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Quality characteristics and antioxidant activities of pan-fried Hwajeon
added with curcuma as a functional ingredient

Areum Han and Jeonghee Surh*

Department of Food and Nutrition, Kangwon National University

Abstract Curcuma powder, having a significantly higher electron donating ability than glutinous rice flour (p<0.001), was
added into Awajeon at 0-5% concentrations. There was no significant difference in the moisture content of hwajeon
depending on the curcuma content, which was attributed to a similar water-holding capacity of curcuma powder and
glutinous rice flour when subjected to hot water. As the curcuma content increased, the redness of dough and /Awajeon
increased, and the lightness of hwajeon decreased to a higher degree than that of dough. With the addition of curcuma,
hardness of hwajeon increased and its adhesiveness decreased, presumably due to the increased content of amylose relative
to amylopectin. Sensory evaluation revealed that the strong flavor of curcuma was a negative determinant of the preference
for hwajeon. Nevertheless, total reducing capacity and 2.2'-diphenyl-1-picrylhydrazyl radical scavenging activity increased
in proportion to the curcuma content in hwajeon (p<0.001).

Keywords: curcuma, iwajeon, water-holding capacity, sensory evaluation, antioxidant activity
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Table 1. Formula for hwajeon added with different levels of
curcuma powder”

] Curcuma powder (%)"
Ingredients (g)
0 1 2 3 4 5
Rice flour 100 99 98 97 96 95
Curcuma powder 0 1 2 3 4 5
Water 80 80 80 80 80 80
Salt 0.5 0.5 0.5 0.5 0.5 0.5

DRelative percentage of curcuma powder to the total amounts of rice
flour and curcuma powder.
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Table 2. Proximate composition, DPPH radical scavenging activity, and water holding capacity of glutinous rice flour and curcuma

powder”
Composition/Property Curcuma powder Glutinous rice flour Significance”
Proximate composition (%)
Carbohydrates 73.5£2.5 84.0+2.7 **
Moisture 11.7+0.2 10.0+0.3 o
Crude fat 5.240.0 0.1+0.1 ok
Crude protein 5.1+2.7 5.4+3.0 NS
Crude ash 4.5+0.0 0.5+0.1 ok
DPPH radical scavenging activity (% inhibition)” 76.5+0.0 4.2+0.0 ok
Water holding capacity (%)
Cold water 329+14 15548 *x
Hot water 526+20 532+10 NS

UThe value was expressed as the meantstandard deviation of triplicate.

D% and *** mean that the values within a same row are significantly different at p<0.01 and p<0.001, respectively. NS means ‘not significant’.
DPPH radical scavenging activity of 2 mM quercetin used for comparison was 87%.
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Table 3. Moisture and fat contents of hwajeon added with
different levels of curcuma powder”

Curcuma powder (%) Moisture (%) Crude fat (%)
0 59.8+0.7 4.8+0.7
1 61.3+1.6 4.3+0.9
2 60.0+1.9 4.8+0.8
3 60.0£1.3 5.4+1.1
4 60.2+3.0 5.7+1.0
5 61.3+0.9 5.3+1.4
Significance? NS NS

"The value was expressed as the meantstandard deviation of triplicate.
YNS means ‘not significant’.
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Fig. 1. Dough (A) and its resulting siwajeon (B) added with different levels of curcuma powder.
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Curcuma powder (%)
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Fig. 2. Color property of hwajeon added with different levels of curcuma powder. L, a and b indicate lightness, redness, and yellowness,
respectively. Different large letters and small letters on symbols represent significant difference at p<0.001 in the color property of dough and

hwajeon, respectively.
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Fig. 3. Texure profile analysis (TPA) of dough (A) and hwajeon (B) added with different levels of curcuma powder. TPA was measured
three times by two-bite compression test. Hardness is the maximum force of the first compression. Adhesiveness (A3) is the negative area for the
first compression, representing the work required to pull a sample away from a plunger.

Table 4. Total reducing capacity and DPPH radical scavenging
activity of hwajeon added with different levels of curcuma
powder"

Curcuma powder Total reducing qapacity DPPH radicgl.
%) (ng Q}lercetln{ g scavenging activity

freeze-dried hwajeon) (%)

0 187.9+11.9" 8.240.3°

1 211.643.5° 10.6+1.4

2 239.4£13.1¢ 12.6+1.9

3 326.0+8.0° 13.8+0.1%

4 387.0+3.8" 15.7+0.3°

5 548.0+£22.1* 20.7+2.0*
Significance” Aok ko

"The value was expressed as the meanstandard deviation of triplicate.
%% means that the values with different superscripts in a same
column are significantly different at p<0.001.
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Table 5. Sensory characteristics of iwajeon added with different levels of curcuma powder "

Curcun(102§> owder Color T%Z:g?c Tutrar;eerlc Bitterness Tasty flavor Moistness  Oiliness  Softness Glutinosity Adhesiveness
0 1.0£0.0°  1.0£0.0°  1.0£0.0 1.0£0.0° 3.6+£1.3* 3.0£1.2" 2.7+13"  3.2+1.1°  3.0£1.0" 2.441.0¢
1 2.0+0.0°  1.8+0.7" 2.4+0.8° 1.8£0.7° 2.0+£1.0° 3.0£0.9™ 2.9+1.1° 32409 2.8+1.0° 2.6£1.0°¢
2 2.7£0.5¢  2.0£0.8" 2.6+0.9° 2.0+0.8° 2.6+1.3™ 34+0.8" 32+09"° 3.6+0.8" 3.4+0.7 3.2+0.7*
3 3.1£04°  23£1.1° 29+£1.2™  22+1.1°  3.0+£1.0° 2.7+1.0°  3.1£1.0°  2.7+0.9°  2.8+£0.9° 2.7+0.9"
4 3.9+0.3°  3.1x1.1° 34+1.1°  29+1.1°  2341.3%  3.6+1.2"  4.1+0.9°  3.5+1.1%  3.4+1.0% 3.5+1.2°
5 4.6+0.5*  3.6£1.4°  4.0+£1.2°  34+£12°  23+12™  39+1.1°  43£09° 4.0+1.1°  4.0+0.8° 3.7+1.2°
kokk sksksk oKk skkok kokk kk skokk koksk oKk *kokk

Significance?

"The value was expressed as the meantstandard deviation of triplicate.

D% and *** mean that the values with different superscripts in a same column are significantly different at p<0.01 and p<0.001, respectively.

Table 6. Preference to the sensory characteristics of iwajeon added with different levels of curcuma powder "

Curcuma Turmeric Turmeric . Tasty . . L . Overall

powder (%) Color favor taste Bitterness flavor Moistness  Oiliness  Sofiness Glutinosity Adhesiveness acceptability
0 3.551.0° 3.740.9* 3.7£1.0° 3.7£1.0° 44£1.0°  34£1.0° 3.6£1.0° 3.4+09° 3.4£0.7° 3.6£0.6" 4.1+0.8"
1 3.0£1.0° 3.4+£0.7° 3.240.9® 32+0.8° 29+0.7° 33+0.8° 33+£0.8° 3.5%0.7" 33+0.8*  3.5+0.6° 3.4+0.7°
2 3.840.8* 3.2+£0.6° 3.0+0.9° 3.0£0.7° 3.1£1.0* 3.4+0.7° 2.9+£0.8" 3.7£0.9° 3.740.6°  3.4+0.8° 3.240.8°
3 3.540.8° 3241.1* 2.8+1.0% 2.9+0.7* 3.4+1.0° 3.1£1.0° 2.9+0.7° 3.0£1.0° 32408  3.2+0.9" 2.6+0.8°
4 3.0£0.8" 2.7£0.9° 2.7£1.2% 2.7+1.1% 2.9+£1.0™ 3.4+1.0° 2.3+1.1° 3.5£1.0°  32+0.8°  3.0+0.9% 2.5+1.2¢
5 2240.8° 2.4+£1.0° 22+£1.1° 24+12° 2.7+1.0°  3.4+£1.0°  2.0+0.9° 3.5£0.9° 32+£12° 2.8+1.2° 2.1%1.2°

Signiﬁcancez) skkok skokok kkok skokok skkok NS3) KoKk NS Ns k% skkok

UThe value was expressed as the meantstandard deviation of triplicate.

2% and *** mean that the values with different superscripts in a same column are significantly different at p<0.01 and p<0.001, respectively.

NS means ‘not significant’.

= Bolth ¥ $41=3) DPPH B2 2ABY02 244 8
o] AspgABAel 4% Aokl sk froFom 27}
FomM, JR7ITA IR AshiAEe] o] AaHo
= 398 AR, 48 Wrkwe) viaHos 37
@ 2% 1hol Yulsh 2o JsEd] ¥4 9% 7130
A, A7kl e A BAUSE HujHo ke T
NEEE UEi. of AREL, 7154 22 Bge w7
S AES ALY A JPH ASPABY bl BT
A7k Aol AR AL Al
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