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Quality Characteristics of Tongue Sole (Cynoglossus semilaevis) Jangajji with
Different Types of Gochujang during Low Temperature Storage

In Seon Lee"*, Geum Ok Park?

'Major in Food and Nutrition, Kunsan National University
Ariul Fish, Ltd.

Abstract

In this study, pH, °Brix, salt concentration, sodium content, color, hardness, and sensory evaluations were measured
during storage at low temperatures for 21 days after making tongue sole Jangajji with different types of Gochujang sauces.
The pH was higher than those of samples not containing Maesil fermented liquor at all storage periods. The °Brix of the
Maesil fermented liquor added samples was higher than that of the samples not added at the early stages of storage. On the
other hand, there was no significant difference between the samples with and without Maesil fermented liquor at the later
stages of storage. The sodium content was lower than that of the samples not containing Maesil fermented liquor. The
lightness (L) was lower in the early stages of storage than those of the Maesil fermented liquor. In the late stage of storage,
however, the lightness was higher than those of the samples not containing Maesil fermented liquor. The redness (a) of the
GRWO sample group showed the highest value at all storage periods compared to the other sample groups. The yellowness
(b) of the GRWO sample group was high at the early stages of storage. On the 21% day of storage, however, the GRW
sample group was significantly higher (p<0.01). The hardness results showed that the value of the later storage period was
lower than that at the initial storage stage. The sensory evaluation showed that the Maesil fermented liquor reduced the
spicy, salty, bitter, and unpleasant taste. As a result of the acceptance test, the GRWO and GRW samples were evaluated as
the acceptance group with color, aroma, texture and overall acceptability compared to the brown rice Gochujang sample
group.
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LA = A2l &H7F STl Qe Wb fEluete] ds A
2E LHlE ZAsa e FA M(Klm & Cho 2009).
HYAFS FARE A9, BF, Az Toll "olAY o] Lee(2016)°] oJsh 25 221 B85 s ok 7h
£ et xr] - s A S gebe, AR dAYAFole XAk gthar &FR1ar, drile] dutel] she A= 28
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°3°ﬂ mE} 2H], AE 5o 54 AEE ol&ste] AU ™, Asliete] HERA JPHoR Fa% AEoFE B
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HHA 29 A He 9E, 4R, e 5 oe A AAS AAT & 0 fAxele] 771, A7), 27| 59 =
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<Table 1> Formulas for manufacturing tongue sole Jangajji

Sample"
Ingredients (g)

BAWO BAW BRWO BRW GRWO GRW
Tongue sole 200 200 200 200 200 200
Maesil diluted solution” 200 200 200 200 200 200
Crushed garlic 20 20 20 20 20 20
Barley Gochujang 300 300 0 0 0 0
Brown rice Gochujang 0 0 300 300 0 0
Glutinous rice Gochujang 0 0 0 0 300 300
Maesil fermented liquor 0 120 0 120 0 120

YBAWO: Barley Gochujang without Maesil fermented liquor; BAW: Barley Gochujang with Maesil fermented liquor; BRWO: Brown rice
Gochujang without Maesil fermented liquor; BRW: Brown rice Gochujang with Maesil fermented liquor; GRWO: Glutinous rice Gochujang
without Maesil fermented liquor; GRW: Glutinous rice Gochujang with Maesil fermented liquor;

D Maesil fermented liquor: Water=1:3
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<Table 2> Operating conditions in the induced couple plasma

spectroscopy

Instrument Condition
Reflected power 1300 W
Coolant gas & flow rate Ar, 0.2 L/min
Plasma gas & flow rate Ar, 15 L/min
Carrier gas Ar
Sample gas pressure 5.5-8.25 bar or 80-120 psig
Rince time 120-180 sec
Intergration time 10-20 sec
Nebulizer carrier gas flow rate 0.65 L/min
Pump rate 1.50 L/min

Wavelength (nm) Na (589.592)
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<Figure 1> Changes of pH in tongue sole Jangajji during low tem-
perature storage.
Error bar represent as +£SD. " Refer to the Table 1.
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<Figure 2> Changes of °Brix in tongue sole Jangajji during low

temperature storage.
Error bar represent as +SD. " Refer to the Table 1.
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<Figure 3> Changes of salt concentration in tongue sole Jangajji
during low temperature storage.
Error bar represent as +SD. " Refer to the Table 1.
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<Figure 4> Changes of sodium content in tongue sole Jangajji dur-
ing low temperature storage.
Error bar represent as +SD. " Refer to the Table 1.
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<Table 3> Colorimetric characteristics of tongue sole Jangajji during low temperature storage

Storage period (days)

Characteristics Sample"
0 7 14 21

BAWO 23.62+0.05° 23.87+0.80¢ 24.85+1.53 24.10+1.71¢
BAW 22.10+0.02" 29.06+0.78° 26.03+2.54° 25.2442.32%
L2> BRWO 22.97+0.02¢ 26.21+1.24 24334225 25.25+1.96™
BRW 22.61+0.01¢ 24.60+1.14¢ 23.98+2.00° 27.58+2.31%
GRWO 25.64+0.03° 24.39+0.45¢ 25.66+1.80° 25.70+1.38™
GRW 24.10+0.02° 23.62+0.78¢ 25.20+1.63° 28.254+2.93°

F value 5695.56%%* 31.79%** 1.10 4.26%*
BAWO 17.86+0.05° 16.35+1.88" 14.53+4.04° 18.89+2.80°
BAW 11.77+0.05 20.03+3.46° 14.33£2.67° 14.78+4.17°
BRWO 16.95+0.02° 12.94+1.34¢ 13.99+2.94° 15.06£0.95
a BRW 17.36+0.02¢ 16.40+3.17° 13.50+1.02° 14.28+2.86°
GRWO 22.55+0.03° 20.83+0.78° 17.62+3.82° 19.80+3.03°
GRW 18.96£0.01° 18.65+0.97% 17.6243.54° 19.47+1.44°

F value 36549.5%%* 10.27%%* 2.11 5.65%*
BAWO 26.19+0.16° 28.78+1.32% 23.8245.57° 28.00+£2.63%
BAW 23.45+0.08" 30.88+3.85% 25.1144.15* 24.71+4.67%*
BRWO 27.71£0.14¢ 24.12+1.73¢ 22.06+4.17° 25.59+2.83%
b BRW 27.21+0.10¢ 27.77+2.03° 23.93+2.20° 23.00+£3.58°
GRWO 31.76£0.02° 30.53+0.89° 24.80+4.65° 26.08+3.35™
GRW 31.26+0.14° 28.38+0.93% 27.67+4.77 31.28+2.64°

F value 2392.05%** 8.73%%* 1.15 447

Data represents mean+SD.

Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.

D Refer to the Table 1.

IL: Lightness (100=pure white, 0=black); a: redness (+100=red, -80=green); b: yellowness (+70=yellow, -70=blue).

#£p<0.01, ***p<0.001.
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<Table 4> Hardness of tongue sole Jangajji during low temperature storage (Unit: g)
. Storage period (days)
Sample"
0 7 14 21
BAWO 276.12+108.35% 167.00+57.522 96.56+£32.31¢ 100.13+56.62%
BAW 186.25+92.44" 136.88+76.54° 191.88+86.74™ 48.69+21.80°
BRWO 195.50£76.14° 100.58+49.87* 321.00+90.87° 67.69+16.00°
BRW 236.82+97.23% 128.67+£25.67* 143.85+44 .91¢ 76.00+26.64%
GRWO 339.13+146.02° 105.21+42.84° 262.81+£96.36™ 60.94424.84"
GRW 224.67£101.26° 122.58+35.49° 282.75+185.09% 4425425.59
F value 2.89% 233 6.11%%% 3.40%
Data represents mean+SD.
Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.
DRefer to the Table 1.
*p<0.05, ***p<0.001.
<Table 5> Sensory characteristics of appearance in tongue sole Jangajji during low temperature storage
Storage period (days
Characteristics Sample" eep (days)
0 7 14 21
BAWO D11.10£3.17 10.43+2.18 10.39+1.25° 10.45+1.88°
BAW 9.43+1.79* 9.91+1.37¢ 10.97+1.18" 10.53+1.62%
Red BRWO 11.03+£3.012 10.46+1.49 10.72+1.86 10.68+2.09°
caness BRW 10.4342.10° 10.0941.43% 10,641,220 10.50+1.03°
GRWO 10.50+2.14* 11.78+1.12° 12.16+0.922 11.40+1.46"
GRW 9.60+2.62° 11.12+1.95® 11.83+1.57% 10.98+1.84*
F value 1.54 3.67%* 5.93%** 1.06
BAWO 10.35+2.92° 9.714+1.55° 10.13+0.96 9.43+1.18¢
BAW 12.35+0.99° 12.20+1.317 12.234+0.66* 12.83+1.18*
. BRWO 7.00+£2.19° 10.13+1.49" 10.25+1.19° 10.95+0.78°
Glossiness a a a b
BRW 12.63+1.27 12.17+0.83 12.38+0.96 11.98+0.88
GRWO 7.1342.20° 9.96+1.59™ 9.08+0.89¢ 9.35+1.01¢
GRW 10.03+2.55" 10.79+1.46" 12.00+0.73? 10.45+£1.13°
F value 30.15%** 14.18%*** 62.11%** 4]1.31%**

Data represents mean+SD.

Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.

DRefer to the Table 1.
P 1=Extremely weak, 15=Extremely strong.
*#p<0.01, #¥*p<0.001.
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<Table 6> Sensory characteristics of aroma in tongue sole Jangajji during low temperature storage

Storage period (days)

Characteristics Sample"

0 7 14 21
BAWO 210.48+2.20° 9.80+1.77% 10.93+1.24* 10.68%+1.15"

BAW 8.60+2.78 9.15+1.67¢ 10.18+1.48° 9.73+1.59°
Soicy h BRWO 10.6042.92° 10.78+1.24° 10.93+1.37° 10.85+1.36"
picy hot aroma BRW 10.10+2.65° 9.75+1.74%¢ 10.78+1.68° 10.28+1.57%
GRWO 10.53+2.49" 10.35%1.93% 10.38+1.49° 11.68+1.09°
GRW 9.44+2 07 9.55+1.85™ 10.23+1.60° 10.20:£1.58™

F value 226 2.48%* 1.59 6.42% %%
BAWO 8.18+2.47° 9.28+1.77% 10.38+1.23* 10.15+1.33%

BAW 6.8342.79* 8.28+1.83¢ 10.30+1.08° 9.35+1.11¢
Dried fish smell BRWO 7.7542.80° 9.08+1.94" 10.25+1.36° 9.95+1.27%
ried 1ish sme BRW 7.4542.91° 8.90+2.16™ 10.38+1.55° 9.60:£1.08™
GRWO 8.7342.67* 10.18+1.65° 10.80+1.50° 10.80+1.41°
GRW 7.3242.55° 9.48+1.99% 10.38+1.06° 10.00+1.31%

F value 1.24 3.60%* 0.55 4.59% %%
BAWO 7.3242.08° 8.83+2.21° 10.30+1.75%° 9.28+1.64™
BAW 10.5042.82° 10.2542.29° 11.40+1.47 11.58+1.66"

Frui BRWO 8.63+2.77™ 9.65+2.25% 9.98+1.46™ 9.78+1.45"
ruit aroma BRW 10.63+2.81° 10.73+1.95° 10,472,947 11.08+0.94°
GRWO 7.3342.83° 8.95+2.01" 9.53£1.51° 8.85+1.05°
GRW 9.23+2.86% 10.48+1.61° 10.731.47% 9.53£1.40™

F value 6.13% % 4.04% 2.83% 16.09%%*

Data represents mean+SD.

Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.

DRefer to the Table 1.
J1=Extremely weak, 15=Extremely strong.
*p<0.05, **p<0.01, ***p<0.001.
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A THp<0.001). Lee et al.2011) & 2+ o oha} &
o] FHAAE BT RIS, Sizer & Harris(1985)
of ofshd & gk i@ ks AT Sict. w2
TN HES olgste] mjd S Iarl AoE 2EE T
o & 2 e AT t8F0 2 ARESITH(Cho 2012). &
AFM e mj Al ool o o] ujg Bk A7 =t
FIFE Fol olF A= vEhd Aol dAddn 3

<Table 7> Sensory characteristics of flavor in tongue sole Jangajji during low temperature storage

Storage period (days)

Characteristics Sample”
0 7 14 21
BAWO D11 43£1.70° 10.95£1.56° 11.83£1.09° 11.50£1.25°
BAW 8.35+1.19° 9.98+1.40° 10.30+1.56™ 1033+1.73°
Soicy hot f BRWO 11.38+2.06° 11.80+1.54° 12.10+1.26° 11.70£1.25°
piey ot Haver BRW 9.43+2.14 11.13+1.85° 11.05+1.57° 10.20+1.70°
GRWO 10.45+2.55% 10.98+1.53 10.75+1.87° 11.15+1.69°
GRW 8.80:2.13° 9.50=1.61° 9.90+1.60° 9.28+130°
F value 9.54% 8.80%+* 1043%%+ 12.93%5*
BAWO 8.63+2.50° 9.85+1.92° 10.98+1.65° 10481 48°
BAW 9.7542.31° 9.28+1.57° 11.03£1 40° 10.18+1.30°
Fidh st BRWO 8.632.77° 9.1342.13° 11.23+1.80° 10.45+1.60°
S Tase BRW 9.64+2.80° 9.75+1.97° 1025+1.29° 9.93+1.64°
GRWO 8.472.87° 9.40+1.78" 10.68+1.44° 9.95+1.40°
GRW 8.28+2.63° 9.20+1.76" 1030+1.39° 9.63+1.42°
F value 132 0.62 1.74 1.44
BAWO 7.43+3.24° 9.28+2.34° 9.55+1.41¢ 9.28+1.09°
BAW 9.9343.12° 11.08+1.97 11.48£1.71% 11.60£1.15°
Fruit £ BRWO 7.18+2.83° 8.95+1.81° 9.80+1.48¢ 9.90+1.32%
it Havor BRW 9.7843.12° 11.35£1.75" 10.85+1.60° 11.13£1.22°
GRWO 7.20+2.80° 9.53+2.24° 10.00+1.81¢ 10.20+1.45°
GRW 9.1842.25° 11.08+2.26" 11.93£1.17° 11.45£1.12°
F value 539w+ 7.14%5% 9,845+ 14.10%5*
BAWO 10.432.58° 10.48+1.71% 10.68+1.18° 10.18+1.18"
BAW 8.03+2.24° 9.65+2.03" 10.18+1.23° 9.13+1.07%
B BRWO 1045+3.05° 10.93£1.66° 11.60+1.12° 1048+1.31°
Hemess BRW 9354225 9.63+1.54° 10.48+1.38° 9.2541.52%
GRWO 8.43+2.92° 9.75+1.94° 10.28+1.53° 9.45+1.50°
GRW 823+2.78" 8.38+2.44° 9.35+1.52° 8.65+1.06°
F value 5.10%%* 555w+ 6.78%*+ 7.78%%
BAWO 11.73£1 87 11.43£1.51% 11.98+1.39° 11.53£1.56°
BAW 8.98+2.12° 9.83+2.51° 10.50+1.71° 9.901.42°
sl BRWO 11.95£1 45° 11.95+1.48" 11.83+1.53° 11.88£1.51°
ATness BRW 9.48+1.25 10354136 10.58+1.23° 9.85+1.24°
GRWO 9.5742.82" 10.78+1.82" 10.25+1.63° 10.031.40°
GRW 8.40+2.34° 8.68+2.00° 9.38+1.11° 9.05+1.21°
F value 13.20%5* 9.58% 12.63%%* 21.26% %

Data represents mean+SD.

Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.

YRefer to the Table 1.
P 1=Extremely weak, 15=Extremely strong.
##%p<0.001.
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<Table 8> Sensory characteristics of texture in tongue sole Jangajji during low temperature storage

Storage period (days)

Characteristics Sample"

0 7 14 21
BAWO 29 68+2.66° 10.15+1.37° 10.30+1.24% 10.18+2.39*
BAW 8.15+1.90° 9.48+2.00° 9.43+1 42" 10.38+1.23°
Chalk BRWO 9.9043.01° 9.70+1.92° 10.43+1.55° 10.15+1.32°
iy BRW 8.05+1.83" 9.35+1.38 10.03+1.52% 9.73+1.35°
GRWO 8.8542.31% 10.08+1.76° 10.88+1.44° 10.63+1.50°
GRW 7.63+2.43° 9.35+1.81° 9.50+1.66" 10.18+1.40°

F value 391%* 1.13 357+ 0.92
BAWO 9.10+2.60° 8.65+2.33 10.25+1.59° 10.75+1 24°
BAW 9.33+1.91° 9.50+2.16° 10.65+1 47 10.28+1.12°
Chewi BRWO 9.7542.11° 9.13+2.32° 10.35+1 39" 10.08+1.32°
CWIness BRW 9.8342.17° 9.58+1.84° 10.701.12° 10.78+1.16°
GRWO 8.38+2.91° 8.88+237" 9.78+1 38 9.85+1.30°
GRW 9.9042.32° 9.18+2.13° 9.95+1 30° 10.65+1.34°

F value 1.69 0.72 142 2.02
BAWO 8.63+2.46° 9.70+1.65° 10.00+1.76" 10.08+1 36"
BAW 8.38+2.36" 9.90:1.85° 9.45+1.74° 970123
Sofin BRWO 8.7042.25° 9.55+1.84° 10.40+1.13° 9.80£1.56"
ofness BRW 8.0342.58 925+1.44° 10.08+1.65° 9.98+1.11%
GRWO 8924220 8.884237° 10.28+2.08" 10.55+1.67°
GRW 9234237 92842 67° 10.03+1.79° 10.30+1.73°

F value 0.77 0.80 0.85 143

Data represents mean+SD.

Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.

YRefer to the Table 1.
P 1=Extremely weak, 15=Extremely strong.
*p<0.05, **p<0.01, ***p<0.001.
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<Table 9> Acceptance of tongue sole Jangajji

Characteristics

Sample" —
Color Aroma Flavor Texture Overall acceptability
BAWO 14.53+1.43% 4.60+1.22° 4.33£2.04° 5.37£1.63% 4.33+1.67¢
BAW 5.07+1.34% 5.43£1.01° 5.00+1.60 5.67+1.58" 5.30+1.21%
BRWO 4.48£1.50° 5.10+1.52% 4.90+£1.99® 5.72+1.56° 4.86+1.71™
BRW 5.17£1.29° 4.83£1.29° 4.87£1.72% 4.80+1.90° 4.63+1.54™
GRWO 6.27£1.08" 5.53+1.38" 5.63+1.63% 6.10£1.56" 5.90+1.37
GRW 6.17+£1.46" 5.53+1.66" 5.50+£2.22° 5.93+2.10° 5.87+2.01°
F value 12.07%** 3.78%* 2.55% 2.70* 6.62%**
Data represents mean+SD.
*p<0.05, **p<0.01, ***p<0.001
Values with same superscripts in a column are not significantly each other at p<0.05 by the Duncan’s multiple range test.
YRefer to the Table 1.
I1=dislike extremely, 9=like extremely.
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