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Preparation of Deodeok (Codonopis
lanceolata)-Added Glutinous Rice Cake and

Analysis of Its Aroma Compounds

Su—Nae Park

Department of Food Industrial Engineering
Graduate School of Industry

Pukyong National University

Abstract

Deodeok (Codonopis lanceolata) has been tried to be added
into Korean traditional and glutinous rice cake for improving
flavor quality and biofunctional activities. The objectives of this
thesis were to decide the optimum addition type and amount of
deodeok 1n Korean traditional and glutinous rice cake
(chabssalddeok) and to investigate the optimum encapsulation of
deodeok flavor to minimize the aroma loss during steam cooking

in the processing of deodeok—added glutinous rice cake.

1. Sensory evaluation of deodeok-added glutinous rice



cake

The best taste deodeok was one with the strong sweet taste
and weak bitter taste. Deodeok of Jeju showed the best aroma
and 1its aroma was neither strong nor weak. There was a
significant difference between the cakes with 30% and 40%
deodeok addition, so the cake with 30% deodeok addition was
chosen to be best. In the case of different type of deodeok
addition, sugar treatment was the best Korean traditional and
glutinous rice cake for adding deodeok, showing the strong
aroma and the best preference. The sweet and bitter tastes, and
deodeok aroma and preference of the Korean traditional rice
cake were iIncreased as the same amounts of added sugar and
deodeok were increased. Therefore, the preference of the rice
cake was known to be increased as the amount of the added
sugar was increased. In the case of the fixed amount of the
added sugar and the increased amount of the added deodeok, the
aroma and taste of deodeok were increased and the preference
was best for 20% and 30% addition of deodeok. In the case of
the fixed amount of the added deodeok and the increased
amount of the added sugar, the sweet taste was increased with
the amount of added sugar, deodeok taste was strongest at 8%
sugar addition without significant difference. In the preference,

the cakes with 10% and 12% sugar addition were best. Also, in



the case of the addition of 0%, 0.29, and 2% deodeok essence,
20% addition showed the strong flavor for sweet and bitter
tastes, and deodeok aroma. In the preference test, the cake
without deodeok essence was preferred. Therefore, the panels

did not preferred the cake with only deodeok aroma.

2. Comparison of headspace volatile compounds of
deodeok

The main aroma compounds identified from the headspace of
deodeok were 2-hexenal, 3-hexen—-1-o0l, 2-hexen-1-o0l, 3-hexenol
and 1-hexanol. Their amounts were 3.73%, 3.94%, 0.02%, 16.5%
and 25.1% for wild type; 11.7%, 9.6%, 0.007%, 0.48% and, 11.4%
for Chinese deodeok; 2.5%, 0.47%, 0%, 1.35%, 3.99% and 0.004%
for Heungsung deodeok; 2.2%, 0.27%, 0%, 0.58% and 2.44% for
Jeju deodeok. In these comparisons, wild type and Chinese
deodeok had 49.3% and 33.3% these compounds, respectively,
showing higher amounts than those of Heungsung and Jeju

deodeok.

3. Encapsulation of deodeok aroma into deodeok-added
glutinous rice cake
The 0.29 deodeok essence was applied to deodeok—added

glutinous rice cake with 3% cyclodextrin (CD) and gum arabic,



respectively, for encapsulation of deodeok aroma. The
deodeok—added glutinous rice cake with CD showed the stronger
aroma than that without any addition, but the one with gum
arabic did not any significant difference from that without any
addition. In the experiments for the optimum CD concentration
for encapsulation of deodeok aroma, 126 CD addition showed the
similar tendence with no addtion and 2% CD addition for
deodeok aroma. In deodeok aroma, there was significant
difference between 2% CD and 3% CD addition. In preference,
there was no significant difference between 2% CD and 3% CD
addition. In the case of sugar treatment of deodeok, 2% CD
addition was enough for the deodeok flavor in deodeok—added

glutinous rice cake.

4. Encapsulation of deodeok flavor in the processing of
deodeok—-added glutinous rice cake

Such volatile compounds as cyclohexane, 2-methyl hexane,
3-methyl hexane, heptane, methyl cyclohexane and 2-methyl
heptane were mainly lost during steam cooking of the processing
of deodeok—added glutinous rice cake. Less loss of headspace
volatile compounds during steam cooking of deodeok—added
glutinous rice cake was found by treating sugar into deodeok

and adding CD. The reasons were thought to be due to coating

_|\/_



effect of sugar solution and flavor encapsulation capacity. The

headspace volatile compounds of deodeok—added glutinous rice

cake made with CD addition during sugar treatment showed the
similar trend as deodeok with only sugar treatment, but the
former had a little more amounts of such main headspace
volatile compounds of deodeok aroma as ethanol, hexanal,

3-hexen-1-ol, 2-hexen—1-o0l, 1-hexanol than the later.
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Table 1. Analytical condition of GC-MS for headspace volatile

analysis
GC/MSD
Model Perkin-Elmer ADT 400
Column HP-INNOWAX
(30 m x 0.25 mm x 0.25 pym )
Oven program 35T (10 min) - 8C/ min =
120C (10 min)-12 C/min =
180C (10 min)
Injector temp. 210C
Split ratio S0l
Carrier gas & flow He & 1.0 mL/min

Mass spectrum library NBS7?K.L (Wiley)




3. 243 9 nF

-

31. 69 2 oY FeHe #5 =
311 BEe] el e v

oX,

dee AuAs $4o web stat FolA Aol ] wEol
WA B UHe e R ASE A 248

F %ol W] 4% AF v

e

Fig. 13} Table 22 ®»H
Zute ofAl gyo] gk Ao 2 e

3} 22 gdo] A4 Zaa, 279
1}
AA

Sweet Taste

Bitter Taste

Overall acceptability -

Flavor

——Jeju type -#-Chinese type —=Wildtype ——Heungsung type

Fig. 1. Descriptive analysis results of sensory evaluation for

several Codonopsis lanceolata.
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Table 2. Sensory evaluation for several Codonopsis lanceolata

. D . Overall
Kind Sweet Taste Bitter Taste Flavor .
acceptability
Jeju type 3,5349 gt 9" 3.1°
Chinese type 3. 2.3 3.0 2.4
Wild type 3.18 2.5% K, A 2.2b
Heungsung type k" 2.9% 37 2.1°

YPlantation of Codonopsis lanceolata.
“The scales for sensory evaluation were : 5, excellent; 4, good; 3, neither
good nor bad; 2, bed; 1, very bed.

Different letters within the same columns mean significantly different in the

level of p<0.05.
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O E
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Overall acceptability \//

——10% —=—20% 30% 40%

Fig. 2. Descriptive analysis of sensory evaluation on the

amount of the added Codonopsis lanceolata.
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Table 3. Sensory

Codonopsis lanceolata

evaluation

on the amount of the added

Overall
Added amount Taste Flavor .
acceptability
10% 1.9°7 12 1.6 1.5°
20% Bl 2.2b° 2.2
30% 3.7 . e 3.1°
40% 4 N 8.5 3.22

The scales for sensory evaluation were i 5, ‘excellent; 4, good; 3, neither

good nor bad; 2, bed; 1, very bed.

“Different letters within the same columns mean significantly different in

the level of p<0.05.
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Table 4. Sensory evaluation on the type of the added Codonopsis

lanceolata

Deodeok t S ¢ tast Taste and Flavor Overall
weet taste
eodeok type of Deodeok acceptability
Sugar-treated o B i’ a
D 8 1 3.3 3.2
type
Original type 2:FF B 2.9%
Cooked type 2.4 o > 2.3
Powdered type I\ & ° 1.8°

])Type of the added Codonopsis lanceolata

The scales for sensory evaluation were : 5, excellent; 4, good; 3, neither
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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Table 5. Sensory evaluation of deodeok—added glutinous rice

cake of the added same amount ofisugar and deodeok

5 il o Taste and Flavor Overall
ste

¥eR of Deodeok acceptability

10%" i, 1L 1.7*

20% 78k 2.4 2.2

30% 3.6% 3.0 2.9%

40% 3.9? 3.22 3.4°

YThe added same amount of Codonopsis lanceolata and sugar.

IThe scales for sensory evaluation were : 5, excellent; 4, good; 3, neither
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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Table 6. Sensory evaluation of deodeok—added glutinous rice
cake of the added amount of Codonopsis lanceolata with the

constant amount of sugar

S Tast Taste and Flavor Overall
weet Taste

of Deodeok acceptability
10%" o - (o 1.7
20% 2.42 308 2.2b
30% 258 3.4° 2.9
40% 2.4% 4.4° 3.4°

YThe added amount of Codonopsis lanceolata with the constant amount of
sugar.

IThe scales for sensory evaluation were : 5, excellent; 4, good; 3, neither
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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Table 7. Sensory evaluation of deodeok—added glutinous rice
cake on the increased amount of sugar with the constant amount

of Codonopsis lanceolata

Taste and Flavor Overall
Sweet taste .
of Deodeok acceptability
6% (15g)" 1.98 ¥ 2.38° 1.88°
8% (20g) 2.66° Wrre 2.11°
10% (25g) 2.82% 2.33% 3.05%
12% (30g) 2.98?2 2.442 2.94°

YThe added amount of sugar with the constant amount of Codonopsis
lanceolata.

The scales for sensory evaluation were : 5, excellent; 4, good; 3, neither
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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Table 8. Sensory evaluation on alcohol treatment for extraction

of deodeok aroma in the processing of deodeok—added glutinous

rice cake
Samplel) Observed value? Significant value
A 7 P < 0.05
B 5 NS¥

DA o So-ju, “B” i Cheong-ju (Korean rice wine).
? The number of the answers was the corrected one among 10 panels in

triangle test.

3 . e
' NS means "not significant”.
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Table 9. Sensory evaluation of deodeok—added glutinous rice

cake on the added amount of commercial deodeok essence

Added amount of . Deodeok Overall
Sweet taste Bitter taste .
deodeok aroma aroma acceptability
0.2%" P d 1.8° 2.4° 3.0°
2.0% 1.5° 3.6° 3.8? 2.3

YAdded amount of Codonopsis lanceolata flavor.

The scales for sensory evaluation were : 5, excellent; 4, good; 3, nether
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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(90.36), Al5=H Y (48.84), kAT Y (44.78)°ll Wol T3tal Ae=
&4 e T4 gy A EWAlel 2472 hexanal
(94.47)3 2-hexenal (79.49)9] gteFo]l =skow, IAHYY AF
acetaldehyde (38.03)¢} hexanal (37.78)°] o] drfuo] o,
AFE 9ol H-$ acetaldehyde (16.79)¢} hexanal (18.91)¢], °FA T
Y2 hexanal (14.98)¥ 2-hexenal (15.83)¢] ®Wo] 35 o] A= A
O %2 e

_21_



Alcohol®] 7% Yy e ofAdHY (17628 > FT=4F HYH
(119.32) > #HA A4 86.87) > A+ ¢4 (60.78) = eSO, of
AUyl AeE U9 F8 4F JEE< 3-hexen- 1-ol (66.26)
7} 1-hexanol (100.73)0.% 3gtf-=Fo] &k o ™ I1-hexanol (94.23),
ethanol (15.7), Al B9 ethanol (30.64), 1-hexanol (20.29)% u}E}

1l
PN

il

Ketone®] 9% =4 oY (631 > A5 94 35 > 34
e (091 > ok dY (046)8 o= EASlL, T Y
Sto] et E A Eo] Z+7 391 14, AlF g4y 31234 0.38¢9] 3=

S HA, AA-AHYS 3-pentanone©] 0.9, ok T 92 3-pentanone
o] 04622 el

Aromatic compound®] A% JA L (144.13) > AT 9y
(59.14) > F= Y4 (4964) > oFIEEl (15.67)° «€o= 245
Fom 34 tfd-L& methyl-cyclopentane (93.88)3 cyclohexane

(37.0), Al g4 el 4%+ methyl-cyclopentane (41.33) 3}, cy-
clopentane (0.99)¢], ZF= T Y- methyl-cyclopentane (31.6)3}
cyclohexane (14.7)%, ok Yy 49+ 2-methyl-furan (137.21)
7} methyl-cyclopentane (9.45)% YEFSETE.

Sulfur-containing compound®] 4%+ 34 td3 A+ gygS
AZHA %o, T vy (045), ok WY (0.13), dimethyldi-
sulfide®} dimethyltrisulfide”’} HE=% 3L, T = gy A= 424
0.039 0.42% YElyth olest Ad=HE vy afo F ace-

taldehyde, ethanol, hexanal, 2-hexenal, 3-hexen-1-ol, 1-hexanol,
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2-butanone, 3-pentanone, methyl-cyclopentane, cyclohexane, dimethyldi-
sulfide, dimethyltrisulfide] 98 2FdH= A& & 4 A9},

Park et al. (1989)< SDE (simultaneous distillation and solvent
extraction)Hol] 9&) vty F8 7] ARS g3 43} terpene
9 terpene alcohol §+ 16%, hydrocarboni+ 13, alcoholi 5%
aldehyde % ketoneir 6%, ester 2% % acidi+ 65 & A5
o] &3}, 2-hexen-1-ol (29.4%), 2-hexenal (24.9%), 3-hex-
en-1-ol (5.6%), n-hexanol (19.8%), n-hexane (7.3%), ethanol
(2.7%), hexadecanoic acid (1.4%), 1,8=cineole (1.1%)%5 87 d&°|
AA AEY 85.0%5 A gral stdth. Kim et al. (1992)2 GCD
(gas co-distillation), SEF. (solvent extraction/fractionation), HSS
(headspace sampling) W< ol&3ste] gy Y 2HE 35%9
Aty 3] ARES S-St ERlE AHEE 5 2-hexenal,
3-hexen-1-ol, 2-hexen-1-0l, 1-hexanol& ©Hgeo ZEWZE, 1-oct-
en-3-ol2 AlA3 F10|E 7d] 31 amylpropionate 59 o]l ~HZ 3}
FE2 253 FS e Aer F4EAY. Lee et al. (1995)2

Y AQejgge] SRS vl B3 23 cyclic ter-

O

pene §+ 8%, aromatic hydrocarbon¥+ 12, aliphatic alcohol¥ 3%

carboxylic acid¥y 20§, phenolic compound¥ 3%, ketone¥ 4%
aldehyde# 1%, aromatic alcoholi™ 1%, 7|E} 4% & % 6652
GV ES 4 2 EFS¥ e, o] F limonene, 3-hexenol,
hexadecene 5& T8 Fr|HEo =z AU Auidyg g oA

e grjARel F7F9 dHor Aol= HA+=dYl benzalde-
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hyde, methyl hexadecenoate, 3-methyl-5-octadecane, dimethy-
lenzene % 14,14-dimethyl-hexadecanoate 5 57}# A &S ofAlf
ol Mgk gRlEda, Ay Yol AEHA ¥dohar ®Ba 3§19

.
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Table 10. Volatile organic compounds identified in the headspace

of several deodeok

Compounds RT RI Wild Chinese Heung Jeju
sung
Aldehydes
Acetaldehyde 3.3 <400 9.35 6.17 38.08 16.79
2-Propenal 4.4 462 1.00 0.11 - -
2-Methyl-2-propenal 6.2 546 - 0.03 - 0.03
3-Methyl-butanal 10.3 641 1.00 0.92 1.86 0.03
2-Methyl-butanal 11.2 658 1.88 0.13 0.14 6.43
Pentanal 12.7 681 - - 0.3 0.49
2-Pentenal 155 736 0.09 0.27 - -
Hexanal 17.7 784 14.98 96.47 37.78 18.91
3-Hexenal 19.6 832 15.83 79.49 7.10 2.25
Heptanal 21.4 881 - - - -
2,4-Hexadienal 21.6 887 047 0.36 0.04 -
Octanal 25 910 0.03 0.21 0.12 0.05
Nonanal 31.2 1056 = 0.45 0.34 0.16
Decanal 3@ 1057 0.07 3 4.13 0.04
Undecanal 35.5 %1098 0.08 0.5 0.47 3.66
sub total 44.78 185.11 90.36 48.84
Alcohols
Ethanol 4.0 421 395 1.7 5.1 30.64
1-Propanol 6.1 543 - 0.01 i -
1-Pentanol 16.6 781 5 ) 5 5
1-Hexen-3-ol |7 T4\ 0.12 0.06 i -
3-Hexen-1-ol 20.1 846 66.25 4 19.65 4.85
1-Hexanol 20.6 860 100.73 94.23 60.12 20.29
4-Methyl-1-hexanol 23.0 923 0.05 0.28 - -
sub total 176.28 119.32 86.87 60.78
Ketones
2-Butanone 6.9 566 = 391 - 3.12
3-Pentanone 12.8 682 0.46 1.40 0.91 0.38
sub total 0.46 5.31 0.91 3.5
Aromatic compounds
Cyclopentane 6.6 558 0.26 - 8.59 0.99
2-Methyl-furan, 8.0 593 137.21 - - -
Methyl-cyclopentane, 9.7 629 9.45 31.6 93.88 41.33
Cyclohexane 11.7 665 3.77 14.7 37.00 -
1,2-Dimethyl- cyclopentane, 13.2 688 0.01 0.06 0.11 -
2-Ethyl- furan, 135 693 1.04 0.60 0.21 0.18
Phenol 14.6 715 0.03 0.02 - -
Toluene 16.7 783 3.06 0.01
Limonene 277 1071 - - 0.07 -
sub total 15.671 49.64 144.13 59.14
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(continued)

Sulfur-containing compounds

Dimethyl disulfide, 15.3 731 0.12 0.03 - -
Dimethyltrisulfide 24.3 955 0.03 0.42 - -
sub total 0.13 0.45 - -
Aliphatic hydrocarbons
Acetonitrile 4.1 432 0.12 - 10.93 2.48
2-Methyl-butane, 45 472 1.00 1.38 - -
Pentane 4.8 500 6.07 158.96 35.68
Methylene Chloride 52 514 0.17 0.11 - 0.58
(E)-1,3-Pentadiene, 5.3 518 0.43 0.26 - 0.52
(Z) 1,3-Pentadiene 5.6 528 0.12 0.03 - 0.04
3-Methyl-pentane, 5.8 534 1.61 0.12 0.11 0.12
2-Methyl-pentane, 7.3 576 2.92 3.83 12.6 9.94
1-Hexene 7.4 579 2.37 1.81 - 5.06
2-Hexene 8.9 613 0.04 0.11 - 0.09
2,4-Hexadiene 913 621 1.06 0.69 - 17.85
1,3-Hexadiene 94 623 1.18 0.75 - 18.77
2,4-Dimethyl-pentane, 9.9 633 0.18 0.26 271 0.87
2-Methyl-hexane, KIS 668 % 0,55 0.85 0.81
Octane 185 800 0.11 0.10 0.17 0.05
Nonane 24l 900 = 0.07 0.02 0.10
Decane 26.2 1000 0.04 0.02 . -
sub total 163.63 463.04 1183.08 658.05
Total 300.951 422.87 605.35 330.13
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338 XHAAE o8& dYdF9 encapsulation
3.3.1. B9 39 encapsulations 3+ 3F EZ A AA

He o] FARANA £AHE A PARI] ] Fiz Al

op

F o] A += cyclodextrin 0.2% ¥} o}g}v|ol i 3%E H7lsto] dko

ol me FaYAe B F& neksdus sk

e

Ao 0.2% cyclodextrin 2 o}gbH| o} F 3%E H7bste] A

Z3% "o AFHAE AAE AI cyclodextrin® 7A-F- tlY o]
A7b R ek Ao R YehG AR olgiH|olal o] A T}

Table 11. Encapsulation effect of deodeok flavor on cyclodextrin

and gum arabic

Overall
Encapsulation materials Flavor .
acceptability
Control 2.0952% 3.09°
AG 2.36° 2.91°
CD 3.54% 2.91°

Y AG and CD stand for arabic gum and cyclodextrine, respectively.

? The scales for sensory evaluation were : 5, excellent; 4, good; 3, nether
good nor bad; 2, bed; 1, very bed.

YDifferent letters within the same columns mean significantly different in

the level of p<0.05.
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agldte] B AFo A= cyclodextring o] &3le] F 2} of A
oY o] &A4S& HAagslr] flste] ALEsd

3.3.2. Cyclodextrin®] #= 7= 44

Cyclodextrine ©| 83 4939 encapsulation®] t3st =}fol& &
ot 7] fste] weHAE AAG A, HydFe] AE 1%
cyclodextrin®] 7} A F3H 7kt 3} Hl2ebAAM &= 2268kl B 23l
Aoz Uetut o} cyclodextrin 2% 2 3% A= zol7b ¢le&S

OE_}- T }\}\}\/\q—

Table 12. Encapsulation effect of deodeok flavor 1n

deodeok—added glutinous rice cake on the added amount of

cyclodextrin
Overall
Cyclodextrin Flavor i .
acceptability

0% T THE « 2.20

1% 2.26" 2.26°

2% 2.86" 2.69°

3% 3.867 2.96°

YThe scales for sensory evaluation were : 5, excellent; 4, good; 3, nether

good nor bad; 2, bed; 1, very bed.
“Different letters within the same columns mean significantly different in

the level of p<0.05.
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Fig. 4. Total ion chromatograms of headspace volatile compounds

of deodeok-added glutinous rice cake on different treatment.

A: Control (Deodeok—-added glutinous rice cake without any addition).

B: Deodeok—added glutinous rice cake with the addition of sugar-treated
deodeok.

C: Deodeok—added glutinous rice cake with the addition of sugar-treated

deodeok and cyclodextrin.
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Table 11. Comparison of volatile organic compounds of deodeok

—added glutinous rice cake on different treatment

Sugar &
Compounds RT RI Control Sugar added cyclodextrin
cake added cake

Acetaldehyde 35 <400 2.1 2.19 2.1
Ethanol 38 421 10.2 9.7 9.9
2-Propenal 4.4 462 1.7 1.4 1.2
2-Methyl-butane, 45 472 12 1.8 25
Pentane 4.8 500 2.1 2.3 2.7
1-Propanol 6.1 543 0.01 0.04 0.07
2-Methyl-2-propenal 6.2 546 0:5. 0.4 0.6
Cyclopentane 6.6 558 0.2 0.3 0.1
2-Butanone 6.9 566 0:1 0.1 0.3
2-Methyl-furan, 8.0 593 23 1.9 12
Methyl-cyclopentane, 9.7 629 0.01 0.05 0.07
3-Methyl-butanal 10.3 641 0.7 0.8 0.7
2-Methyl-butanal 11.2 658 0.8 0.7 0.9
Cyclohexane 1 188 665 0.5 9.3 8.7
Pentanal 1 288 681 0.9 3.9 4.1
3-Pentanone 12.8 682 0.2 5 3) 3.6
1,2-Dimethyl- cyclopentane, 14.2 688 04 5T4) 5.7

Dimethyl disulfide, 15 731 = 2.1 2.3
1-hexanol, 17.3 783 3.0 3.1 4.9
Hexanal 175 784 2.8 B2 51
2,4-dimethyl-1-heptane 19.6 832 3.9 3.9 42
3-hexen-1-ol 19.9 381 el 2.2 4.1
2-hexen-1ol 20.2 887 2.7 2.8 3.5
Octanal 255 910 0.1 0.1 0.1
Limonene 277 1071 0.9 0.8 0.9
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