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Summary. Black carrot (Daucus carota L.) contains anthocyanins, which are natural pigments that confer a
bright red color. It has gained attention as a functional food that reduces the risk of diseases such as diabetes
and heart disease and also demonstrates antioxidant activity. The goal of the present study was to identify the
optimal proportion of black carrot flour for use in Sulgidduck (rice cake) in order to achieve high quality and
retard retrogradation or tendency to become stale. Sulgidduck was prepared by replacing 0%, 0.5%, 1%, 2%,
3%, and 4% of the rice flour with black carrot flour; these preparations were designated as the control (without

BC flour), BC0.5, BC1, BC2, BC3, and BC4.
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Introduction

Black carrot (Daucus carota L.) is cultivated in
Turkey, Egypt, Afghanistan, Pakistan, and India (1).
Particularly, in Turkey, black carrot (BC) is used to
make ‘Kanji’ and ‘Shalgam’, which are traditional fer-
mented drinks, BC juice, or concentrate (1). Recently,
consumer interest in food safety and healthy functional
foods containing natural pigments has increased (2).
BC has attracted attention for its high anthocyanin
content (1750 mg/kg) (3). Anthocyanins are natural
pigments with a bright red color that reduce the risk
of heart disease, atherosclerosis, diabetes, and neuro-
logical degenerative disease (4). Anthocyanins in BC
are more resistant to pH changes in food than antho-
cyanins from other plants (4). Studies have evaluated
the effects of temperature, solid content, and pH on
the stability of BC anthocyanins (4), including the ef-
fects of processing on the antioxidant composition and
color (5), and the effects of BC concentrate on a tradi-
tional Turkish dry-fermented sausage (6).

Dduck (rice cake) is a traditional Korean food for
a long period time, particularly after advancements
in the field of agriculture (7). Rice cake is manufac-
tured using rice, glutinous rice, or grains soaked in
water, then steamed or boiled or fried (7). According
to the method of manufacture, Dduck has been classi-
fied into steamed, fried, and boiled Dduck (7). Among
these, Sulgidduck (rice cake) is the most basic form, a
loaf of steamed rice flour in one layer (7). Sulgidduck
recipe is very simple and can be used as a substitute
for breakfast or snack. It is possible to maintain the
quality of these cakes for weeks if they are kept fro-
zen (8).

Recently, Sulgidduck has been developed by add-
ing a number of different health functional foods.
Prior studies on Sulgidduck examined the quality char-
acteristics of Sulgidduck when Corni fructus powder is
added (7), and supplemented with Cizrus peel powder
(9), the effect of adding minor ingredients (10), and
the quality characteristics of Curcuma longa L powder
Sulgidduck (11).
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In this study, BC Sulgidduck containing a high
concentration of anthocyanins was analyzed to deter-
mine its quality properties and retardation of retrogra-

dation by shelf-life.

Materials and Methods

Materials

The ingredients were used in the formula of Su/g-
idduck (rice cake) included BC (Gujwa, Jeju, Ko-
rea) which was freeze-dried and ground to fine flour
that was passed through 40 mesh sieve. 500 g of rice
(Icheon, Korea) was washed with water three times
and soaked in water for 12 h, and then the water was
removed for 20 min using a sieve. Next, 1% salt and
10% water were added to the rice and then it was
powdered using a roll-mill (Dongwon System Co.,
Ltd., Seongnam, Korea) twice and passed through 20
mesh sieve. Sugar and salt (CJ Cheiljedang Co., Ltd.,

Incheon, Korea) were purchased from local market.

Preparation of Sulgidduck

Preparation of Sulgidduck was described by Lee YN
et al., and Kim YS (12, 13). First, 1% salt, 10% sugar,
and 10% water were added to the rice flour accord-
ing to the progress. BC flour (0%, 0.5%, 1%, 2%, 3%,
and 4%) were added and the Sulgidduck samples were
designated as the control (without BC flour), BCO0.5
(0.5% BC flour), BC1 (1% BC flour), BC2 (2% BC
flour), BC3 (3% BC flour), and BC4 (4% BC flour).
Mixed materials were placed in a steamer (25 x 25 x 10
cm) and steamed for 20 min and then left without heat
for 10 min. The Sulgidduck was analyzed after cooling
for 30 min at room temperature. The formula of Su/g-
idduck is presented in Table 1.

Moisture content and water holding capacity

The moisture content of the Sulgidduck was meas-
ured using a Moisture analyzer (MB35, OHAUS,
Zurich, Switzerland). Water holding capacity was
determined using the equation shown below. A total
of 20 mL of distilled water was added to 1 g of sam-
ple, mixed, and centrifuged for 10 min at 3000 rpm
(Universal 32R, Hettich, Tuttlingen, Germany). The

experiments were carried out in triplicate.

Table 1. Formulas for Sulgidduck prepared with different

amounts of black carrot flour

Samples Ingredients (g)
Rice flour Black carrot Water Sugar Salt
flour

Control 500 0 50 50 5
BCO0.5 497.5 2.5 50 50 5
BC1 495 5 50 50 5
BC2 490 10 50 50 5
BC3 485 15 50 50 5
BC4 480 20 50 50 5

Control: Without added black carrot flour. BCO.5: Addition of 0.5
g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of
black carrot flour/100 g of rice flour. BC2: Addition of 2 g of black
carrot flour/100 g of rice flour. BC3: Addition of 3 g of black car-
rot flour/100 g of rice flour. BC4: Addition of 4 g of black carrot
Slour/100 g of rice flour.

(Precipitate (g) - Sample (g)

Water holding capacity (%) = x 100

(Sample (g)

Determination of pH

For pH determination, 10 g Sulgidduck was mixed
with 90 mL distilled water and shaken in a homoge-
nizer (Ingenieurburo CATM. Zipperer, Staufen, Ger-
many) for 1 min. The experiments were carried out in
triplicate and a pH meter was used (SP-701, Suntex,
New Taipei City, Taiwan).

Color determination

The color of Sulgidduck was measured using a color
measurement spectrophotometer (CR-400, Minolta,
Tokyo, Japan) set for Hunter’s value. The L (lightness),
a (redness), and 4 (yellowness) colors obtained from
the midsection of the sample and AE (total color dif-
ference) were calculated using the following equation.
The average results of the L, a, 4, and AE values were
calculated from triplicate measurements.

AE= (Lsamplc_Lstandard)2+ (asamplc_astandard)2+ (bsamplc_bstandard)z

Texture profile analysis
After cooling for 1 h, the texture profile of Sulgid-
duck (30 x 30 x 20 mm) was measured using a Rheom-

eter (Compac-100II, Sun Scientific Co., Ltd., Tokyo,
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Japan). The texture profile was determined with the
two-bite compression test using a cylindrical probe
(No. 1, D: 20 mm). The texture parameters included
were hardness, springiness, cohesiveness, and chewi-
ness. The texture parameters of each Sulgidduck were
averaged in triplicate.

Determination of retrogradation rate

Retrogradation rate of BC Sulgidduck by shelf-life
was measured as described by Rojas JA et al., (14) us-
ing Rheometer (Compac-100II, Sun Scientific Co.,
Ltd., Tokyo, Japan). The Avrami exponent (7) and
time constant (7/£) were determined using the Avrami
equation.

ek = E; EO’ log[-In —==] = logk + nlog?
g g g
E.-E, Ei-Eo

E.: the maximum hardness, E.: hardness after t h, E:
the initial hardness, 4: time constant (time™), 7: Avra-
mi exponent

Determination of total phenol content

Total phenol in the Sulgidduck was determined us-
ing the Folin-Ciocalteu method (15). First, 0.9 N Fo-
lin-Ciocalteu reagent (96703-8130, Junsei Chemical
Co., Ltd, Tokyo, Japan) was added to a 0.8 mL diluted
sample containing 0.15 mL sodium carbonate solution
(1.93211.0500, Merk, Darmstadt, Germany). After
incubation for 2 h at room temperature, the total phe-
nol in Sulgidduck was measured using an Infinite 200
PRO multimode reader (804003459, Tecan, Manne-
dorf, Switzerland) at 750 nm.

DPPH free-radical scavenging activity

DPPH free-radical scavenging activity was deter-
mined as described by Qwele K et al., (16) with some
modifications. For this purpose, 0.0078 g 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) (Sigma Aldrich, Darm-
stadt, Germany) was reacted in 10 mL ethanol (Merk,
Darmstadt, Germany). Next, 0.1 mL sample and the
mixture of DPPH and ethanol were incubated for 30
min in the dark at room temperature. The absorbance
of the samples was measured using an Infinite 200
PRO multimode reader (804003459, Tecan, Manne-

dorf, Switzerland) at 520 nm. Ethanol was used as a

control. The inhibition percentage (ICs) was calcu-
lated using the following equation.

O.D of sample

DPPH inhibition (%) = [1- (55— —
inhi 1t10n( 0) [ (O.D of control

)] x 100

Sensory evaluation

For this study, a panel of 30 individuals participated
in the 7-point test to determine the degree of overall
acceptability for Sulgidduck (1 = extremely dislike, 4 =
neither like nor dislike, 7 = extremely like). Subjects re-
ceived six samples (10 x 10 x 10 mm) on white plates (20
cm diameter) at room temperature and were asked to
rate the degree to which they liked the Sulgidduck. The
panels evaluated the samples for color, flavor, moistness,
sweetness, chewiness, and overall acceptability.

Statistical analysis

All data are shown as the means of triplicate experi-
ments and their standard deviations. Data analysis was
carried out using one-way ANOVA. Duncan’s multi-
ple range test was also used to identify significant dif-
ferences between the means at the P<0.05 significance
level using SPSS 12.0 (SPSS Inc, Chicago, Quarry
Bay, Hongkong) statistical software.

Results and Discussion

Moisture content and water holding capacity

The moisture content of BC Sulgidduck is shown
in Table 2. The control and BCO0.5 showed the low-
est values, 27.27% and 27.25%, respectively. As BC
flour content increased, the moisture content also sig-
nificantly increased (P<0.05), with BC4 showing the
highest values of 36.42%. These results are consistent
with those of Korean steamed rice cake containing
different amounts of red onion (17), Hasuo (Polygo-
ni Multiflori Radix) (18), and astringent persimmon
powder (19). However, studies on Sulgidduck with
sweet potato (20), acai berry (21), and corni fructus (7)
powder revealed conflicting results. Water holding ca-
pacity generally increased from the control (109.74%)
to BC1 (149.95%), but it decreased in BC2 and BC3
to 115.33% and 118.47%, respectively. BC4 showed
the highest water holding capacity at 237.11%.
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PH properties

As shown in Table 2, the pH of BC Su/gidduck gener-
ally significantly decreased with the increasing amounts
of BC flour that was used (P<0.05). BC4 showed the
lowest pH value, 5.91. This result is similar to that of
Sulgidduck made with black chokeberry (22), for which
the control, 1%, 3%, 5%, and 7% samples had pH values
of 6.04, 5.64, 4.57, 4.12, and 3.98, respectively. Sulgid-
duck made with acai berry (21) and, saltwort (8) also
showed the highest pH values in the control and pH
decreased as the amount of added ingredient increased.

Color properties

For color properties, L-value (lightness) appeared to
significantly decrease with increasing BC flour (Table
3); the control was 74.32 and BC4 was 30.44 (P<0.05).
a-value (redness) for the control was -1.12 and the
samples with added BC were 6.61-10.32. 4-value (yel-
lowness) was decreased in BC samples (from -4.39 to
-1.39) compared to the control (4.75). AE (total color
difference) was significantly affected by the content of

BC flour; the control showed the lowest value of 22.75,
while BC4 was the highest at 66.92 (P<0.05). These re-
sults agree with those for purple onion Sulgidduck (17)
and cornus Sulgidduck (7). And acai berry Sulgidduck
(21) and purple sweet potato Sulgidduck (20) showed
that  and 4-value were decreased and a-value was in-
creased with increasing BC content. These results were
considered that affect of colorant of anthocyanins.

Textural properties

The textural properties of BC Sulgidduck were the
lowest in control (474.53 g/cm?), while BC3 was the
highest (831.77 g/cm?) in hardness (Fig. 2). This is simi-
lar to the results of Hwang SJ (17) showed that the con-
trol had the lowest value of 425.14 kg and increased in
which they showed hardness was increased as BC levels
increase. The results of Lee MH et al., Nam SJ & Park
GS, and Choi YS (11, 18, 21) were consistent with our
results. When the additive is used as a powder, moisture
content was removed and the solid content such as di-
etary fiber was increased. In contrast, for the addition

Table 2. Moisture content, water holding capacity, and pH of Sulgidduck made with different amounts of black carrot flour

Samples Moisture content (%) Water holding capacity (%) pH

Control 27.27 £ 0.751) 109.74 + 27.65° 6.37 + 0.02a
BCO0.5 27.25 + 0.22¢ 138.31 £ 1.03" 6.29 + 0.02°
BC1 29.38 + 1.52" 149.95 + 23.42° 6.27 +0.03
BC2 29.43 + 0.46™ 115.33 = 30.35" 6.19 + 0.02¢
BC3 30.40 = 0.97" 118.47 £ 3.70 6.15 + 0.03¢
BC4 36.42 £ 2.91* 237.11 + 46.23* 5.91 + 0.04¢

"Values are mean + SD of 3 replicates.

“Dafferent superscripts within the same column are significantly different by Duncan’s multiple range test (P<0.05).

Control: Without added black carrot flour. BCO.5: Addition of 0.5 g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of black
carrot flour/100 g of rice flour. BC2: Addition of 2 g of black carrot flour/100 g of rice flour. BC3: Addition of 3 g of black carrot flour/100 g

of rice flour. BC4: Addition of 4 g of black carrot flour/100 g of rice flour.

Figure 1. Photographs of Sulgidduck containing different amounts of black carrot flour.
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Table 3. Color values of Sulgidduck made with different amounts of black carrot flour

Samples Hunter’s color value
L a b E

Control 74.32 +1.02"* -1.12 + 0.05¢ 4.75 = 0.10° 22.75 £ 1.25¢
BCO0.5 50.12 £ 1.57° 8.42 + 0.24 -4.39 £ 0.12¢ 47.84 £ 1.62¢
BC1 40.92 + 1.27 10.32 £ 0.16* -4.48 + 0.06* 57.18 £ 1.45¢
BC2 40.33 + 1.00¢ 9.25+0.29 -2.98 = 0.29¢ 57.43 +1.13¢
BC3 32.50 £ 0.62¢ 6.61 £ 0.35¢ -1.37 £ 0.16 64.74 £ 0.53"
BC4 30.44 + 0.53¢ 7.89 +0.58 -1.39 £ 0.14° 66.92 + 0.25

“VValues are Mean + 8D of 3 replicates.

“~Different superscripts within the same column are significantly different as determined by Duncan’s multiple range test (P<0.05).
Control: Without added black carrot flour. BCO.5: Addition of 0.5 g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of black
carrot flour/100 g of rice flour. BC2: Addition of 2 g of black carrot flour/100 g of rice flour. BC3: Addition of 3 g of black carrot flour/100 g

of rice flour. BC4: Addition of 4 g of black carrot flour/100 g of rice flour.

of purple sweet potato (20) and chestnut (23), hardness
decreased with increasing additives. Samples contain-
ing BC flour showed significantly lower values than
the control for springiness and cohesiveness (P<0.05).
This was similar to the results of Hwang SJ and Nam
SJ & Park GS (17, 18) for springiness and cohesiveness.
Chewiness increased from 389.65 to 668.20 g-cm com-
pared to the control (352.76 g-cm).

Retarding retrogradation by shelf~life using Avrami equation
The retarding of retrogradation of BC Sulgidduck
was analyzed using the Avrami equation at 20°C af-
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Figure 2. Photographs of Sulgidduck containing different

amounts of black carrot flour.

ter 0, 24, 36, and 48 h to determine hardness (Table
4). The values of the Avrami exponent (7) represent
the crystallization state of Sulgidduck and were 0.17,
0.06, 0.11, and 0.45 for the control, BC0.5, BC1, and
BC2, respectively. BC3 and BC4 showed values of
3.80 and 2.73, respectively. Thus, BC0.5 and BC1 had
the strongest effects on retrogradation compared to
the control; if more than 2% BC flour was used, there
was no retrogradation on inhibitory effect. Studies of
rice cake on retrogradation of (24) showed that the
Avrami exponent () in the control was 1.71, it was
2.55 in 3% trehalose added sample, and it was 1.50
in 9% trehalose added sample. The effect of retarding
retrogradation was dependent on the additive level.
Chung HC showed similar results; the control value
was 1.15, 30% sourdough was 1.20, and 50% sour-
dough was 1.04 (25).

A time constant (7/£) was used as the reciprocal of
the rate constant (%), and the effect of retrogradation
was based on a high value of the time constant (/%)
compared to the control (24). The time constant (1/4)
indicates the rate of retrogradation and was 125.00 in
the control and 333.33 in BCO.5 (the highest value);
BC4 showed the lowest value of 4.95. This indicates
that the level of additives has an important effect
on retarding retrogradation. Kim SS & Chung HY
showed that retarding retrogradation depends on the
amounts of trehalose and modified starch added; the
time constant (/%) of the control was 82.64 and sam-
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ples with added trehalose and modified starch ranged
from 104.17 to 400.00 (24). Chung HC showed that as
the level of sourdough increased, a reduced retrograda-
tion of rate increased (25). Therefore, BC0.5 (333.33)
showed the highest time constant (1/4) compared to
the control (125.00) and the greatest inhibitory effect
for retarding retrogradation. The addition of 0.5%-1%
BC flour is recommended to maximize the retrograda-
tion of inhibitory effect.

Total phenol content

Total phenol content of BC Sulgidduck signifi-
cantly increased with the level of black carrot flour
(P<0.05) (Table 5); the control was 0.04 ¢ GAE/mg
and BC4 was 0.25 ¢ GAE/mg. BC and purple sweet
potato have anthocyanin, but also contain phenolic
compounds (26). With increasing amounts of BC
flour, total phenolic content increased. Similar studies
showed that the amount of total phenolic compounds
in sausages increased as purple sweet potato powder
increases (27). BC sausage showed the lowest phenolic
compound levels in the control of 785.00 mg GAE/
kg; the sample containing 5% black carrot concentrate
contained 1201.48 mg GAE/kg (6).

DPPH free-radical scavenging activity
DPPH radical scavenging activity was represent-
ed as the IC;, value, which is the concentration that

removes 50% of the free radicals (Table 5). ICs of
BC Sulgidduck significantly decreased, with values of
1001.81 g/mL (control), 362.44 ¢/mL (BCO0.5),276.76
g/mL (BC1),113.53 ¢/mL (BC2), 64.05 g/mL (BC3),
and 35.76 g/mL (BC4) (P<0.05). Thus, as the content
of BC flour increases, DPPH radical scavenging ac-
tivity increases. These results are consistent with those
of Ekici L et al., who showed that the DPPH radical
scavenging activity of BC concentrate increased from
42.26% to 56.21% according to the level of addition
(0.5%—2.0%) (6). This is also similar to the results of
Lee N et al., as the pigment and powder of purple
sweet potato increased (0%—4%), radical scavenging
activity increased from 17.41% to 62.00% (27).

Sensory properties

For sensory properties using the 7-point test, the
control showed the highest scores (5.55) for color and
BCO0.5 and BC4 had high scores for flavor (4.75) (Table
6). Moistness was low in the control (4.20) and BC0.5
(4.25), but BC1, BC2, BC3, and BC4 did not signifi-
cantly differ (P<0.05). For sweetness, BC4 showed the
highest scores as 5.20. Chewiness was not significantly
different except for the control (4.35) (P<0.05). Over-
all acceptability showed the highest score in BC4 at
5.05. This is similar to Swigidduck to which vitamin
leaves were added, with high scores compared to con-
trol in flavor, taste, and texture (28).

Table 4. Avrami exponent (7), rate constant (), and time constant (1/k) of Sulgidduck with different amounts of black carrot flour

Samples Avrami equation analysis
Avrami exponent ()" Rate constant (k)? Time constant (h) (1/k)

Control 0.17% 0.80x 10* 125.00

BCO0.5 0.06 0.30x 10 333.33

BC1 0.11 0.80x 10* 125.00

BC2 0.45 4.00x 10 25.00

BC3 3.80 19.8x 10 5.05

BC4 2.73 20.2x 10 4.95

“Values obtained from slop of plot log{-In(E,~E )/(E.~E,)} vs log t.
?Values obtained from siop of plot In(E-E,) vs time.

YValues are mean + SD of triplicate experiments.

Control: Without added black carrot flour. BCO.5: Addition of 0.5 g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of black
carrot flour/100 g of rice flour. BC2: Addition of 2 g of black carrot flour/100 g of rice flour. BC3: Addition of 3 g of black carrot flour/100 g

of rice flour. BC4: Addition of 4 g of black carrot flour/100 g of rice flour.
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Table 5. Antioxidant activity of Sulgidduck made with different
amounts of black carrot flour

Samples Total phenolic content DPPHIC;,
(g GAE /mg) (g/mL)

Control 0.04 £ 0.01"" 1001.81 + 234.70*
BCo0.5 0.05 + 0.01¢ 362.44 + 19.95
BC1 0.09 + 0.01¢ 276.76 + 29.57
BC2 0.15 £ 0.01¢ 113.53 + 18.78
BC3 0.21 £ 0.01° 64.09 + 14.10¢
BC4 0.25 £ 0.00° 35.76 = 12.40¢Y

Values are Mean + SD of triplicate experiments.

“IDifferent superscripts within the same column are significantly
different by Duncan’s multiple range test (P<0.05).

Control: Without added black carrot flour. BCO.5: Addition of 0.5
g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of
black carrot flour/100 g of rice flour. BC2: Addition of 2 g of black
carrot flour/100 g of rice flour. BC3: Addition of 3 g of black car-
rot flour/100 g of rice flour. BC4: Addition of 4 g of black carrot
Slour/100 g of rice flour.

Conclusion

In this study, we evaluated the quality properties and
ability to retard retrogradation with Sulgidduck (rice
cake), a traditional Korean steamed rice cake, with added
BC flour (0%, 0.5%, 1%, 2%, 3%, and 4%). The mois-
ture content and water holding capacity of BC Sulgidduck
increased according as BC increased. pH significantly

decreased as BC increased (P<0.05). The L-value was
significantly decreased as BC increased (P<0.05), while
the a-value increased increasing BC addition; the 4-value
was low in the samples containing BC flour compared
to the control. BC Sulgidduck showed increased hardness
with increasing BC content. The retarding retrogradation
analysis using the Avrami equation for 0, 24, 36, and 48
h showed that BCO.5 and BC1 had effects compared to
the control. BCO.5 and BC1 showed low values for the
Avrami exponent () and high values for the time con-
stant (1/%). Thus, 0.5%—1% of BC flour retards the ret-
rogradation of Sulgidduck compared to the control. For
total phenol content and DPPH radical scavenging ac-
tivities, BC Sulgidduck showed a significantly higher anti-
oxidant capacity with increasing BC (P<0.05). In sensory
evaluation, BC4 showed high scores for flavor, moistness,
sweetness, and chewiness, but not for color.

Based on our results, black carrot is a good source
for the production of Sulgidduck and improves the qual-
ity properties and retards retrogradation effects. A level
of 4% BC flour is considered the most optimal for im-
proving quality properties and antioxidant activities and
0.5%-1% BC flour is more suitable for retarding retro-
gradation.
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Table 6. Sensory properties of Sulgidduck made with different amounts of black carrot flour

Samples Sensory characteristics
Color Flavor Moistness Sweetness Chewiness  Overall acceptability

Control ~ 5.55+1.10™ 4.40 = 1.14 4.20 = 1.06 4.50 = 1.36® 4.35+0.99 4.45+£1.19
BCO0.5 4.50 + 1.40° 4.75 +£0.97 425=+1.16° 5.00 £ 0.97* 490 + 1.12* 4.90 £ 1.25°
BC1 4.70 + 1.26" 4.70 = 1.42¢ 5.10 £ 1.07* 4.30 = 1.42° 5.20+1.24 4.60 + 1.43
BC2 5.05 £ 1.15* 4.65 = 1.42¢ 5.00 £ 1.26* 4.90 + 1.02* 4.85+1.31*® 5.00 £ 1.52¢
BC3 4.45 +1.61° 4.60 = 1.10° 4.50 £ 1.36™ 4.80 = 1.47* 4.55 +1.23® 4.50 + 1.40°
BC4 4.55 £ 1.61° 4.75 + 1.33¢ 4.85+1.18" 5.20 £ 1.06° 4.80 +1.11* 5.05 £1.39*

Values are Mean + SD of triplicate experiments.

*Different superscripts within the same column are significantly different by Duncan’s multiple range test (P<0.05).
Control: Without added black carrot flour. BCO.5: Addition of 0.5 g of black carrot flour/100 g of rice flour. BC1: Addition of 1 g of black
carrot flour/100 g of rice flour. BC2: Addition of 2 g of black carrot flour/100 g of rice flour. BC3: Addition of 3 g of black carrot flour/100 g

of rice flour. BC4: Addition of 4 g of black carrot flour/100 g of rice flour.




Effect of black carrot (Daucus carota L.) flour on quality properties and retarding retrogradation by shelf-life of Sulgidduck (rice cake)

449

References

1.

10.

11.

12.

13.

14.

15.

Turkyilmaz M., Yemis O. and Ozkan M. Clarification and
pasteurization effects on monomeric anthocyanins and per-
cent polymeric colour of black carrot (Daucus carota L.)

juice. Food Chem 2012; 134: 1052-1058.

. Kirca A, Ozkan M, Cemeroglu B. Stability of black carrot

anthocyanins in various fruit juices and nectars. Food Chem
2006; 97: 598-605.

. Kamiloglu S, Pasli AA, Ozcelik B, Camp JV, Capanoglu E.

Color retention, anthocyanin stability and antioxidant ca-
pacity in black carrot (Daucus carota) jams and marmalades:
Effect of processing, storage conditions and in vitro gastro-
intestinal digestion. ] Funct Foods 2015; 13: 1-10.

. Kirca A, Ozkan M, Cemeroglu B. Effects of temperature,

solid content and pH on the stability of black carrot antho-
cyanins. Food Chem 2007; 101: 212-218.

. Khandare V, Walia S, Singh M, Kaur C. Black carrot (Das-

cus carota ssp. sativus) juice: processing effects on antioxi-
dant composition and color. Food Bioprod Proc 2011; 89:
482-486.

. Ekici L, Ozturk I, Karaman S, Caliskan O, Tornuk F. Ef-

fects of black carrot concentrate on some physicochemical,
textural, bioactive, aroma and sensory properties of sucuk, a
traditional Turkish dry-fermented sausage. Food Sci Tech-
nol 2015; 62: 718-726.

. Kim HK, Jin HH, Lee MS, Lee SJ. Quality characteristics

of Sulgidduck added with Corni fructus powder. Food Eng
Prog 2013; 17(2): 105-111.

. Lee YJ, Kim EH. Quality characteristics of Sulgidduck add-

ed with saltwort (Salicornia herbacea L.) powder. Korean J
Culinary Res 2013; 19(2): 203-214.

. Kim JH, Kim MY. Quality characteristics of Sulgidduk sup-

plemented with Citrus peel powder. ] Korean Soc Food Sci
Nutr 2011; 40(7): 993-998.

Lee KS, Lee JC, Lee JK, Park WJ. Effect of addition of mi-
nor ingredients for the quality characteristics of Sulgiduck.
Korean J Dietary Culture 2001; 16: 399-406.

Lee MH, Jeon SJ, Kim SK, Park HS, Choi YS. The quality
characteristics of Curcuma longa L powder Sulgidduck. Ko-
rean ] Culinary Res 2011; 17(5): 184-192.

Lee YN, Lee JH, Kim YS. Quality properties of Sulgidduck
with the different density of rice powder made by multi-
functional grinder. Korean J Food Nutr 2012; 25(4): 1008-
1015.

Kim YS. Addition ratio of buckwheat vegetable powder (Fa-
gopyrum esculentum Moench) on the quality characteristics
of Sulgidduck. Korean ] Food Nutr 2008; 21(4): 436-442.
Rojas JA, Rossell CM, Benedito DBC. Role of maltodex-
trins in the staling of starch gels. Eur Food Res Technol
2001; 212: 364-368.

Akay S, Alpak I, Yesil-Celiktas O. Effects of process pa-
rameters on supercritical CO2 extraction of total phenols

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

from strawberry (Arbutus unedo L.) fruits: An optimization
study. J Sep Sci 2011; 34(15): 1925-1931.

Qwele K, Hugo A, Oyedemi SO, Moyo B, Masika PJ,
Muchenje V. Chemical composition, fatty acid content and
antioxidant potential of meat from goats supplemented with
Moringa (Moringa oleifera) leaves, sunflower cake and grass
hay. Meat Sci 2013; 93(3): 455-462.

Hwang SJ. Quality characteristics of Korean steamed rice
cake containing different amount of red onion powder. Ko-
rean J Food Preserv 2013; 20(4): 488-494.

Nam S]J, Park GS. Optimization and quality characteristics
of Sulgidduck added with Hasuo (Polygoni Multiflori Ra-
dix). ] East Asian Soc Dietary Life 2012; 22(1): 25-32.
Kim GY, Moon HK, Lee SW. Quality characteristics of
Sulgidduck prepared by addition of astringent persimmon
powder. Korean J Food Preserv 2006; 13(6): 697-702.

Park YM, Kim MH, Yoon HH. Quality characteristics of
Sulgidduck added with purple sweet potato. Korean J Culi-
nary Res 2012; 18(1): 54-64.

Choi YS. The study of quality characteristics of acaiberry
(Eutepe oleracea Mart.) powder Sulgidduck. Korean J Culi-
nary Res 2015; 21(1): 90-99.

Park EJ. Quality characteristics of Sulgidduck added with
aronia (Aronia melanocarpa) powder. ] East Asian Soc Di-
etary Life 2014; 24(5): 646-653.

Hong KJ, Hwang SH. Quality characteristics of Sulgidduck
with added chestnut. ] East Soc Dietary Life 2011; 21(2):
194-199.

Kim SS, Chung HY. Retarding retrogradation of Kore-
an rice cakes (Karaedduk) with a mixture of trehalose and
modified starch analyzed by Avrami kinetics. Korean J Food
Nutr 2010; 23(1): 39-44.

Chung HC. Properties of sourdough-added bread. Korean J
Food Sci Technol 2008; 40(6): 643-648.

Mazza G, Miniati E. Anthocyanins in fruits, vegetables, and
grains. Boca Ration, FR: CRC Press 1993; p. 265.

Lee N, Jo Y], Yook HS. Quality characteristics and anti-
oxidant activities of sausages made from a mixture of pur-
ple sweet potato powder and purple sweet potato pigment. ]
Korean Soc Food Nutr 2015; 44(9): 1317-1324.

Cho GS, Kim AJ. Antioxidative activity of sea buckthorn
and quality characteristics of brown rice Sulgidduck. Fam
Environ Res 2015; 53(1): 17-27.

Correspondence:

Young-Soon Kim

Department of Food and Nutrition, Korea University,
Seoul 02841, Republic of Korea

Tel.: +82 2 3290 5638

fax: +82 2 921 7207

E-mail: kteresa@korea.ac.kr



450 K.-Y. Song, H. O, Y. Zhang, et al.




