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Effects of Pumpkin (Cucurbita moschata Duch.) Leaf Powder on
Quality Characteristics, Antioxidant Activities, and Retarding
Retrogradation by Shelf-Life of Sulgidduck (Rice Cake)

Ka-Young Song, Hyeonbin O, Yangyang Zhang, Ki Youeng Joung, and Young-Soon Kim

Department of Food and Nutrition, Korea University

ABSTRACT This study investigated quality characteristics, antioxidant activities, and retarding retrogradation of
Sulgidduck, traditional rice cake of Korea, prepared using rice flour added with 0%, 1%, 2%, 3%, and 4% pumpkin
leaf powder. Moisture content of pumpkin leaf Sulgidduck showed a tendency to increase in the 1% and 2% added
group but decrease in the 3% and 4% added group. pH level significantly increased (4.50~6.16) with an increase
in content of pumpkin leaf powder (P<0.05). For color, as content of pumpkin leaf powder increased, L-value decreased
and b-value increased. Hardness tended to increase with addition of pumpkin leaf powder except for the 1% added
group. Springiness was not significantly different (P<0.05). Chewiness and adhesiveness increased according to addition
level increase. Retarding retrogradation showed that the pumpkin leaf powder added group had a stronger effect com-
pared to the control, whereas the 2% added group presented the most retarding retrogradation effect with the lowest
Avrami exponent. Total phenols content and ABTS radical scavenging activity tended to increase as content of pumpkin
leaf powder increased. Sensory properties by 7-point scale test showed that the 2% added group had the highest
scores, whereas the 4% added group had the lowest scores. These results suggest that pumpkin leaf is considered
as a good material to improve quality characteristics, antioxidant activities, and retarding retrogradation of Sulgidduck.
The most appropriate proportion for the greatest effect of retarding retrogradation in Sulgidduck was considered to
be 2%.
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Table 1. Formulas for Sulgidduck (rice cake) prepared with dif-
ferent levels of pumpkin leaf powder

Pumpkin leaf powder content

Ingredients (g/100 g of rice flour)

Control  PL-1 PL-2 PL-3 PL-4
Rice flour 500 495 490 485 480
Pumpkin leaf 0 5 10 15 20

powder

Water 50 50 50 50 50
Sugar 50 50 50 50 50
Salt 5 5 5 5 5

Control: without added pumpkin leaf powder, PL-1: addition
of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addi-
tion of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3:
addition of 3 g of pumpkin leaf powder/100 g of rice flour,
PL-4: addition of 4 g of pumpkin leaf powder/100 g of rice
flour.
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Fig. 1. Photograph of Sulgidduck (rice cake) with different proportions of pumpkin leaf powder.
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Table 2. Moisture content and pH of Sulgidduck (rice cake) with different proportions of pumpkin leaf powder

Pumpkin leaf powder content (g/100 g of rice flour)

Properties Control PL-1 PL2 PL3 PL4
Moisture (%) 39.18+2.64" 39.12+1.81" 42.50+3.56" 36.10+1.73° 37.23+1.59
pH 4.50+0.05° 4.95+0.01° 5.31+0.01° 5.59+0.02° 6.16+0.01°

"The data are mean+SD in triplicates.

Different letters (a-e) within the same row are significantly different by Duncan’s multiple range test (P<0.05).
Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:

addition of 4 g of pumpkin leaf powder/100 g of rice flour.
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Table 3. Color values of Sulgidduck (rice cake) with different proportions of pumpkin leaf powder

Hunter’s color

Pumpkin leaf powder content (g/100 g of rice flour)

value Control PL-1 PL-2 PL-3 PL-4
L 83.83+0.42% 64.76+2.43° 58.75+1.03° 49.13+1.03¢ 49.53+1.32¢
a -0.61£0.06" 22.26+0.12° -2.22+0.10° -1.49+0.13° -1.33£0.17°
b 5.27+0.21° 12.17+0.42° 13.03+0.18° 12.55+0.36% 12.00£0.57°
AE 15.03+0.41¢ 35.3542.38° 41.33+1.02° 50.47+0.92° 49.95+1 .36

"The data are meantSD in triplicates.

Different letters (a-d) within the same row are significantly different by Duncan’s multiple range test (P<0.05).
Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:

addition of 4 g of pumpkin leaf powder/100 g of rice flour.

Table 4. Textural properties of Sulgidduck (rice cake) with different proportions of pumpkin leaf powder

Pumpkin leaf powder content (g/100 g of rice flour)

Textural properties

Control PL-1 PL-2 PL-3 PL-4
Hardness (g/cm’) 207.50+8.66"" 186.10+12.20° 225.77+18.86™ 249.70+5.95" 247.90+23.13°
Springiness (%) 81.7242.29° 87.92+4.69° 88.0245.64° 82.02+1.90° 84.05+2.57°
Chewiness (g-cm) 223.91+11.07" 201.98+21.88° 245.40+39.46™ 224.2042.26™ 261.02+24.56
Adhesiveness (g) -40.67+£2.08" -40.67+9.87° 45.67£15.18" -35.33£5.69° -29.001.00°

"The data are mean+SD in triplicates.

Different letters (a-c) within the same row are significantly different by Duncan’s multiple range test (P<0.05).
Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:

addition of 4 g of pumpkin leaf powder/100 g of rice flour.
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Table 5. Avrami exponent, rate constant, and time constant of Sulgidduck (rice cake) with different proportions of pumpkin leaf
powder

Pumpkin leaf powder content (g/100 g of rice flour)

Avrami equation analysis

Control PL-1 PL-2 PL-3 PL-4
Avrami exponent (17)" 0.5481 1.9932 0.5647 0.9634 1.9433
Rate constant (k)” 13.39 X107 27.17 X107 0.78 X107 3.72%107 3.44 X107
Time constant (h) (1/k) 7.47 3.68 128.21 26.88 29.07

)Values obtained from slop of plot log{-In(E;, —E)/(EL —Ep)} vs log t.

?Values obtained from slop of plot In(E, —E,) vs time.

Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour. PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:
addition of 4 g of pumpkin leaf powder/100 g of rice flour.
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Aztel FAFSFATH24). A(4.70) 2 AnkA el 7|3 = (5.20)04 7HE =& 7|E%

Table 6. Antioxidant activities of Sulgidduck (rice cake) with different proportions of pumpkin leaf powder

Pumpkin leaf powder content (g/100 g of rice flour)

Properti

roperties Control PL-1 PL-2 PL-3 PL-4
Total phenolic content (ug GAE/mg) 0.19+0.00*" 0.04+0.00° 0.20+0.00° 0.34+0.01" 0.50+0.01°
ABTS ICso (ng/mL) 16.84+5.68" 14.67+1.23° 14.27+8.59" 13.40+6.82° 7.22+0.45°

"The data are meantSD in triplicates.

Different letters (a-e¢) within the same row are significantly different by Duncan’s multiple range test (P<0.05).

Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:
addition of 4 g of pumpkin leaf powder/100 g of rice flour.
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Table 7. Sensory preference scores for Sulgidduck (rice cake) with different proportions of pumpkin leaf powder

Pumpkin leaf powder content (g/100 g of rice flour)

Sensory properties

Control PL-1 PL-2 PL-3 PL-4
Color 5.00£1.38"" 4.60+1.39® 5.30+1.17° 4.75£1.41° 3.80+1.58"
Flavor 4.35+1.35° 4.25+0.97° 5.10+1.25° 4.00+1.49° 3.40+1.10°
Moistness 4.80+1.20° 4.60+1.14% 4.85+1.23° 4.20£1.54™ 3.50+1.61°
Sweetness 4.80+1.20° 4.60+1.14® 4.85+1.04° 3.90+1.25% 3.50+1.10°
Chewiness 4.75+1.16° 4.65+1.23° 4.70£1.26° 3.95+1.43% 3.75+1.37°
Overall acceptability 4.50+1.24% 4.55+1.19™ 5.20+1.40° 4.15+1.42" 3.40+1.23°

"The data are meantSD in triplicates.

Different letters (a-c) within the same row are significantly different by Duncan’s multiple range test (P<0.05).
Control: without added pumpkin leaf powder, PL-1: addition of 1 g of pumpkin leaf powder/100 g of rice flour, PL-2: addition
of 2 g of pumpkin leaf powder/100 g of rice flour, PL-3: addition of 3 g of pumpkin leaf powder/100 g of rice flour, PL-4:

addition of 4 g of pumpkin leaf powder/100 g of rice flour.
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