A1 73, B2} A
3} ATE2 (pro-oxidant substances)ol] &]&l] B3x3} X
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Effects of Ethanol Extracts of Bacillus polyfermenticus SCD on Tteokgalbi
Quality during Storage

Hack-Youn Kim, Jong-Youn Jeong, Ji-Hun Choi, Mi-Ai Lee, Jang-Hyun Lee, Kyung-Hoon Chang,
Shin-Yang Choi', Hyun-Dong Paik, and Cheon-Jei Kim*
Department of Food Science and Biotechnology of Animal Resources, Konkuk University, 1 Hwayang-dong, Gwangjin-gu,
Seoul 143-701, Korea
'Korea Food Research Institute, Seongnam, Kyonggi-do 463-420, Korea

Abstract

The treatments of Treokgalbi studied were: control (no antioxidants); (T1) ethanol extracts of Bacillus
polyfermenticus SCD (5%); (T2) ascorbic acid (0.06%); (T3) ascorbic acid (0.03%) + ethanol extracts of B.
polyfermenticus SCD (2.5%). The pH of T1, T2, and T3 samples was significantly (p<0.05) lower than that of the
control for up to 3 days of storage. Thereafter T1, T2 and T3 had a significantly higher (p<0.05) pH value than
the control during storage. TBA values were significantly lower (p<0.05) in all treated samples relative to the
control. The TBA value of the control rapidly increased after 6 days of storage, whereas the TBA values of the
test samples did not sharply increase. T3 samples treated with vitamin C and Bacillus polyfermenticus SCD had
a higher TBA value than T1 and T2 samples. The VBN values of T1, T2 and T3 sampleswere lower than that
of the control (p>0.05). VBN values of the ground pork meat samples significantly increased (p<0.05) with storage
time. The total microbial counts of each sample significantly increased with storage time (p<0.05). The a* values
of T1 and T3 samples containing added vitamin C were significantly higher (p<0.05) than that of the control and
T2 samples during storage. The b* value of T2 samples was significantly higher (p<0.05) than that of other ground
pork meat products during storage.

Key words: Bacillus polyfermenticus, storage, TBA, Tteokgalbi, quality
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ste] 2 Fe] FAI S AaAZT meba X - At
she SAIES A slo] $28 8des 28359 2
Ao AsHE As] st AFDACME FsAIE B
o} AM&-3la 9it} BHA (butylated hydroxyanisole), BHT (butyla-
ted hydroxytoluene)9} -2 33 dHtsiAdl= E4 SA|F9]



Bacillus polyfermenticus SCD o€+ FZEo] Hzu|e] F4 9 AGAd vAe 9T 479

AR71ZE F AA A AAA717] 93 el AHEH T 3l
THShahidi et al., 1987; McCarthy et al., 2001). 3}X| g} o]}
Z2e PA Al AA K@ 5 7] Wl dA3
TFAIE IR 31 ¢ .2 2 (Hettiarachchy ef al., 1996), = A
A atstAol] e AF7F Eds] g Folvk o] F AT
AL o] 4T FsAE gkt BT o, AP,
o T Y 22 Y 98-S AaAA Ve BT
Bojgtomm ARAC] Be Aol Z7kekn gtk Zandi
and Gondon, 1999;Yanishlieva and Marinova, 2001; McCune
and Johns, 2002; Higdon and Frei, 2003). A& 1A <]
FA% PAES HHToIZM HYBo] EHlste HIEN,
=4 B 5ol sl Fu $AS Jidsk aFel B
Agls} o] Ade X Box A7) Qe AES Eooh
(Jun et al, 2000; Reid et al., 2003).

A Bol ol gEx &E3] ATHIL = ATAERES
Lactobacillus 4, Lactococcus 4 Enterococcus 2, Bifidobac-
terium 23, Clostridium 4, Bacillus <, Aspergillus <, Saccha-
romyces &, Pediococcus & Zo] QEH|(Kim ef al., 1994;
Kimoto et al., 1999; Kailasapathy et al., 2000), ©] 3 Baillus
&o| AFEL ATA 2] o §WT oz} P E Aol A
83 BEAES AAshetl glo] Yt oz wol ALE-Em,
Aoz v Fa35tHKopp, 2001). A7t fritd(Lac-
tobacillus <, Bifidobacterium <, Streptococcus <5, Enteroco-
ceus )& ¢ T AE S ST TFo| Agke AL A
A8 vtz BuE 3 QUchRomond et al., 1997; Kim et al.,
2003). €3) Bacillus $ A1t S0l|A Bacillus polyfermenticus
SCD& YukA o g "Bispan" o & &&A e, thE A
3} g olZE ] v Al =2 wizkAl 84
< A9 %A gdo} 2B X5 HEd FHE Kol 3l
tHJun et al., 2000; Lee et al., 2000; Paik et al., 2000).

2 49 A KA A A FitsA o] A2
Q1zkel A7 AAA £4E AWsh] g8 ol Fesith
HEN! C, ¢-EFHE 5 Hd PISAES A F 27t
3lod 1 ol Tale] ATE BHEC] 2R HuHo] Ytk
(Elliott, 1999; Mitsmuto et al.,1991). 3}x| 2+ AFA| & ©]L-3
AAGABAE SA|Fol| 0|8 A+ gl EHsith
upetd B Ate AAAE o] 83 HAYFASA|(B. polyfer-

C
=

2 od

menticus SCD2] o|gt-& FZ&)} vlElRl CE Mg ¥z
vl S A Fsta, A7 e AT FE S vl 24}
8}, B. polyfermenticus SCD2| o8 & o] HA 4+

SARAY A9 £-84E Wl nA Sk
e 3 L

Bacillus polyfermenticus SCD F&Z&2| M=

B. polyfermenticus SCD & 1,500 mLo] Z#¥ tryptic
soy brothol] =38le] 37T R 150 pme 2 7AIZE
Zol Aujeksl & WEF2(30 L working volume; JEIO
B&P, Gimpo, Korea)ol ThA] HF3la] 37Tol|A HRIELR
500 rpm, 5713 1 vvm (volume of air per volum of medium
per min), 12]3 pH 7.0 £ 0.1 EFE 3 N HCI¥} 3 N
NaOHE AHisto] 12A12HE<E wjgalsich. A1t W2 A1
& Zpzto] wj kol spectrophotometer& ©]-8-3k] 660 nm
A #A RS s, Fids B 4 AlEe )
oS 4Tl A 2087 20,760 x g 0.2 A F-23I BT
Ay} FAE Felate] wlddTas AxzsArt I
229 &8 B polyfermenticus SCD 8] %’45 -2 Diaion
HP-20 column (5 c¢m diameter X 1 m length, Mitsubishi, To-
kyo, Japan)o] &&A)71 e S3E HEZ £E317] 93
AeteS A3l 823 F 7S B4 Y w33t

E 75k =g A2 S A
olg3te] FA\sh X|HE 7k7} 8 mm plate
2 AAsidk AdE S AL 419 AETE o]
7}7F NPS (1.5%), B-E(10%), 3A1(70%), A %H20%), 14k
(03%), BRQ2.1%), F3(03%), FA7+F2%), vhH=7t+
(%), F N FAHAQ2%)S HUFHst). a7 (control)=
ALBIAE HobetA] &ka, ascorbic acid (0.06%)E 37}
3t 2 2]54T1), B. polyfermenticus SCD & FZE(5%)S
718t A8 HT2)&} ascorbic acid (0.03%) 2 B. polyfermen-
ticus SCD &8 FZEQ.5%)2 H713 A2 HT)= 75
3 ti(Table 1). 2E AZ& ¢33 £33 ¥ Nylon/PE 2
Eoll ol AFEASIACE I W1 T)FelolA 154
7t AgshAA A% 0, 3, 6, 10, 15U ZF X2t 23S
Nesle] A8 AT

Al

Al HEEH

od

pH 23 & AR 5 g& #3td 7/ 20 mLe £F3A
Homogenizer(Model AM-7, Nissei, Japan)& A}-8-5t] 8,000
mpmollA A3 & fF8] M= pH meter(340, Mettler
toledo, Switzerland)2 =3 s}t M 23 N5 FH S
colorimeter (Chroma meter, CR 210, Minolta, Japan)& A}-&
alo] ™ E(lightness)E VEhR& CIE L'-gk, 4] =(redness)
2 Vel CIE a -3 34 E(yellowness)& UEhE CIE
b-3ke 247} 33) 248kt olge] EFEAL CIE L'-3to]
97.83, CIE a*-%kol —~0.43, CIE b’-3ro] +1.9891 calibration
plate® EFOZ AHEEIATE VBN HiR(1975)4 g

oo
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Table 1. Formulation of Treokgalbi

Formulation (% batch)

Ingredients
Control T1 T2 T3

Pork ham 70 70 70 70
Main  pok fat 20 20 20 20
material

Water 10 10 10 10

Extracts of

B. polyfermenticus 0 0 5 2.5

scpY

Ascorbic acid 0 006 0 0.03

NPS? 1.2 12 12 12
Additives Sugar 2.1 2.1 2.1 2.1

Pepper 03 03 03 0.3

Phosphate 03 0.3 03 03

Onion powder 2 2 2 2

Garlic powder 2 2 2 2

1SP¥ 2 2 2 2

Control : No antioxidant.

T1 : Vitamin C treatment.

T2 : Ethanol extracts of B. polyfermenticus SCD treatment.

T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD

treatment.

" Extracts of B. polyfermenticus SCD: ethanol extracts of B.
polyfermenticus SCD.

? NPS: Nitrite pickle salt.

ISP : Isolated soy protein.

conway vl FEHAEE o gatel ZFAnt XA Al
(Thiobarbituric acid, TBA) -2 Tarladgis 5(1960)°] &#
0.2 2 83a AAEHTE v PE 4 Stomacher bag
o AR 10 goll ZFF 90 mLE H7leled 28 £ vhfa}
o Plate Count Agar (PCA, Difco Laboratories, Detroit, MI,
USA)HA & ALgalel 3342 23al0. Ade] Anke
SAS (Statistics Analytical System, USA) ZZ 13- ©|&3}
o Duncan's Tha- A% o} oJste] HdX| 7He] /-2l (p<0.05)
& zAbsT,

Zn ¥ 1

pH2| &=t

4ToA A% 159 F1te] B An] 9] pHe| M3h= Fig. 13}
2t} A4 2719 pHE AAHCZ 6.11~6202 YEIGS
W, A7 159 ol 4.82~5222 VERGTH A 2713,
32y vlel) C9} B. polyfermenticus SCD ol|gt2 FZES

&P F38}5) A Al 268 A 43(2006)

7.0

6.5 1’—0— Control —#—T1 —&— T2 +?1I_
6.0 ! LN

- \

‘E 5.5 T

x N

-9 ok
5.0 — —_—
4.5

4.0

] 2 1 6 8 10 12 14 16
Storage period (days)

Fig. 1. Change of pH value in Tteokgalbi containing vitamin
C and ethanol extracts of B. polyfermenticus SCD
during storage period.

Control : No antioxidant.

T1 : Vitamin C treatment.

T2 : Ethanol extracts of B. polyfermenticus SCD treatment.

T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD
treatment.

7K 22 T(T1, T2, T3)7} i 2T4pH 6.20)Et} w2 pH
£ JERIATHp<0.05). o|= vl C7F AW S vehiH,
B. polyfermenticus SCD7} ZAto| g A@Ae] E44 &
717 BHleE7] wWizol HrlekA]l ek A Bls) pH7L @
A vdetde Aoz AlsEnh Oy A% 3 o] F5E H
e} C¢} B. polyfermenticus SCD A¥hg FE55 7184
B xz77 F23F pHe] AstE B3lom, 6U5H 102
A Atk z2lo]g Holx] gttt A%} 159 z=79
pHE 4.820]9) o, vIEV C&} B. polyfermenticus SCD 9]
g FE2ES A AFES T vlal pH7L 2A
Wsteta] ekt Ealse] A7t A ] wE pH
Aste vAES] Zat A 23 AeoE HusEw gt
(Goddard et al, 1996). ¥ <AFollA wWzw) FEA] B
polyfermenticus SCD o|e-& F2E& 7kl pH ¥sE
YA BN A F FANZE AN AR AL
gHCh

A4de] Mfle o]HE FWHslE malondialdehydeZ A4
&, o]+ 2-thiobarbituric acid®} WHS-31 22} A Eo] A A
Tof wet A Ae] AieE 7 hch(Rossel, 1994). HIEFR]
C¢} B. polyfermenticus SCD || €2 &5 735 W]
£ 4T 1597 AAstiA Ad Aelleg 549 243, o
Fio] A2l Azte] Aol we} TBA #hel F7lshe
AE HATHFig. 2). o9} o} A7) 7to] g e whet
TBAZ} F7V8he AL B2 Aol Eog v gickPark et
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Fig. 2. Change of TBA value in Tteokgalbi containing vitamin
C and ethanol extracts of B. polyfermenticus SCD
during storage period.

Control : No antioxidant.

T1 : Vitamin C treatment.

T2 : Ethanol extracts of B. polyfermenticus SCD treatment.

T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD

treatment.

al., 2005). B1EF Ce} B. polyfermenticus SCD o g2 F&
28 W74 A2l77t 27 0T vlste] ARe e
TBA 2t& HSIhp<005). &8, NZFE A7 3% ol %o
TBA7} @A A F71ste 43S BRout HER! Cs B.
polyfermenticus SCD &g FE5E-8 A7 v 74Tl T2,
T)E & W3S Holx] YUYThp<0.05). 71 & B. polyfer-
menticus SCD |8+-2 Z&E-2 H7lgt 2837t A7zt
X Aoz @e & Ueisiet, ol B pobfer-
menticus SCD2] 41z} E37) it Raud A =3
THHeddur et al., 2005; Paik et al., 2005). B JFA
B9 C2 TE s W A8 T A9, e 5L
Z2AA 7+ 35 a37F J2H(Chang ef al., 1977), 53] &
2| EH H B FE2E9 HA iS¢ vE CE &7
AH&Et] T ksl AAE Eriam 8191 ti(Shahidi and
Wanasundara, 1992). Z22jv} £ AFM= vl Cel B
polyfermenticus SCD | g2 &5 Alold|Ale] A% &3
RS Rehdnt
H2d of|e) Fasiaol vl

AR = A F2] W7} 28 Ed) ole} A o] oluly
A e AAE ESEE SAFY ANEE Ut
=t F83F 2Qlo] Ak —?—E]‘Jral' AEAAYA = YE5
2 ZAZe] AL VBN RS 20 mgh ©|dtE 733k 9
3(Food Code, 2002), A E2] VBN &+2+e: 5-10 mg%
o] A8} 30~40 mg% ¥ wol] Z7) BEovAR 21 9]
tHEH, 1975). 53] 3 Frlef Aao AL oF 9

e

wgvle] £4 2 A4l miNE 4 41

20

18

|
—e— Control —=— T1 —— T2 ——><——T3I-

16
2

. e
. =
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Fig. 3. Change of VBN value in Tteokgalbi containing vitamin
C and ethanol extracts of B. polyfermenticus SCD
during storage period.

Control : No antioxidant.

T1 : Vitamin C treatment.

T2 : Ethanol extracts of B. polyfermenticus SCD treatment.

T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD

treatment.

ARlo] =™ #FF EAdd =LA
polyfermenticus SCD

dof g HEr Cot B

d& FEES AR AR E 4T
o 1543t Aste 53¢ é‘d:ﬁ% VBN 3take] ®igh=
Fig. 33} 2t} A2 B ZE 48 Fo] VBN e 6.12~
6.26 mg% HEZ Aol FARE &5 eI A7 7
Ztol Z3tghol wet VBN &2 S7FtiA THp<0.05) ]
Bl Co} B. polyfermenticus SCD o|§+g F&2-& H7lgt
A THTL, T2, T3)7F FH7F 2o v]3)] tha #S &
BACk A4 10, 15U NZFET} B. polyfermenticus SCD
dqeE FEES A7 AHT)7F FoH o2 e gt
<= WERH ST Koo(1989)¢} Kim(1999)& 7 HHElef &
BAE F VBN e A4 271 vlste A3g713te] A
ol et A8 Frlete AR Hugk vl 9low,
Jung 5(2003)% 5] & E808 A3 2R Y &
2E AU E W A7) VBN -2 4.97-851
mg¥% ol eH, WvZte] ARsAA AA FrtstA
A 8A o] 15.05~15.77 mg% 5 YeElAT T 3+

a1, Choi $(2003)-2 =a}e] A7te AAIR] A& % VBN g
o) 45€ AT B asic

EX S

HIEN C&} B. polyfermenticus SCD o|€r2 F&58-2 A7t
3 Wz 4T 1597 AASPEA AR wE 2735
o] ¥sh= Fig. 4l UYehATh A 373t 7] whet
BR5E ZIEATHP<0.05). A7 717k] Hoge] nie
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Fig. 4. Change of total microbial count in 7teokgalbi con-
taining vitamin C and ethanol extracts of B. poly-
Sfermenticus SCD during storage period.

Control : No antioxidant,

T1 : Vitamin C treatment.

T2 . Ethanol extracts of B. polyfermenticus SCD treatment.

T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD

treatment.

= EAM F83] 2] A| 2618 Al 4:3(2006)

N

277 7P weE v E $4 $28 R o™ B. poly-
fermenticus SCD o&-& $EES H713 A H(T2)7}
3o £35 Bk vl C2} B polyfermenticus SCD 9
g FEES AU AMETFETL T2, T3)2 6Y)
4.84~4.89 logCFU/g ©| 2 37} 2T+ 5.44 1ogCFU/g
FEE HolH £942 o] E YA Thp<0.05). 181}
A7717E <t vlell C 2 B. polyfermenticus SCD | €r-&
222 718 AT o] foA Aol e et
THp<0.05). Lamkey S(1991)& AA)Ajol|A 2747} 10°
CFU/g A xo|W Fai= ks B9l al, Egan 5(1980)2
10°~ 10° CFU/g o019 Rojalsicin watalsich. wraw
BlEl] C 2 B. polyfermenticus SCD ol|€h& FZE-2 x#
717+E Ases AUt S-S HolEr)

Mg
BIEM C9} B. polyfermenticus SCD o|&rg FE252 A7}
g HZH| S 4Tl 1593 AGePHA Aol weE Az
W8k Table 29 YEPITH BEE Yehls L*-ghe o)

Table 2. Changes of color value in Tteokgalbi containing vitamin C and ethanol extracts of B. polyfermenticus SCD during

storage period

. Storage Treatments
Trait
(days) Control Tl T2 T3

1 57.35+0.48" 57.48+0.48%" 56.32+0.53% 55.29+0.50°

3 57.39+0.69* 56.94+0.67% 55.86+0.83" 55.74+0.64"

CIE L* 6 56.94+0.30"* 57.16+1.13" 55.07+0.71% 55.310.52°
10 56.26+0.71"° 56.10+0.74" 54.55+0.56™ 54.97+0.87°

15 57.77£1.02° 58.34+0.66™ 54.84+0.34% 55.14+0.60°

1 9.43+0.22% 13.83£0.27"° 9.68+0.33% 11.39+0.21%°

3 13.410.38% 14.50£0.37* 13.63+0.42% 14.18+0.38"

CIE a* 6 13.97+0.27° 14.07£0.67° 13.47+0.48" 13.68+0.31°
10 12.94+1,05% 14.17£0.57** 13.05+0.29% 14.02+0.58*

15 12.32+0.23™ 12.81£0.28 13.41+0.30%® 14.09+0.39%
1 9.78+0.42% 10.09+0.30 11.54+0.29* 10.90+0.29®

3 9.22+0.28% 10.35£0.27% 11.02£0.27*° 10.34+0.26™

CIE b* 6 9.05+0.22 10.31+0.37% 10.660.32% 11.08+0.38*
10 8.8440.23 10.99+0.34™ 11.09+0.13* 10.900.22**
15 8.62+0.46" 9.82+0.28% 10.68+0.30™ 10.55+0.33

All values are means+SD.
Control : No antioxidant.
T1 : Vitamin C treatment.

T2 : Ethanol extracts of B. polyfermenticus SCD treatment.
T3 : Vitamin C and ethanol extracts of B. polyfermenticus SCD treatment.

a~e

Means in the same column with different letters are significantly different(p<0.05).
D Means in the same row with different letters are significantly different(p<0.05).
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Z9k HEM CE 713t A el H(T1)7} 56.26~58.340] %] 2
B. polyfermenticus SCD &+& FZES HUHe T2, T3 A
2|7 54.55~56.32-& VERH, T13} T2, T3Ate] 9] 2]
Ql Aol & B YTHp<0.05). 7|7 FF viEkl C7F
9 T13 139 Hel7Y a*-ghe o2 A 75 vlel 2
Ao wmPtHp<0.05). ©15 B. polyfermenticus SCD o gt-&
Z&5o] AZAAE AUz Y3 HEP Co] Z-F §A]Ee
2] metmyoglobin®] TS Eo] HAZE AF AT 7]
o] 9J7] wj&o]tHDjenane et al, 2003; Naveena et al.,
2006). 10, 1520 =79 a*-Fko] Fol@ o} B poly-
fermenticus SCD A|&+& FE2EE H74e T2, T3 AH7+=
AAEA FAEU b3 6L7HA = STl 1 o] F
Zashe Aes B thp<0.05).

2 o

E Ao T e S A8k 23k, ascor-
bic acid(0.06%)Z H713+ A2|7HT1), B. polyfermenticus
SCD ogtd FEE(G%)S H7Ig A2l74(T2)9} ascorbic
acid(0.03%) L B. polyfermenticus SCD o8& FZE(2.5%)
2 A7 AP HTHR FE3I AEE AAET. vE
ul C & B. polyfermenticus SCDE] ethanol FZ&H-& A7}
3 G| A o] AU 53] AHw e 7
AT 7ol vate] dA L& & BEAs ¥
olUial, B. polyfermenticus SCD2| o|ghg FEES A
A 77 M 9 3E Ve Ry E7sEa

PSS Y BE Aelold e A0 Hank ol
A, 7120 Be AFE Fo) AR @ol 2cixm gl
& HeRl Cs} 2%

tlE-o] B. polyfermenticus SCD2] ofgh-&
ZEo| yold AAFA3} FTHE BA

At =2

B A7 5&AEH AY9L wol 20064 % Hlo] o
W1 A1 Bo FPEen, 2 Add ZA=Pdh
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