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Abstract

This study investigated methods to improve the quality of 7Topokkidduk using grapefruit seed extracts and
acid regulation agents. 7Topokkidduk was investigated in terms of its moisture, color, pH, texture, microbial
composition, and sensory properties. The moisture content of 7Topokkidduk was highest for Topokkidduk supple-

mented with grapefruit seed extracts. The color of Topokkidduk (the L value) decreased, whereas the

“ ”»

value

increased with the addition of grapefruit seed extracts. The texture of Topokkidduk was affected more by addi-
tives than storage temperature. The addition of grapefruit seed extracts and acid regulation agents were effective
for the inhibition of microbial activity in 7Topokkidduk during storage. The overall acceptability values of
Topokkidduk (without supplements) were highest among the samples. These results suggest that grapefruit
seed extracts and acid regulation agents can be used to control microbial load and moisture levels in Topokkidduk.
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Table 1. Measurement conditions for texture analyzer

Parameter Value
Deformation ratio 50%
Plunger diameter 40.0 mm ¢
Load cell 5.0 kg
Pre-test speed 5.0 mm/s
Test speed 1.7 mm/s
Post-test speed 5.0 mm/s
Trigger force 50 g

He n% AdA3 27/(10x10x10 mm)E 3t eH, A=
(hardness), 24 (adhesiveness), 5% 74 (cohesiveness),
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B Zgste] BEghon Jehhach

7kt AAE o] &ote FEAH o AHT HE
o] A15 5 g5 45 mLe B A HF(0.85%)} g
stomacher bagell ¥ il stomacher(BA 7021, Seward Ltd,
West Sussex, England)& o] &3t #23} A7l & Eod
FE 7hstd 44 &R A3t SR o g AL
AL, T, g, &2 2 F3o] 4L 3MAKSt
Paul, MN, USA)¢] HE2] EWAE AME3to] 4 d&
1 mLA HsA T dlAT2 incubator(37°C 1)l A
24A17F, &8 2 FFo]= incubator(26°C 1) A 12047+
B9k wj k3t 3 30~3007) Atele] colony EA #AZE Al

3l log phase®Z UEMJATH

{0 olN

o]

3R PYF AL AR
£7]5t] B4 Bekey P Hot AFshark

o7 H=W©OF: WS Fh, g F~5%:
~13: W15 oFsih, S Hrhox Brbsc 3
817 A HAelA 2 BTl UE BB tase A
Aetgm o) ARst Eda g AR

(e}
de AFEER wHste BrhE AAEYT

o ooE L orr e o
e
2

SHAz|

AF oA dojA Aw} ZH& Statistic Analysis System
(Version 9.1, SAS Institute Inc., Cary, NC, USA)S o] &3}
o FHF TFAXNE 73193 Duncand] thEH Y AR
(Duncan’s multiple range test) 2.2 A4S AS3AT
(p<0.05).



>
iz
i

950 AR

Table 2. Moisture of 7Topokkidduk during for 30 days

Storage period (days)

1) ~ 0,
Sample Storage temp. (°C) 0 5 0
15 49.7940.260™ 4776+ 2.426™ 46.83+2.064%
A 25 49.79+0.260°™ 46.25+0.426™ 46.61+0.610™
35 49.79+0.260™ 4579+ 1.289 47.15+0.609™
15 48.02+1.153™ 46.25+2.233 46.79+1.719™
B 25 48.02+1.153 45.77+1.418 46.83+1.464™
35 48.02+1.153* 4516+1.630% 46.11+2.400™
15 47.28+1.175™ 4455+1.811™ 44.74+0.612"
C ) 47.28+1.175™ 46.03+1.289 47.04+0.893™
35 47.28+1.175™ 4357+1.714" 42.69+1.263%

DA, added with grapefruit seed extracts; B, added with acidity regulation; C, control (non-added).
Different letters within the same row (a—c) and column (x-z) differ significantly (p<0.05).
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Table 3. Color of Topokkidduk during for 30 days

Storage period (days)

0 1)
Storage temp. (°C) Sample 0 5 0

A 68.71 +0.833% 68.01+0.570™ 61.46 +0.432%

15 B 65.82+0.537% 68.11+0.721% 61.10+0.509%

C 68.14+0.448% 66.96+0.907" 63.17+0.711

A 68.71+0.833™ 69.15+0.593™ 68.28+0.670™

L 25 B 65.82+0.537% 66.92+0.361" 67.41+0.279%

C 68.14+0.448% 67.83+0.565" 68.02+0.261*

A 68.71 +0.833™ 67.284+0.936™ 67.36+1.866™

35 B 65.82+0.537% 65.74+1.631% 65.58 +1.004*

C 68.14 +0.448% 65.34+1.091" 61.23+1.359%

A -5.24+0.142> -5.16+0.113" -3.63+0.580™

15 B -5.20+0.180P" -5.11+0.146" -4.4340.343"

C -5.2240.146™ -5.1640.326™ ~4.4640.035"

A -5.24+0.142% -5.18£0.224% -5.33+0.207%
a 2% B -5.20+0.180™ -5.20+0.130% -5.0240.202°>
C -5.22+0.146% ~5.29+0.044% -5.04-+0.165"

A -5.2440.142> -5.2640.155™ ~4.64+0.481%

35 B -5.20+0.180%* -5.00=0.320% -459+0.167

C -5.22+0.146™ -5.13+£0.239% -5.21+0.214%

A 9.44+0.151" 9.91+0.407° 9.0240.594°

15 B 812+0.117™ 9.95+0.610™ 8.07+0.189™

C 9,61 +0.055™ 9.50+0.550* 9.40+0.505™

A 9.44+0.151™ 9.76 +0.655" 9.08+£0.475"

b 25 B 812+0.117™ 9.57+0.187" 9.56+0.221
C 9.61 +£0.055™ 10.41+0.678™ 9.00£2.535>

A 9.44+0.151% 8.95+0.569" 9.55+0.736™

35 B 812+0.117% 9.55+0.373" 9.16+0.139™

C 9.61 +0.055™ 10.0340.228* 10.40+0.423*

1)A, added with grapefruit seed extracts; B, added with acidity regulation; C, control (non-added).
Different letters within the same row (a—c¢) and column (x-z) differ significantly (p<0.05).
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Table 4. The pH of Topokkidduk during for 30 days

)
)

e
=

Sample” Storage Storage period (days)
P temp. (°C) 0 15 30
15 7.16+0.021™ 587+0.038™ 4.29+0.015"
A 25 7.1640.021™ 4.41+0.026" 4.20+0.010™
35 7.16+0.021™ 4.77+0.059" 4.26+0.012"
15 7.02+0.197 6.48+0.026™ 4.37+0.012"
B 25 7.02+0.197™ 6.43+0.021" 4.63+0.010"
35 70240197 597+0.021" 4.45+0.071
15 7.21+0.025" 6.82+0.006™  6.07+0.020™
C 25 7.214+0.025" 6.46+0.025"Y 4.58+0.023%
35 7.21+0.025™ 6.35+0.025™ 4.98+0.030%

1)A, added with grapefruit seed extracts; B, added with acidity
regulation; C, control (non-added)

Different letters within the same row (a—c) and column (x,y)
differ significantly (p<0.05).
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Table 5. Texture properties of Topokkidduk during for 30 days
Storage temp. ) Storage period (days)
°C) Sample 0 15 30
A 7250.647 3463.64™ 1563.32%
15 B 8483.55™ 4565.54" 2156.10°
C 8781.79 4865.21™ 2527.46°
A 7250.64% 3788.21" 1629.47%
Hardness (g) 25 B 8483.55™" 4901.12™ 2271.08"
C 8781.79™ 4111.12% 2302.75°
A 7250.64% 4343.23" 1913.59%
35 B 8483.55™" 4754.44™ 211876
C 8781.79™ 4532.12" 2336.92°
A ~1158.52™ -1814.86% ~1465.47™
15 B ~1495.99 ~1417.69% ~1417.69%
C -1397.66™ -1477.20" -1957.69%
Adhesiveness A -1158.52™ -1087.08"™ -1289.87%
(a/s) 25 B -1495.99 -2135.50¢ -2015.84"
g C ~1397.66% ~1412.39" ~1480.59™
A -1158.52™ -1061.37" -1197.45™
35 B -1495.99" -1460.36™ -951.39"
C ~1397.66% -694.92> -629.13™
A 0.78> 0.86™ 0.81>
15 B 0.71™ 0.85™ 0.85™
C 0.80™ 0.77™ 0.77™
A 0.78> 0.86™ 0.86™
Springiness 25 B 0.71™ 0.86™ 0.85™
C 0.80" 0.85™ 0.85™
A 0.78™ 0.88™ 0.84™
35 B 0.71% 0.87™ 0.83™
C 0.80™ 0.62" 0.65”
A 0.62 0.69 0.67™
15 B 0.62™ 0.68™ 0.68™
C 0.66™ 0.70™ 0.69™
A 0.62 0.66™ 0.66™
Cohesiveness 25 B 0.62* 0.69* 0.69*
C 0.66™ 0.69™ 0.69™
A 0.62 0.65™ 0.68™
35 B 0.62 0.65™ 0.64™
C 0.66™ 057 0.58™
A 3504.95™ 3923.64" 1008.84%
15 B 3802.58™ 4012.45" 1459.59°
C 389854 4643.12* 1701.48%
A 3504.95" 2012.12" 1103.15%
Chewiness 25 B 3802.58™ 2534.23"™ 1505.55°
C 3898.54™ 2653.67" 1523.04
A 3504.95™" 2823.12% 1288.83%
35 B 3802.58™ 2042.12" 1691.78°
C 3898 54™ 2232.64" 1617.83%
1)A, added with grapefruit seed extracts; B, added with acidity regulation; C, control (non-added).
Different letters within the same row (a-c¢) and column (x-z) differ significantly (p<0.05).
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Table 6. Microbiological properties of Topokkidduk during Table 7. Sensory properties of Topokkidduk during for 30
for 30 days (unit: log CFU/g) days
Storage Sample! Storage period (days) Storage Sample!! Storage period (days)
temp. (°C) P 0 15 30 temp. (°C) “4™MP 0 15 30
A ND? 635 441 A 544 525"  530™
15 B N.D 6.26 452 15 B 556" 513™ 520
C ND 625 575 C 567" 500™  511™
A ND 584 467 A 544 500" 542"
Total plate 25 B ND 455 4.28 Color 25 B 5567 575 573"
count C ND 598 59 C 567  575% 552
A ND 242 302 A 5.44™ 563" 572"
ax y XY
35 B ND 257 315 i D ML 2B S0
C N.D 2.52 3.36 : : - :
Ccy hX ax
A ND  ND 282 A a6 700 8007
15 B 5.11 5.00 7.00
15 B ND ND 536 C 5 Oobxy 5 Ooby 6 Ooaz
C N.D N.D 5.10 - - - -
A 456 613 719"
Yeast A N.D N.D 408 Odor 25 B 5.111)_\( 5.7633, 600av
mold C N.D N.D 423 - . -
A 456% 663  8.00™
A N.D N.D 2.94 35 B 511 663 855%™
35 B N.D N.D 243 C 5007 550" 7.90™
c N.D N.D 356 A 4897 500™  N.A?
A ND N.D N.D 15 B 567 525 NA
15 B N.D N.D N.D C 567 475"  NA
C N.D N.D N.D A 489Y 463" NA
Salmonella A N.D N.D N.D Taste 25 B 567 500™ N.A
& 2% B N.D N.D N.D C 567 550 NA
E. coli C N.D N.D N.D A 489% 438 N.A
A ND N.D N.D 35 B 567 425™  NA
3% B ND ND ND ¢ 567" 400™  N.A
C N.D N.D N.D 6.00:dX 5‘75:" ~ NA
1)A, added with grapefruit seed extracts; B, added with acidity 15 6.223»\7 6'383;;, N.A
_regulation; C, control (non-added). 567 538 N.A
“N.D: not detected. 600 563 NA
Moistness 25 6.22 538" NA

567" 538" NA

6.00™ 525" N.A
6.22%  600% N.A
567 550™ N.A

4897 413™ N.A
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(19). A5E2 FEE° 72 naringin 59 flavonoid 3 15 500% 483"  NA
2o uyEe] MEE R AETe /)5S A Bh 522 AT NA
B4 Asl5h DNA/RNAGIA B £ AEZE2748 489" 475" NA
° i ~ _ e Hardness 25 500% 438"  NA
AAstar, vAE g AFa A7t AX 500 ppm FEL 5.29% 463"  N.A
SE JMME R Salmonellas A|Ash=dl A7} 1o 489" 463Y  NA
W oA, ERATE, 2 5O 455 T BF @ % e GE N
FAHAERS 7FA 2 YQTH20). =3 F<4 Z# o] E 3 che- 556" 288" NA
lation) &3, FEAMo] & &7, 7] 7](free radical) & 15 6.56™ 3_;223 N.A
_ . } . _ i . 556 488" N.A
A &3 39= a3 do}d =3 A (antiatherogenic) & 3}, A ce oz NA
Aol ¢4 FQ Streptococcus mutans 37 AAB  Acceptability 25 B 656" 329" NA
t &9 5 o 7154 AR Arheo). = AT € 556" 387 NA
Bo] A% wdt AEzAA A7tz olste] B Aol v Lo A 556 17522, N.A
S = = oTT = 35 B 656 238" N.A
2 YRolyo g JakS & ¥ oy} v E AR C 556" 338" NA
AR T E Ao 7 I4HA Y} AE 9] 2 E T HEX| ”A, added with grapefruit seed extracts; B, added with acidity

_ regulation; C, control (non-added). PN.A: not acceptable.
i B 2] X 9 o
QA A=ZAA I B Ao HE " ujyEe AR Different letters within the same row (a—c) and column (x-z)

AANZ] Ao 2 AdHT s HRo|Ho| AEFEE, differ significantly (p<0.05).



golw F4 Auol 4EE

AEZAA W7} 5ol MR 44 Aol td Bk Qe
A2 vhebgth

=R EA
O 71 1o

HEolHS sl A $ AsHrHE DA
THTable 7). HirolH o] A, &, =, £%3 Ao o 2
o A=

AALE AAF A3} 15°C AT HE oyl Ao
A 0L atel] Al E T ZFe] §9H A
7}7} 5.44, 556, 5.67= YEFETHp>0.05). A% 159 3ol
A, B, C 27} 525,513, 50002 AF 27Kt} 7Ase
A eI oW Fo A Aol gtk A= 25
°Coll A A= AsteE AF 15Y2ell+ 22k 500, 575, 5752
A 743 a B, Co Ao g Axe F7hetAth g
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567, 5670193 A 7|7te] Z718ke we} A, B, C 22+
BE B Aol7t e ALE UEET A= 15°Ce
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