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Abstract

The objective of this study was to investigate the effect of superheated steam (SHS) and high hydrostatic pressure
(HHP) techniques on the improvement of the quality of Bulgogi product during manufacturing process. Bulgogi
product was treated with four different cooking/treatment process: conventional cooking (CC), SHS cooking (SHS),
CC and then HHP cooking (CC-HHP), and SHS and HHP cooking (SHS-HHP) samples. SHS treated product increased
moisture content, and decreased crude protein. Additionally, hardness, gumminess and shear force values were
significantly different among the samples (p<0.05). In safety experiment after 14 days of storage at refrigeration
temperature indicated that the bacterial population was lower in the case of SHS-HHP as compared to CC-HHP
Changes in texture during the storage periods at 10°C for SHS-HHP was lowest values with compared to the initial,
while shear force values for both tended to decrease with increasing storage period. The TBA and VBN values
for SHS-HHP increased to 0.48 (5°C)-1.68 (10C) mg MD/kg and 25.14 (5C)-45.14 (10TC) mg%, respectively
after 15 days of storage. Overall, it was found that the combination of SHS and HHP reduced microbial growth,

thus leading to improved product quality and sanitation.
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ol 7V Adzste F2lelm(14), AlAlNA 7FE Bo] 4H] ¥
© Ao R gl Uth15). Eavle HarlE e
An oFd ozl A FH Ay Bar|ded 9 9
AL D3 g axe M, BF, $5715E 71ii
sta ZFEdd(vhs, A%, 3 271 5= dste] vhett
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£ AR Qste] 242 a2l E vkl &, polyethylene
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Z28(TE, B 423 F7H7FD)sisl e, A5
2]= Superheated steam(DFC—240W, Naomoto, Osaka,
Japan)7| 7| & ©]&3le] 2E:200C, 28! 300TC, 522
A7 F zEeth 1% AHEle QFP 215L- 600(Avure
technology Inc., Columbus, OH, USA)< dxtxo=
500-600 Mpa, 125 ©]’4&8Ql 4 §2] 2710]H(18),
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Table 1. Formula of Bulgogi sacuce

Ingredient %

Soy sauce 19.50
White sugar 16.04
Chopped garlic 6.92
Chopped spring onion 6.92
Water 6.60

Grated pear 24.53
Black pepper powder 031
Sesame oil 9.75
Ginger juice 1.26
Honey 6.29
Roasted sesame 1.88
sum 100.00

st HE B
AOAC(1995) ol whe} 472 105C Artdd=
o2 2oy, TARE 50C AN 2 HA
ZEPH o 2 FEEtIth(19). X2 Soxhlet FEH O
2 S5t 3, I Kjeltec system(Kjeltec system,
Kjeltec auto sampler system 8400 analyzer, Foss Tecator,
Stockholm, Sweden)2 ©| -85} T}

Nz

A== AAA (spectrophotometer CM-2500d, Konica
minolta, Osaka, Japan)E A}-8-3}] Lik(lightness), a %k
(redness), b #k(yellowness)E WERA I THE T 1L=69.08,
a=-0.78, b=14.39).
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Z2) 7+ texture analyzer(TA-XT2, stable Micro systems
Lid., Godalming, UK)E AH&-8to] 2 2.5 cm?! aluminum
cylinder probe(pretest: 3.0 mmy/s, test: 1.0 mmy/s, post: 1.0
mys) = A%, SR, F2, 44, JEAE S5
3 2 warner-bratzler blade(pretest: 2.0 mmy/s, test: 2.0
mmys, post: 5.0 mmys)E AHE-ske] S8 A7 7171
mh2 A 7Fe] Wsl= texture analyzer(TA.XT Express,
Stable Micro System Ltd., Godalming, UK)E ©|-&3le] At
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pHE AR 10 g2 F3te] 90 mLe| S/l 843 &
filter paper(Whatman cellulose filter paper Grade 1, GE
Healthcare companies, Buckinghamshire, UK)Z ©]2}35}],
pH meter(Orion 3-star plus pH Benchtop meter, Orion
Research Inc., Boston, MA, USA)S ©]-&3}o] =743l th

Thiobarbituric acid reactive substances(TBA)
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Volatile basic nitrogen(VBN)

VBNE A& 5 goll S/ 45 mLE 7fote] 233t
% Whatman No. 1(Whatman filer paper Grade 1, Whatman
international Ltd., Maidstone, England)©. 2 o]3}3}%t},
Conway unit 3 2-5-of| glycerings W23 {9 1 mL&
Convay dih slalo]l Y3, Aol = 0005 N HSO; 1 mLS
Ha 25CAA A7 BRI A g F WA
Brunswik A 9& 3 7}38k & 0.01 N NaOH = A%}

EAHEN

A A3b= P+ 2T H A mean+SD) 2 3EA] 815 S
o =74 A 2] SPSS(Statistics Package for the Social
Science, Ver. 18.0 for windows, SPSS Inc., Chicago, IL,

r

USA) Z27#88 o]
© 1, Tukey’s test= p<0.05
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FollA oS At
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CC, SHS, CC-HHP % SHS-HHP<]| thal] LutAl &S
3t A3}= Table 204 9 Ao} =82 CCol| B]3] SHS2}
SHS-HHP %J_j]ﬂ. E‘Z‘S zg—akoi HMQ otq zu]—uﬂ
e CC =7t b ATl Blal w2 s Btk
ZA 15.95(SHS)—19.72(SHS—HHP)%4 Holg BAL
Rom, x3{- CC Er7t 7 =2 = Btk
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Table 2. Proximate composition of Bulgogi

(%)
Treatments” Moisture Crude protein ~ Crude fat ~ Crude ash
cc 50960327 2174+056°  166910.62"  2.17£028
CC-HHP  4594006°  1944:002°  17.13:046'  1.54:001"
SHS 53341052 19.61£003"  1595:009"  1.84%035°
SHS-HHP  5341:040°  1944:002°  19.72:0.18"  1.01£0.03"

’CC, conventional cooking; CC-HHP, conventional cooking+high hydrostatic pressure;
SHS, superheated steam cooking; SHS-HHP, superheated steam cooking+high
hydrostatlc pressure.

Values are meanSD.

IDifferent letters in a column means significat different at p<0.05.
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Table 3. Color of Bulgogr

Treatments” L a b
cC 48.83+1.53" 4614041 13.55+0.87
CC-HHP 51.76+1.39™ 4.54+0.28 13.28+0.88
SHS 51.9241.44™ 4384032 13.771.50
SHS-HHP 53.84+1.19° 3.98+0.06 13.140.65

’CC, conventional cooking; CC-HHP, conventional cooking+high hydrostatic pressure;
SHS, superheated steam cooking; SHS-HHP, superheated steam cooking+high
hydrostatic pressure.

Values are meanSD.

“Different letters in a column means significat different at p<0.05.
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CC-HHP$} SHS-HHP A 2] & g £117]5 5T 10T
A 149 B AFBPEA TS AAEY THEg. 2). A
A717ko] A EeE FE S #E Eilon
CC-HHP: 2.13 log CFU/g(02)-6.72 log CFU/g(14%, 10C)
2 Z281% 2 SHS-HHPE 1.00 log CFU/g(02)-3.19 log
CFU/g(144, 100)2 Yelgth A5 22} SHS-HHP7}
CC-HHPOl B3} 9] Z717} 13 log A= A= o] kA
FHd| FHA IS = AL G F Ut o= A3
AT Aol @3kom(26), SHS A 27} 2% Sd= e
Z e ZHEA A PHAS A8

pH, texture

CC-HHPS| A7 27] pHE 59122 4o #74
713bel| whet HAaste A ol 10T AGA 159 F
5.83 7+43} tHFig. 3). SHS-HHP= %7] 5.820114] 10Cel]
A 159 B9 A S03eR Ak A B dTh
F A8 BF pHE #4sks 43S BHyon 2 Hshe

UehlA ek,

Table 4. Texture profile analysis of Bulgogi depending on processing method

Treatments” Hardness (kg) Spriginess Cohesiveness Gumminess Chewiness Shear force (kg)
cC 12,920,558 0.81+0.05 0.55+0.04 7.13+049" 5.76+0.61 20404154
CC-HHP 15.79+1.06™ 0.74+0.07 0.55+0.05 875+123" 647+1.32 2598+1.18™
SHS 17.07£0.99° 0.71:0.04 0.55+0.02 9.35+047° 6.67:0.72 24854720
SHS-HHP 16.75:0.33° 0.74+0,04 0.59+0,03 9.80+0.58 7244051 29.99+0,62°

’CC, conventional cooking; CC-HHP, conventional cooking+high hydrostatic pressure; SHS, superheated steam cooking; SHS-HHP, superheated steam cooking+high hydrostatic

pressure.
Values are meanzSD.
“Different letters in a column means significat different at p<0.05.

Fig. 1. SEM of Bulgogi structures treated with (A) conventional cooking (CC), (B) conventional cooking+high hydrostatic pressure
(CC-HHP), (C) superheated steam cooking, (D) superheated steam cooking+high hydrostatic pressure.
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Fig. 2. Total bacterial number of Bulgogi treated with various
processing during storage period.

CC-HHP, conventional cooking+high hydrostatic pressure SHS-HHP, superheated steam
cooking+high hydrostatic pressure.
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A7 2E9) 713kl w2 TBARS?S] Wah= Fig. 591
2t} A 2kl = 3hQl TBARSE UHHA o7 A 77| 7ho]
AoldFE Zrtet & AT F7ksth

CC-HHP?| %7132 0.52 mg MA/kgC 2 =3 ¥ %] o
159 A4A] 10°ColA 1.72 mg MA/kg 302 =3 50t
SHS-HHP+= 0.48(0¥)-1.68(15%, 10C) mg MA/kg®| %=
el o™ CC-HHP| Hlal oz e ghs HS

70
60 m s e ']
50 t T
40
=
3.0
20 +
~@ CC-HHP 5°C -&CC-HHP 10°C
1.0 -8-SHS-HHP 5°C -A-SHS-HHP 10°C
0.0 ;
0 5 10 15
Storage period (day)

Fig. 3. Changes in pH value of Bulgogi treated with various
processing during storage period.

CC-HHP, conventional cooking+high hydrostatic pressure SHS-HHP, superheated steam
cooking+high hydrostatic pressure.
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Fig. 4. Changes in texture of Bulgogi treated with various
processing during storage period.

CC-HHP, conventional cooking+high hydrostatic pressure SHS-HHP, supetheated steam
cooking+high hydrostatic pressure.

o) et o2 28l TBA 7k 046 mg MA/kg ©15H7}
AE 7o R AFEa 12 mg MA/kg ©144Y wjE Hof
H Aoz e 4 lvkar 519 91 (27), Brewer 5(28)2
4.0 mg MA/kg /g2 €3] 4bsfd Zoz H7tsiel
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Fig. 5. Changes in TBARS value of Bulgogi treated with various
processing during storage period.

CC-HHP, conventional cooking+high hydrostatic pressure SHS-HHP, superheated steam
cooking+high hydrostatic pressure.
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(AMP)9] #-aflof| whZ ¢tEu o} /37 nucleotide ©] 7t
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VBNQ| 7k 2% 3747 20 mg% ©]3t231), 5312
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Fig. 6. Changes in VBN value of Bulgogr treated with various

processing during storage period.

CC-HHP, conventional cooking+high hydrostatic pressure SHS-HHP, superheated steam
cooking+high hydrostatic pressure.
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