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Abstract

The purpose of this study was to determine the content attributes and sensory characteristics of ice cream flavored with lotus
leaf and seeds (Nelumbo nucifera Gaertner). Analysis of freeze dried lotus leaf powder produced the following technical results:
Freeze dried lotus leaf powder contained moisture 12.2, crude protein 5.9, crude fat 1.2, crude ash 7.0, crude fiber 13.4g/100mg;
raw lotus seed powder contained moisture 65.0, crude protein 8.2, crude fat 0.3, crude ash 1.0, crude fiber 10.8g/100mg; freeze
dried lotus seed powder contained moisture 14.0, crude protein 17.1, crude fat 1.9, crude ash 4.0, crude fiber 2.8g/100mg. Lotus
seed was processed by 4 methods: freeze dried, roasted, freeze dried peeled inner layer, cooked cut peeled inner layer. Analysis
of the color value produced the following technical results: freeze dried lotus leaf powder were L(lightness) 14.5, a(redness) 4.4,
b(yellowness) 24.0; freeze dried lotus seed powder L 57.3, a 14.4, b 12.0; roasted lotus seed powder L 52.7, a 22.5, b 11.9; freeze
dried lotus seed peeled inner layer L 60.0, a 1.4, b 12.3. Proportional lotus ingredients used for ice cream were 1%, 3%, 5%,
7%, 10% for lotus leaves and 1%, 3%, 5% for lotus seeds. The maximum over run ratio for lotus leaf ice cream was 45.3~56.9%
at 20~25 minutes operating time. Over run was significantly decreased by increasing the contents of lotus leaf powder. A maximum
over run ratio for lotus seed ice cream was 46.1~54.3% at 20~25 operating time. Over run was not significantly different based
on content of lotus leaf versus lotus seed.

Sensory evaluation of lotus leaf ice cream produced the following results: the highest score was for color of 4.42 and the lowest
score was for sweetness of 3.30. The total mean score significantly decreased by increasing the content of lotus leaf powder.
Sensory evaluation of lotus seed ice cream produced the following results: the highest score was for cooked cut peeled inner layer
type and the lowest was for freeze dried type 3.86. The sensory scores were not significantly different based on the content of
lotus seed. Texture was evaluated highest with a rating of 4.21 and the taste was evaluated lowest with a rating of 3.68 For whole
evaluation. This study concluded that lotus leaf ice cream demonstrates relative strength in terms of color and taste, and a relative
weakness in terms of over run and sweetness. Suitable content of lotus leaf ranged from 1~5%. The lotus seed processed by the
cooked cut peeled inner layer method received a higher rating than dried powder for lotus seed ice cream.

Keywords: Lotus(Nelumbo nucifera Gaertner) leaf and seeds, ice cream, over run, sensory evaluation
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L2uye} 2]EAE F(Natiomnal rural Living science
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ol=77} 91al(Choi et al, 2011), Aol nuciferine,
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(freeze dried), -7 Z(roasted), =811
(freeze dried, peeled inner layer), W3Hi7] ¢J31AA}-5
ZZ}(cooked, cut, peeled inner layer) 47142 2|5}
a1 9J#L [Figure 1]3% #th

, ko microkjeldahlt,
ZAME soxhlety], Z3F-e 723, 2oPdf+=
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Thermo elemental Co., England)2 &43sl3lor PL &
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roasted

freeze dried

gudy B
Shimadzu Co., Japan)=

webs B33 EA(UV-1601,
650 nmollH =A43}3ict

2) & = e

A2l & FH= 3HEke Folin-DenisH 02 Z43}19]
th =, x5 1 goll 50% ethanol 50 mLS €31 70T ]
A 7 FE5 $ ojete] A o838kt o] Alm
o} 3 mL9} Folin-DenisA|¢F 3 mLE &3FslaL A-2-ofA
387 13 TS 10% NapCOs £ 3 mLZ 713},
ojo] AollA Al 1ARE BHAAIZ] 3 765 nmollA] 528
=5 =43 o EF80 2+ gallic acidE 9]
&3t3ict.

3) #reld

A% GoF FAL AZ 10 g2 FHsha 70%
methanol 50 mLE 7}3F & 75ColA 1A7F B¢ A8
A AglFR(Mars X, CEM Co., USA)E F=3F1 o7}
3kt o] 10 mLE FHalo] YAlR st A
Sep-pak Cis cartridgeES 34|71
filter2 o}¥3}a1 ELSD(Evaporative Light Scattering
Detector, Model 2000, Softa Co., USA)E =gk
HPLC(NS-2004GP, Futecs Co., Korea)Z #AI5}3itt
o] Z &2 Asahipak NH2P-504E(4.6mm x250mm), Z
HerE 35C, ol%2 75% acetonitrile,

mL/minZ 3}t

% (.2 #m membrane

O/\O 12

4) T AR FE4 At 24

A7go] & AALS Folchi ol|(Folch et al., 1957)

cooked, cut
peeled inner layer

freeze dried
peeled inner layer

[Figure 1] Processed shapes of lotus seeds
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At 2de FE3 A oF 03 gl 05 N

NaOH/methanol 5 mLE €11 587 8740 78
3] A|Z1 & 14% BF;-methanol 5 mLE 7|5 287k 7}
g3le] methyl esterd} A)%] th3 n-heptane© 2 F&3}
o AuPAk BEAQ Agg  ALR3EYc) FID(flame
ionization detector)E ARE3}e] gas chromatography
(Hewlett Packard GC 6890, Agilent Technology, USA)
2 #4819t} Columne] %712 %=+ 140TC 0|
F FAEF e 4T/ ming 240C7HA] 52 ASAA
1987 5-AI5F0c}. Injectore} detector2] 260°C
2 3} carrier gast NoE ARESIICH f52 0.8

I 5E
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H|wste] A8t o™ ke
wES2 YeER)Ach
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oAt

5) of|

ofulicike] BAe AR 0.2 g& AlPHel FHslaL 6
N HCL €9 15 mLE 7}ste] FA= ghsia Ue'% I3
$ 110 2] Az7]elA 24X 7Hs] shit. o]of 3

&t TAMNER 45840 H8ate] 02 #
m membrane filter2 oJ¥}3F F ofun| At 2PERA 7]
(Sykam S433, Germany)= #213}33t}.

ofo|A3l9| HZ=

HENEE o83 ofo]2A-NL Aellx] AR
FFe FE=2 3%, B2 5%olA ARESE A

PATE(Kim et al., 2004, Kim et al., 1999)S 12
sho] 2 A7olla] AUREEFS ofolxad Bl vt
1%, 3%, 5%, 7%, 10% wjEatelc}. Axtgolol~ade
Wsiz, Hedx sl g 242+ 1%,
3%, 5%, WolAA 3] ARz 3% Eftste] ofe]
2327 %7)(Tailor754, Tailor Co. USA)ollx] 2587k

A=) [e]
ZF RS

Famstol ololxage WEh AxG ofelaa
mL/mino| it} a0 3]
Z HlALO ol zAA] TZAuFAF hyl HE 20T 48ARE dEste] Bl
b Ak sdxzzell BEAEAE methyl ester otolziel i welseloln] Aza A
mixture(Sigma Chemical Co., USA)$} retention timeS-
(Table 1) Ingredients and nutrient composition of ice cream mix,
Ingredients % Nutrient (100ml)
skim milk 32.0 calory 140kcal
oligosacchaaride syrup 10.3 carbohydrate(sugars) 20g(15g)
liquid fructose 8.0 protein 2g
palm oil 5.6 saturated fatty acid 6g
skimmed milk powder 34 trans fatty acid Og
sugar 2.0 cholesterol Og
gelatin 0.6 Na 45mg
emulsifier 0.03
vanilla flavor 0.7
water 37,4
total 100
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XIS olo|AZTZ! )l 5

W ofo] A3 A ~(Hi-mix, Maeil Dairies Co. Ltd,
Seoul, Korea)E AFg3lgom o]o) AEzAT ki
alako <Table 1>7} 2t}

5 Qigin QXE=Eol MEEF

Az =H4e AMxA|(Color Chroma Meter CR-300;
o]-g3le] Wim(L: 100;
white, 0; black), ZM%(a: (+); redness, 0; gray, (-);

Minolta, Japan)E lightness,

greenness), 3T (b: (+); yellowness, 0; gray, (-);
blueness)e] S 33 =Aslgon ALgs EFE

walgko] [, a, bghke 2kt 97.18, -0.12, +1.97°]3)th

6. of0|AZRI9| Z2E&(over run)

ofo|~= o] ZHgS IJoanna S(loanna et al.
1990)e] Woz ZH3ldrh. ofo|lxay AxVE
2583 Fsshds sEtAeR AlxT]M AWF

2]
olo] 2~ HE scooperz Fol FAIE Ao] o2 2o=g

7. olo|A=Rl9

sfolage] s
de] <3 iv"“é
Tk(taste),

SAARE 2070
B B5 Algez A
\}

il (sweetness), 3F7|(flavor), 2*¥(color),

}_&l@-(texture) A 7]E % (overall  palatability)el]
ko] Leikert =& o]&sto] uj-g- vpmc 174, vimc
274, BEoln 34, o 44, e o SHes Aat
S T8 W0 2 AloE 3t sk

8. EA|EA
A oAl Ao A= SPSS(ver. 11.0)E 218314 3
3] wHE EAe Juapy  BFQ2xH(MeantStandard
error)= AAFsI o™ oneway ANOVAO] &J&] p<.059]
A] Duncan's multiple range test2 3t -2]/3-& 753}
ek,
m. A 2 oz
1. Adelnt AR} Y E

%%741@@4 E‘J ﬁ«% FE 122, 25k 59, %

651’"“* 8251% 3Z§T10§ %108
golleH, % 7d_7r_,ﬂ AL S8 140, ZE 17,1,

A 1.9, Z3]F 4.0, Z472.8g°]3Uc}.

2)= A E-F (Natiomnal rural Living science Institute,
2006)0 vlAArS T 2l AArs, AR, ke AT
o thgk o] AAjEo] 9o, Lee & Byun(2008)°]
3L oj| A Oﬂx}n,«—.—ﬂo FE 7.74%, Z 20.15%, Z
A 2.11%, 23R 4.34%, AR 2.78%E ZAHE o]
B A7} ApolE Wol BT

ol Asx, 1=

(Table 2) Contents of moisture, crude protein, crude fat, crude ash, crude fiber in the lotus leaf and seed.,

samples (/100 g)

freeze dried raw freeze dried

lotus leaf lotus seed lotus seed
moisture 122+ 03 65.0 =31 14.0 + 02
crude protein 5.9 + 02 8.2 + 0.7 17.1 + 1.8
crude fat 1.2 + 03 0.3 +03 1.9 + 04
crude ash 7.0 + 03 1.0 + 0.1 4.0 + 0.5
crude fiber 13.4 + 04 10.8 + 0.8 2.8 + 0.2
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= B9 Apolo] gt Aoz oA,

2 YiXIRO| E4ME

—_
~

7712

Azdx=o] 7714 ke <Table 3>of A 2fst3irt.
AZA7S 100gF3 ZHE2 502.1 mg, 21 250.2 mg, 24
111.0 mg, m}2u|45 32.5 mg, YEF 1.8 mg, A 2.0 mg,
o} 0.8 mg, 72| 0.4 mgo 2 ZH§ afo] 71 Wekt)

(Table 3) Contents of minerals in freeze dried lotus

seed,
contents(mg/100 g)

502.1 + 34.1
P 2502 + 453
Ca 111.0 £ 235
Mg 325 £ 120
Na 1.8 + 02
Fe 20 £ 0.1
Zn 08 = 0.1
Cu 04 + 0.0

2 fed 2 5 sl

e FEdH F odE S
<Table 4>°] AgstAct. A2AAS 100gE TS
2,010.02 mge= 7} 7 806.73mg, A&
718.96 mgollor F e 60.21 mgo|3ich

iyt and

(Table 4) Contents of free sugars and total phenolic
compounds in freeze dried lotus seed,

contents (mg/100 g)

glucose 2010.02 + 13437
sucrose 806.73 + 52.58
fructose 718.96 + 2513
total phenolics 60.21 = 575

3) AAk

o] At
=g ke

[N NA =N

26.91%, linolenic acid 20.91%, stearic acid 4.42%, oleic

248 <Table 5>9} Zt}. dIxS-2]
linoeic acid 41.24%, palmitic acid

acid 2.96%, myristic acid 3.56%2] =S B¢, E3}
A|HiH34.89%)Eet E3ESE AAH65.11%)9]  &dol

=

(Table 5) Contents of fatty acids in freeze dried lotus
seed,

contents (%, area)

Myristic acid (14:0) 3.56
Palmic acid (16:0) 26.91
Stearic acid (18:0) 4.42
Oleic acid (18:1) 2.96
Linoleic acid (18:2) 41.24
Linolenic acid  (18:3) 20.91

4) Aol ofmlat F

oIz}-8-2] olu)ical EEEe <Table 653 2}

(Table 6) Contents of amino acids in freeze dried
lotus seed.

contents (mg/g)

Glutamic acid 5.54
Arginine 5.03
Aspartic acid 2.96
Histidine 243
Proline 1.72
Lysine* 1.46
Leucine’ 1.28
Serin 1.24
Threonine” 1.13
Valine 1.01
Glycine 1.00
Alanine 0.90
Phenylalanine* 0.79
Isoleucine” 0.75
Tyrosine 0.60
Methionine” 0.20
Cystine 0.08
Total 28.12

*: essential amino acids

Aol FHrE oAt F 17FeR ¥
28.12 mg/ge=  Felgth  o]F  AMAolm]|akel
glutamic acid 5.54 mg/g, aspartic acid= 2.96 mg/gO &
F op=ate] 30.23%E AAlSHH, 714 obrli=ike

Fape
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arginine 5.03 mg/g, histidine 2.43 mg/g, lysine 1.46
% ofnlieate] 31.72%% Astsch. 4 of
serin 1.24 mg/g, threonine 1.13 mg/g,
tyrosine 0.6 mg/g2 3 olu|=2ke] 10.56%, H|=Ad o}y

X218 proline 1.72 mg/g, leucine 1.28 mg/g, valine

mgOE’

]2kl

1.01 mg/g, glycine 1 mg/g, alanine 0.9 mg/g, cystine
0.08 mg/g, phenylalanine 0.79 mg/g, isoleucine 0.75
mg/g, methionine 0.2 mg/go|Jt}.

3. gisin QIXEEROl M

oolrzy 2 WEAE

ARG, Bl SR 54
A

dged, s
o

A S 3ol

PN

=E A3 dal= <Table 7>3 2th
C{.%lv‘f‘_—%}ﬂ }\uo gl&moe /\ﬂ;(]_ﬁ] ] _,]z‘f_} tﬂh:L:
145, ANE, 44, JAE 24002 YZTFOZ ALESH

e, 55 oﬂxlwrf WaiAA
57.3, 52.7, 60.02.& ofo]x=

L:32.28~  34.01,
a et al, 2010)2} ¥

FAT BE E=odet

am

)
a:-11.92~-12.40, b1794~20 29
sfEy 1sle]

Hﬂt_‘ 291&1]5:—

I gxfFolo|A33 0 FEE

ZZE 2 <Table 8>0] YERAAT
FTHES WEuwt 208254
43.4%~56.9% ©| WelZ H7} =Hlew, gxioes
AL&3) ofo] Az E] 20| H]Ele] wiglt). ¢1Q)o] dlko)
07}3*011 w2} FEgo] foFoR 7hadigiet
AYH7I7} ofel =R Y] FFEole vhEAsHA] Xk
& T A

o=

QA golo] 22
.

glo] Zek8-2 <Table 9> o Asle]

(Table 7) Value of L, a, b color prepared lotus leaf and seeds,

raw
icecream freeze dried freeze dried roasted .
peeled inner layer
mix lotus leaf powder lotus seed powder lotus seed powder
lotus seed powder
L (Lighteness)  [629 + 15 |14,5 £13 57.3 £ 21 52.7 £19 600 + 20
a (Redness) 13 =02 |44 £ 05 104 £03 25  +04 14 + 23
b (Yellowness) (80 + 32 240 £ 14 12.0 £19 119 £ 1.1 123+ 1.1
(Table 8) Overrun of ice cream prepared with lotus leaf,
operating time of ice cream maker(min)
samples
5 10 15 20 25 30
icecreme mix 33.8+0.5" 50.9+0.6" 54.5+0.7" 60.1+0.5" 58.0+0.8" 53.3+0.8"
1% 33.6+0.3" 45.8+0.4 48.740.7° 57.440.4° 56.9+0.6" 52.1%1.0°
3% 30.5+0.2% 40.5+0.6° 49.040.6™ 54.6£0.6™ 54.940.7° 52.9+0.6"
lotus
5% 31.340.3" 38.340.8" 47.640.4" 50.120.8° 48.6+0.7° 44.10.7°
leaf
7% 28.440.4° 35.320.5° 47.440.7° 50.4+1.0° 48.440.8" 445408
10% 27.3+0.4° 33.9+0.7° 40.7+0.8° 45.3+0.9° 43.440.6° 40.6+0.9°

Value are mean+SEM, and the superscript in the same column are significantly different by Duncan's test, P<0.05.
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AAgotel=T o] FFEE T 208258
A7t H9len, Axsghol
R} Rtavdhs Aot folH

40.5~58.3%2] M 9|2 =
=N}

Hol| w2 ojo] 23 Y F
Z_]‘

7¥gtell wt SFeol

Apol= fldet. AAbse| 7

FE2 Pz dabse] 7P =8kn

o] 714 o} o2 dxpgzzte olol2age] &
BEAFA|

e

3
pid
2=
T

=83 24T 98
&=, 25 PAe 9F=

of whijalekal A,

=

[}

=

T
=
= T
SRR

. i9int gIxk=ol0|A37 9|

(Table 9) Overrun of ice cream prepared with lotus seeds,

=

-
oL
[y ]

HAHHKoo et al., 2000). Park S(Park e al., 2008)2]
W36 RSojFREolol2ale] FeHgo] Uk of
Bgof Zolojlx] 7]QlghtaL sFGi=Tl £ Aol

Fre dAgellx] 2kel7th (1Sl

7t

Addoto] 2= e] ¥ 7he <Table 10>3} 2.

4 SrtelN 1 2L A2 we AL Agow

ASHS ARE  WF 40 o= FRe] A Yt AL AFFS %
g, w5 Aln Ae Aee e B FReNE o
Moz vl gk 2le] o] FARSE we A4E wskd AAde
HlEleicha oF = w394, 227} 3.92, 37 3.64, AWA7|EE 3.52,

samples

operating time on icecream maker(min)

5 10 15 20 25 30
icecream mix 33.840.5° 50.9£0.7° 54.5+0.8° 60.1£0.7° 58.040.9° 53.3£082°
freeze dried 1% 317408 40.0£0.7° 47.8£0.9" 54.4+0.6" 55.30.8" 52.840.8"

3%  30.4+0.7° 41.9+0.8 46.4+0.8" 52.5+0.5" 54.3+0.7° 52.6+0.6°
lotus seed powder 5%  28.9+0.8" 37.6+0.7 48.4+0.7° 52.9+0.8" 50.240.6° 52.0+0.8"
roasted 1%  26.5+0.6" 41.9+0.4° 42.6+0.7° 51.540.3" 47.1£0.9" 43.6+0.8"

3%  27.840.6° 40.8+0.5° 44.9+0.5 51.40.7° 49.5£0.7™ 48 4+0.9%
lotus seed powder 5% 29.0+0.5" 37.840.7° 40.240.8° 483+08°  459+09" 44207
freeze dried 1%  27.9+0.7° 35.3£0.9° 49.5+0.7° 50.6£0.6" 49.8+0.8° 44.6+0.5"
peeled inner layer 3% 32208 40.1x0.7° 52.4+0.8* 50.7+0.5" 47.9+0.5% 40.3£0.7%
lotus seed powder 5%  30.8+0.8" 38.6+0.9° 46.7+0.6" 51.5+0.4° 44,240 4° 37.440.8°
cooked, cut
peeled inner layer 3%  20240.6° 33.4£0.7° 42.6£0.8° 46.1£0.8° 40.5£0.9° 38.520.6°

lotus seed powder

Value are meant+SEM, and the superscript in the same column are significantly different by Duncan's test, P<0.05.

(Table 10) Sensory evaluation of ice cream prepared with lotus leaf,

samples taste sweetness  flavor color texture overall palatability mean  total mean
icecream mix  4.1£0.4° 42403 3.5:0.7° 43+04° 42407 4.120.6" 396 396
1% 42404 3.6£04° 3.8+0.8° 44£06°  4006° 4.10.2° 4.00
ot 3% 4.0£02" 38405 3.6+0.6 45£02° 41205° 3.940.5" 3.98
ot 4.10.5° 33:04° 3.5:04% 48+06"  3.5:03° 3.840.3" 390 382
% 38401 3.0£02° 3.6+02% 47+06"  3.8+03° 32404 3.68
10%  3.6+02° 28+0.1° 3703 48405 37404 2.6+02° 3.56
mean 3.94 330 3.64 442 392 3.52

Value are meant+SEM, and the superscript in the same column are significantly different by Duncan's test, P<0.05.
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(Table 11) Sensory evaluation of ice cream prepared with lotus seeds,

overall total
samples taste sweet flavor color texture mean
palatability mean
icecream mix 4.120.6" 4.2+0.5° 3.5+0.4 43403 4.240.2 4.1+0.3 396  3.96
1% 34402 4240.3" 3.6+£0.2 4.540.3 4.240.2 4.0£0.3 3.80
freeze dried 3% 32403 43:04° 3805 44205 43206 4004 385 e
lotus seed powder 5% 3.6+0.4° 4.1+0.3" 3.9+0.4 4.5+0.2 4.340.3 3.9+0.4 3.93 '
mean  3.40 3.87 3.77 431 427 3.97
1% 3.740.3" 3.740.5° 3.840.2 4.1+0.4 42404 3.8+0.2 3.86
roasted 3% 34403 3.840.2° 4.04£0.5 4.240.2 4.3+0.5 4.1+0.4 391 393
lotus seed powder 570 3.8+0.4° 3.9+0.3" 3.6£0.4 4.340.3 4.1£0.2 4.0+£0.5 3.79 '
mean  3.60 3.89 3.80 4.20 420 3,97
freeze dried 1% 3.6+0.4" 3.840.3° 3.6+£0.5 4.0£0.3 42405 4.2+0.3 3.94
. 3% 3.440.2° 3.8+0.4° 3.740.3 3.840.2 4.540.2 4.3+0.4 4.01
peeled inner layer b b 3.92
5% 3.640.5 3.9+0.5 3.9+0.2 3.9+0.4 4.440.3 4.0+£0.5 3.97
lotus seed powder 3.53 3.83 372 3.90 4.37 417
cooked, cut
peeled inner layer 3% 4240.5° 3.7+0.5° 3.840.8 4.0£0.5 4.110.1 4304 417 417
lotus seed powder
total mean 3.68 3.82 3.86 3.98 421 4.10

Value are mean+SEM, and the superscript in the same column are significantly different by Duncan's test, P<0.05.
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