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Effect of Liquid Smoke and Curing Mixture on Quality Characteristics of
Chuncheon Dakgalbi during Storage

Hae Seong Jeong', Ki Ho Back’, Dicky Tri Utama', Jun Tae Kim' and Sung Ki Lee'"
Animal Products and Food Science Program, College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Republic of Korea
“Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Republic of Korea

ABSTRACT The goal of the present work was to determine the optimal addition amounts of liquid smoke and curing mixture
to develop Chuncheon Dakgalbi with improved preference and shelf-life. In the first experiment, Chuncheon Dakgalbi was
prepared with different amounts of liquid smoke. In the second experiment Chuncheon Dakgalbi was prepared with various
amounts of curing mixture and 0.1% (w/w) liquid smoke. Different amounts of liquid smoke resulted in different aroma
patterns, which were observed using an electronic nose, and Dakgalbi with 0.1% (w/w) liquid smoke had the highest score
in overall acceptability. The addition of liquid smoke and curing mixture inhibited the growth of bacteria, slowed down the
decline in pH, and delayed increased in volatile basic nitrogen contents and lipid oxidation. However, no clear effects were
observed on instrumental color. From a consumer preference test, the highest preference score was achieved by added 0.2%
(w/w) curing mixture. Liquid smoke and curing mixture extended shelf-life and improved preference of Chuncheon Dakgalbi.
Considering the physicochemical, microbiological and consumer preference, it was recommended to add 0.1% (w/w) liquid
smoke and 0.2% (w/w) curing mixture to Chuncheon Dakgalbi to enhance shelf-life and preference.

(Key words: Chunchen Dakgalbi, shelf-life, consumer preference, liquid smoke, curing mixture)
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AEHo R 30498 Axo wrt AAE B2 (Ross
broilers) W¥F o712 (Mireuchuksan Corp., Gyeonggi, Korea)
= AHESH] 2 el 209 WA A sl Fste] A&k
oh FdE 157 13.3%, T vk 6%, FIk 3.4%, B
6%, 7HI7HE 0.7%, $F 6.4%, FWT 163%, 13 20%,
2T 1%, FF 0.2%, AH 6%, EA 13.7%, L-SFEIhY
EF 1L0%S E3kete] 15T ofstelld Baslith & H(Hic-
kory smoke oil RS-30, ES Food Co. Ltd, Gyeonggi, Korea)<
2RAFZFE 5.0%S TR 95.0%= 74E0] lom A
Fake AE X S 0.2%°]t}h. GX|A|(Taewon Food In-
dustry Co. Ltd, Gyeonggi, Korea)= A&7 93.1%, oFE4F
5.9%, BAIESE 1.0%2 A= ok

2) =Y Myl Helst SHEH| M=

HAo| AN HrtrEs A fl8l A5 FAE
71Eo 2 FAN 0.05%, 0.10%, 0.20%2}F Fd 30%=S 22t
4991 Control, S-0.05(F < 0.05%), S-0.10(FA A 0.10%),

o] F4d mAE 9%

Table 1. Ingredient of Chuncheon Dakgalbi made with different
amounts of liquid smoke

Treatments'
Ingredient (%)
Control S-0.05 S-0.10 S-0.20
Meat 100 100 100 100
Total 100 100 100 100

Dried red pepper powder 3.99 3.99 3.99 3.99

Minced onion 1.02 1.02 1.02 1.02
Minced garlic 1.80 1.80 1.80 1.80
Minced ginger 1.80 1.80 1.80 1.80
Soy sauce 6.00 6.00 6.00 6.00
Milk 1.92 1.92 1.92 1.92
Curry powder 0.21 0.21 0.21 0.21
Refined sugar 4.89 4.89 4.89 4.89
Soju 2.10 2.10 2.10 2.10
Ground black pepper 0.06 0.06 0.06 0.06
Starch syrup 4.11 4.11 4.11 4.11
Ketchup 1.80 1.80 1.80 1.80
Monosodium glutamate 0.30 0.30 0.30 0.30
Liquid smoke’ 0.00 0.05 0.10 0.20

' Control: no liquid smoke, S-0.05: added 0.05% liquid smoke,
S-0.10: added 0.10% liquid smoke, S-0.20: added 0.20% liquid
smoke.

2 Meat: deboned drumette of 30-day-old Ross broiler.

3 Liquid smoke: smoke extract 5% and soybean oil 95%.
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1) AE (Instrumental Color) &8
A% 242 3719 FEFE A 59 CIE L*(lightness),
a*(redness), b*(yellowness)Z 2§ 2}A|(CR-400, Konica Minolta
Sensing, Inc., Japan)Z 4Col| A 53] wtE-3le] =3 3199t}
olu calibrate plate(2C observer)2] illuminant C Y=93.6,
x=0.3134, y=0.3194°]3]T}.

2) pH Values &3
H 72 3709] AlEollA AF G A 5E 27} 23] whHasio]
:,—7§ 39t AR 5 g3 579 45 mLE homogenizer(PHI1,
SMT Co., Ltd., Japan)Z 12,000 rpmolA] 13 5t T2 3l
pH meter(SevenEasy pH, Mettler-Toledo GmbH, Switzerland)
= 239
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. Effect of Liquid Smoke and Curing Mixture on Quality of Chuncheon Dakgalbi 31

Table 2. Ingredient of Chuncheon Dakgalbi made with different
amounts of liquid smoke and curing mixture

Treatments'
Ingredient (%)
Control S SC-0.2 SC-0.3
Meat® 100 100 100 100
Total 100 100 100 100

Dried red pepper powder 3.99 3.99 3.99 3.99

Minced onion 1.02 1.02 1.02 1.02
Minced garlic 1.80 1.80 1.80 1.80
Minced ginger 1.80 1.80 1.80 1.80
Soy sauce 6.00 6.00 6.00 6.00
Milk 1.92 1.92 1.92 1.92
Curry powder 0.21 0.21 0.21 0.21
Refined sugar 4.89 4.89 4.89 4.89
Soju 2.10 2.10 2.10 2.10
Ground black pepper 0.06 0.06 0.06 0.06
Starch syrup 4.11 4.11 4.11 4.11
Ketchup 1.80 1.80 1.80 1.80
Monosodium glutamate 0.30 0.30 0.30 0.30
Liquid smoke’ 0.00 0.10 0.10 0.10
Curing mixture® 000 000 020 030

' Control: no additive, S: added 0.10% liquid smoke, SC-0.2:
added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3:
added 0.10% liquid smoke and 0.30% curing mixture.

2 Meat: deboned drumette of 30-day-old Ross broiler.

* Liquid smoke: smoke extract 5% and soybean oil 95%.

* Curing mixture: sodium chloride 931.1%, sodium nitrite 5.9% and
sodium carbonate 1.0%.
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T30/12 Organic solventsE, SY/gCT, P10/1 2 P102E
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Table 3. Instrumental color and pH values of Chuncheon Dak-
galbi made with different amounts of liquid smoke

Treatments'
Parameters
Control S-0.05 S-0.10 S-0.20
pH 6.06+0.01° 6.12+0.06* 6.11+0.02* 6.10+0.01°
%
C.IE L 46.1£2.48 4544432 45.342.59 45.0+4.78
(Lightness)
CIE a*
22.14£2.03 23.442.16 22.5£2.15 21.741.82
(Redness)
TE b*
CIE b 31.343.44 31.543.86 30.5+4.55 29.744.27
(Yellowness)

All values are mean+S.D. (n=3).

! Control: no liquid smoke, S-0.05: added 0.05% liquid smoke,
S-0.10: added 0.10% liquid smoke, S-0.20: added 0.20% liquid
smoke.

*® Means in the same row with different letters are significantly
different (P<0.05).

Table 4. Changes of sensors sensitivity (dR/R0") Chuncheon Dakgalbi made with different amounts of liquid smoke

Sensor Treatments”
Number Model® Control S-0.05 S-0.10 S-0.20
1 SY/LG 0 0 0 0
2 SY/G —0.0012+0.0003* —0.001820.0005® —0.0023+0.0002° —0.00220+0.0005
3 SY/AA —0.0022+0.0003" —0.00340.0007° —0.00320.0003° —0.00320+0.0006"
4 SY/Gh —0.0037+0.0003% —0.00450.0008" —0.00410.0005® —0.00340+0.0007"
5 SY/gCT1 —0.0024+0.0005 —0.0024+0.0001 —0.0023+0.0005 —0.00250+0.0007
6 SY/gCT —0.0013+0.0002" —0.002420.0006" —0.002620.0003" —0.00270+0.0004°
7 T30/1 0.1180+0.0114° 0.1274+0.0047° 0.1293+0.0023° 0.1410040.0069"
8 P10/1 0.0576+0.0073° 0.0669+0.0033° 0.0711+0.0018" 0.08013+0.0043*
9 P10/2 0.0723+0.0087° 0.0829:+0.0040° 0.0878+0.0018" 0.09860+0.0053*
10 P40/1 0.0633+0.0087° 0.0758+0.0040° 0.08200.0022° 0.0941040.0053*
11 T70/2 0.0795+0.0081° 0.0876+0.0039° 0.0903+0.0016° 0.09960+0.0052*
12 PA2 0.1618+0.0159° 0.177020.0068" 0.182020.0032° 0.20000+0.0095"

All values are meantS.D. (n=4).

' dR/RO: Value of the sensors in relative resistance change. dR/ RO = (RO — R)/ RO. RO: resistance at t = 0 (baseline resistance). R:

resistance at selected time.

% Control: no liquid smoke, S-0.05: added 0.05% liquid smoke, S-0.10: added 0.10% liquid smoke, S-0.20: added 0.20% liquid smoke.
* SY: a sensor which incorporates a thick film material deposited on interdigitated electrodes on a alumina substrate with the platinum

alloy thick heater, T: a conventional sensor using a high quality alumina tube gold printed electrodes connecting gold alloy wires and

reliable iron chrome alloy heater, P: a plane type of sensors using thick film technology on a small and thin alumina substrate.
*¢ Means in the same row with different letters are significantly different (P<0.05).
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Fig. 1. Principal component analysis (PCA) of aroma pattern of
Chuncheon Dakgalbi with different amounts of liquid smoke.
Control: no liquid smoke, S-0.05: added 0.05% liquid smoke,
S-0.10: added 0.10% liquid smoke, S-0.20: added 0.20% liquid
smoke.

Table 5. Consumer preference test of Chuncheon Dakgalbi made
with different amounts of liquid smoke

Treatments'
Parameters
Control S-0.05 S-0.10 S-0.20
Color 6.2+1.81 6.5+1.58 5.940.99 6.2+1.55
Taste 6.7+0.95 6.8+0.79 7.4+0.70 7.1+0.74
Aroma 6.2+1.23 6.5+1.35 7.2+1.23 7.4+1.35
Salinity 6.7+1.06 5.9+1.29 6.1+0.99 6.3+1.06
Overall R e a b
.. 6.5+0.53 6.8+0.79 7.7+0.48 7.340.47
acceptability

All values are mean+S.D. (n=3).

' Control: no liquid smoke, S-0.05: added 0.05% liquid smoke,
S-0.10: added 0.10% liquid smoke, S-0.20: added 0.20% liquid
smoke.

¢ Means in the same row with different letters are significantly

different (P<0.05).

B 33UA7HA] GAAE H7FeE SC-0.29F SC-0.3¢] 24
072 F& HAANTE B TKP<0.05). Muhlisin et al.(2012)<
B AT} faksHl FAAIE H7FeE dau| o] Aot o
o] Ao g Qe HeelA] thal sHAT, A9
7he A7t & dAF o R ANEE F7MAZHAL st

FAA A7kl wE wav) o] A7t F pH #ke
Table 791 YeRiIT}. 27] Control, S, SC-0.2¢} SC-0.39]
pH <& Z+7} 6.01, 6.06, 6.05 18] 1L 60602 TS 3
7k Ae]FellA pH #ko]l oA r Frlste Aeke B

HekP<0.05). o1& 4 AFRL FAY WrrEd e
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Table 6. Instrumental color of Chuncheon Dakgalbi made with different amounts of liquid smoke and curing mixture during storage at
8C

Storage time (day)

Parameters Treatments'
0 7 14 21 28 33 47 56

Control ~ 41.330.58%C  43.8£1.07" 4344042  43.4£1.04" 40.682.46 40.4+0.52C  42.6+0.85"% 43.9+0.67*

CE L* S 42.6+031%  44.0:0.64" 4264030 41.5£1.22%  42.8+0.23" 42.6+0.16"  40.5£0.30°* 43.1+0.62"
(Light- i .
ness) SC-0.2  424£127°  43.6£0.95° 4274028  43.6+0.80° 44.6+0.89"" 41.9+0.10°C  43.7+0.66" 44.1+0.20""

SC-03  42.040.44°  43240.54%5C 4494077  42.132.865C 44.1£1.26™° 42.6+0.58%5C  42.4+0.23%5C 43 6+1.4545¢

Control ~ 21.8+0.80™  18.9+1.86" 193227  225+1.57°% 21.2+0.66® 214 030" 25.6£0.80™ 26.0+0.48*
CIE a* S 22.540.72°%  21.241.03%  22.3+0.64  20.9+0.85" 23.9+0.16™  19.3+0.08°7 22.8+0.15 24.9+0.20"*
(Redness)  gC.02 23941455 222+041°P 24.0+3.18%C 2574039  24.6+0.08%"® 23.5+0.08™P 21.7+039® 24.9+0.16""
SC-03  24.4£1.01  21.6£1.38° 24.1%1.16C  26240.66™5 253+0.89"C 27.4+027**  26.3+0.49"® 24.2+0.58

Control ~ 27.7+0.76™  21.0£2.89°F  23.6+1.47°°  27.3+1.66°C 27.742.69°C 24.4+0.40°°  34.6 +0.69** 31.0+0.84°

CIE b* S 30441348 233+1.56™° 24.1+0.15°  25.8£1.39°C  27.14037°C 21.4+0.11°7  31.240.46™ 29.3+0.40°
(Yellow-

ness) SC-02 3214245 25.140.80°C 24.4+1.39°  28.0+048"" 25.540.10C 22.1+0.147  25.5+0.80° 28.9+0.65"

SC-03  30.6£1.22"48C 23 0+1.71%P 29.543.085C 31.9+1.24*8 30.3+0.375C 31.540.27%  32.0+0.81>* 28.9+0.45*C

All values are mean+S.D. (n=3).

! Control: no additive, S: added 0.10% liquid smoke, SC-0.2: added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3: added 0.10%
liquid smoke and 0.30% curing mixture.

A Means in the same row with different letters are significantly different (P<0.05).

a4 Means in the same column with different letters are significantly different (P<0.05).

Table 7. pH values of Chuncheon Dakgalbi made with different amounts of liquid smoke and curing mixture during storage at 8°C

Storage time (day)

Treatments'
0 7 14 21 28 33 47 56

Control  6.01£0.01*  6.05+0.03*  6.11£0.01*  6.10£0.03*  6.05+0.03**  6.03+0.01*  5.99+0.04*  4.63+0.26"®

S 6.06+0.01°5¢  6.08+0.01" 6.1340.01*  6.06+0.04¢  5.95+0.01°°  6.02+0.02° 6.04+0.03%¢  5.96+0.03
SC-0.2 6.050.01°°  6.10+0.02*®  6.1140.02"  6.05+0.06°C  6.04+0.03°  6.03+0.01€ 5.95+0.02°  6.02+0.01%
SC-0.3 6.06£0.01""  6.0940.02*®  6.13+0.02*  6.06+0.025 6.0540.015¢  6.01+0.01°  6.0140.01°  5.99+0.06"°

All values are mean+S.D. (n=3).

! Control: no additive, S: added 0.10% liquid smoke, SC-0.2: added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3: added 0.10%
liquid smoke and 0.30% curing mixture.

AP Means in the same row with different letters are significantly different (P<0.05).

*® Means in the same column with different letters are significantly different (P<0.05).

Sav|e] pH A8 A7 fAbskth AAAl H7brEel al.(1998) A7 5 SAF9 pH g #art 2shs st
Z713te] W2 sz e] pH #ke] xpols JERIRA] e = AR 7]t &9l Makela et al.(1992), Kor-
2E AgTe Algre] Al wel Hat Skt oA keala and Makela (1989)= X F73el 2 #7d% e]€ 54
st A3 JelQa, A3 D7)l 562 2}kl Control Fol|A At & A5 2, Samelis et al.(2000), Von et
o] pH gto] 4.632.2 S, SC-0.29} SC-0.39] pH7} 5.96~6.02 al.(1991) &gt SA1F] d3 Aihto] 48 vk
HeQl Al wls) 5243 A8 THP<0.05). Nychas et stk mal FHshan e A4 @) pH el FA%
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Table 8. Thiobarbituric acid reactive substances (TBARS) values (mg malondialdehyde/kg ) of Chuncheon Dakgalbi made with diffe-
rent amounts of liquid smoke and curing mixture during storage at 8C

Storage time (day)

Treatments'
0 7 14 28 33 47 56
Control 045£0.04"  0.56+0.04°  0.810.11°°  091x0.05C  0.92+0.08°  1.18+0.06"  1.07+0.04™®  0.97+0.01
S 0.42+0.01™"  0.5520.07°  0.63+0.07°%  0.70£0.01°  0.88+0.10°  1.03x0.07°  1.16£0.05*  1.12+0.03*
SC-0.2 045£0.05°  0.55+0.05°  0.74£0.09"®  0.83£0.04"®  0.94+0.03*  1.03£0.12°*  0.96+0.03**  1.03+0.03"*
SC-0.3 0.33£0.03"  0.46+0.13°  0.73:0.02°  0.82+0.05®®  0.85+0.05°  1.00£0.04"*  1.03+0.07°*  1.04+0.02"*

All values are mean+S.D. (n=3).

! Control: no additive, S: added 0.10% liquid smoke, SC-0.2: added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3: added 0.10%

liquid smoke and 0.30% curing mixture.

A"F Means in the same row with different letters are significantly different (P<0.05).
*7¢ Means in the same column with different letters are significantly different (P<0.05).

Table 9. Volatile basic nitrogen (VBN) contents (mg/100g) of Chuncheon Dakgalbi made with different amounts of liquid smoke and

curing mixture during storage at 8C

Storage time(day)

Treatments'
0 7 14 28 33 47 56
Control  163£0.81°  1524040°°  17.9+1.07°  184£040°  184+1.07°  19.5£040°  23.5+1.40"  25.8+1.07**
S 16.8£0.00°  17.520.00°°  18.4+0.405C  182+0.705C 184+040°%C  18.8+0.40°  223+0.40™  22.5+1.07™
SC-02 161099  14.9+0.81°  17.5+0.70°¢  17.0£0.40"C  17.5£1.40°C  19.3x0.00"®  21.1£1.46**  21.1x1.07**
SC-0.3 1722049 154£1.40"  17.5+0.00F  16.6£1.07°F  182+0.70°  18.8£0.81°¢  20.0+0.70®®  21.6+0.40°*

All values are mean+S.D. (n=3).

! Control: no additive, S: added 0.10% liquid smoke, SC-0.2: added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3: added 0.10%

liquid smoke and 0.30% curing mixture.

A™F Means in the same row with different letters are significantly different (P<0.05).
*7¢ Means in the same column with different letters are significantly different (P<0.05).
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AAA H7brwd mE A713 5 wAne] dukA
o} WAFTSE Table 100] YERAUTE Z7] LukA
4= Control, S, SC-0.2¢9} SC-0.3¢] Z+Z} 4.11 log CFU/g,
3.82 log CFU/g, 3.95 log CFU/g 18] 1 3.65 log CFU/gS.2
AN} AR A HItol| ME Fol A<l ztolE B,
A A H7edl g ZFol= SC-0.29F SC-0.394 7 B
THP<0.05). #17§713ke] Z3tel] whet Z42ho] Ae]l5S o

2 BA3 S48 Bolm, A3 @)l 5629 A1l Control
o] AwkAldE7F §43] F7Fste] 7.19 log CFU/ge] o™,
S, SC-0.29} SC-0.32 217} 4.39 log CFU/g, 3.97 log CFU/g
72]31 3.69 log CFU/gC & AlF= AT, oW, Control®] pH
fhol 43| asle 7t Fdste] ikt S we
Lrko] AAHE Ao AMRHJLE gdwTE A7
5 2897}, 3393k, 5623kl Controlol|A] 3.96 log CFU/g,
1.54 log CFU/g 18]3L 6.00 log CFU/ge 2 Ztz+ A5 9)
th Seo et al.(2000)-> - H2Ao] dnkAlda} it
o Aol sl 733t e Eay) Ztetia Haghl glon,
Noh et al.2008) FAdE F ThUS aldehyde, phenol,
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Table 10. Aerobic plate count (APC) and total coliforms (TC) of Chuncheon Dakgalbi made with different amounts of liquid smoke

and curing mixture during storage at 8C

Storage time(day)

Parameters Treatments'

0 7 14 21 28 33 47 56
Control  4.11+0.07¢ 4.45+0.05® 4.38+0.06"° 4.47+0.08"" 3.85+0.50° 4.30+0.06® 4.17+0.12°°¢ 7.19+0.01**
Aerobic S 3.8240.09%  4.14x0.13%  4.24+0.05"¢ 4.55£0.08"  4.14+020° 4.27+0.17°C 4.50+0.12*% 4.39+0.10""
plfé?é;gn t SC-02  3.95+0.06 4.19+0.02°*® 4.00+0.04 433018  4.07+0.11°° 3.54+0.09°° 4.20+0.08"*® 3.97+0.05
SC-03  3.65+0.11®° 3.99+0.16"* 3.50£0.28C 4.00£0.00™ 3.65:0.14° 3302043 3.4520.05"C 3.69+0.09™%
Control ’ND ND ND ND 3.96£0.19®  1.54+0.09¢ ND 6.00£0.07*
Total S ND ND ND ND ND ND ND ND
coliforms
(CEU/g) SC-0.2 ND ND ND ND ND ND ND ND
SC-0.3 ND ND ND ND ND ND ND ND

All values are meantS.D. (n=3).

! Control: no additive, S: added 0.10% liquid smoke, SC-0.2: added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3: added 0.10%

liquid smoke and 0.30% curing mixture.

A™D Means in the same row with different letters are significantly different (P<0.05).
*7¢ Means in the same column with different letters are significantly different (P<0.05).

2 ND: not detected.
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Table 11. Consumer preference test of Chuncheon Dakgalbi
made with different amounts of liquid smoke and curing
mixture

Treatments’
Parameters
Control S SC-0.2 SC-0.3
Color 77+0.82  73+134  7.8+1.03  7.0+2.16
Taste 62+1.69°  6.5+1.43° 7.7+0.82°  5.5+1.78°
Aroma 58+1.75  69+1.10  6.8+1.55  6.5+1.58
Salinity ~ 4.0+1.49°  5.8+1.75"  53+1.34%  63+1.64°
Overall 0107 674141" 794099  6.3+1.49°

acceptability

All values are meantS.D. (n=3).

' Control: no additive, S: added 0.01% liquid smoke, SC-0.2:
added 0.10% liquid smoke and 0.20% curing mixture, SC-0.3:
added 0.10% liquid smoke and 0.30% curing mixture.

*® Means in the same row with different letters are significantly

different (P<0.05).
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