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Summary. This study investigated the quality, antioxidant activities, and sensory properties of Sulgidduk (rice 
cakes) upon the addition of radicchio (Cichorium intybus L.) powder, which is known to have antioxidant and 
anti-diabetic effects. Radicchio powder was freeze-dried, passed through a 40-mesh sieve, and used to replace 
0%, 0.5%, 1%, 2%, 3%, or 4% of the rice flour. The content of moisture in Sulgidduk did not significantly dif-
fer among samples (p<0.05). As the amount of radicchio powder increased, the pH value decreased slightly. 
Regarding color, the L-value decreased from 84.44 (control) to 45.91 (4% sample), and the a-value increased 
from -1.16 (control) to 5.20 (4% sample). The b-value increased from control to 2% samples, but then gradu-
ally decreased in the 3% and 4% samples. Though hardness and chewiness increased upon adding radicchio 
powder, the springiness and cohesiveness of the radicchio Sulgidduk samples were reduced when compared to 
these of the control samples (84.43% and 78.17%, respectively). Antioxidant activity of Sulgidduk increased 
significantly upon the addition of radicchio. For sensory evaluation, the 1% sample received the highest score 
(5.35) in overall acceptability. From these results, we determine that addition of 1% radicchio powder to Sulg-
idduk is suitable for producing the rice cake.
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O r i g i n a l  a r t i c l e

Introduction

Radicchio (Cichorium intybus L.), a cultivar of 
chicory, is a red leafy vegetable that originated in Italy 
(1). This plant is frequently consumed in salads in win-
ter in Europe and the United States owing to its ability 
to grow well at low temperatures (2). In Korea, radic-
chio is cultivated in the Kangwon and Chungbook 
areas. Unlike other chicory cultivars, radicchio (or 
“red chicory”) is rich in polyphenols and anthocyanin 
pigments (3). Anthocyanin pigments are natural pur-
ple pigments with anti-cancer and antioxidant effects 
(4-6). Several studies have reported that anthocyanin 
pigments provide health benefits, such as improved 
cognitive function and reduced risk of obesity and car-
diovascular diseases (7-9).

Rice (Oryza sativa L. ssp. japonica) is a staple food 
in South Korea. However, rice consumption has been 
gradually reduced in Korea because of changing di-
etary habits associated with modernization. Accord-
ing to the 2014 Food Grain Consumption Survey Re-
port from Statistics Korea, annual rice consumption 
per capita has undergone a continuous decline since 
1981, falling from 80.7 kg in 2005 to 65.1 kg in 2014 
(10). Thus, many researchers have shown interest in 
the development and study of various processed rice 
products. In particular, interest in dduk, Korean tradi-
tional rice cakes that use rice as a main ingredient, is 
increasing.

Dduk is composed of non-waxy rice, beans, and 
other grains cultivated under various climatic condi-
tions in Korea (11). It is widely used in many agricul-
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tural rituals and traditional festivals (12). Sulgidduk, a 
type of traditional Korean dduk, is made by steaming 
a mixture of non-waxy rice flour and sugared water. 
Sulgidduk is the standard for studies of Korean rice 
cakes because of its simple recipe, ease of adding in-
gredients, and diverse applications (13).

Moreover, investigators have sought to develop 
methods that can contribute to functional enhance-
ments of dduk in order to meet the needs of modern 
society, which seeks a healthy diet and focuses on the 
nutritional value of food (14-16). Numerous stud-
ies have recently explored the addition of a variety of 
healthy functional ingredients to Sulgidduk, creating 
nutritionally enhanced Sulgidduk with unique colors 
and flavors (17-20).

The purpose of this study was to analyze the effect 
of adding different amounts of radicchio powder on 
the quality, antioxidant activity, and consumer accept-
ability of Sulgidduk when compared to the standard 
recipe.

Materials and methods

Preparation of Sulgidduk
White rice (produced in Gyeonggi, Korea) pur-

chased in October 2014 was soaked in water for 24 
h, dried in a sieve for 30 min, ground using a roller 
mill (DK 101, Donggwang Ltd, Daegu, Korea), and 
passed through a 20-mesh sieve to produce non-waxy 
rice flour. Refined sugar (CJ, Incheon, Korea) and 
salt (CJ, Incheon, Korea) were purchased for mak-
ing the Sulgidduk. Radicchio (produced in Kangwon, 
Korea) was purchased in March 2015. Washed radic-
chio leaves were separated, freeze-dried using a freeze 
dryer (FD8508, Ilshin Biobase Co. LTD., Gyeonggi, 
Korea), ground using a high-speed grinder (CRT-04, 
Hungchuan Machinery Enterprise, Taipei, Taiwan), 
and passed through a 40-mesh sieve to produce radic-
chio powder. Sulgidduk samples were prepared with 
the ratios presented in Table 1 (21, 22). Rice flour was 
mixed with water until all wet lumps were broken and 
the rice flour was uniformly wet, and then sifted twice 
with a 20-mesh sieve. Radicchio powder was substi-
tuted for 0.5%, 1%, 2%, 3%, or 4% of the rice flour 
and mixed with sugar. The mixture was spread into an 

8-inch-diameter steamer and steamed for 20 min. All 
samples were sealed in plastic bags and stored at room 
temperature (25°C) before performing quality meas-
urements.

Quality analysis
Determination of moisture content and pH value

The moisture content of the Sulgidduk was meas-
ured using a moisture analyzer (MB35, OHAUS, 
Zurich, Switzerland). Five grams of each sample was 
taken from the central part of the Sulgidduk. The pH 
values of the Sulgidduk were measured by a pH me-
ter (SP-701, Suntex instruments Co. LTD., Taipei, 
Taiwan). Ten grams of Sulgidduk sample was homog-
enized with 90 mL of distilled water by a homogenizer 
(Unidrive 1000D, CAT Scientific, Staufen, Germany) 
to measure pH value.

Color measurement
The surface color of the Sulgidduk was evaluated 

using a colorimeter (CR-400, Konica Minolta, Osaka, 
Japan) with the Hunter L, a, b color system. The pa-
rameters L (lightness), a (redness), and b (yellowness) 
were measured. The ΔE (total color difference) values 
were defined as in Eq. 1:

∆E= √(∆L)2 + (∆a)2 + (∆b)2  (1)

Where ∆L, ∆a, and ∆b are the difference of L, a, 
and b values between a white board (L: 96.90, a: 0.45, 
b: 1.49) and sample, respectively.

Texture analysis
Textural properties (hardness, chewiness, springi-

ness, and cohesiveness) of Sulgidduk were analyzed by 

Table 1. Formulae for Sulgidduk (rice cake) containing different 
levels of radicchio powder

Ingredients (g) Additional ratio of radicchio powder (%)
 0 0.5 1 2 3 4

Rice powder 500 497.5 495 490 485 480

Radicchio powder   0 2.5     5   10   15   20

Sugar   50 50   50 50 50   50

Water   50 50   50 50 50   50

Salt     5 5     5   5   5     5
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a rheometer (Sun rheometer Compac-100 II, Sun Sci-
entific Co. LTD., Tokyo, Japan). Samples were cut into 
a fixed size (2 cm × 2 cm × 2 cm). Operation conditions 
of the rheometer were as follows: No.1 Φ20 mm prove; 
maximum weight, 2 kg; distance, 33%; table speed, 120 
mm∙min-1; 2 bites.

Retrogradation analysis from isothermal crystallization 
kinetics

Retrogradation analyses of Sulgidduk with radic-
chio were conducted with reference to the method of 
Kim & Chung (23). Hardness of Sulgidduk preserved 
at 4°C for 12, 24, 36, and 48 hours were measured by 
rheometer (Sun rheometer Compac-100 II, Sun Sci-
entific Co. LTD.). Changes in hardness were analyzed 
by the Avrami equation described by Kim (24). The 
basic form of the Avrami equation (Eq. 2) is as follows:

 (EL-Et)θ =      = e-ktn (2)
 (EL-E0)

Where θ is the fraction of non-crystallized mate-
rial, k is the rate constant, n is the Avrami exponent, t 
is the storage time (hours), EL is the maximum hard-
ness, E0 is the hardness at 0 hours, and Et is the hard-
ness at t hours.

The maximum hardness was determined by meas-
uring the hardness of each sample stored at 4 C for 
72 hours. Relationship between hardness of Sulgidduk 
and time that can be obtained from Eq. 2 is shown as 
follows:

log [-ln (EL-Et) ] =log k + n log t    (3)
   (EL-E0)

Avrami exponent (n) was calculated from the 
slope of the plot represented by the left side of the Eq. 
3 against log t. The rate constant (k) was obtained as 
the graph y-intercept value. Time constant (1/k) was 
expressed as the reciprocal of the rate constant (k).

Antioxidant analysis
Preparation of Sulgidduk samples

One gram of each powdered sample was extracted 
for 24 hours with 10 mL of distilled water. The sam-

ple extracts were centrifuged at 3000 rpm for 10 min 
(Universal 32 R, Hettich, Tuttlingen, Germany) and 
filtered through Whatman No. 1 filter paper.

Total polyphenol and flavonoid contents
The total polyphenol content of Sulgidduk sam-

ple extracts was determined by using the Folin-Denis 
method with slight modifications as suggested by 
Hong et al. (25). Fifty microliters of 0.9 M Folin-
Ciocalteu reagent ( Junsei Chemistry, Tokyo, Japan) 
and 150 μL of 20% (w/v) sodium carbonate solution 
(Merck kGaA, Darmstadt, Germany) were added 
to 10 mL of sample with 790 mL of distilled water. 
After incubation at room temperature (25°C) for 30 
min in the dark, the absorbance at 750 nm of the solu-
tion was measured using a microplate reader (Infinite 
200 PRO, Tecan, Mannedorf, Switzerland). A stand-
ard curve was plotted using gallic acid (Merck kGaA, 
Darmstadt, Germany) by the same procedure above. 
The total polyphenol content was expressed as gallic 
acid equivalents (GAE) per 1 gram of sample.

Total flavonoid content of Sulgidduk was meas-
ured using the method described by Davis (26). One 
milliliter of sample was mixed with 150 μL of 5% (w/w) 
sodium nitrite ( Junsei Chemistry, Tokyo, Japan) and 
kept into a dark room (25°C). After 6 minutes, 300 μL 
of 10% (w/w) aluminum chloride ( Junsei Chemistry, 
Tokyo, Japan) was added and incubated for another 5 
min. Absorbance at 520 nm was measured after 1 mL 
of 1 N sodium hydroxide (Daejung chemicals & met-
als, Gyeonggi, Korea) was added. A calibration curve 
was plotted using quercetin (Sigma Aldrich Corp., St. 
Louis, MO, USA) with the same procedure. The to-
tal flavonoid content of the samples was expressed as 
quercetin equivalents (QE).

DPPH and ABTS radical scavenging activity
The DPPH (2, 2-diphenyl-1-picrylhydrazyl) rad-

ical scavenging activity of the Sulgidduk was measured 
using the method of Baek et al (25). Each sample was 
diluted with distilled water to obtain concentrations of 
100, 50, 33.3, 25, 20, and 16.66 mg/mL. Subsequently, 
100 μL of 0.2 mM DPPH (Sigma Aldrich Corp., St. 
Louis, MO, USA) ethanol solution was added to 100 
μL of each diluted sample. The solution was allowed 
to react at room temperature (25°C) for 30 min in the 
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dark. The absorbance was measured at 520 nm. Per-
centage inhibition was defined as in Eq. 4:

 (Cab - Sab)
DPPH radical inhibition (%) =  × 100  (4)

      Cab

Where Cab is the absorbance of 100 μL EtOH + 
100 μL of 0.2 mM DPPH and Sab is the absorbance of 
100 μL EtOH + 100 μL of 0.2 mM DPPH.

IC50 values (the concentration of sample that is 
required for 50% inhibition of DPPH radicals) were 
calculated based on a trendline representing the con-
centration-response curve of each sample.

2.2´-azino-bis-3 ethylbenzothiazoline-6-sulfon-
ic-acid (ABTS) radical scavenging activity was meas-
ured by a method suggested by Re et al (26) with slight 
modification. ABTS (7.4 mM; 384.30 mg; Sigma Al-
drich Corp., St. Louis, MO, USA) was mixed with 
66.15 mg of 2.6 mM potassium persulfate (Sigma 
Aldrich Corp., St. Louis, MO, USA) in 100 mL of 
distilled water. The ABTS radical cation was prepared 
by incubating the solution for 12 hours in dark room 
(4°C) and diluted with distilled water until the absorb-
ance at 414 nm reached 1.4-1.5. Each sample was di-
luted with distilled water to obtain concentrations of 
100, 50, 33.3, 25, 20, and 16.66 mg/mL. Ten micro-
liters of samples with 200 μL of ABTS radical solu-
tion were incubated for 1 hour in a dark room at 25°C. 
Absorbance was measured at 414 nm. IC50 (mg/mL) 
values were estimated from the percentage inhibition 
of each sample by using Eq. 2.

Consumer preference test
Thirty panelists were selected for consumer 

preference test of Sulgidduk. Color, flavor, moisture, 
chewiness, and overall acceptability of Sulgidduk were 
evaluated using a 7-point scale method (‘Strongly dis-
like’=1 and ‘Strongly like’=7). The panelists rinsed their 
mouths with bottled water after tasting each sample. 
All samples were cut into a fixed size (2 cm × 2 cm × 2 
cm) and served on a white plastic plate.

Statistical analysis
All measurements were performed in triplicate. 

All results obtained from measurements were analyzed 

by one-way ANOVA using SPSS v23.0 (SPSS InC., 
Chicago, IL, USA). All data are displayed as mean ± 
SD. Significance between the means of measured ex-
perimental values was analyzed by Duncan’s multiple 
range test (p<0.05).

Results and Discussion

Quality analysis
The moisture content and pH values of radicchio-

containing Sulgidduk are shown in Table 2. Moisture 
content of Sulgidduk ranged from 33.75-34.37% and 
was not significantly different among all samples. The 
pH value of the radicchio powder itself was 5.54 in a 
preliminary experiment (data not shown). The slight 
change in pH of radicchio-containing Sulgidduk is 
therefore likely caused by the radicchio powder, which 
is slightly acidic. The pH value and moisture content 
are factors that influence gelatinization and retrogra-
dation of rice starch (29). It is inferred that the effect 
on rice starch might be minimal, since the changes in 
pH value and moisture content brought about by the 
addition of radicchio powder are insignificant.

Results of the surface color of the radicchio-
containing Sulgidduk are shown in Table 3. The L val-
ues (lightness) decreased with increasing amounts of 
radicchio up to 3%, while the a value (redness) and 
the b value increased. These changes in color are likely 
caused by the anthocyanin components of radicchio, 
the main one of which is cyanidin 3-O-(6’’malonyl)-
glucoside (30, 31). However, the ΔE values did not 
appear to clearly differ at concentrations above 3% of 
radicchio powder added.

Unlike the results for pH value and moisture con-
tent, the textural properties of Sulgidduk were signifi-
cantly altered upon the addition of radicchio powder 
(Table 4). Hardness and chewiness tended to increase 
initially, while the springiness and cohesiveness val-
ues of radicchio-added groups were lower than those 
values in the control group. These results indicate 
that the texture of Sulgidduk might become chewier 
and the surface may become harder when substituting 
high amounts of radicchio powder for rice flour. The 
texture of Sulgidduk is dependent on the ingredients 
added and the amount of rice starch (32). It is believed 
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that the amount of rice starch in Sulgidduk and the di-
etary fiber contained in the radicchio (33) affected the 
textural properties of the Sulgidduk. These results are 
similar to results obtained by Li et al. (34) that hard-
ness and chewiness of noodles were elevated upon the 
addition of superfine green tea powder, which is rich in 
dietary fiber content.

Retrogradation of rice starch, which occurs by 
recrystallization of amylose and amylopectin, causes 
quality deterioration in the preservation of the Sulgid-
duk. Table 5 shows the Avrami exponent (n), rate con-
stant (k), and time constant (1/k), which were analyzed 

from the changes in hardness of the Sulgidduk during 
storage. The Avrami exponent is related to the rate of 
starch crystal formation during retrogradation. Low 
Avrami exponent and rate constant generally can be 
judged to mean a more flexible state, due to delayed 
formation of starch crystals (35). From the results, it 
is expected that the addition of 1% or 4% radicchio 
powder would delay retrogradation in Sulgidduk. Ret-
rogradation of starch is affected by various additives. 
Especially, dietary fiber is known to randomize the ar-
rangement of rice starch particles and bind to a part of 
amylose and amylopectin to prevent recrystallization 

Table 2. The moisture content and pH values of Sulgidduk (rice cake) containing different levels of radicchio powder

Properties Additional ratio of radicchio powder (%)
 0 0.5 1 2 3 4

Moisture contents (%) 33.8±2.4a1) 32.6±1.8a 34.3±2.1a 34.3±1.4a 34.1±1.8a 34.4±1.1a

pH 5.64±0.03a 5.64±0.01a 5.57±0.01b 5.60±0.02b 5.58±0.02b 5.60±0.01b

1)Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (p<0.05)

Table 3. Color values of Sulgidduk (rice cake) containing different levels of radicchio powder

Color values Additional ratio of radicchio powder (%)
 0 0.5 1 2 3 4

L 84.44±0.34a1) 60.71±0.84b 55.41±1.26c 51.37±0.64d 47.09±0.87e 45.91±0.66e

a -1.16±0.04d 3.51±0.10c 4.76±0.17b 4.64±0.01b 5.15±0.12a 5.20±0.18a

b 5.66±0.41d 6.11±0.24d 7.24±0.18c 9.60±0.07a 9.44±0.23ab 8.99±0.33b

ΔE 13.2±0.45e 36.67±0.82d 42.17±1.26c 46.5±0.63b 50.72±0.86a 51.82±0.7a

 1)Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (p<0.05).

Table 4. Textural properties of Sulgidduk (rice cake) containing different levels of radicchio powder

Properties Additional ratio of radicchio powder (%)
 0 0.5 1 2 3 4

Hardness (g∙cm-2) 212.77±11.81d1) 265.03±16.52c 295.80±5.72abc 278.03±21.51bc 310.43±27.51ab 324.23±20.20a

Chewiness (g∙cm-1) 242.53±8.31c 266.22±18.64c 293.20±19.86b 348.17±15.76a 338.15±9.73a 322.99±12.77a

Springiness (%) 84.4±4.8a 76.9±0.7b 84.1±4.0a 72.2±0.9b 76.7±6.4b 73.0±2.0b

Cohesiveness (%) 78.2±2.7a 71.8±0.8bc 75.5±3.4ab 71.2±1.9bc 73.4±4.8abc 69.7±2.4c

1)Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (p<0.05).
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of starch molecules (36-38). It is inferred that high di-
etary fiber content of radicchio powder may have in-
hibited retrogradation in Sulgidduk.

Antioxidant analyses
Polyphenol compounds are secondary metabolites 

found in fruits and vegetables that have antioxidant ac-
tivity (39), and they have been reported to be effec-
tive against cancer, cardiovascular diseases, diabetes, 
and osteoporosis in many animal trials (40). As shown 
in Table 6, total polyphenol and flavonoid contents of 
Sulgidduk were directly proportional to the addition 
of radicchio powder. Though the steam-based cook-
ing process used to produce Sulgidduk may reduce the 
total polyphenol content (41, 42), it is considered to be 
able to produce Sulgidduk with enhanced polyphenol 
content (1.5-1.7 times compared to control). Accord-
ing to Kaulmann’s study (43), 1 g of radicchio contains 
0.41 mg of polyphenol compounds, such as chlorogen-
ic acid, kaempferol, quercetin, and gallic acid. Pereira 
(44) reported that the antioxidant activity of mini-
mally processed radicchio did not significantly differ 

between fresh samples and those stored for three days. 
Therefore, experimental errors arising from the prepa-
ration time of the Sulgidduk sample are assumed to be 
minimal. A significant reduction of DPPH and ABTS 
IC50 upon adding radicchio powder indicates that the 
Sulgidduk containing radicchio was expected to have 
strong antioxidant properties. It is known that DPPH 
and ABTS radical scavenging activity varies directly 
with total polyphenol content (45). 

Consumer preference test
The results of consumer preference test of Sulgid-

duk with radicchio are shown in Table 7. The color and 
flavor score decreased upon the addition of radicchio 
powder. The moisture content score was not signifi-
cantly different among all groups. This result was con-
sistent with the moisture content of Sulgidduk meas-
ured in this study. Chewiness also did not significantly 
change. These results were contrary to the results of 
the measurement of chewiness during the quality anal-
ysis. On the other hand, the sweetness score gradu-
ally declined when radicchio amount was above 2%. 

Table 5. Avrami exponent (n), rate constant (k) and time constant (T) of Sulgidduk (rice cake) containing different levels of radicchio 
powder

Properties Additional ratio of radicchio powder (%)
 0% 0.5% 1% 2% 3% 4%

n1) 1.49 1.51 1.251 1.838 1.799 1.498

k2) 0.077 0.057 0.048 0.096 0.08 0.042

T3) 12.99 17.54 20.83 10.42 12.50 23.81 

1)n: Avrami exponent; 2)k: rate constant; 3)T: time constant (1/k)

Table 6. Antioxidant activities of Sulgidduk (rice cake) containing different levels of radicchio powder

Properties Additional ratio of radicchio powder (%)
 0% 0.5% 1% 2% 3% 4%

Total Polyphenol (mg GAE/g) 0.02±0.00e1) 0.03±0.01d 0.03±0.00cd 0.04±0.00c 0.06±0.00b 0.07±0.00a

Total Flavonoid (µg QAE/g) 1.16±0.09e1) 1.30±0.03d 1.54±0.03c 1.59±0.07c 1.96±0.04b 2.34±0.07a

DPPH IC50 (mg/mL) 244.41±20.37a1) 188.40±17.72b 160.73±7.95c 123.87±7.60d 93.60±5.76e 77.07±5.94e

ABTS IC50 (µg/mL) 961.10±90.77a 635.03±28.91b 561.49±22.86b 466.66±7.82c 287.30±19.65d 212.28±31.27d

1)Means in each row with different superscript letters are significantly different by Duncan’s multiple range test. (p<0.05)
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It is postulated that the bitter taste of sesquiterpene 
lactones, such as lactucopicrin, in radicchio, masked 
the sweetness of the Sulgidduk (39, 40). The overall ac-
ceptability score was highest at 1% radicchio, as the 
2-4% radicchio Sulgidduk samples received a lower 
score than control. This may be explained from data in 
which preference scores for parameters such as flavor 
and sweetness decreased rapidly from the 2% radicchio 
Sulgidduk samples onwards.

Conclusion

The purpose of this study was to examine the ef-
fect of radicchio powder on Sulgidduk. As the amount 
of radicchio powder increased, hardness and chewiness 
of the Sulgidduk also increased. It is assumed that these 
textural changes are due to the reduced volume of rice 
starch and additional dietary fiber contained in radic-
chio powder. Adding more than 3% radicchio pow-
der produced no significant differences in total color 
values. Antioxidant activity of Sulgidduk cakes varied 
directly with the amount of radicchio powder. In the 
sensory evaluation, Sulgidduk samples with more than 
2% radicchio powder received much lower scores in 
flavor, sweetness, and overall acceptability than those 
of control. Based on these results, proper controls of 
radicchio powder enrichment are needed to manu-
facture Sulgidduk according to the color measurement 
and sensory evaluation, although antioxidant activities 
were expected to improve as more radicchio powder 

was added to the Sulgidduk. Based on our results, it is 
recommended to substitute 1% of rice flour with radic-
chio powder when preparing Sulgidduk.

References

1.  Gul Jan MK, Mushtaq A, Zafar I, Aftab A, Muhammad A, 
Ghulam MS, Abdul M, Muhammad F, Muhammad Z, Ab-
dul W, Farzana G. Nutritional analysis, micronutrients and 
chlorophyll contents of Cichorium intybus L. Journal of Me-
dicinal Plants Research 2011; 5: 2452-6. ISBN: 1996-0875

2.  Rossetto M, Lante A, Vanzani P, Spettoli P, Scarpa M, Rigo 
A. Red chicories as potent scavengers of highly reactive radi-
cals: A study on their phenolic composition and peroxyl radi-
cal trapping capacity and efficiency. Journal of Agricultural 
and Food Chemistry 2005; 2005: 8169-8175. DOI: 10.1021/
jf051116n

3.  Innocetti M, Gallori S, Giaccherini C, Ieri F, Vincieri FF, 
Mulinacci N. Evaluation of the phenolic content in the aerial 
parts of different varieties of Cichorium intybus L. Journal 
of Agricultural and Food Chemistry 2005; 53: 6497-6502. 
ISSN: 0021-8561

4.  Tsuda T. Dietary anthocyanin-rich plants: Biochemical basis 
and recent progress in health benefits studies. Molecular Nu-
trition & Food Research, 2012; 56: 159-170. DOI: 10.1002/
mnfr.201100526

5.  Lante A, Nardi T, Zocca F, Giacomini A, Corich V. Evalu-
ation of red chicory extract as a natural antioxidant by pure 
lipid oxidation and yeast oxidative stress response as model 
systems. Journal of Agricultural and Food Chemistry 2011; 
59: : 5318-5324. DOI: 10.1021/jf2003317

6.  D’evoli L, Morroni F, Lombardi-Boccia G, Lucarini M, 
Hrelia P, Cantelli-Forti G, Tarozzi A. Red chicory (Cicho-
rium intybus L. cultivar) as a potential source of antioxidant 
anthocyanins for intestinal health. Oxidative Medicine and 
Cellular Longevity 2013; 2013. DOI: 10.1155/2013/704310

Table 7. Sensory preference score for Sulgidduk (rice cake) containing different levels of radicchio powder

Properties Additional ratio of radicchio powder (%)
 0 0.5 1 2 3 4

Color 5.45±1.28a1) 5.05±1.28ab 5.35±1.14ab 5.20±1.11ab 4.65±1.14b 4.55±1.43b

Flavor 4.50±1.00ab 4.45±1.28ab 5.25±1.16a 4.15±1.57bc 3.85±1.27bc 3.40±1.64a

Moisture 4.75±1.16a 4.65±0.93a 4.65±1.27a 4.40±1.10a 4.55±1.34a 4.40±1.39a

Chewiness 5.00±0.92a 4.85±1.18a 5.35±0.93a 4.60±1.23a 4.70±1.34a 4.65±1.23a

Sweetness 4.65±1.35a 4.65±1.35a 4.95±1.19a 4.20±1.24ab 3.60±1.10bc 3.30±1.42c

Overall acceptability 5.00±1.08ab 4.80±1.20ab 5.35±1.35a 4.30±1.45bc 3.85±1.27c 3.55±1.43c 

1)Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (p<0.05).



Effects of adding radicchio powder to rice cakes on the quality 253

  7.  Spencer JPE, Vauzour D, Rendeiro C. Flavonoids and 
cogition: The molecular mechanisms underlying their be-
havioural effects. Archives of Biochemistry and Biophysics 
2009; 492: 1-9. DOI:10.1016/j.abb.2009. 10.003

  8.  Pojer E, Mattivi F, Johnson D, Stockley CS. The case for 
anthocyanin consumption to promote human health: A re-
view. Comprehensive Reviews in Food Science and Food 
Safety 2013; 12: 483-508. DOI: 10.1111/1541-4337.12024

  9.  Wallace T. Anthocyanins in cardiovascular disease. Advanc-
es in Nutrition 2011; 2: 1-7. DOI: 10.3945/ an.110.000042

10.  Food Grain Consumption Survey Report 2014 (Internet). 
2015. Available from: http://kosis.kr/upsHtml/online/
downSrvcFile.do?PUBCODE=IO&FILE_NAME=/IO/
grain14_KOSTAT.pdf&SEQ=7. 

11.  Choi WS, Park SK, Lee YS. A survey on the consumer pref-
erences for Korean rice cake packaging in the Seoul metro-
politan area. Journal of the Korean Society of Food Science 
and Nutrition 2012; 41: 418-429. ISSN: 1226-3311

12.  Kim CY. A cultural study on Korean cake (Ttuk). Journal 
of the East Asian Society of Dietary Life 1991; 1: 75-97. 
ISSN: 1225-6781.

13.  Park JH. Effects of rice flours prepared with different mill-
ing methods on quality of sulgidduk. Journal of the Korean 
Society of Food Science and Nutrition 2014; 43: 1742-
1748. ISSN: 1226-3311

14.  Kim YA, Shim HR, Rho JH. Effect of oligosaccharides on 
retrogradation of sulgidduk. Journal of East Asian Society 
of Dietary Life 2015; 25: 513-524. ISSN: 1225-6781

15.  Hae-Youn P, Myung-Wha A, Bok-Wha K, Na-Young K. 
Study on preferences and perception of Koreans and non-
Koreans residing in Korea regarding globalization of Korean 
foods. Journal of East Asian Society of Dietary Life 2014; 
24 : 155-165. ISSN: 1225-6781

16.  Sook-Ja Y. International strategy of rice cake and Korean 
traditional cookie. Food Industry and Nutrition, 2006; 11: 
25-8. ISSN: 1226-3338

17.  Yoon SJ, Lee MY. Quality characteristics of sulgidduk add-
ed with concentrations of Hericium erinaceus powder. Kore-
an Journal of Food and Cookery Science 2004; 20: 575-580. 
ISSN: 2287-1780

18.  Choi BS, Kim HY. Quality characteristics of sulgidduk 
added with Hydrangea serrata Seringe powder. Korean Jour-
nal of Community Living Science 2011; 22: 257-265. ISSN: 
1229-8565

19.  Park YM, Kim MH, Yoon HH. Quality characteristics 
of sulgidduk added with purple sweet potato. The Korean 
Journal of Culinary Research 2012; 18: 54-64. ISSN: 1229-
5582

20.  Seo KM, Chung YH. Quality characteristics of sulgidduk 
added with turmeric powder. Journal of East Asian Society 
Of Dietary Life 2014; 24: 201-207. ISSN: 1225-6781

21.  Ryu DY, Kim DB, Lee KH, Son DS, Surh JH. Influences of 
sugar substitutes on the physicochemical and sensory prop-
erties and hardness of baksulgi during storage. Journal of 
the Korean Society of Food Science and Nutrition 2012; 44: 
568-576. DOI:10.9721/KJFST.2012.44.5.568

22.  Kim KS. Scientific study for the standardization of the 
preparation methods for paeksolgi(I). Journal of the Ko-
rean Home Economics Association 1987; 25: 79-87. ISSN: 
1598-1762

23.  Kim SS, Chung HY. Retarding retrogradation of Korean 
rice cakes (Karedduk) with a mixture of trehalose and modi-
fied starch analyzed by Avrami kinetics. Journal of the Ko-
rean Society of Food Science and Nutrition 2010; 23(1): 
39-44.

24.  Kim SK, Ciacco CF, D’appolonia BL. A research note ki-
netic study of retrogradation of cassava starch gels. Journal 
of Food Science 1976; 41(5): 1249-1250.

25.  Hong J, Kim H, Kim J. Factors affecting reactivity of vari-
ous phenolic compounds with the Folin-Ciocalteu reagent. 
Journal of the Korean Society of Food Science and Nutri-
tion 2011; 40: 205-213. DOI: 10.3746/jkfn.2011.40.2.205

26.  Davis WB. Determination of flavanones in citrus fruits. 
Analytical Chemistry 1947; 19(7): 476-478.

27.  Baek G, Jeong H, Kim H, Yoon T, Suh H, Yu K. Pharma-
cological activity of chaga mushroom on extraction condi-
tions and immunostimulating polysaccharide. Journal of the 
Korean Society of Food Science and Nutrition 2012; 41: 
1378-1387. DOI: 10.3746/jkfn.2012.41.10.1378

28.  Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, 
Rice-Evans C. Antioxidant activity applying an improved 
ABTS radical cation decolorization assay. Free Radicals Bi-
ology and Medicine 1999; 26(9): 1231-1237.

29.  Wang H-H, Sun D-W, Zeng Q, Lu Y. Effect of pH, corn 
starch and phosphates on the pasting properties of rice flour. 
Journal of Food Engineering 2000; 46: 133-138. DOI: 
10.1016/S0260-8774(00)00077-7

30.  Carazzone C, Mascherpa D, Gazzani G, Papetti A. 
Identification of phenolic constituents in red chicory 
salads(Cichorium intybus) by high-performance liquid chro-
matography with diode array detection and electrospray ion-
isation tandem mass spectrometry. Food Chemistry 2013; 
138: 1062-1071. DOI:10.1016/j.foodchem.2012.11.060

31.  Mulabagal V, Wang H, Ngouajio M, Nair M. Characteri-
zation and quantification of health beneficial anthocyanins 
in leaf chicory (Cichorium intybus) varieties. European Food 
Research & Technology 2009; 230: 47-53. DOI: 10.1007/
s00217-009-1144-7

32.  Yung-Ki R, Yeon OK, Kyung-Mee K. Quality character-
istics of sulgidduk by the addition of tofu. The Journal of 
Korean Society Of Food & Cookery Science 2008; 24: 856-
60. ISBN: 2287-1780

33.  US Department of Agriculture, Agricultural Research Ser-
vice, Nutrient Data Laboratory. USDA National Nutrient 
Database for Standard Reference, Release 28. Version Cur-
rent: September 2015. Internet: http://www.ars.usda.gov/
nea/bhnrc/ndl

34.  Li M, Zhang J-H, Zhu K-X, Peng W, Zhang S-K, Wang B, 
et al. Effect of superfine green tea powder on the thermo-
dynamic, rheological and fresh noodle making properties of 
wheat flour. LWT - Food Science and Technology 2012; 46: 
23-28. DOI: 10.1016/j.lwt.2011.11.005



Y. O, K-Y Song, Y. Zhang, et al.254

35.  Kim SS, Chung HY. Texture profiles and retarding retro-
gradation analysis of a Korean rice cake (Karedduk) with 
addition of oligosaccharides. Journal of the Korean Society 
of Food Science and Nutrition 2012; 41(4): 533-538.

36.   Lee YH, Moon TW. Composition, water-holding capacity 
and effect on starch retrogradation of rice bran dietary fiber. 
Korean Journal of Food Science and Technology 1994; 26: 
288-294.

37.   Hibi Y, Kitamura S, Kuge T. Effect of lipids on the retro-
gradation of cooked rice. Cereal Chemistry 1990; 67: 7-11.

38.   Mun SH, Kim JO, Lee SK, Shin MS. Retrogradation of 
sucrose fatty acid ester and soybean oil added rice flour gels. 
Korean Journal of Food Science and Technology 1996; 28: 
305-310.

39.  Ignat I, Volf I, Popa VI. A critical review of methods for 
characterisation of polyphenolic compounds in fruits and 
vegetables. Food Chemistry 2011; 126: 1821-1835. DOI: 
10.1016/j.foodchem.2010.12.026

40.  Santhakumar AB, Bulmer AC, Singh I. A review of the 
mechanisms and effectiveness of dietary polyphenols in re-
ducing oxidative stress and thrombotic risk. Journal of Hu-
man Nutrition and Dietetics 2014; 27: 1-21. DOI: 10.1111/
jhn.12177

41.  Lima GPP, Lopes TdVC, Rossetto MRM, Vianello F. Nu-
tritional composition, phenolic compounds, nitrate content 
in eatable vegetables obtained by conventional and certified 
organic grown culture subject to thermal treatment. Inter-
national Journal of Food Science & Technology 2009; 44: 
1118-1124. DOI: 10.1111/j.1365-2621.2009.01928.x

42.  Lee H-J, Kim S-Y, Park J-H, Kim R-Y, Jeong H-S, Park E. 
Changes in the antioxidative and antigenotoxic effects af-
ter the cooking process of sulgidduk containing pine needle 
juice. Korean Journal of Food and Cookery Science 2013; 
29: 453-462. ISSN: 2287-1780

43.  Kaulmann A, Jonville M, Schneider Y, Hoffmann L, Bohn 

T. Carotenoids, polyphenols and micronutrient profiles of 
Brassica oleraceae and plum varieties and their contribution 
to measures of total antioxidant capacity. Food Chemistry 
2014; 155: 240-250. DOI:10.1016/j.foodchem.2014.01.070

44.  Pereira GdM, Kothe CI, Machado CC, Lopes SM, Flôres 
SH, Rios AdO. Effect of modified atmosphere applied to 
minimally processed radicchio (Cichorium intybus L.) sub-
mitted to different sanitizing treatments. Food Science and 
Technology (Campinas) 2014; 34: 513-521. ISSN: 0101-
2061

45.  Villaño D, Fernández-Pachón MS, Moyá ML, Troncoso 
AM, García-Parrilla MC. Radical scavenging ability of poly-
phenolic compounds towards DPPH free radical. Talanta 
2007; 71: 230-235. DOI: 10.1016/j.talanta.2006.03.050

46.  Wulfkuehler S, Dietz J, Schmidt H, Weiss A, Carle R. Qual-
ity of fresh-cut radicchio cv. Rosso di Chioggia (Cichorium 
intybus L. var. foliosum Hegi) as affected by water jet cutting 
and different washing procedures. European Food Research 
& Technology 2015; 240: 159-172. DOI: 10.1007/s00217-
014-2317-6

47.  Peters AM, Haagsma N, Gensch K-H, van Amerongen A. 
Production and characterization of polyclonal antibodies 
against the bitter sesquiterpene lactones of chicory (Cichori-
um intybus L.). Journal of Agricultural and Food Chemistry 
1996; 44: 3611-3615. DOI: 10.1021/jf950812s

Correspondence: 
Young-Soon Kim 
Department of Food and Nutrition, Korea University, 
145 Anam-ro, Seongbuk-gu, 
Seoul 136-713, Republic of Korea 
Tel. 02-3290-5638
Fax 02-921-7207
E-mail: kteresa@korea.ac.kr


