. Sensory evaluation of
white bread indicated that the addition of 3%, 6% lotus root bread enhanced the grain formation, color, mouth
feeling, appearance, hardness, moistness, flavor and overall acceptability. Overall, the addition of 6% lotus root

powder showed the best performance in the nutritional and functional aspects of the bread.
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A "E(straight dough method) 2.2 Fig. 13}
2ol AzstH
[ Dough mixing ’
l
{ First fermentation(27+1°C, 75% RH, 60min) ‘
3
[ Dividing of dough ]
l
’7 Bench time(Room tempearature, 15min) ’
l
5 e |
l
‘7 Second fermentation(35+=17C, 85% RH, 50min) ’
!
E Baking(180°C 30min) )
!
r Cooling l

Fig. 1. Breadmaking processes by the straight dough

" xH =1 I;lcl I:él-!H=-II method
1. Az Y A=EEY
2. Al
a2 Hu9 AzRe ALAZTEANA 2001d9 (1D 92 A &&=
Axd AREE 1588 AH&ste] Table 19 ANgY FEFTS ACACY UG AZPOE
zAo=m A7 v-Z(Straight dough method) & 2 A 23 sqn?
Zstgth Ade AMES A2 FFFIA AAE (2 N5 &3
AFEAAA 200002 84 £ AT & FYsHA A= ANE8E AL7x A8 3 Agsigond,
Table 1. Formula for white bread (g)
Ingredients 0% 3% 6% 9% 12% 15%
Flour 1000 970 940 910 880 850
Lotus Root 30 60 90 120 150
Water 650 650 650 650 650 650
Sugar 50 50 50 50 50 50
Burtter 40 40 40 40 40 40
Yeast 30 30 30 30 30 30
Salt 20 20 20 20 20 20
Yeast food 1 1 1 1 1 1
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A 2} A| (Chroma Meter, CR-200b, Minolta, Japan)E A}
£35lo] FFATL : 97.10, a : -0.17, b : +1.99) .2
2339tk 2wl crust 9 crumbg MEE= Lat(E
%), af(FAR), bal(@AE)e g 33 diEstd &
stk

(3) Aol R3] 9 xo] 54

Auro] Hul= Fd o A27x] 1A13F 29
L zA8928, Fy(specific loaf volume):= FA}
b 2 EZ38%aL, A Fole ] B
9 7 £ RES FHSAY

4) 93

d#HL 9 X €79 #(Digital Camera RDC-2,
RICOH Co., TAIWAN)Z 4% W EX4& &3
Ak

(5) ) oful b

#9 obrlmate AW 15g] @ole FRE 100
mlE Zhata w e & ot a3 oo 20%
trichloroacetic acid(TCA)E 15 ml 7}3% & 339
WA X AA gude JAH AASHCH
o] A diethylether® 7}3lo] TCA, A &HEZ
g AAR F F8AZL CATIAN AL B
ZA17]12 0.2 Necitric acid buffer(pH 22)EH O F
20mizE F &3 vl 02 im membrane filterE 3
o F 40 wE BT 242712 LKB 4150,
alpha autoanalyzer, Ultrapac 1lcation exchange resin,
02M Na-citrate €& (pH 3.20, 4.25, 10.0) #<&
40ml/hr, ninhydrin %4 25ml/hr, column temp. 50~
socz sty

ol

6) I AE 4

dz #7 Awe I4E B4 Dymamic
Headspace Sampling(DHS) W o= 2g9 A8E
purge & trap concentrator(Tekmar 3000, Automatic
sampler 2016, Cincinnati, OH. U.S.A)2] AlE 3] ¥
X 60CE FA3EA heliumgas(30ml/min) E 3087+
purgedte] o] & Tenax TA(Chrompack, Inc., Raritan,
NI, US A2 =ZH columno] EZA1Z T column
€ 225C® 7FEsta ol  cryofocusing module
(Tekmar, Cincinnati, OH. U.S.A)E A}&34GC/MS
(Shimadzu QO-5000, Tokyo, Japan) ¢ £<13e E4
sl ot ‘
The conditions of automatic sampler in white bread

with lotus root powder
Ttems Conditions

Instrument Tekmar 3000(U.S.A)
Purge Time 30min

Sample Temp. 60C

Cryo Focus Temp. -100C

Cryo Inject Time 0.75min

Cryo Inject Temp. 225C

(7) Texture?] &4

zAgL AedAd 1N WA
Texture analyzer(Model TX XT2i, table Micro
Systems, England)& ©¢]&3}4s P20(20 mm dia
cylinder aluminium)& ZF&3o A|5E 28 A&
Hozg HAJAAELE 1 AdojA & force-time curve =
B hardness, cohesiveness, gumminess, chewiness,

qug

fracturability, adhesiveness, springiness % resilience

g 233

Operating conditions of GC and GC-MS for analysis volatile components of the white bread with

lotus root powder

Items Conditions

Instrument GC-17A(Shimadzu)

Column Supelcowax '™-10(60m X 0.25mm X 0.25 110)
GC Column oven temp. 35(5)-(1.5 C/min.)-170 C,30min.holding

Carrier gas He

Chart speed 0.3cm/min

Instrument GC-5000(Shimadzu)

Ionization voltage 1.5KV
MS Scan Speed(amu/sec) 1000

Scan Interval(sec) 0.50

Threshold 1000

Mass range 35-350M/Z

- 415 - S5 Z2 438 Al A 18/ A45.(2002)
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The conditions of texture measurement in white bread -
271 al =
Items Conditions . Zat 3 n3#
Instrument Texture analyser
Sample size 6cm X Tem X 2.5cm 1. g2 Atto] =5 g2t
1;'0"3 "020“"“ AT 7HF AUrEE 2 e sE FFE
pee 1.0mm/sec - -
Table 2 AZ Al &yl E
Pre test speed 5.0nm/sec i o JepfAth & -\:x tEol F71E4 5
Post test speed 5.0mm/sec TE FEE F9HoZ F7eH =l (P<0.05) ol
Trigger type Auto 50g o] AFde A7 g F8 F5eo FUt
i 1w 12 =
Disance 0% @nte 279 959 wug AAsm, o 2z
Time 5.00sec H)

Q] X

14 =
E A% Bud Hfd =9 FE F5Y
o A

A FA = otV HAFLe
(8) A gol +¥ F5gel g¥2 vAt: Arao,
que B5 A cAUGT AEG ST
G959 S 27 FPL Bohe A%d 5 mg =x
1089 FAEZHE 53 HAEWHS Tt 33 Az Hr7b Awel cruste] AT Table 30 Lleh
vhE HrtstAvh 2E4, €94, 71E, A Witk Awel crust MELE L a byt 25 99A

71, Az EP‘“* 9, 75‘5, 494, 59, 3 ol zolE Y=Y (p<0.05), Lt thzto]
oz 33

A w9 ite SHAEHOR 33 whEg Hgte] Az H/EFE #FisAn age 3%
o 337}6}‘5\\:}. % Br7le 5 dds F, 4 o H7MA HE 3 15%AA4 7HE 9ok bk @
B Ed, 3 REoIT, 2 % v, 1 gigd] 2 ANEFE fFHoR FasHh w4
e EE pH, 39 FF9% & 257 5o ge 9%
¢ wor, dz9 Itz w9l FLH pHY 3

(9) EAA = 7}o]l WE amino-carbonyl browningZd 9 PHog

AFHATRE= SAS ZTzIaAL o)lfste] EA AT AAMo] ol5A H= Aoz AZE YTl Table 4

S92, BFA 9 EFEUAE Duncansl SFEH 2 £ 4% crumb MEE YEbd Aotk crumbe A
A (Duncan’s multiple range test) .2 A2 7FY] §¢ = crust®} A1 AL el ow crumbe) L,
2 AR a, b= AAMAoZ {KAAJA AolE Ye Ut

Table 2. Moisture comtent of the white bread added with lotus root powder (%)
Lotus root powder(%)
0 3 6 9 12 15
26.41+1.28° 27.520.96 27.58+0.21™ 28.03+1.25 28.89+0.19° 30.64+0.52°
Means + STD(n=10). Means in a column sharing a common superscript letter(s) are not significantly different(P<0.05)

Table 3. Color of the white bread crust added with lotus root powder

lotus root Crust
powder(%) L a b
0 39.37+0.01° 9.12+0.04° 21.11£0.02°
3 38.461£10.6° 10.09+0.13" 19.79£0.75°
6 33.65£0.57° 9.46£0.07° 14.91 £0.70°
9 31.14+0.88¢ 9.91+0.27° 11.85£0.52*
12 31.36+0.29° 9.04+0.02° 11.53+0.19°
15 31.28+0.59¢ 8.6410.33° 12.23+0.63°

Means £STD(n=10). Means in a column sharing a common superscript letter(s) are not significantly different(P<0.05)
L : (lightness), a : (redness), b : (yellowness)

L value : Degree of lightness(White +100 < 0 black)

a value : Degree of redness(red +100 < -80 green)

b value : Degree of yellowness(yellow +70 « -80 blue)

SHZ 22 33 2] Al 18@ A|45(2002) - 416 -
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Table 4. Color of the white bread crumb added with lotus root powder
lotus root Crumb
powder(%) L a b
0 54.9910.39" -1.74+0.07 10.20+0.69°
3 47.34+121° 0.80+0.22° 12.62£0.15°
6 44.09+037° 2.21+0.04° 14.03+0.26°
9 39.40+1.27° 3.61+0.18° 13.71:-0.91*
12 37.88+0.79° 3.89+0.04° 13.59+0.19"
15 39.78 £ 1.03° 4.09+0.16° 13.27+0.19°
Means £STD(n=10). Means in a column sharing a common superscript letter(s) are not significantly different(P<0.05)
L : (lightness), a : (redness), b : (yellowness)
L value : Degree of lightness(White +100 < O black)
a value : Degree of redness(red +100 «» -80 green)
b value : Degree of yellowness(yellow +70 < -80 blue)
(0<005). Lt Hxol vlakd A2g AESE & RFE A/ B9 Wel R} Folsm 23
Z2sAh o b3S AT APl A5 § o ADolAtk: BuVe gAlsgth Hol MG
ggoz Zrlse AFS UsdTh WAAY A7 wel 23 e dstel PomernnzF”e 2
crust), % WESAEumb)l A BF Lgko] Fastd  Fdo] 347 A#du muPed ChnFTS F
N oEAA e A%e Ushih a9 4o AHA 7o) A8l % RojPA B
w3 on HARE WE B AT 2 BA
3. Alo| Rul 9 #0|5H 2 “weak dough’ FAo] wE R Fide AF
1) #9 54 = A 28y % AEAXM 3%, 6% A A7t
Al 2uE B4 ABPOE 2FF Foe A gzl us) 0-02%9 £3E At 3
Table 53 Zv}h AW Wrte WA F7do] & 9 Zart Aulstd A9 Vlsde A E o
A=a FheHo 2FE /FASA vk & 439 H FA47F =HA \%EE}EL A= Q)
A%g B9 g2z 48 ams 2 9 92 3
gl EFE B f9Hom Fasan 2) A2 Fol
(p<0.03). AWe] o wiEo] os) BT W quel wole 37 AT B F A wL
o 9w g3t A, FE §4¢ Y 0E PR BES 2Fad Table 60 YA AE ¥
2 s e s F4A vl B2 FS- ol FH9o Aot A9 JdXIATh dxdH A
259 gol BI T Fol FAA k2 BRH 2 A7} 3%, 6%NAE A Aol ggen,
ag? gam §480 B8 A%, IRA FE A2 AP 2SS B ko= gogoz
A A%Y AS, wFol ws) T gol oM FhaFTHP<0.05).
gRdol AN ¥t Fo] EAHM WHT
B dE v$Re HAF we Az FeHel 4. B
P 1ol WIN KR LAE AN W Ace At 49y 9% I dYxaREg
otz FFHY FAHE Afdtia AlgEE=H o Fig. 20 Jehfdth @9d ghzo] @2 A9 25

Table 5. Loaf volume of the white bread added with lotus root powder (af)

Lotus root powder(%)

0 3 6 9 12 15
1993.33+61.71° 1855.01+10.01° 1803.33 +46.45" 1735.11£18.02° 1661.67 £29.29° 1602.67£6.23°
Means +STD(n=9). Means in a row sharing a common superscript letter are not significantly different(P<0.05)
Table 6. Height of the white bread added with lotus root powder (cm)
Lotus root powder(%)
0 3 6 9 12 15
11.85+0.25" 11.825+0.28" 11.925+0.39° 11.175+0.39° 10.975+0.22° 10.475+0.35°

Means +8.D.(n=9). Means in a row sharing a common superscript letter(s) are not significantly different(P<0.05).
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Fig. 2. Photograph and farinograph of the white
bread added with a lotus root powder.
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Table 7o) JEpRRh 22 Amel falohu
el @@L
Alginine % ¢
zhess
e wurg

Threonine, Serine, Lysine & ¢

Glutamic acid, Alanine, Glysine,
foz vegen Az Frigol
Anges Frhsgon, @bl
W & Glutamic acid, Alanine, Valine,
F&Fol A YE

W Y] &= Alginine, Phenylalanine, Leucine
55 4% UEmth B4 opwne Valine,
Threonine, Isoleucine, Leucine, Histidine, Methionine
oz g v A2 AAEFS Fa

A (o]
29g

Atk Bd 2§ oA BRE A2 A%
Zo) B7hgol we 27harah
6. EV|EE Y

dz 2w Whge LA 48 97 re
Dynamic Headspace Sampling (DHS)9] Wog B

A% 232 Fig 3~6 2 Table 8~11] JEhY ol

Table 7. Free amino acid of the white bread added with lotus root powder(mg/100g)

Lotus root powder(%)

0 3 6 9 12 15

Phser 0.897 0.909 0.764 0.915 0.995 0.886
Thr 0.646 0.452 1.543 2.591 4.240 5.222
Ser 0.595 0.548 1.322 2.745 4.056 4.838
Glu 4.802 3.158 8.907 10.146 12.718 12.861
Gly 1.928 1.702 3.259 2.980 3.606 3.306
Ala 2.778 0.995 6.962 8.456 11.213 11.667
Citr 0.133 0.140 0.193 0.201 0.221 0.201
Val 0.438 0.326 1.565 2.700 4.647 5.605
Cys 0.121 0.139 0.190 0.189 0.278 0.246
Met 0.075 0.087 0.180 0.321 0.871 1.230
cysth 0.100 0.111 0.195 0.127 0.197 0.236
Ile 0.077 0.077 0.308 0.620 1.412 2.074
Leu 0.203 0.188 0.530 0.773 1.492 2.022
Tyr 0.208 0.082 0.987 1.452 2.424 2.943
b-ala 0.088 0.084 0.221 0.166 0.380 0.611
Phe 0.142 0.110 0.325 0.542 0.842 1.069
Lys 0.772 0.924 1.049 1.023 1.178 0.791
His 0.337 0.298 0.710 0.988 1.532 1.511
Arg 1.493 0.866 4.063 5.690 8.984 10.300
total 15.833 11.196 33.213 42.625 61.286 67.619

dzzel B A18A 432002
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Az 2 FA AR AHA AE I ES

A2 AVtFE 2E @ AWy FE FrEEC]
crustdll A= 61 peak’} B HJLw, crumbd A&
51 peak’} ¥ 51t} GC Chromatogram¥} total ion
intensity S 7]ZFo® B o UZF9 Crumbo A
Ethanol, Chloroform, Hexanol, 1,2-Diethylcyclobutane,
Pentane, Butanol, Pentanol £¢| #°o2 Ugyjon
Crustoll A]+=  Ethanol, hexane,
Dimethylhexane, 2,4-Dimethyl-1-heptene, ~Chloroform,
2-Methyltheptane, 4-Octene &2 2 uUehgth FA7FL
9] Crumboj A& Ethnal, 4-Octene, Hexane, 2-Methyl
propanal, Chloroform, 2,3-Dimethylhexane, Dimethl
sulfide €22 uUeyen Crusto] A+ Ethanol,
Hexane, 23-Dimethylhexane, 4-Octene, 2-Methylheptane,
Chloroform, Hexanol <22 v}elykt). Ethanol2 U
R AF Bo] EAste 53] 2E AEFH A
o, A, Fd Tl ol v oz JdAHY
gl TS HXA L=th 2-Methyl butanal,
3-Methyl butanal2 A2 #-& F& wf ofn]=7}

2-Propanone,  2,3-

By whgo] o AHE 222 B9 IUHYEY
=¥ 8L &1 2-Ethylfuran, 2,3-Butandione2 &
dstol =i 7] BEOR o|2EQ W s
AAE waolct Ethyl acetate, vinyl acetate= ©ll
2H 279 7] JRLE oAE W Frd F
TS F= Bdott. A= A W 8 ] 4
£9¢ Hexane2 crustl e AA AlFoA H=d
#2g HATYOY cumbolME d2EH 3%,
6% e ¥sd FFSE Jehl e 9%cld A
NEANE BAF FESE FE39 UM
t}. 4-Octene2 WETH A2 A7l 3% crumbdl =
2% JelgA L #@rtFgo] I/MEFE dAS F7t
9, crustl e thE&Eo] crumbEth FA UE
sow mAsMA R AUl FUEsE HA F7t
39t crumbel tERFA] 2-Ethylfuran2 el
A gsrom AZg ANNETE FFo] FLIFIAA2
Y crustel e tiE2ge Hsl d2e AVMETE
AR Frbekdth

Table 8. Volatile components of white bread (control) crust (areaf/10°cd)

PKNO RT AREA NAME PKNO RT AREA NAME
1 3.742 13.97 Pentane 31 8.203 10.39 2-Butanone
2 3.808 0.52 Ethyl cyclopropane 32 8.469 7145 2-Methyl-2-propanol
3 3.858 22.66 2-Methyl pentane 33 8.7 4.16 2-Methyl butanal
4 3.908 7.51 3-Methyl pentane 34 8.787 6.57 2,7-Dimethyloctane
5 3967 272.89 Hexane 35 8.898 2.76 3-Methyl butanal
6 4.033 29.33 Diethyl ether 36 10.093 1449.82 Ethanol
7 4.133 2.92 2-Methyl-1-pentene 37 10.434 55.79 2-Ethylfuran
8 4.225 3.15 2-Methyl butadiene 38 11.625 43.96 Pentanal
9 4.293 8.78 2-Methyl hexane 39 11.831 17.12 2,3-Butandione
10 4392 2.05 Propyl cyclopropane 40 12.277 433 Trichloroethylene
11 4.466 13.09 Heptane 41 12.508 10.61 Propy! acetate
12 4.509 12.52 Acetaldehyde 42 12.542 14.16 Decane
13 4617 25.16 2,5-Dimethylhexane 43 12.667 5.73 Ally acetate
14 4.658 15.08 1-Heptene 44 13.042 5.19 Butyl acetate
15 5033 12251 2-Methylheptane 45 13.132 7.13 1-Decene
16 5.1 173.55 2,3-Dimethylhexane 46 13.262 7.37 4-Methyl-2-pentanone
17 5.183 19.13 3-Methylheptane 47 13.754 16.11 2-Methyl butanol
18 5.533 3.49 Propanal 48 14.026  152.55 Chloroform
19 5.608 51.67 QOctane 49 14,988 4531 Toluene
20 5.699 15.07 2-Methyl propanal 50 15.493 9.61 2,3-Pentanedione
21 5804 277.68 2-Propanone 51 16.142 223 Dimethyl sulfide
22 5982 134.15 1,2-Diethyl cyclobutane 52 18.177 42.64 Hexanal
23 6.411 11.65 2,3-Dimethylheptane 53 19.616 19.51 2-Methyl propanol
24 6.718 14.22 Tetrahydrofuran 54 20.967 6.38 Ethy! benzene
25 6.858 12227 4-Octene 55 21.542 191 p-Xylene
26 6.925 62.17 Butanal 56 22.025 3.73 m-Xylene
27 7.125 17.91 2,4-Dimethylheptane 57 25.708 2.12 1-Butanol
28 7.491 161.92 2,4-Dimethyl-1-heptene 58 26.75 3.58 1-Penten-3-ol
29 7.786 10.94 Ethyl acetate 59 29.392 8.01 1-Pentanol

30 8.012 9.05 Vinyl acetate

*Peak numbers correspond to those shown in Fig. 3
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Table 9. Volatile component of white bread crust added with different levels of lotus root powder (area/10° crl)

PKNO R.T NAME 3% 6% 9% 12% 15%*
1 3.718 Pentane 15.18 13.33 12.64 12.96 30.59
2 3.792 Ethyl cyclopropane 0.64 0.85 1.36 1.42 1.92
3 3.858 2-Methyl pentane 2353 21.99 17.68 25.87 29.35
4 3.925 3-Methyl pentane 11.14 17.07 38.34 17.85 18.95
5 3978 Hexane 318.57 258.29 214.53 25275 294.96
6 4.042 Diethyl ether 38.64 41.35 88.73 67.71 52.11
7 4.142 2-Methyl- 1-pentene 1.81 12.91 74.79 9.53 2.67
8 4.233 2-Methyl butadiene 352 7.32 15.75 5.94 491
9 4.309 2-Methyl hexane 10.81 12.46 13.45 15.61 16.23
10 4.406 Propy! cyclopropane 2.02 4.38 9.51 4.75 3.09

11 4.483 Heptane 14.81 19.61 23.12 28.07 31.52
12 4.525 Acetaldehyde 20.52 24.81 27.96 40.11 38.61
13 4.625 2,5-Dimethylhexane 2891 32.64 33.29 34.04 37.26
14 4.667 1-Heptene 2145 21.55 20.94 23.43 3274
15 4.920 Dimethyl sulfide 403 13.39 14.64 56.85 2295
16 5.067 2-Methylheptane 146.01 139.67 149.45 155.81 203.79
17 5.125 2,3-Dimethylhexane 206.15 218.01 31253 34451 345.27
8 5.200 3-Methylheptane 2203 22.36 11.46 21.92 36.98
19 5.583 Propanal 7.73 5.84 5.36 7.26 8.75
20 5.633 Octane 5262 55.02 62.86 87.53 136.15
21 5.742 2-Methyl propanal 20.39 22.99 20.37 4491 32.64
22 5.858 2-Propanone 347.68 336.14 20.77 33541 559.54
23 6.001 1,2-Diethyl cyclobutane 160.05 17341 149.45 228.78 24126
24 6.443 2,3-Dimethylheptane 12.56 15.71 20.41 24.32 34.82
25 6.770 Tetrahydrofuran 19.19 16.65 14.73 26.55 42.19
26 6.933 4-Octene 144.2 144.23 149.58 159.03 356.23
27 7.000 Butanai 84.96 50.54 47.17 45.14 41.09
28 7.155 2,4-Dimethylheptane 19.39 19.99 25.32 25.64 51.14
29 7.543 2,4-Dimethyl-1-heptene 200.63 200.29 209.44 215.47 353.06
30 7.802 Ethyl acetate 1293 16.23 16.53 15.35 20.02
31 8.067 Vinyl acetate 11.38 12.69 14.69 14.19 31.17
32 8218 2-Butanone 12.13 14.77 10.91 20.85 24.67
33 8.492 2-Methyl-2-propanol 41.96 60.81 73.87 92.71 54.05
34 8.610 2-Methyl butanal 2141 61.93 74.96 118.45 82.87
35 8.758 2,7-Dimethyloctane 4.95 6.69 21.27 21.83 12.97
36 8.807 3-Methyl butanal 13.12 56.34 16.87 143.11 81.91
37 10.183 Ethanol 152277 1548.16 1992.29 2257.33 1767.05
38 10.489 2-Ethylfuran 64.13 82.14 94.18 98.45 119.28
39 11.659 Pentanal 47.82 53.13 61.34 81.88 84.96
40 11.856 2,3-Butandione 17.48 28.61 37.87 62.52 50.95
41 12.321 Trichloroethylene 4.07 6.17 4.69 9.03 7.71
42 12.500 Propyl acetate 5.05 11.94 17.68 17.61 16.77
43 12.577 Decane 2045 8.55 6.37 10.52 12.96
44 12.683 Ally acerate 6.86 3.69 4.51 7.41 9.09
45 13.067 Butyl acetate 2.04 3.38 4.61 8.82 9.01
46 13.167 1-Decene 6.17 12.09 12.95 15.15 22.15
47 13.294 4-Methyl-2-pentanone 341 4.14 4.83 10.68 11.84
48 13.793 2-Methyl butanol 12.96 23.98 25.89 32.31 28.01
49 14.048 Chloroform 99.85 189.03 209.48 211.39 218.71
50 15.013 Toluene 68.17 75.01 46.71 65.01 97.39
51 15.542 2,3-Pentanedione 9.84 10.91 20.17 30.72 36.82
52 16.150 Dimethyl sulfide 0.44 0.71 1.06 1.61 2.82
53 18.199 Hexanal 42.77 110.82 112.33 117.88 182.14
54 19.649 2-Methyl propanol 19.15 29.65 40.31 59.32 60.02
55 20.978 Ethyl benzene 1.05 10.49 12.49 14.92 19.41
56 21.542 p-Xylene 11.98 2.86 2.78 3.15 3.83
57 21.992 m-Xylene 201 8.87 9.95 9.29 13.18
58 22.758 Dially sufide 6.24 3.81 371 3.36 3.73
59 25.558 1-Butanol 2.89 3.39 3.86 5.39 7.72
60 26.335 1-Penten-3-ol 5.87 5.18 16.72 18.54 19.68
61 29.617 1-Pentanol 10.04 25.75 39.45 19.42 19.84
*Peak numbers correspond to those shown in Fig. 4
Stz #sh s X A 18W A 4:5.(2002) - 420 -



A2 B A7MF AR AY nAE §F 41

Table 10. Volatile components of white bread (control) crumb

PKNO RT  Area Comp. Name PKNO RT Area Comp. Name
1 3725 8392 Pentane 28 7403 1844 2,4-Dimethyl-1-heptene
2 38 5.12 2-Methyl pentane 29 7.725 2.66 Ethyl acetate
3 3.892 2.78 3-Methyl pentane 30 7.924 3 Vinyl acetate
4 3947  39.05 Hexane 31 8.136 6.67 2-Butanone
5 4032 12.79 Diethyl ether 32 8.4 4.65 2-Methyl-2-propanol
6 4.116 325 2-Methyl butadiene 33 8.515 7.84 2-Methy! butanal
7 4.233 1.11 2-Methyl hexane 34 8.71 18.33 3-Methyl butanal
8 4.275 1.58 Propyl cyclopropane 35 9.918 1005.7 Ethanol
9 4.442 6.98 Heptane 36 11.511 7192 Pentanal
10 4505 2848 Acetaldehyde 37 11.79 71.28 2,3-Butandione
11 4.575 6.91 2,5-Dimethylhexane 38 12.163  11.97 Trichloroethylene
12 4.658 1.59 1-Heptene 39 12.367  18.39 Decane
13 4904 17.12 Dimethyl sulfide 40 12.933 5.68 Ally acetate
14 4.994 7.72 2-Methylheptane 41 13.108 5.85 Butyl acetate
15 5.055 1134 2,3-Dimethylhexane 42 13.325 1.01 4-Methyl-2-pentanone
16 5.133 1.5 3-Methylheptane 43 13.65 2.05 2-Methyl butanol
17 5.508 251 Propanal 44 13905 36391 Chloroform
18 5.55 55.49 Octane 45 14.854 1585 Toluene
19 5608 3.81 4-Methyloctane 46 15375 9.32 1-Propanol
20 5743 2792 2-Methyl propanal 47 16833 5.09 2,3-Pentanedione
21 5852 10.16 2-Propanone 48 18.063 157.06 Hexanal
22 5948 110.84 1,2-Diethylcyclobutane 49 19457 1417 2-Methyl propanol
23 6.361 17.98 2,3-Dimethylheptane 50 20833 3.41 Ethyl benzene
24 6.642 4.22 Tetrahydrofuran 51 21.867 4.99 p-Xylene
25 6778 1392 4-Octene 52 25.542 4.01 1-Butanol
26 6.87 73.09 Butanal 53 26275 1.91 1-Penten-3-ol
27 7.051 1743 2,4-Dimethylheptane

*Peak numbers correspond to those shown in Fig. 5
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Table 11. Volatile component of white bread crumb added with different levels of lotus root powder (area/10°ad)

4%

PKNO RT NAME 3% 0% 9% 12% 15%*
1 37 Pentane 6.19 20.63 17.27 11.14 6.04
2 3.848 2-Methyl pentane 1.63 1.65 4.79 10.41 16.34
3 3.908 3-Methy!l pentane 1.63 1.32 1.31 10.62 1041
4 3.958 Hexane 30.81 30:06 118.05 179.37 252.21
5 4.025 Diethy! ether 9.37 9.23 14.74 13.81 2323
6 4.125 2-Methyl butadiene 1.02 1.89 3.72 1.85 1.62
7 4217 2-Methyl hexane 1.03 1.69 1.62 2.85 1.97
8 4292 Propyl cyclopropane 0.92 2.87 5.35 5.66 7.58
9 4.467 Heptane 321 322 6.88 8.71 13.83
10 4.508 Acetaldehyde 9.01 8.17 6.63 10.91 23.39
11 4.608 2,5-Dimethylhexane 3.72 4.52 10.49 16.89 17.88
12 4.65 1-Heptene 3.04 3.26 7.24 8.55 11.03
13 4.896 Dimethy! sulfide 0.71 14.51 22.12 18.09 134.83
14 5.024 2-Methylheptane 2.98 3.14 46.34 76.43 89.23
15 5.092 2,3-Dimethylhexane 4.84 5.84 70.73 125.13 120.83
16 5.175 3-Methylheptane 0.69 1.31 6.02 12.69 12.34
17 5.525 Propanal 1.22 1.44 1.58 4.17 323
18 5.6 Octane 13.44 15.83 19.69 3332 47.56
19 5.691 4-Methyloctane 2.05 3.64 4.11 8.99 10.92
20 5.793 2-Methyl propanal 9.28 17.11 103.46 197.13 180.68
21 5.875 2-Propanone 3.58 3.65 11.97 22.14 49.42
22 5.979 1,2-Diethyl cyclobutane 38.81 41.81 51.11 84.13 149.61
23 641 2,3-Dimethylheptane 6.57 431 4.45 6.25 11.49
24 6.707 Tetrahydrofuran 1.16 1.21 4.47 8.55 13.11
25 6.848 4-Octene 217 113.26 228.98 34724 393.66
26 6.916 Butanal 18.82 28.08 30.51 33.82 50.55
27 7.115 2,4-Dimethylheptane 3.61 4.45 8.31 8.21 17.73
28 7.482 2,4-Dimethyl-1-heptene 8.49 8.89 47.41 97.11 109.49
29 7.792 Ethyl acetate 1.56 1.65 1.84 8.47 §.04
30 8.02 Vinyl acetate 0.65 0.71 0.84 375 4.74
31 8.194 2-Butanone 297 3.17 3.94 7.14 7.61
32 8.494 2-Methyl-2-propanol 1.37 1.98 15.65 23.51 38.64
33 8.586 2-Methyl butanal 2.11 245 3.02 16.68 28.71
34 8.781 3-Methyl butanal 413 4.61 6.45 10.89 47.92
35 9.986 Ethanol 590.01 553.63 495.86 430.17 848.88
36 10.423 2-Ethylfuran 28.25 20.08 15.37 15.27 14.41
37 11.608 Pentanal 55.74 44.24 47.72 4345 80.02
38 11.815 2,3-Butandione 41.42 26.62 23.36 2241 65.67
39 12.272 Trichloroethylene 4.73 2.94 2.69 3.02 4.91
40 12.535 Decane 15.77 15.39 15.11 18.55 25.66
41 12.644 Ally acetate 2.74 3.65 3.67 498 7.68
42 13.033 Butyl acetate 3.54 8.85 14.11 15.93 17.84
43 13.267 4-Methyl-2-pentanone 2.65 397 528 6.44 10.34
44 13.743 2-Methyl butanol 1.39 1.75 3.72 8.44 9.58
45 14.012 Chloroform 148.34 76.57 60.08 68.88 152.47
46 14.969 Toluene 477 7.13 17.11 3143 31.91
47 18.187 Hexanal 27 10.46 11.61 12.86 16.13
48 19.617 2-Methyl propanol 13.07 8.04 6.71 11.32 1424
49 20.967 Ethyl benzene 267 1.74 245 2.69 3.43
50 25.6 1-Butanol 0.91 1.12 1.81 1.81
51 26.397 1-Penten-3-ol 1.87 1.93 4.55 5.31 16.75
*Peak numbers correspond to those shown in Fig. 6
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Fig. 3. Total ion chromatogram of white bread (control)
crust
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Fig. 5. Total ion chromatogram of white bread (control)
crumb
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Fig. 4. Total ion chromatogram of white bread crust
15% lotus root powder

Total lon Intensity

[
Retension time (min)

Total lon Intensity

21
Retension time (min)

Fig. 6. Total ion chromatogram of white bread crumb
15% lotus root powder
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Table. 12. Textural characteristics of the white bread added with lotus root powder
: Lotus root powder(%)
0 3% 9% 12% 15%

Hardness 13.17£0.65° 15.05%=1.10% 16.03+1.47° 19.82+£0.57° 22.55x0.73° 31.38+2.39"
Fracturability 11.17+0.73¢ 12.97+143° 19.59+1.04° 21.58+1.69°  23.76+1.73" 26.45+3.29"
Adhesiveness 1.06+3.98" 231+4.24° -4.04+3.43" -80.09+2.77°  -83.62+5.62° -150.97+4.21°
Springiness 0.97+0.01° 0.95+0.01° 0.92+0.03" 0.82+0.06° 0.82+0.04" 0.7940.04°
Cohesiveness 0.55+0.02° 0.52+0.01*° 0.49+0.01° 0.41+0.03° 0.4 +0.03° 0.39+0.02°
Gumminess 12.59+4.18" 9.98+2.72* 8.87+2.07° 8.08:2.19° 7.641+1.71° 6.6411.48°
Chewiness 11.48+3.61° 9.7412.69% 8.35+1.85" 6.45+1.76" 623+1.11% 5.37+0.85°
Resilience 0.37+0.03" 0.32+0.02° 0.31+0.01° 0.2 +0.03° 0.19+0.04° 0.18£0,03°

Means +S.D.(n=5). Means in a row sharing a common superscript letter(s) are not significantly different(P<0.05).
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Table 13. Sensory evaluation of the white bread added with lotus root powder

Lotus root powder(%)

0 3 6 9 12 15
Appearance 441097 45+0.53" 3.1+0.74° 3.0+0.01° 1.5+0.53° 1.4+0.52°
Hardness 431095 3.7+048° 3.31048° 2.1%0.74° 1.3+0.48° 1.2+0.42°
Chewiness 421092 3.6+0.52" 3.1+0.74™ 2.6+0.52 22+0.79" 1.8 1.03°
Adhesiveness 4.4+0.84° 40+0.67° 3.31+0.67% 2.8+0.79 22+1.03° 24+1.17°
Flavor 3.6%+1.17° 3.5+0.53" 3.3+048" 2.7+0.48" 1.9+0.74° 1.7+0.48°
Pore 4.610.84" 401+067" 3.1+0.74° 2.8+0.42° 1.8+0.42° 1.3+0.48°
Mouth feeling 4310.82° 3.740.48" 3.0+0.67° 2.4+0.84° 1.8+0.42° 1.5+0.52°
Moistness 4.6+0.69" 40+0.67" 3.1+0.74° 271067 1.8%0.79° 1.5+0.53°
Overall 4.6+0.84° 42-042" 37+0.48" 31119 22+0.92° 2.140.74°

acceptability

Means +8.D.(n=10). Means in a row sharing a common superscript letter(s) are not significantly different(P<0.05).
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