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Abstract

When “Tteokbokki’ sauce is distributed and stored in the summer, the number of microbial generations increases
rapidly, and the sauce packaging swells or breaks due to gas generation. In this study, the use of preservatives
and heat sterilization was examined to determine their effects on red pepper paste-based ‘Tteokbokki’ sauce. When
preservative addition and heat sterilization were combined, CO, gas generation was increased, while the use of
either preservatives alone or heat sterilization alone reduced gas generation compared to the control. Microbial
load was significantly lower in the combined sample, and heat sterilization treatment was found to exhibit only
a slight sterilization effect. However, no bactericidal effect was observed only in the presence of preservatives.
Similar sensory evaluation results were obtained for all treated samples. These results therefore indicated that the
sterilization effect of heat sterilization in ‘Tteokbokki’ sauce was maximized when combined with preservatives,
with no significant alteration in the quality characteristics being detected. However, in the case of the combined
treatment, a heat stable preservative should be used to prevent the generation of carbon dioxide gas.
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Table 1. Changes in CO, generation of ‘Tteokbokki’ sauce during storage

)
Storage period Sample
(week) BOSO BO SO CONT
0 1.3740.212049 0.43+0.23% 0.47+0.21% 1.67+0.65%
2 2.47+0.32%8 2.03+0.21%® 2.57+0.35%8 3.10+0.79°8
CO, (%) 4 3.63+0.21<¢ 3.00+0.40°¢ 2.504+0.17°8 3.50+0.17°8
6 4.10+0.40¢ 3.3340.35% 3.4740.21% 4.73+£0.57"¢
8 5.07+0.23%° 3.93+0.40°° 3.8340.23% 4.97+0.21%

YBOSO, sauce with added preservatives and heated sterilization, BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.
DValues are meantSD of triplicate determinations.

Values followed by different uppercase letters (*°) within a row and by different uppercase letters (*”) within a column are significantly different

at p<0.05 based on Duncan's multiple range test.
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Table 2. Changes in salinity, soluble solids, and pH of ‘Tteokbokki’ sauce during storage

Storage period (week)

Sample"
0 2 4 6 8
BOSO 0.32+0.03%2ABY 0.3440.04°8 0.30+0.02*A8 0.33+0.01°8 0.28+0.02%
aAB aB bB cB aA
Salinity BO 0.33+0.03 0.34+0.05 0.35+0.01 0.37+0.01 0.28+0.02
0,
(%) SO 031004 0.29+0,01%P 0.3320.01%® 0.32+0.01° 0.26:0.02*
CONT 0.39+0.01% 0.34:+0.04*45¢ 0.3120.02%8 0.29+0.00* 0.36:£0.05°5¢
BOSO 50.57+0.06"* 51.47+0.23B 51.40+0.20°8 51.53+0.50°® 51.33+0.23®
Soluble BO 49.43+0.25 50.13+0.42°® 50.20+0.20°® 49.87+0.12%8 49.934+0.23*8
Solids
(°Brix) SO 50.97+0.47°* 51.27+0.31%* 51.13+0.12°* 50.93+0.12° 51.07+0.12°*
CONT 49.90:£0.10™ 50.67+0.31%8¢ 51.00+0.00"° 50.53+0.12"8 50.87+0.12°P
BOSO 4.70+0.02°¢ 4.64+0.02°8 4.52+0.01% 4.56+0.02% 4.62+0.03%8
BO 4.69+0.01°¢ 4.62+0.02°® 4.57+0.024 4.59+0.03* 4.66+0.01°°
pH ) )
SO 4.69+0.02%° 4.65+0.02°¢ 4.59+0.028 4.56+0.01* 4.63+0.01¢
CONT 4.68+0.02°° 4.63+0.02°¢ 4.55+0.01° 4.59+0.02°8 4.64+0.01¢

YBOSO, sauce with added preservatives and heated sterilization; BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.
DValues are meantSD of triplicate determinations.

Values followed by different uppercase letters (*°) within a row and by different uppercase letters (“) within a column are significantly different

at p<0.05 based on Duncan's multiple range test.
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Y Y felg ghafo] vre 71 o 2 AR ETHKim¥} Kwon, 2001; Kang¥}
uF7l oA Tk glucose, fructose, maltose 52 Song, 2006).

FFEEE 7|elEH, o] T AAHQl dFS = RE A7 FElde gaF2 sucrose, glucose, fructose

ot Al&st Wy o R QTS SHsh= A2 15 wo 2 AEHAct 7P Bol AE4E sucrose®] -5 HiT

7 giro] o] F4 545 vetstt] HelsthKim,
1993). A7 5 1F4S 7|6k g2 3 wio] sxol 3¢l
o}
[e]

g g fel

o] g Az Al AHEE M EAEE, EA F)olA e
Ao 7 Ho|H, fiuctoser LFFoA Fejd Aoz HQl
ek Table 3o UEFATH HEA < At o} UG AE Ao BE A g A U HeFo]
Zshe A3 BAe, ook rir A2 ARt 5

Al ek Aol A% 0l 7 B T sy &
S YERY o, 4571A] Golx] & FA|E Holtpr} 65 <t sucrose= 7F431al glucose®} fructose= 57tk 74 3F
o] F & FolA= A S vebllth ol B o] < FRIE = AT o] AL Fde] EEC] gaztEo]
A AFHKim F, 2002)¢}F FrAFSHH, 58] A7) 3te] 2 v m] A EL] 2Hgof ofs) TR fructose® el E AL
Ao we} S ko] ZolR = A2 Bamylase S/ 0] 2 dke 5 QlthKwon, 1999). 8 23 ke d4
o] o2 ALRETHKim?} Kwon, 2001; Kang@t 2] g4 sucrose”} &2l ¥ o] faaht, 1 el aHE<]

Song, 2006). 17 4, 6, 85+ Z}olli= BOSO2] o] f<
Ho' v g Vet wgo] 3 8% A3 At}

glucose?} fructose’= Z7F5FI tHE Kim(2004)2] A+ 2
e v o.R, SO A2t o]k FARE S Hol=

Table 3. Changes in reducing sugar content and free sugar content of ‘Tteokbokki’ sauce during storage

Storage period (week)

Sample"
0 2 4 6 8

BOSO  21,136.78+536.807"3 18,932.38+701.21°C  16,006.67+373.84""  16,954.17+237.61"®  18,405.56+221.94

Reducing BO  20,734.48+1,908.43°C 18,970.48+528.64°®  15,806.674270.35" 17,454.17+312.58"*® 19,050.00+185.59"®

sugar

(glucose gL) SO 20,929.89+1,357.73% 19,475.24+190.24°°  15,717.78+411.56™  17,062.50£175.00™"  19,238.89:298.76°

CONT  20,205.75+1,775.22°°  19,018.1+128.84°5C  16,369.63+78.04"*  17,754.17+202.07°*8  19,038.89+101.84°5¢

BOSO 251.90+2.84%5¢ 241.05+9.11% 253.45+1.26% 246.15+5.69°45¢ 242 .84+3.888

BO 255.83+5.76°8 247.19+2.11%4 246.01+3.874 241.85+7.51% 243.81+0.87%4
Su
SO 256.66+5.28%8 256.77+4.22"8 249.86+5.72%8 240.60+2.81% 247.80£0.66°"
CONT 255.73+4.02°8 253.95+5.13% 252.5943.24%8 242 854265 245.43+].55%4
BOSO 66.40+0.57*48 64.18+2.26™ 67.31£0.20°8 66.08+1.02°48 66.82+0.87%
Free4) BO 66.29+1.02** 65.960.56™* 67.19+0.54°* 66.93+1.84% 70.34+1.28"8
sugar’ Gl
(mg/mL) SO 66.31£1.15* 67.38+0.68"* 67.50£1.00°* 65.82+0.71** 71.09+0.69""
CONT 66.05+0.93** 67.45+1.08™8 68.71£1.02°8 68.61+0.83% 70.88+0.39"C
BOSO 24.53+0.33% 24.09+0.73%* 25.75+0.23%8 25.40+0.37® 25.88+0.42°8
BO 23.64+0.37%04 24.82+(.34*B 25.53+0.22%8 25.76+0.70°8 28.61+1.56"¢
Fr
SO 23.65+0.63%* 24.91+0.19%® 25.35+0.36° 25.13+0.43%® 29.39+0.39°¢
CONT 23.13+0.60™* 24.99+0.51%® 25.95+0.46%¢ 27.51+1.70°P 28.47+0.29°°

YBOSO, sauce with added preservatives and heated sterilization; BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.
DValues are meantSD of triplicate determinations.

Values followed by different uppercase letters (*°) within a row and by different uppercase letters () within a column are significantly different

at p<0.05 based on Duncan's multiple range test.
“Su, sucrose; Gl, glucose; Fr, fructose.
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Table 4. Changes in color value of ‘Tteokbokki’ sauce during storage

1S 349l

Shars fo

4 e 7gko

=
BATT E\_

| Ui 24

Storage period

Color value”
(week) BOSO BO SO CONT
0 33.18+0.219%% 33.47+0.24¢ 33.28+0.34¢ 33.6340.23
2 29.77+0.17*® 30.06+0.31°® 29.78+0.22%® 30.08+0.28"C
L 4 30.02+0.22°¢ 30.03+0.38"® 29.82+0.30® 29.97+0.22%
6 29.16+0.24* 29.43+0.21% 29.27+0.33%4 29.4340.24%
8 29.26+0.26* 29.55+0.17°4 29.41+0.42%4 29.77+0.338
0 12.68+0.35%° 13.26+0.32°¢ 12.89+0.43%C 13.28+0.36°¢
2 11.42+0.39%5¢ 11.56+0.37°8 11.39+0.22%8 11.76+0.55%8
a’ 4 11.59+0.36™¢ 11.43+0.52%8 11.64+0.338 11.8120.42°8
6 11.19+0.44%8 11.49+0.33%8 11.24+0.40* 11.3540.42%4
8 10.80+£0.29* 11.19+0.28* 11.16+0.44% 11.41+0.36*
0 12.62+0.48C 12.99+0.46® 12.60+0.62C 12.98+0.41%°
2 11.24+0.46 11.42+0.44% 11.36+0.31%® 11.70+0.31%¢
b 4 11.37+0.43% 11.2940.65* 11.35+0.42°® 11.48+0.49*5¢
6 10.87+0.43* 11.35+0.31% 10.96+0.39* 10.95+0.55*
8 10.65+0.31% 11.09:40.3354 10.99+0.45% 11.2940.37°®
0 0.00£0.00* 0.00:£0.00°* 0.00£0.00* 0.00+0.00*
2 3.93+0.27% 4.14+0.42°® 4.02+0.26" 4.12+0.21%
AE 4 3.60+0.298 4.32+0.388 3.91+0.31%8 4.25+0.398
6 4.66+0.43° 4.7140.31°¢ 4.65+0.45 5.09+0.37°°
8 4.80+0.23° 4.84+0.17* 4.59+0.17°¢ 4.64+0.22°

UL*, lightness; a*, redness; b, yellowness.

2)BOSO sauce with added preservatives and heated sterilization; BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.
»Values are meantSD of triplicate determinations.

Values followed by different uppercase letters (*°) within a row and by different uppercase letters (*”) within a column are significantly different

at p<0.05 based on Duncan's multiple range test.
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Fig. 1. Changes in microorganisms of ‘Tteokbokki’ sauce during storage.

BOSO, sauce with added preservatives and heated sterilization; BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.

Values followed by different small letters (*°) and by different capital letters (*®) are significantly different at p<0.05 based on Duncan's multiple

range test according to the group and the storage period, respectively.
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Table 5. Changes in sensory qualities of ‘Tteokbokki’ sauce during storage

A ZAARFFES A A27E A3Z (2020)

(unit: score)

Storage period (week)

Sample"
0 2 4 6 8
BOSO 6.50+0.712789 5.40:£0.97*8 5.20+10.3* 5.70+1.57*8 5.30:£1.49%
BO 6.50+0.53 5.50+1.18%8 4.90+1.45%4 5.80+1.14%P 5.301.42%
Color
SO 6.40+0.70°® 5.30+1.06"8 4.60£1.71% 5.40+1.65"F 5.0041.49%
CONT 6.60+0.52°® 5.30:£1.42%4 5.40+1.07%4 6.20+1.03*B 5.50:£1.27%4
BOSO 4.90+1.60°8 4.40+1.58%8 3.00+1.25 4.40+1.658 3.90+1.60*8
Sweet BO 4.40+1.358 4.60+1.43 3.10+0.88* 4.20+1.62%8 4.30+£1.57*8
flavor SO 4.70+1.57* 4.50+1.78 4.50+0.85** 4.40+1.26™ 4.00+1.33%
CONT 4.60+1.07%4 4.90+1.85% 4.20+1.48 4304125 4.00+1.56*
BOSO 3.10+0.99* 3.50+1.35%4 3.80+1.32% 3.10+1.374 3.30+1.34%
Sour BO 4,00+1.63* 3.20+1.48%4 3.60+1.51% 2.90+1.204 4.20+1.48%4
flavor SO 4.00+1.63* 3.20+£1.03* 3.60+1.26" 3.00+1.41% 3.80£1.75%
CONT 3.50+1.84% 3.70+1.70° 3.90+1.73% 3.30+1.57*4 3.40+1.43%
BOSO 3.00+1.33* 4.10£1.79* 3.90+1.20° 3.20+.123% 3.304+1.49
. BO 3.30+£1.70* 3.80+1.62% 3.30:£0.95 3.40+1.65% 3.20+1.87%4
Spicy
flavor SO 3.30£1.77* 4.00£1.41* 3.30£1.16" 2.9041.45% 3.60+1.90™
CONT 3.20+1.75%4 3.90+1.37%4 3.30£1.25%4 3.30+1.64% 3.4041.58*
BOSO 5.20+0.92°® 5.30:£0.82°8 4.40+1.17%48 4.20+1.40°8 3.70:£1.25%
BO 4.90+1.10°8 4.90+0.88%8 3.40+1.65 3.60+1.35% 3.30+1.16%
Viscosity
SO 5.30+0.95% 5.204+0.92%8 4.80+0.92°4B 4.00+0.82° 4204148
CONT 4.40+1.358 5.10+1.29°® 4.30:£0.827A8 3.90+0.88% 3.50:£1.27%4
BOSO 5.60+0.52%° 5.30+0.82%8 4.90+0.99*B 4.80+1.69"8 42041.14%
Overall BO 6.00+0.94 5.50+1.08°EC 430+1.25% 5.00+1.058C 4.60+1.17*8
acceptability g 5.5040.71% 5.2040.92% 5.0041.25% 4.70+1.64 4.80+1.69%
CONT 5.60+0.84% 5.10£1.29% 4.60+1.84% 5.20+1.81% 4.70+1.49*

YBOSO, sauce with added preservatives and heated sterilization; BO, sauce with added preservatives; SO, heat sterilized sauce; CONT, unprocessed

sauce.
YValues are meantSD of triplicate determmatlons

IValues followed by different uppercase letters (*°) within a row and by different uppercase letters

at p<0.05 based on Duncan’s multiple range test.
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