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Rheological Properties of Bread Containing Lotus Leaf Powder
Hyun-Joo Lee™
Dept. of Food Nutrition & Culinary Science, Hankyong National University

ABSTRACT

This study investigates the rheological properties of bread containing lotus leaf powder, added
to the bread bases at 1%, 2%, and 3% concentrations. Physical properties of bread with lotus
leaf powder were tested using the rapid viscoanalyzer (RVA), a farinogram, an alveogram, and
a rheofermentometer. The initial pasting temperature increased with an increase in lotus leaf
powder, whereas peak viscosity and, the peak time decreased. According to the farinogram test,
consistency and water absorption increased with an increase in the ratio of lotus leaf powder.
The p value of the alveogram increased with an increase in lotus leaf powder, whereas L and
G values decreased. The fermentation time of the dough increased with an increase in the ratio
of lotus leaf powder. The results suggest the potential development of bread containing functional
ingredient such as lotus leaf powder based on the rheological properties identified in this study.

Key words: lotus leaf powder, rheological properties
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farinogram3} alveogram= 733} 1,
A7} 219] rheofermentometer F3 S =3
AU 71548 2ARA o] & 7HEA
Z A5E AAstaa dAsaH.

1
B AP AHE]E A(Nelumbo nucifera)) 2
A AzsAelA TUsk
< Y 155(HAR), &4
O] 2~ E(Saf instant, France), BB FAD, 2 A (gt

O:ICQ) /\EH(O ]) TS El—;(]_,_(:o:@-w—;(]_,__rr
85%, 74 15%, TS #4), A"/ ZFA(IREKS Frost-
Diamant, REKS GMBH Co.)= & ulE A T
sho] ALEEIATH

F2 AACC(AACC 2000a)*8
ol 2 0 Kjeldahl(AACC 2000b)Holl &3}
A:J_Al 3F L A& Soxhlet(2000c)H o2 53] 1t
& ZAsAT

%3} = Rapid Visco Analyzer(Newport Scientific
Pty. LTD. Australia)g ©]-83}o] th5-3} Zo] 4
shoch 5, el A9 BVE 1,2, 3%4 247
Arveted &FulE 8710 35 g¥ & 7
25+0.1 mLE 713t \:}2 Eet2E WSS o8-S

= 2l AE A

Yy =8

A1 95 C7HA 7y Esta, ] ’E}Eﬂ‘ﬂl*ﬂ 258 FAA
7 % 50 CTE WGA7IMA 53} 7| Al-2 5 (pasting
temperature), 21 7 S(peak viscosity), H1 F=
A ZH(peak time), A H= Fo Yehbs A A
E21 FA ZFE(holding strength), 1L HZ ol A
Z H=5 wh 3k break downdkI 3 F 7 Z(final
viscosity)oll Al HA AE=E wl k2 set back FhE
53] WHE ZAste] Yogts Wl

4. Farinogram &3
Farinogram =72 Farinogram-E(M81044, Brabender
Co., Ltd, Germany)E AH&8F] AACC(AACC

2000802 T3 2ol ZAsAT Ao



A B 1%, 2%, 3%E 27 H7HE B3 300
g° farinogram 7 B.9] F4°] 500+10 FU(Farinogram
Unit)ll E2& th7h2] Frds -3 ol
M2 T = 30402 CE §A8I=2 319} vl
7} = (consistency), S-S (water absorption), WF=5 &
3 A ZH(development time), B2 17 E(stability),
A3} =(time to break down), farinograph quality
number %< 53] ¥HE =39

5. Alveogram =%

Alveogram =72 Alveograph(NG, Chopin Co.
Ltd, Villeneuve, France)E ©]-8-5l] AACCH(AACC
2000d)°ll Wt SF3ATE &, AR AU &
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FA7E HE2E 3 v 25T 9 resting roomel] ¥HS
S =AUZE DU olu Alveolink®l] P (RH52]
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G222 V L, 3 AKX, wirE g gk A3
ke 53] ke Ao
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A3 & A 3 o3 E 1204 mLE ¥ of7ol o

2 747 1, 2, 3%A H7Eske 6% 303t
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22 A AR A Fol7kA] A8FE AR, Tx
(BFoNA CO, 7hrt EAE7] AZE wo] A
b, HA FI(A1+A2 ABA 72 AR, CO,
t2 &Y BiggmL) 9 Co, 7Hs BAgE
(%)= 53] WkE SAs .
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7. B4 EA
APAA = PR+ EFH 2K Mean+SD) 2 LHE
walew, Ad+E 7 o2 SAS(statistical

analysis system)% 7] package®] Duncan's multiple
range test® FAF3FATH

m. A= 4 3

*}%‘J ] it AR TR 13% 29

T 11%0103, A9 2

7%, 2T 1.7%, A 0.1%, 32
sl &

o] Hjgtn]= Table 13} 2t}
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Table 1. The formula for white pan bread with
lotus leaf powder
(Unit; % of the flour basis)

Ingredients Flour basis (%)
Bread flour 100.0
Water 63.0
Salt 1.8
Non fat dry milk 3.0
Sugar 8.0
Instant dry yeast 2.0
Shortening 3.0
Dough improver 2.0

Lotus leaf powder 1.0, 2.0, 3.0

FE ol A B2 1, 2, 3% 3H71s & RVAE
ol 83l 33 =E =43 AF= Table 29} 2t}
=79 &3} 7| Al %(initial pasting temp.) 67.33
03 Coll HIste 1, 2, 3% FFEZ AY 22¢S
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Az HA =S wl o2 [, 2, 3% A
Buto] Hyleko] WoldfE ZHZE 9259+ 3,
97.25£0.3, 100.46+1.3 RVUE %ol oy thxt
111.75+0.3 RVUERTH= @& k& Bt =34
=5 YERJE set back a2 TIZT 134.55£0.9
RVU°IQ2H, 1% A7F oA 113.3440.3 RVU
2 AT 2% 3% HUMTFAAME 4
115.79+1.3, 117.04+0.3 RVUZE Z7}8}] break down
Aol FARRE AE Rt Hwang & Choi
(2001)= A& 53 BLES H/SAS of set
back ol EoH Tl B sty ot H A3 ofA
£ HETol vty A9 B Hrleo] BerE
set back #kol Yol Zxt B2y AQ B4 HU)

]_
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= E
542 248 ATH= Table 3, Flg 13}
2} wEe] Wye] ed A e s Uehy

Ska, A B 1, 2, 3% AU 42 170.0,

5.5416.3, 181.5+0.7 mmZ thZTol] ¥I3te] Py,
T EAANE A BE Ao FUMESE
Prax %= S7FFH O 792 2ol g/l
A BEY HUlFe| FIETE B AY)
Eold Ao

2 AZt= ) Hyun et al.(2001)

Table 2. RVA data on bread flour with different quantities of lotus leaf powder

Initial pasting . . Holding . . .
Peak viscosity Break-down Final viscosity ~ Set back
Samples temp. strength
(T) RVU Time(min.) RVU RVU RVU RVU

Control 67.33+0.3"  256.67+0.9° 6.04+0.04 144.92£0.6"  111.75£0.3"  279.46+1.5"  134.55+0.9°
LLP-1 68.13+£0.3 226.83+0.3° 6.10+0.03 134.25+1.1° 92.59+1.3° 247.58+0.8"  113.34+£0.3°
LLP-2 68.3440.4 22279415  6.04£0.04 12554413  97.25403° 241.34+2.6™ 115.79+1.3"
LLP-3 68.45+0.4 221.21+0.5° 5.97+0.04 120.7541.8°  100.46+1.3°  237.7942.0°  117.04+0.3°

Y Values are mean£S.D., n=5

*® Means with the same letter in the column are not significantly different based on Duncan’s multiple range test (p

<0.05).
LLP : Lotus leaf powder
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Fig. 1. Alveogram profiles of bread flour with different
quantities of lotus leaf powder

0.0, 11.240.1 mm=E Yeh} A9 B o ozt
G#L YolA= ZAE RAUTh Song & Hwang
(20072)9] AToNA ¢ EEES HAUEIGS W &
7o) Aol A RUAL, Kang et al.(2009)9]
ATANMNE GE2 & B HrlEo] BoldsE

Aot B Ao} vlsgk AEgS YERATH
ol dd BIE HUIE A9 AYHE FHE
=278 AL weiste] LEF Garol wold A
o2 pordEth wERREEe @9 tig AFgA)
o &7} 262,543,510 0.2 7 =gka, 4
ol Bt 1 2 3% F7ITFolAE ZHZF 194.045.7,
211.048.5, 238.0+7.1x10"JE JER} <1 Bt A

hepel Be4% oo BA Uergeh

4. Farinogram £4

AEE 9 BE 1, 2, 3%E /M F
farinogram 542 =43+ A3}+= Table 4, Fig 29}
2o} B9 ZAE(H7)E UERH & consistency &
277} 505.041.4 F.U.E 7P A4 Yelhgon,
AN B 1% H7Fol A= 458.542.1 2 1HAEFS
o7} 2%, 3% H7FTolA = 27t 476.0£1.4, 484.5+
072 Yeh} A &% Hrlge] s
consistency= S0} & THA] ZolR= AE¢S B
of dAAS Holx| AT} Song & Hwang(2007b)
2 FHEY BEiEY 59 2gs W ¥
consistency & ZA3le] 2 A3 FHEL 3% A7t
TFoll A AT} 5%AA FIFstH e B
oA E tzTel vlste 3, 5% H7HrollA At
F7Fete] S UERA & sttt ol W

Table 3. Alveogram parameters of bread flour with different quantities of lotus leaf powder

Samples Overpressure Extensibility Swelling index Deformatioi energy
P(mm) G(mm) W (10*x))
Control 226.5+2.1°Y 72.543.5" 19.0+0.4° 262.5+3 5"
LLP-1 170.0+0.0° 45.5+1.3° 14.6+5.2% 194.0+£5.7°
LLP-2 175.5+16.3° 26.040.0° 11.3£0.0° 211.0+8.5°
LLP-3 181.5+0.7° 25.540.7° 11.240.1° 238.0+7.1°

YValues are meantS.D., n=5

*® Means with the same letter in the column are not significantly different based on Duncan’s multiple range test(p

<0.05)
LLP : Lotus leaf powder
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FE- S-S (water absorption)> THZT 65.3%°]
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2 g ko) dito] £4E A= Sol u
g} o] 22+d 4 Aot dh(Jacobsberg et al.
1976). & A3eAe AL £L| H7tFe] 571
TR S A] oo w A e
ot ol A 2ol i AfAav RS W
A Fret S R ofuE WkR wise] S 74

F.U.
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Fig. 2. Farinogram profiles of bread flour with different
quantities of lotus leaf powder
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Table 4. Farinogram parameters of bread flour with different quantities of lotus leaf powder

Farinogram parameters

. Water . . Time to Farinograph
Samples Consistency . Development time  Stability i
absorption . . breakdown quality
(F.U) (min.) (min.)

(%) (sec.) number
Control 505.0+1.4*Y 65.30.0° 13.5+0.4° 17.7+0.2° 10.01.4° 200.0+0.0°
LLP-1 458.5+2.1 64.2+0.1¢ 12.120.1° 11.420.3° 37.5£2.1° 161.5£0.7°
LLP-2 476.0+1.4° 64.6+0.0° 10.8+0.0° 7.2+0.3° 51.5+0.7° 137.5+0.7°
LLP-3 484.5+0.7° 64.8+0.0° 10.6+0.1° 7.7+1.0° 56.0£0.0° 135.0+0.0°

D Values are meantS.D., n=5

*4 Means with the same letter in column are not significantly different based on Duncan’s multiple range test(p<0.05)

LLP : Lotus leaf powder



5. Rheofermentometer EM
ZAEE AL B 1, 2, 3%E %

E—%Ol(Hm)L EHZ?W} 57.2 mm °]°i 04%
1, 2, 3% A7} tE 242t 57.1, 57.9, 582 mm=
UeRstth ¥k HojEo] R AIIKT)S HET
7F 136.5 min.o|a, A BL 1,2 % HUH=
Z+7F 133.5, 135.0 min. 2 UEFSEO U 3% H7FEol
A= 180 min. 2.2 UER} Al o] = A|7ko)
Aozl AL & 5 QUSiTh ol A8l T WUt
A FES dol A A 5o SFEE oFsAA
HA Eo] EF AlTto] =zl o2 Az
Hhsol| 4 COy7F ho7] Al&ske AlTKTx), &

ool BUS IS Allo| RSN SN 14]
fro|d oz Burt Aggrhe Aot B AP
ALt 73?‘2 S U ol A &% HUb=
of W2 Ao EoUe= At 258 A4S
Wik A o= ARt o) ikstea vk HEF
(CO, lost volume)> =77} 37 mLZ 713 w9k
I A Y 3% HAMFAAE 71l mLE A &

WEES s R B0

2 30 zdﬂ%ﬁwf 1015 mLE,
7ol F71S S 7hzbaFo] A
o o Hyle) w2 Z2E A
o] ¢kslE o] FHE01X] CO; gasE FE-3HAl EA-3)

A E3 Verd Aow Azt §4 RUE %

o wo

[‘[F m

= 71%°] F45e A 277} 111 min. ©] B2 E 7k Ef-S(Retention coefficient)<
AT A B 3% A7FFAAME 1185 min, &2 Z277F 96.0%01 R AN £ 1, 2, 3% H7M
A BT Hr1FFo| @2 Aol Ho|x| gtth N E 247 96.1, 96.6, 93.5%= ER} thxT}
ZF B dE277F 1162 mL ol 9% £ A B 1%, 2% H7FEel= 2ol A9 v
1%, 2%, 3%l A ZH2} 1116, 1099, 1086 mL= Lhe} A SFAATE 3% H7EHell A= 93.5%2 YobA], o
U A9 B drjgo] BL4E F Ruv) a4 o BTE 3% ol Arishe AL s BuE
3l= ZA3S BYth Kim et al.(2011)8] AY3} & Hojzmdns= e & F AT
= B9 JrEE gt Axd =H1AA A
o F4 544 A B HUlEe] Be&FE
Table 5. Arheofermentometric analysis of the gaseous releases of doughs prepared with different quantities of
lotus leaf powder
Hm" 2 T TotalA) CO; 103? Retenti(;l)l Retenfionﬂ
Samples (inm) (min.) (min.) volume volume volume coefficient
(mL) (mL) (mL) (%)
Control 57.2% 136.5™ 111.0™ 1162* 37° 1116" 96.0°
LLP-1 57.1° 133.5° 120.0° 1116™ 43 1073* 96.1"
LLP-2 57.9° 135.0° 120.0° 1099° 46 1062° 96.6"
LLP-3 58.2° 180.0° 118.5° 1086 71° 1015° 93.5

Y Maximum height(mm) of the gaseous release curve.
? Time spent to reach H'm.

* Appearance time of dough' porosity(time when the dough begins to release CO2.).

9 Total volume of the gaseous release in mL(A1+A2).

* The volume of carbon dioxide released by the dough during its fermentation(A2).
% The volume of carbon dioxide in mL kept in the dough at the end of the test(Al).
” The retention volume divided by the total gaseous release in %.

® Values are MeanstS.D., 7:5.

*® Means with the Same letter in column are not significantly by Duncaris multiple range test(p<0.05)

LLP : Lotus leaf powder
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