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Abstract

Quality changes in yakgwa (such as color, moisture contents, acid value, rheological properties, and viable cells)
using different types of frying oils was examined for 5 weeks. During the storage period, the lightness and yellow-
ness of all samples were increased and there was no significant difference in redness. After 5 weeks of storage, rice
bran oil showed the least color difference. There was no difference in the moisture contents of all samples except
for grape seed oil, while the moisture contents of yakgwa fried with grape seed oil was decreased. The acid value
increased as the storage period increased regardless of the type of frying oil, and yakgwa fried with rice bran oil
and grape seed oil showed a low acid value. The hardness was increased as the storage period increased, but there
was no difference in the hardness between the samples. The adhesiveness and resilience were decreased and the
chewiness was increased. The total cell count did not increase significantly as the storage period, and there was also
no difference in the total cell count between the samples. There was a high level of yeast and mold in comparison
to total cell count, and the colony of bacteria was not detected.
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Mixing wheat flour, salt, pepper powder, sesame oil

v

Sift flour

|

Add sugar syrup

v

Rolling and folding (3 times)

'

Cutting (3%3%0.8 cm)

b

Deepfrying (110°C, 5 min — 150°C, 5 min)

.

Soaking in syrup (1 hr)

|

Syrupdrain (24 hr)

|

Packing

v

Storage (30°C, 0~5 weeks)

Fig. 1. Flow chart for preparation of yakgwa with different
deep frying oils
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Table 1. Ingredients of yakgwa according to different types frying oils

Yakgwa Sugar Syrup Soak syrup
Ingredients (g) Ingredients (g) Ingredients (g)

Wheat flour 100.00 Sugar 100 Grain syrup 290

Sesame oil 19.00 Water 100 Starch syrup 290

Salt 0.35 Honey 10 Water 100

Pepper powder 0.25 Ginger 20

Baking powder 1.20

Water 18.80

Sugar syrup 25.00
(A M %, redness), b (FA %, yellowness)E Z 53 WHE & ©]83}d 7= (hardness), -2 (adhesiveness), 553
24% & Hage®z YJepid. 1 wagte] zhe (cohesivenss), 3 J (chewiness), L2]3. -4 (resilience)

L=96.69, a=0.09, b=1.89.°]{t}.

Aot
[RLE = )
TETFE AEE AP E43 T A8 1gS F
o] & =74 7]1(MA35, Satorius AG, Laupheim, Germany)

3
2 olgale] 2Rl wE ke 7 ART 38
=
=

goto] B2 YeRflt

e =N

2F7Hacid value, AV)E= Kim et al. (2011)9] A EHS
FaslAh AR 5-10 g& filter bagol| ethyl alcohol: ethyl
ether (Daejung Chemicals & Metals Co. Ltd., Siheung,
Korea)E 12 H|E&Z &3 £ 100 mLE ¥ F speed
1914 587+ stomacher (Bagmixer 400VW, Interscience ft.,
Saint Nom, France)= & 3}ste] 53t A58 =52 &9
< H]AY %A o}l 1% phenolphthalein X A1 ¢F (Daejung
Chemicals & Metals Co. Ltd)< 2-3W& ¥2 & 0.1N
Potassium hydroxide ethanolic standard solution (Daejung
Chemicals & Metals Co. Ltd.)2.2 §2 ZAo] 30x o]
A 2 w7kA] AAskant 2k Alg 7 33 RHE S 6t
of Pk o = Jepliih

_ 561l x(a-b)xf
= ollxlab)xd @

AV
oq7]elX S A& AHFHH(g)ol L, a= AlECl g 0.1N
potassium hydroxide ethanolic standard solution®] ZxH]&
(mL), b= &A@l AF8-¥ 0.1 N potassium hydroxide
ethanolic standard solution®] ZAH]&FH(mL)°]H, f= 0.1N
potassium hydroxide ethanolic standard solution®] & 7}o]t}.
=45

Azd of#e] EAS S48 Sste] GAE 1x1x]
cme| Z7|2 A2 thS texture analyser (TAXT Experss
Enhanced, Stable Microsystems Ltd., Godalming, England)

S 2390 AFEE probe= SMS P/500|H, 22 AL
test mode compression, pre-test speed 2.0 mm/s, test speed
1.0 mm/s, post-test speed 1.0 mm/s, distance 5.0 mm, trigger
force 5.0 g2 3}y HH3F oM, 7} A5 F 53] W&
243le] WEpro s Ve

=3

2 AE F AYYAT 45mLe A2 F
filter bag®ll ¥ 3. stomacher (Bagmixer 400VW, Interscience.
fr., Saint Nom, France)Z speed 394 5%7+ 72 3}519
o gl 542 A2 plate count agar (PCA;
Difco Laboratories, Spark, MD, USA), & & % FFo|&
potato dextrose agar (PDA; Difco Laboratories), 2] 3. 3
-2 deoxycholate lactose agar (DLA; Difco Laboratories)
S ARSIt ARkl F 3 S8 2 g0l 35°CelA] 48
AIZE Bl oS 25°Col A T2A17F Bl § st
Hj Aol A E 30-30078 Atole] &S AlFste] CFU/g
o7 Yepfilen, e Adres 72t AT 33 v A

doto] o2 YeEpli.

52

SAXE

SPSS ver. 24.0 package program (SPSS Inc., Chicago, IL,
USA)E o]&3ate] Ht3) FFHAE 73Iom, 7k Al 87k
o] freolA 1AL B2 (one way ANOVA)Z} Duncan T
ZH 2174 ¥ (Duncan’s multiple range test, p<0.05)S A&
stel 7 tec,

An e g
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Table 2. Color value of ingredient for preparation of yakgwa
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Color
Sample T a b
Wheat flour 90.36+0.20" 0.35+0.01 8.37+0.06
Sesame oil 10.44+0.22 0.91+0.08 9.02+0.16
Salt 88.69+0.33 -0.07+0.01 2.69+0.10
Pepper powder  45.86+0.37 2.89+0.05 17.59+0.17
Baking powder  93.56+0.09 0.07+0.03 1.60+0.04
Soak syrup 16.87+0.20 -0.72+0.03 7.69+0.32
Soy bean oil 12.47+0.61° 0.03+£0.07* -0.99+0.23¢
Corn oil 12.2240.22®  -0.29+0.06° 0.09+0.13°
Canola oil 12.46+0.34* -0.25+0.06 -0.73+0.40¢
Rice bran oil 11.97+0.19° -2.16+0.06* 4.30+0.21*
Grape seed oil ~ 12.30£0.12®  -0.78+0.27° 0.58+0.12°

"Mean+SD

*dQuperscriptive letters in a column indicate significance at p<0.05 by

Duncan's multiple range test
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Table 3. Changes in color of yakgwa according to different deep frying oils during storage periods

u)

27 sl

HAA 7w

913 A3 §1991 Fol

Storage period (week)
Sample
0 1 2 3 4 5
Soybean oil A34.74£0.91™Y  AB34.30+1.57 NS33.77+1.49 N32.66+1.49 235.08+2.09  AB32.40+1.32
Corn oil B32.96+£0.64™  *B34.67+2.65® 33.18+1.75% 31.78+1.07° 735.23+1.08"  B€31.98+1.56°
Lightness  Canola oil AB33 56+1.14° A35.63+1.50° 33.94+0.96° 32.01+0.65° B33.16+0.68"™ A33.97+0.74°
Rice bran oil 532.28+0.75™  B€32.53+0.90 33.18+1.34 31.92+1.66 832.67+0.70 AB33.28+1.37
Grape seed oil ~ ©28.92+1.32" €31.10+0.67° 31.50+0.80° 32.37+1.34* 32.35+0.61° €30.98+0.90°
Soybean oil NS2.660.56™ N$2.72+0.78 AB3 41£1.13 NS2.57+0.78 N$2.73£1.06 ABD 88+0.64
Corn oil 2.81+1.02" 2.25+0.62 B€2.010.90 2.96+1.10 2.68+0.75 €1.83+0.50
Redness  Canola oil 3.02+1.21° 2.85+0.48" A4.60+1.39° 2.1620.65° 2.64+0.50° 42.96+1.08"
Rice bran oil 2.93+0.47%° 2.51+£0.37" B€2.61+0.95 3.26+0.85% 2.2240.13° A3.52+0.43°
Grape seed oil 2.96+0.80™ 2.76+0.55 €1.70+£0.47 2.25+0.49 2.20+1.00 5¢2.03+0.36
Soybean oil A10.52+0.66" A10.25+0.45% 510.65+0.36° NS9.38+0.57° A10.5+1.09° A10.23+0.77*
Corn oil ABg 68+0.46" 49.96+0.62° €9.64+0.73% 9.06+0.53¢ £10.79+0.48" B9.14+0.47°
Yellowness Canola oil BC9.34+0.72° 210.7240.54° A11.95+0.48" 9.22+0.58°  “510.37+0.81° A11.05+1.03*
Rice bran oil 289 77+0.97* 59.07+0.39° €9.88+0.84™ 10.11£0.54 B9.55+0.22" £10.65+0.63*
Grape seed oil €8.44+0.63° B9, 12+0.74%¢ Pg8.52+0.35° 9.67+0.59* 59.40+0.72% Bg.67+0.44%
"Mean+SD

™S: Not Significant

**Superscriptive letters in a row indicate significance at p<0.05 by Duncan's multiple range test
ACSuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test
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3L EeH o AR Aol o Z1gel Bls K& Zo] W3slE Table 591 VeI Ax A5 HO4
wjiEolgbal 7R TR BAshith & AP E v oFe] i e o3RIl ApolE Kol ko 1‘41
2 H71 7t diFfu o 715eE 11 oA A4 F2 B} FA Mg B2, TERGE H31 S0t
T7F E=A it 2 435 B sl Afole 7}7@} W RS YERITE A 71k mE R
of} Az Afoe TR H1 Gt /Mg =2 wE e EEARFE Ay BT ds gldlen
woom S5 v H1l ot v £EE (p<0.05), ZEAFE FHZ FHRte] 7|7k uhEt AR
YeRdth ZEARE H1 dae 7P B FAEE U k) §o0F zpolrt oy dAge S HolR= ¢
ER A THp<0.05). 55 AFsHE T FAEe] Wals B gtk A 7170 wE ofale] RS Ui A3E
W FlEagaE H70 ol AR 2o 7S BHeom, B Park (1997)0] olaHA 7-8€<] ALdx #7487
ﬂ%%%, S, 28 MR F7E s vl gk ol "ol 3097 ASIS A %F%i—fé}%kﬂ Hal= 1%
S HYF, TEHFE AFRS datE thh Be e E 99 ﬁ7}o}°ith B3I 0™, Jang et al. (2013)2)
Urﬁ}kﬂt}(p«) 05). A7g717ko] Aol wet 42 vk Afole 718 & A7V S %} g & ool A
AR A2 A5t 557 TE HuPS wol= AT ¢ FRTE w‘ﬁm AATHL BArste], HA| A o= of
o F7bete 43S BATh Yun & Jang (2001)7 Yun  FHE A7 whE £ FEFe] Wske gle o® @

& Kim (2005)> #1771 7ko]| whe} ofzpe] A w7} 7HAas e, £ AT A3 o9 I X st
Ay F713 AL 81901, Lee & Kim (2014)8 S = o
F7rol A AT Aol ok Bste] & A4y AUK(acid value)

of Hl=g AFE Btk Ag717el wE AA A1 A% HA el mE A4717F 5 A7ke] WskE Table 60 U
o] Zpo|(AEYE Potir] 98l Az A58 557 & HAHS it A7HE BH HAR2 SR dagle] B A
W ofylo] ML=2}E Table 40 YERNATE Song & Park A7\ 7ko] Aol wal Zr7hele S Kol 9l 01/]- +
(20052 AE %te] 0-0.5019 Axpe] 27k Ae] §lar, 0.5- A<l ZolE UepAl= ZUT kAo Ax HFo=
155 243 2o, 1.53.0& AT + Ade A%, 3.0-60  oiFf, S5, JhEeaE H3 Gt /BH:HEIQE =
& A 2o, 6.0-12.0 53] AAZE 2], 1201”01 < AHE Bl R Wt R AR FZ FHTt

T2 A% Mo AYVha s, £ Al Al ke AHE UEIGE. olH e A%e Ax T 5% 5o
% A5} 57 AF F9 okl MR BE 1530 A ATH F 2R o] WA et ZEAfoh
o= uEhon], MR HAl kvt 5T A F MY vARE H1 okhs A 57 T 60 olske] At

A2 Aol ato]l & YERN AT YeR Atk A 2R AE 9A YERdE A
L u 72 A4 oleic acid7} 40-50%, linoleic acid”} <F
TE2atak 20%, palmitic acid7} °F 20%% TFA = o] 19| linolenic

=
HARFE Gelste] Az oo A% 717t T 7R acid®] &Fo] WAL WIER Extel £8k= tocopherol

Table 4. Changes in color change (AE) of yakgwa according to deep frying oil during storage periods

Soybean oil Corn oil Canola oil Rice bran oil Grape seed oil
AE 2.701.52%<h 2.24+0.97™ 2.58+0.88" 2.101.03™ 2.40£1.14

"Mean+SD
““Superscriptive letters in a row indicate significance at p<0.05 by Duncan's multiple range test

Table 5. Changes in moisture contents of yakgwa according to different deep frying oil during storage period

Storage period (week)

0 1 2 3 4 5

Soybean oil NS6.6:£0.85"™" N56.63:£0.39 N55.97:+0.16 NS5 63+0.15 N55.76:+0.60 N56.55+0.57
Corn oil 6.80+0.84™ 6.27+0.81 5.1240.03 7.01%1.12 5.99+0.39 6.97+1.30
Canola oil 6.29+0.47" 7.36+0.50 6.63+1.07 6.67+0.20 7.30+0.74 7.09+0.76
Rice bran oil 5.87+2.01™ 5.85+0.74 5.36£0.25 5.65+0.53 6.27+0.41 5.49+0.47
Grape seed oil ~ 5.61+0.07° 6.02+0.80™ 6.38+0.24° 529+0.17° 5.50+0.46° 5.35+0.14°

"Mean+SD

NS: Not Significant

**SQuperscriptive letters in a row indicate significance at p<0.05 by Duncan's multiple range test
ACSuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test
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Table 6. Changes of acid value of yakgwa according to deep frying oil during storage period

olgm] - A9 - A

Storage period (week)
0 1 2 3 4 5
Soybean oil N50.24+0.06™" 50.36+0.10° NS0.38+0.01° NS0.41+0.09° NS0.42+0.02° N80.46+0.07°
Corn oil 0.32+0.05" £0.30+0.04° 0.45+0.04* 0.40£0.05™° 0.44+0.04™ 0.50+0.12*
Canola oil 0.34+0.05" 0.32+0.03° 0.35+0.02" 0.41£0.03™° 0.47+0.08™ 0.54+0.14*
Rice bran oil 0.36+0.06™ 20.47+0.06 0.46+0.02 0.39+0.03 B0.43+0.05 0.52+0.10
Grape seed oil 0.35+0.08™ 50.30+0.02 0.40+0.14 0.36+0.04 0.46+0.04 0.43+0.08
YMean+SD
NS: Not Significant
““Superscriptive letters in a row indicate significance at p<0.05 by Duncan's multiple range test
ABSuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test
Table 7. Change in physical properties of yakgwa according to deep frying oil during storage period
Storage period (week)
Sample
0 1 2 3 4 5
Soybean oil ~ B773.114£39.25"" ¥5812.77+211.58° 902.47£58.13°  ™51,138.23+68.54° 1,216.74+24.20° ™51,183.9£106.07
Hardness Corn oil 4897.60+:89.28"™  802.95+39.97 886.51+281.73  943.52+102.30 °962.93+48.54 1,160.69+292.50
N) Canola oil 5784.84+8.09°  1,033.27+152.50° 1,029.00+171.81* 1,087.25£69.90° C1‘095.28i95.94“ 1,038.95+69.87°
Rice bran oil  #B821.73£64.27°  776.54+65.30° 1,163.54£51.21® 1,115.05£6.36°  5€1,161.38+18.21% 1,239.92+48.17°
Grape seed oil *906.74+11.64° 968+41.64>  851.45+£17.57°  1,075.4+176.99° *1,323.38+16.55° 1,299.42+89.10°
Soybean oil A30.82+231*  B.5431+5.55° ™S.56.74+90.18  MS.82.44+829°  M.9852+14.41¢  N-121.92+6.98°
. Corn oil B.47.68+4.28" BC.60.43+3.79° -65.46+10.70° -78.89+9.60° 94.47£13.44™  -133.43+57.55°
Adhesiveness . A 2 A a b c d o
0) C?mola oil . -37.06i3.56’ -43.06+4.21 -74.97£1.79 -98.50+7.77 -114.6i10.51‘ -104.9i12.13
Rice bran oil ~ ®-45.57+4.57"  ©-64.99+5.68" -70.64+8.12" -76.35+11.87°  -103.02£11.35° -97.29+6.43¢
Grape seed oil B-41.53+2.51°  *B-51.92+7.40° -61.73+6.57° -74.50£10.57°  -119.46+3.66° -110.54+2.13¢
Soybean oil N50.50-£0.02° €0.41+0.01° N50.38£0.02° 50.4140.02° NS0.41+0.02° 50.43+0.02°
Corn oil 0.48+0.02* AB) 44+0.02° 0.39+0.03¢ AB) 4340.03° 0.42+0.03* A0.48+0.03*
Cohesiveness Canola oil 0.49+0.03* €0.42+0.02° 0.41+0.03° £0.45+0.02° 0.43+0.03" 50.43+0.02"
Rice bran oil 0.50+0.03* 20.46+0.01° 0.38+0.02° AB().43+0.02° 0.45+0.04° 80.43+0.03°
Grape seed oil 0.52+0.01* 50.44+0.01° 0.41£0.01¢ 50.40+0.03¢ 0.43+0.02° 20.47+0.03"
Soybeanoil ~ B221.00+£3.07*  PB180.89+11.21° ©269.14+18.80° 376.22+11.49* %356.28+30.61°  *318.35+29.90°
Chewiness Corn oil 4259.28+5.10°  B180.58+2.37¢  BC301.51+£30.57° #357.13£31.69*  B238.02+1537°  "305.45+7.81°
0) Canola oil F142.3349.12¢  B185.65+£6.09°  P322.65£5.72°  A377.79+£20.49" £385.79+22.66"  ©239.79+1.80°
Rice branoil  P175.87+5.94° B191.45+3.56°  P168.20+£20.68° B244.67+37.77° €185.51+13.29°  *317.80+20.15°
Grape seed oil ©188.85+1.98°  4205.58+7.45°  #354.02+22.15*  *372.92+37.13*  A377.94+20.01°  *343.70+14.57°
Soybean oil NS0.15+0.02° NS0.14+.0.02° NS0.12+0.02° N50.12+0.01° N50.12+0.01° NS0.12+0.01°
Corn oil 0.15+0.01* 0.13+0.01° 0.12+0.01° 0.13+0.01° 0.12+0.01° 0.12+0.01°
Resilience  Canola oil 0.16+0.01* 0.15+0.02° 0.12+0.01° 0.13£0.01° 0.12+0.01° 0.12+0.01°
Rice bran oil 0.15+0.02° 0.13£0.01® 0.11£0.01° 0.13£0.01% 0.12+0.02% 0.12+0.01%
Grape seed oil 0.16+0.01* 0.13£0.01° 0.110.01¢ 0.12+0.01¢¢ 0.13+0.01>¢ 0.13£0.01%
YMean+SD

NS: Not Significant
*dQuperscriptive letters in a row indicate significance at p<0.05 by Duncan's multiple range test
AESuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test
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Fig. 2. Total cell count (A) and yeast & mold (B) of yakgwa with different deep frying oil during storage periods. SO: soybean oil,

CO: corn oil, CA: carnola oil, RI: rice bran oil, GR: grape seed oil.
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