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Storage Characteristics and Retrogradation Properties
of Sulgidduk Added with Portulaca oleracea 1.

Su Jin Lee, Bo Dam Lee, Mi Ra Jeon, Yu Jeong Kim, and Mee Ree Kim
Department of Food & Nutrition, Chungnam National University

ABSTRACT The purpose of this study was to determine the storage characteristics of Sulgidduk, a kind of rice
cake, added with Portulaca oleracea L. The effect of P. oleracea L. paste (0, 1, 3, or 5%) on the storage qualities
of Sulgidduk was evaluated during storage period at 20+2°C for 3 days. As the amount of P. oleracea L. paste
increased, loss of water in P. oleracea L. Sulgidduk decreased. Textural properties by texture profile analysis showed
that hardness of Sulgidduk added with 5% P. oleracea L. paste was the lowest among treated samples. However,
the hardness of all Sulgidduks increased during storage, regardless of the addition amount of P. oleracea L. paste.
In accordance with the texture results, differential scanning calorimetry exhibited that the enthalpy of Sulgidduk with
5% P. oleracea L. addition was the lowest, indicating the delaying effect of P. oleracea L. paste on retrogradation
of rice cake. From these results, the addition of P. oleracea L. to Sulgidduk extended shelf-life by delaying retrogradation.
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Table 1. Recipe of the Sulgidduk prepared by various Portulaca
oleracea L. concentration

Ingredients (g)
Sample]) Rice Portulaca oleracea

Water Sugar Salt

flour L. powder
0% 800 0 200 30 8
1% 792 8 200 30 8
3% 776 24 200 30 8
5% 760 40 200 30 8

0%, Sugidduk; 1%, Sugidduk added with 1% Portulaca oler-
acea L., 3%, Sugidduk added with 3% Portulaca oleracea L.,
5%, Sugidduk added with 5% Portulaca oleracea L.

o7 v AL 3 20 mesh Aol W v} A8 80 g&
A 412 & A Aol W gy "X E 23

cm, =9°] 4 cm)oll AT Z2NE 23 £33 AQ5E ¥
S 25 cm Hol2 AVIEE Y WS 12 ¢ H 2
cmX2 cm ZaS IAth B AT 15 Lo & ¥al 29
oW A7IE Whld &8 F4E& do] 2023t Al &l
5 ZX]J— ES ¥ F 5EAE 58 BT 301 WEE Ho
28 & 7k A= 7PEAEE AAS D Jhd g AR
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e

FHlE H7F AVE Y & &% 242 Kim 5(22)9
el wat 1.5 go] Alsd F%Fo F/F7 4ol deep
freezer(=70°C)(DF9020, Ilshin Lab Co., Ltd.)ol B3 &
A7 %7](Freeze Dryer, llshin Lab Co., Ltd.)& A}-&3}
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A7 YrEE ARE 3,000 rpmolA 15837 9427
LRSS ﬂiflﬁ FEANN-1E Brix 0~92%, Atago,
Tokyo, Japan)Z Z4 331t}
Z1HA texture EM
Texture analyser(TA/XT2, Stable Micro System
Ltd., Godalming, UK)& A}&3lo] & FAR] 242 cm
X2 cmXx2.5 cm O & 754 7] st probes 23] AEA o
2 2RS¥ dojH= F-AIF FHoZHE A E(hard-
ness), % ¥4 (chewiness), -5-F/d (cohesiveness), &4
(springiness) % 3|5 A (resilience)S =733l
Texture analyser?] probet 2174 ¢] 25 mm¢! compres-
sion plateE AF&3It}. Pre-test 2.0 mm/s, test speed
1.0 mm/s, post—test 1.0 mm/s°]a, &5 Al M E 8.0

mmE 5o 3 FAst 2 Fdgez etk

AREEAIEZEA(DSC)O 2lst ot EM
A7 el w3} 54L& DSC(DSC1, Mettler Toledo,
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Greifensee, Swiss)& A&-3te] EA 35t 9S& % A5
Q]r 2012°Co| A 39 HoF A3t WS =A% L B3

% standard volume pan(00026763, Mettler Toledo)el
Y Ro] Sk A] $FE= sample sealing press(Mettler
Toledo)& o]&3t H&313ltth oldf A&+ 10°C/min9]
2522 60°ColA] 200°C7HA] 7+ 33 21| sensitivity =
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o, SPSS(Statistical Package for Social Sciences,
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Table 2. Moisture content of Sulgidduk added with Portulaca oleracea L. during storage at 20°C (%)
Storage time Portulaca oleracea L. contents
(days) 0% 1% 3% 5%

0 29.16+0.054°D-3 30.09+0.084 30.55+0.06"% 31.46+0.34"

1 26.53+0.834B° 27.65+0.605® 28.43+0.68"B2 29.1440.97%

2 24.93+0.125¢ 26.14+0.635% 27.23+0.885® 28.03+0.68%

3 24.71+0.07%° 25.96+0.645® 26.68+0.228® 27.8440.05%

YAll values are mean+SD.

Different small letters (a-c) in the same row (Portulaca oleracea L. amount) are significantly different by Duncan's multiple range

test at P<0.05.

'Different capital letters (A,B) in the same column (storage time) are significantly different by Duncan's multiple range test at

P<0.05.
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Table 3. Sugar concentration of Sulgidduk added with Portulaca oleracea L. during storage at 20°C (°Brix)
Storage time Portulaca oleracea L. contents
(days) 0% 1% 3% 5%
Aal)-3) Aa Aa Aa
0 2.80i0.29A 2.9010.00A 2.78ij.50A 2.9Oi0.00A
1 2.42¢0.00Aa 2.6010.50]32 2.60i0.50Ba 2.90¢o.29A;
2 2.0010.0032 1.90+0.50 2.1010.50; 2.60+0.50
3 1.00+0.00 1.90+0.29 2.00£0.00" 2.48+0.29

DAll values are meantSD.

IDifferent small letters (a,b) in the same row (Portulaca oleracea L. amount) are significantly different by Duncan's multiple range

test at P<0.05.

Different capital letters (A,B) in the same column (storage time) are significantly different by Duncan's multiple range test at

P<0.05.

Table 4. Texture of Sulgidduk added with Portulaca oleracea L. during storage at 20°C

Storage time

Portulaca oleracea L. amount

(days) 0% 1% 3% 5%
0 217.0i17.7ga“‘3) 189.9i20.0§2 152.5j:23.7§b 1 14.4i9.12°
Hardness 1 1,866.6i54.4A; 1,163.7486.2 672.5i99.3B° 536.0+0.0 ";d
2 2,085.8465.1°" 1,275.5£56.3" 775.5£50.8"° 622.1437.9"
3 2,306.8+88.1™ 1,659.3+56.3 1,454.9+99.0™ 1,258.9+52.0
0 0.80:!:0.12:b 0.81ﬁ:0.40ib 0.86&:0.47:3 0.8810.85:3
Soringin 1 0.90:!:0.07: 0.96ﬂ:0.19Ba 0.86i0.07AZ 0.91:&0.00B:
pringmess 2 0.87+0.04" 0.88+0.00”" 0.85:0.11" 0.8520.20°
3 0.83+0.08"" 0.85+0.04 0.81+0.05"" 0.86+0.37
0 0.72+0.1 12" 0.72ﬂ:0.36:; 0.70i0.05f‘ 0.73i6.95f‘
Cohesiven 1 0.69:!:0.01Aa 0.69+0.25 0.69i0.24A” 0.70:&0.20;
onestveness 2 0.67+0.02"" 0.64+0.09"" 0.64+0.04" 0.66+0.02"
3 0.65+0.05"" 0.6440.05 0.55+0.02 0.65+0.04
0 142.7:|:0.5ia 137.8i17.022 94.9i17.6§‘; 21.4j:5.5"j3
Gummin 1 1,288.7iO.OAa 7402421.7 556.2419.3 483.1i84.5BZ
UmmIness 2 1,399.040.0"" 826.3+52.3" 500.9+15.1" 373.9202%
3 1,233.6+0.0™" 1,139.5£60.2"" 1,117.3+83.2"° 825.0+48.5
0 115.5111.52“" 122.7118.0? 97.8¢17.4§‘; 95.116.9Bib
Chewin 1 724.2¢72.0Aa 692.1130.232 479.6+42.1° 4534379
ewIness 2 857.1468.9 : 752.0£49.4" 636.1£74.2" 582.5684.8"
3 524.8+29." 506.4+85.2"" 497.6+38.1"" 458.6£49.5™"
0 0.4610.0121) 0.4710.012" 0.4610.002&’ 0.50¢0.01i“
Resilien 1 0.62i0.01Aa 05&0.04: 0.6010.05;1) 0.61iO.O2A;b
estuence 2 0610.03" 0.59:0.03" 0.5010.02; 0.54¢0.o4BCa
3 0.54+0.08 0.57+0.12™ 0.39+0.02 0.52+0.02

YAll values are meantSD.

IDifferent small letters (a-d) in the same row (Portulaca oleracea L. amount) are significantly different by Duncan's multiple range

test at P<0.05.

Different capital letters (A-D) in the same column (storage time) are significantly different by Duncan's multiple range test at

P<0.05.
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2 AN ES WARSEE agyel RoHoE ST 2 /Pg 2 vehta AuE WrhFe]l Be4E AsH e
(P<0.05). e AEZe] A 1901 F7h5tn A% 29 AW} gadts 23S ek 4% 394%E 0o
ol qashs 3RS noou Fo% ol gtk AL sl RE Arie dgut 2rsgon fae dg
B2 A7 A/ U0 E A2 L A Bel A wvh Y 2A debdkt olel@ dabe Holig Bug
o] Z7hgel met el FrhAo o F AV AR A ATUDAAE L FIe ngrh © Ea)
S7kell whE zpol 7k glglvkal sho] & dA+te 2 Ais MAZ=(To)= A2 &, F53% & 4=, A8 -
Bl 2AT A soll wet GepA = w=3keh BdE ofdw e
Ao gaa o ddel sl 2R FHE FAlse SEA0 &8 = 9 55 dSshe H=rF Av6).
g g i 234 E8)e vehl= A2 HHE A %‘E‘EEP—E Y2 Ag7I3ro] Aapetel ukek A& EAHEe]
74l S7PF AN SN E 9FE A B des Tadde Tl AR Adste] FEHer AN x2S
LERL 2R Eo] 71w WF 24S A YskA skar A @dsks Wb Aoy, ofu Li} b dojrs Frd
= A= v 237t ek Ao s ey o= et 33k = O 2e9 dEvE A "vk HRES
ST HA7F 27199 22 daE yehilh A7HeE Adr)e ] g7} A‘ﬂ*g ArbebA &2 A7y
7173 (gumminess)> 0% 2 Rl& 7ol 142.7, 1% 4 o] dEv Bt} W& o7 Hol Au|EL i EA} Aol 2]
HIF A7k 137.8, 3% 4HI5 H7H2 94.9, 5% 417 AAgE oFet sto] w3tE Alshs vl Eus e AL
2 HAINES 2148 3% HHE HIVEEE Ao A 7 & Atz
ok A4 Aret £ o Yehe geld)
(40), o] AT AL AAVSE A" Ars) e BsH ZE EN
S A QA AW e A7he 4719 eS| 24 A3 Table
ARG A 02A 0% HHlE H7ktel 1155, 1% 4 63t 2k ML 5% HvlE H7kol 7HE = ek
HlE A7kel 122.7, 3% W& H7hE2 97.8, 5% 414 HF9 Fo] S7HEFH oA Aol & HATHIXO0.05).
 A7He 95.10% YRt ov w5 H7F w3 #F HHIE F2 HHE 7 o] BoldaE v 4 on
A SA A d7UD st RIAFL uA 2dS S7ksklom A& It Fol ARl Afol S BH(X0.05). &
Ae 7 e Az tes 98 ke, ols d=g oE2 HHlE A7l mE oA Akl 7t gldnh ol =
LA BAZE dokar skl Freo] Aol dAgT. HulE g2 HHlE] A7l
AEHAAS A 04 27HEHE 0% H7hD)el S S 1 ATS BIAN, BE LA foFH<l
0.46, 1% &¥]& H7Ftol 0.47, 3% 2v]5 7H°] 0.46, o] 7F YERRA] gkt sk 0% HY) & 7ol =
5% HHlE H7hee 05002 2 7kl uhE #2o4 kL HMlF 3% H7hee] 7Y Sl "rkE o o4
Q1 Apol= HolA edrem A7IZE vl 22 el At ?l Apel= IS iyt A7IZke] Al wet A% 24
Aol =2 5.9, 1% M5 A7k 6.1, 3% M+
AxpEAIEE AH|(DSC)oll °I°F L3z EY 7R 5.8, 5% 4¥ 5 A7k 4.5% Yetston, 5%
HHES H7Ee A719S 20°Co A 3U3E A et HA HH]E 7ol E}—f—f woll Hlal] 7P ddglo] A2 Jleow
A AFFALA R A S 0] 8510 ~745P =3} 542 Table 59 e o= TPAS §8ll &4 Akl At dAsh=
2 dgy] MsHAE)E 7 E o dE Al dig & Adolt}, =3 XéE—t— 5% H¥lEF H7hte] 7 sk
o EE A E fEste vl g gyl F2 S AU Fo] H7 o] S7bEeE H5siual HrlkE o] i
I AR 22 el A, dulds AE gk A = el Aate dAjskE Ao w Bl olef3t AIE Fa
gk Sarstel] ek & WA R 3k A Al ITH42). HH|F] H7 o] S7bEE Ad7v|H o] ddgle] 3HAs)
B ATl E 0ol A71H e g7t 123.47 cal/go 3 HETo] Frtete As FAEih
Table 5. DSC properties of Sulgidduk added with Portulaca oleracea L. during storage at 20°C
Samples” 0 day storage After 3 days storage
To (°C) Tp (°C) Tc (°C) AH (cal/g) To (°C) Tr (°C) Tce (°C) AH (cal/g)
C-1 63.14 107.61 183.72 123.47 63.54 116.56 184.36 133.22
C-T 63.47 115.45 180.12 117.33 63.91 108.64 175.36 121.35
C- 63.54 118.94 178.51 109.81 63.54 106.27 170.24 115.64
C-v 63.55 112.41 174.69 103.28 63.44 111.79 174.51 107.65

-1, Sulgidduk; C-1, 1% Portulaca oleracea L. Sulgidduk; C-1I, 3% Portulaca oleracea L. Sulgidduk; C-1IV, 5% Portulaca
oleracea L. Sulgidduk.
To, onset temperature; Tp, peak temperature; Tc, conclusion temperature, AH, gelatinization enthalpy.
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Table 6. Sensory results of Sulgidduk added with Portulaca oleracea L. during storage at 20°C

Storage time

Portulaca oleracea contents

(days) 0% 1% 3% 5%
0 3.810.7222'3) 4.2i0.7:; 4.4¢0.52Z 4.710.6221
Color 1 34206, 3.9¢0.7AB° 41405 4.510.5A;
2 3.5+0.6 37407 4.0+£0.5 444057
0 1.0¢0.0:j 3.4+0.6" 42+02™ 5.140.2™
Portulaca oleracea flavor 1 1.0£0.0 ° 3.3£0.7%° 434024 5.240.1%
2 1.0+0.0 3.240.7° 4.4+0.7%° 5.0£0.5%
0 3.7¢0.3:‘“ 3.6¢0.7:*’ 3.6i0.9:a 3.7¢0.0ia
Sweetness 1 3.6i0.4; 3.7i0.8; 3.6i0.7Aa 3.8¢0.7A‘“
2 34404 3.4£0.8 " 3.6+0.1"" 3.8+0.7""
0 1.0¢0.0:j 3.0¢0.7:° 4.6¢0.3:Z 5.4i0.4:‘“
Portulaca oleracea taste 1 1.0£0.0 ° 3.1i0.6AC 4.7+0.0"/ 5.2¢0.3A‘“
2 1.0+0.0 3.0£0.7°° 4.8+0.8 5.3+0.9™"
0 4.0+1.9% 4.9+1.0% 3.8+1.4% 4.1+1.6™
Hardness 1 3.4+1.3% 4.4+1.8% 3.2+0.8% 3.540.6%"
2 5.942.14 6.142.0% 5.8+1.8% 4.5+1.5™
0 2.9+ 24 3.3+1.8% 42414 5.3+0.6™
Moistness 1 1.8+1.3% 2.8+1.2%° 3.241.348 4.5+1.9%
2 1.0£0.0% 2.0+0.8"% 2.320.5% 3.240.9%
0 3.7ﬂ:0,7:fh 3.9i0.8:'; 4.3i0.5:; 4.3:&0.72;
Apperance 2 3.9+0.6 3.7ﬂ:0.4Bbc 4.120.5 * 4.040.9° *
3 3.1+0.5 3.240.9 3.740.5 3.6£0.1"
0 1.1i0.3ib 1.3:|:O.4:a 1.4i0.52“ 1.310.4:*‘
Saltiness 1 1.2i0.4A: 1.2i0.4A: 1.3i0.4A“ 1.3ﬂ:0.4Aa
2 1.120.3 1.120.3 1.3+0.4"° 1.3+£0.4™"

YAll values are mean+SD.

*Different small letters (a-d) in the same row (Portulaca oleracea L. amount) are significantly different by Duncan's multiple range

test at P<0.05.

*Different capital letters (A,B) in the same column (storage time) are significantly different by Duncan's multiple range test at

P<0.05.
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