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SUMMARY

This project consists of 4 sections: Section I. Microbial contamination and
decontamination on the surface of pork carcasses at different stages of the
slaughtering process. Section 2. Antibacterial action of natural Antimicrobial
substance against food-borne pathogenic bacteria. Section 3. Microbiological
analysis of refrigerated pork treated with selected lactic acid bacteria. Section 4.

Improving safety of refrigerated pork treated with natural antimicrobial substance.

Section 1 : Microbial Contamination and Decontamination on the Surface of

Pork Carcasses at Different Stages of the Slaughtering Process

This study was executed to examine the microbial quality of the pork carcasses
during the slaughtering and to seek the device to minimize microbial
contamination. Four slaughtering plant- were selected from the Jeonnam province.
At each plant, carcasses were sampled by swabbing method at four individual
stages of processing - before evisceration, after evisceration, after final carcass
washing and after 3 hours -carcass chilling. The samples were analyzed
individually for aerobic plate counts (APC), total coliform counts, presence of
Salmonella spp., presence of Listeria spp. and comparison of the microbial
contamination after the application of foamwasher, high pressure-washer with hot
water, disinfectant and washing. APC recovered from pork carcasses of the four
slaughtering plant ranged from 2.58 to 3.66 logiy CFU/cr at pre-evisceration, from
1.73 to 3.34 logiy CFU/cr at post-evisceration, from 1.81 to 3.30 logiy CFU/cr at
post—final carcass washing, from 1.59 to 3.08 logiy CFU/cnt at post—-3 hours carcass
chilling. Total coliform counts recovered from pork carcasses of the four

slaughtering plants ranged from 0 to 2.03 logiy CFU/crt at pre-evisceration, from 0

,12,



to 198 logiy CFU/cr at post-evisceration, from 1.00 to 2.02 logiy CFU/crt at
post—final carcass washing, from 0 to 2.29 logiy CFU/cr at post-3 hours carcass
chilling. Total coliform counts at post—final carcass washing were increased
(p<0.05). Incidence of Salmonella spp. ranged from 0 to 20% and that of Listeria
spp. from ranged from 0 to 5% from pork carcasses of four slaughtering plants. It
was found that APC and total coliform counts of pork carcasses, after the
application of foamwasher, high pressure-washer with hot water, disinfectant and
washing, decreased at most slaughter processing. Hot-(70 to 80C at the pipe)
water washing was also an effective intervention that reduced bacterial
contamination. This study concludes, it is possible to choose an effective,

inexpensive treatment to reduce bacterial contamination on pork carcasses.

Section 2 : Antibacterial Action of Natural Antimicrobial substance against

food-borne pathogenic bacteria

Bacterial safety is one of the major concerns in the marketing of raw pork.
Ultraviolet radiation (UV) has shown effective in destroying Salmonella
typhimurium on pork loins and tender-loins at 2,000 uW -s- cm 2
Microbiological evaluations of pork loins treated with lactic acid cultures
(Lactococcus lactis subsp. lactis ATCC 11454 and Acetobacter aceti ATCC 15973
grown in 10% milk solids) and during storage at 4°C were assessed. Pork loins
were immersed in solutions for 2 minutes containing 3.96 log units, 4.10 log units,
or 4.23 log units of individual lactic acid cultures. The lactic acid cultures had a
inhibitory effect on the growth of Salmonella typhimurium, Listeria
monocytogenes and Staphyloccus aureus on the pork loins during storage for 10

days at 4°C. Natural antimicrobial substances from Lactococcus lactis subsp. lactis

ATCC 11454 or Acetobacter aceti ATCC 15973 grown in 2.5~10.0% (w/v) milk
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solids were used as a surface sanitizer of refrigerated pork loins and tender-loins.
Microbial antagonisms in pork has been proved to extend microbiological shelf-life
for 15~20 days of storage at 4°C. Pork loins treated with antimicrobial substances
significantly decreased Salmonella typhimurium during storage at 4°C. When pork
loins are packaged under modified atmosphere including vacuum packaging, Pork
loins treated with antimicrobial substances of either Lactococcus lactis subsp.
lactis ATCC 11454 or Acetobacter aceti ATCC 15973 grown in 2.5~10.0% skim
milk medium for 1~9 min significantly inhibited the growth of Salmonelia
typhimurium, Listeria monocytogenes and Staphyloccus aureus compared to

control during storage of 15 days at 4°C.

Section 3 : Microbiological Analysis of Refrigerated Pork Treated with
Selected Lactic Acid Bacteria

The use of lactic acid cultures to inhibit spoilage and pathogenic bacteria is
especially attractive in product such as minimally processed refrigerated pork.
Acids produced by Lactic acid bacteria or acetic acid bacteria could lower the pH
and contribute to preservation of refrigerated meat. In this study, microbiological,
pH and sensory evaluations of pork loins treated with lactic acid cultures
(Lactococcus lactis subsp. lactis ATCC 11454 grown in 10% milk solids) during
storage at 4°C were assessed. Pork loins were immersed in solutions containing
3.96 log units, 4.10 log units, or 4.23 log units of individual lactic acid cultures for
2 min. Pork loins treated with lactic acid cultures had a inhibitory effect (P <
0.05) on the growth of aerobic plate counts (APC) during storage of 3 days at
4°C. Pork loins treated with lactic acid cultures during storage of 3 days at 4°C
significantly (P < 0.05) decreased pH values compared to those of controls.

Sensory evaluations for odor and appearance of pork loins treated with lactic acid

,14,



cultures during storage of 9 days at 4°C were a "liked less” to "typical” category

compared to those of controls.

Section 4 : Improving Safety of Refrigerated Pork Treated with Natural

Antimicrobial Substance

Natural antimicrobial substances from Lactococcus lactis subsp. lactis ATCC
11454 or Acetobacter aceti ATCC 15973 grown in 2.5~10.0% (w/v) milk solids
were used as a surface sanitizer of refrigerated pork loins and tender-loins.
Microbial antagonisms in pork has been proved to extend microbiological shelf-life
for 15~20 days of storage at 4°C. Pork loins treated with antimicrobial
substances significantly decreased gram-negative bacterial counts (GNC) during
storage at 4°C, which was sensitivity to the lower levels of pH values. Pork loins
treated with antimicrobial substances of either Lactococcus lactis subsp. lactis
ATCC 11454 or Acetobacter aceti ATCC 15973 grown in 2.5~10.0% skim milk
medium for 1~9 min significantly inhibited the growth of aerobic spoilage bacteria
compared to control during storage for 15 days at 4°C. Additionally, the
microbiological shelf-life of pork loins treated with antimicrobial substances after
reuse of 1~2 times could be extended, compared to those after reuse of 3~4
times during storage of 20 days at 4°C. It is known that antimicrobial action of
lactic acid bacteria and acetic acid bacteria is dependent on not only lower pH
values but dissociated acid molecules and undissociated acid molecules. Although
natural antimicrobial substances from Lactococcus lactis subsp. lactis ATCC 11454
or Acetobacter aceti ATCC 15973 grown in 2.5% (w/v) milk solids for 24 hrs at
37°C were used as a surface sanitizer of pork loins and tender loins, it was
significantly effective for preventing the growth of meat spoilage bacteria. Results

indicated that natural antimicrobial substances from Lactococcus lactis subsp. lactis
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ATCC 11454 or Acetobacter aceti ATCC 15973 grown in 2.5~10.0% (w/v) milk
solids could be used as an effective preservative for extending microbiological

shelf-life of pork loins or tender loins during storage at 4°C.

,16,
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AA oAREY ANEAFH 52 H ZF 10 emx10 cmd AH o] tste] Hitw A=

(10
emx10 cm, 0.1% Zi % Peptone Water 10 m¢ ¥3HZ 729 M=zg 2 BEXE &
Al Hird Al do] AAARE AFSAT. AFHASTF A5+ ofo]=o] H71

ofolnutzo] Wol 4TE A8t 443 ojel] A= Eubste] 49

- =) =1 o
RURRSAAS] E?‘jo]—)\/\

7y FARAERE AQF3 A8 Z+zZF 0.1% " E peptone water (DIFCO, Detroit,

USA)E 25 mt® ¥l 120%7F stomacher (Seward, Tekmar, England)ol] %

AAT AR 1 ms FHste] A3 srw ATTE Aste] A3l AH&Eith

Salmonella ¢+ Listeria 72 AES A= AZRE T2 b3 37CAA 643

¢t pre-incubation A7 AF&3}4 ).

(1) 23714 AT (Aerobic Plate Count)

AdAge drd 0.1% peptone water’t & £3H WEENA 50 WS &
plate count agar (DIFCO, Detroit, USA)o| HZF3lo] 37Tl A 24-48A%F

, WAl AR EE e

B A 71
F2 AL F Logw CFU/mo®E Al EAE9

NEE 59

e

HHX]OH 2:5:] E%f)‘]—o:] 74]5,1% @FQ‘—Z'::;L T‘gﬂ-%}]\_gi 7:1]/}_}'2:5]—9}1
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(2) AAFTT (Coliform)

/\EI

o2

Azst "ytd 0.1% peptone water’k & & WE=olA 50 wE F ko]
MacConkey agar (DIFCO, Detroit, USA)o| FHE3}e] 37Tl A 24-48A17F vl A1
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(3) Salmonella spp.

621t pre-incubationAl 7] WEE 1 mlS 10 ml9 Selenite Cystine Broth (DIFCO,
Detroit, USA)dl HZF38Fo] 37TColAl 18AIZF WAl v Sl Selenite
Cystine Brotholl A 50 wlE Salmonellaxt A1#uj=]el Xylose lysine tergtoi 4 agar
(Merck, Darmstadt, Germany)oll HE3dle] 37ColA 24-48A1 7k %ot wjkA|zl & uj
A4 HAEFAFE AT H Logy CFU/arez 3atkste] A Y. e A3e &5
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(4) Listeria spp.

6417t pre-incubationAl 7l W-E&E 1 m{= 10 ml9] listeria enrichment broth (DIFCO,
Detroit, USA)ol #HZE3sto] 37ColA 18A17F Azl thS Zujekst listeria
enrichment brotholl 5] 50 S Listeriatr A #ujx]¢l PALCAM agar (Merck,
Darmstadt, Germany)oll & &3} 37Coll A 24-48A 7H5<F v oFA 71 & v x| A} 9]
g8 A5 F Logw CFU/are 2 3Hibste]l mAstth BE Alas El
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(5) A &4

Mags 24 o Excel Software (Microsoft Corp., Redmond, Wash.)& ©]-&3}¢]

log=*] 2 #4b89l a1, SAS programe] Student’s ¢ test® AMg3ste] Fg7te] A

,30,



) 23
A3 oy (CCP
e 29 9A A% T

of
HJ

B
o
i
]
of

o

oF

;O_l

A

A,

5,

J

2

22+ Al

ko3
T,

& 14 A

<
i

—_—

o
o

oF

ok
N

NI

)

—_

0
o
o

oF

iof-
o

)

il
el

—_—

0
o
T
&
gl

e

Ho

Ho
—_

K
<
il

j—

o
o
F
>

1Ho

=

,31,



Livingbody
Weighing

Lairage

Pig Driving

Horizontal
Bleeding

Vertical
Bleeding

Stunning

Washing

Dehairing

Gambreling

Scalding

Drying

Second
Washing

Head/Anal
Removal

Flaming

Evisceration

Carcass
Weighing

Grading

Splitting

Final
Washing

Fig. 1-1. Dressing operations of the slaughterhouse A.
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, WA, Salmonella spp. & 7HAF

=S A WAAE A, WEAAE 5, ASAH 5, oY AR $o 34N &
713, W, Salmonella spp. & A4S A3 = ¥ 1-13 2t} o] P49 37
AFE Hi 227-3.66 logiy CFU/cr2 UEst o =323 Ao] dage uzt i

2 Hol (p<0.05) WY 3A7 B A4H e Fx=

ez
32
o
<
o
M
2t
ol
i
&
4

0-2.03 logio CFU/ars E AL o 3AZF Foll= HEHA Fskon WA=

Hasta HSAH Fols sy dddLT7h S/ E (p<0.05).

o
=2

Table 1-1. Microbial numbers on the surface of pig carcasses in slaughterhouse A

log1p CFU/crf

Slaughtering Process Aerobic Plate . Salmonella spp.
Coliform ..
Count (No. of Positive samples)
Before Evisceration 3.66+0.05 2.03+0.29 1
After Evisceration 3.34+0.10 1.45+0.04 2
After Final washing 3.09+0.03 1.74+0.21 1
After 3 hours chilling 2.27+0.14 ND" ND
“Mean=SD.

"ND; not detected.
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% 20%, FHEAZH

of
ol
e
fr
=
o3l
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X
=
)
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T 10%= AEHJ oAy AT Sl AFHA Lot Listeria spp.© 2.5%<]

(2) =E5% B9 "AE 29

=54 BAAA WZAdE A WFgE: & HETAE &, oW 3AF Fo] FAHAA T
71+t, 7t , Salmonella spp. & A A3= 3% 1-29F 2o} o] #de] 57]
A= Hit 1.81-261 logyy CFU/cri® YErskom T34 o] 3o uagt 74

B (p<0.05) HEFAMZH &, oy 3A Fol 7

T Bt 0.85-1.23 logiy CFU/erf = Ytk om fd2s $9F HFAH Fol= 57t

St oy 3A 7 Fol= AT (p<0.05). Salmonella spp.d] HEEL TAHER
WA= A 10%, HEAE 3 10%, JEA2 T 10%= A=A 9 3N &
o= A&HA &t} Listeria spp.= ©] GG E AR &%

Table 1-2. Microbial numbers on the surface of pig carcasses in slaughterhouse B

log1p CFU/cnf

Slaughtering Process Aerobic Plate Salmonella spp.

Count Coliform (No. of Positive samples)
Before Evisceration 2.61+0.11% 0.85+0.06 1
After Evisceration 2.11+0.03 1.00+0.08 1
After Final washing 1.81+0.48 1.23+0.04 1
After 3 hours chilling 1.81+0.48 1.08+0.12 NDP

Mean=SD.

PND; not detected.
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(B) =% CY MAE L9

T CollA WZdE A, WA= 5, ASHAE §F, dd 32 $9 FANA &
N1, WA, Salmonella spp. & A S A= % 1-33 2} o] FAA A9 57
AdFE H 1.59-258 logy CFU/cr® YEl o HEA A Fos= 23 Al 4=

E
7b F74eE Al (p<0.05) oY 3A1ZF Fo b wre F£XE Bk g

Table 1-3. Microbial numbers on the surface of pig carcasses in slaughterhouse C

log1p CFU/cnf

Slaughtering Process

Aerobic Plate Coliform Salmor?e.lla Spp.
Count (No. of Positive samples)
Before Evisceration 2.58+0.28" ND” ND
After Evisceration 1.73+£0.61 ND ND
After Final washing 1.99+0.24 1.00+0.15 ND
After 3 hours chilling 1.59+0.37 ND ND

Mean=SD.
PND; not detected.

(4) =5% DY FAE 29%=

W 3N 3o FANA zU|AT, WFTT, Salmonella spp.E AR A=
1-4¢} 2t} o] AAHe VAT FE H 3.08-3.30 logio CFU/cr® YEFSE o 1
Ao Mg Fxo Wslrt Aol YElA ko (p<0.05) oY 3A1ZF Fo 7H

=5

ol

e
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FAE BRI 4] A4F F AAH R 7 2o £XE By QAT EFE
Bt 1.92-2.29 logig CFU/crr2 JErstom FAH o]l o wal =715k
SRt MR 4] A9 AAAeR UM w8 7AE HAth
Salmonella spp.t FAEE WAEE A 10%, WA EF T 20%, HFA3 T 20%=
AZFH QL oAy 3A7F Fol= 30% = A=A Listeria spp.= 5% HEES B

A WAAE A, AFAA Fo g AEH U

Table 1-4. Microbial numbers on the surface of pig carcasses in slaughterhouse D

log1p CFU/cnf

Slaughtering Process Aerobic Plate Coliform Salmonella spp.
Count (No. of Positive samples)
Before Evisceration 3.28+0.24% 1.92+0.48 1
After Evisceration 3.26+0.18 1.98+0.10 2
After Final washing 3.30+0.12 2.02+0.28 2
After 3 hours chilling 3.08+0.42 2.29+0.66 3
Mean=SD.
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47) =) Z7ATFSE WAHE doll Hat 258-3.66 logio CFU/ar &2 FERyE

M, A B3 FA7F A Eda C B3 7P Bl HEE A tHp<0.05).
WAHZE Fole 1.73-3.34 logio CFU/ar &2 vehytom, A &40 F=x7} 7}
= &2 A b @A HEHAT (p<0.05). HEAH Fol= 1.81-3.30
logio CFU/er .2 el on D E&5FoA X7 7b4 =i B =534 714
A HEE AT (p<0.05). oY 347F FolE 159-3.08 logiy CFU/cir o2 Uebst o
W, D B5FA FX7F Mg =9a C BE5FA 4 9A dEEAT (p<0.05).

%‘3
=l
O
NI

Table 1-5. Aerobic plate counts on the surface of pig carcasses at four stages

of the slaughtering process in four pig slaughterhouses

logio CFU/cnt

Slaughterhouse

before after after after
evisceration evisceration final washing 3 hours chilling
A 3.66+0.05" 3.34+0.10 3.09+0.03 2.27+0.14
B 2.61+0.11 2.11+0.03 1.81+0.48 1.81+£0.48
C 2.58+0.28 1.73£0.61 1.99+0.24 1.59+0.37
D 3.28+0.24 3.26+0.18 3.30+0.12 3.08+0.42
Mean=SD.

(2) AF T (Coliform)

AFA S ) 25HA =5 Es giddadTE A 43+ £ 1-6% 2

-2.03 logiy CFU/cnf o2 el o™,
S5 E HEHA &g (p<0.05). WA
= Fol= 0-198 logio CFU/eif &2 vyt o D =574 ¢27F 7bd =3%ka C
=AM E AEHA &skth (p<0.05) HFAA Foll= 1.00-2.02 logiy CFU/arr & &
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$a C =EFNA b

deom, D BEFANA FA Y ¥
(p<0.05). ol 3A17F Fell&= 0-2.29 logiy CFU/aro = Yelytom D E=F7ol A
25 dEHA gt (p<005).

A7y v =%k C
Table 1-6. Coliform numbers on the surface of pig carcasses at four stages of

the slaughtering process in four pig slaughterhouses

logio CFU/cnt
after

before after after
evisceration evisceration final washing 3 hours chilling

NDP

2.03+0.29"
1.00£0.08 1.08+0.12

0.85+0.06 .
ND ND 1.00£0.15 ND
1.98+0.10 2.0210.28 2.29+0.66

Slaughterhouse
1.45+0.04 1.74+0.21

1.23+0.04

1.9240.48

o o @ »

“Mean=SD.
PND; not detected

(3) Salmonella spp.$}+ Listeria spp.
=3 AYEE Salmonella spp.& AT A3 WA=

& HAA C =54dAs dEHA Sk
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Table 1-7. Means of bacterial counts, sampling location and porks obtained at

each processing plant

Total aerobic

Listeria spp. Salmonella spp. Coliform

bacteria
After bleeding 5.45+0.67° 2.81+0.25 3.28+0.39 3.28+0.48
After scalding 4.26+0.63 2.85%0.32 ND 2.18+0.47
After eviscerating 4.48+0.53 ND” 1.85%0.18 2.00+0.15
After washing I 4.32+0.82 4.19+0.48 4.19+0.56 1.94+0.12
After washing II 3.86+0.59 2.88+0.74 2.85%1.00 2.05£0.34
Before chill 3.68+0.38 3.55+0.58 ND 1.87+0.23
After chill 3.93+0.64 4.44+0.53 2.59+0.75 2.18+0.47
Eviscerating plant 4.96+0.61 ND 3.71+0.86 1.75+0.21
Packaging 4.47+0.46 4.71+0.65 3.52+0.67 2.72+0.55

? Means of 3 replications (Mean+deviation)

PND = none detected

) AH R A5A HEd BE BE LEE

= o3y 7t (p<0.05).

Of

,43,



Table 1-8. Microbial numbers from the surface of pig carcasses and equipment

before and after washing and disinfection

Before After
Slaughtering Process
APC Coliform APC Coliform
after bleeding 5.19+0.68 3.23+£0.40 4.28+0.23 2.72+0.61
after evisceration 4.29+0.59 1.95+0.14 4.15+0.11 1.55+0.14
after washing 3.90+0.50 2.59+0.48 3.31+0.37 2.28+0.19
after chilling 4.17+0.83 2.82+0.78 4.33+£0.42 3.56+0.47

“Mean+SD of logip counts

() WY == s7|dTES] ¢F 4~5 Logiw CFU/g A& %1, Listeria
= Ay WAHE FE5 A9 d AN AEHAeH,
Salmonella <vt2 @4 -9 23 A& vkl @A =AE AL A AN H=E
HAT. WFTTE A AAe A HEHAW adA (F) vy =5 =S5
4 kY wE 5 @ & RS 5 1A AlF S 23 AlE 5 Ay A, 4
}_\_:]l

3
AvEs 839 H (CCP) ez AAsta wd =& +
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(2) Salmonella spp.

6A] 7t pre-incubationAl 71 WEE 1 mlS 10 ml9 selenite cystine brothel] % %38}¢]

5

37CoAA 2477 WA ZTE Sl 43 selenite cystine broth 50 WS Salmonella
o AeufA] Q) XLT-4 agarol HE38lo] 37Tl 24-48A1 715 vikAI 7l 3w =] A

9] colonyE #23F
(3) Listeria spp.
6] 7t Pre-incubationA] 71 W&E 1 mlS 10 ml® Listeria enrichment brothol] %

o] 37°Col A 247 7F v okska o),
Listeriawt A &ujx12] PALCAM agaroll HZ3to] 37Col A 24-48A 7H5<t v kst o

olN

a3t Listeria enrichment broth 50 W=

S Listeriait &2 FA %+ colony® blood agarol HEste] &840l yelyd

Listeria monocytogenes® 21 &r&} %t}

(4) Staphylococcus spp.

A5t 1% peptone water’} & £3® WEENA 50 wWE FH3te] AEujxQd

Baird-Parker agaroll FHE3Fo] 37ColA 24-48A17F v kA7l & wix| Ao A 2y
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Table 1-9. Mean of Staphylococcus spp.. counts of pork loins treated with

ultraviolet radiation during storage at 4°C

Treatment Ultraviolet radiation time

Days contol S i 10 min. 15 min. 20 min.
1 day 4.15+0.42*  3.37+0.16 3.15+0.42 3.27+0.35  2.93+0.15
3 days 3.65+0.04 3.33£0.18 2.98+0.41 2.96+0.18  2.77+0.31
6 days 3.09+0.49 3.22+0.23 3.19+0.15 2.89£0.18  2.99+0.24
9 days 3.70+0.38 3.67+0.22 3.77+0.52 377052  3.79+0.32
12 days 5.54+0.14 5.42+0.15 5.32+0.36 5.38+0.08  4.94+0.16

“Data are the mean CFU = the standard deviation.
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Table 1-10. Mean of Listeria spp. counts of pork loins treated with ultraviolet

radiation during storage at 4°C

Treatment Ultraviolet radiation time
Days Control 5 min. 10 min. 15 min. 20 min.
1 day 440+1.06"  5.36+0.41 5.19+0.38 5.50+0.32 5.60+0.15
3 days 5.72+0.34 5.15+0.85 5.22+0.84 5.44+0.28 6.23+0.45
6 days 6.13+0.38 6.10+0.04 6.59+0.03 6.32+0.02 7.53+0.28
9 days 5.84+0.34 5.22+0.33 5.59+0.14 6.28+0.62 7.02+0.06
12 days 6.10+0.49 5.81+0.27 6.28+0.32 6.68+0.28 6.88+0.36

“Data are the mean CFU = the standard deviation.

Table 1-11. Mean of Salmonella spp. counts of pork loins treated with ultraviolet

radiation during storage at 4°C.

Treatment Ultraviolet radiation time
Days Control : ) ) )
5 min. 10 min. 15 min. 20 min.

1 day 2.78+0.23° 3.08+0.35 2.30+0.35 2.60+0.35 NDP

3 days 3.95+0.35 ND 3.40+0.21 3.95+0.35 ND

6 days 3.60+0.27 ND ND ND ND

9 days 3.30+0.31 ND ND ND ND

12 days 3.30+0.28 ND ND ND ND

“Data are the mean CFU #* the standard deviation.

PND = none detected.
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) HAFTRAL o4 AT SATH FAY A4H AYAN&Y AD

(1) AAIFHFEZS o] €3 Salmonella typhimurium A &3

R 2719l Lactococcus lactis subsp lactis®} Acetobacter acetiS "% & A&
AgHEAS 102 B9+ AA S Salmonella typhimuriums 10°
CFU/ml HFste] HAZIEZ Salmonella typhimuriumt 7S GolH gkt)
NAS 12 STl dddd=4dS 49 3143 NAS 2+ 2 34 2485 A3t

Atk 22al NAS 32 HAFdd=dS 850 34stA Fa Abgste & A3

ol Ae HEHA &k
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Table 1-12. Mean of Salmonella typhimurium counts on refrigerated (4°C) pork
tender-loins treated with different levels of natural antimicrobial substances from

Lactococcus lactis subsp lactis ATCC 11454

Salmonella typhimurium counts(logiy CFU/g)?

Treatment
Oday 4days Tdays
Control 5.24+0.16 6.34+1.29 5.57+2.76
NAS 1/10min 1.85+1.89 2.83+1.50 3.73+0.64
NAS 2/10min 1.46£1.52 1.85+1.89 2.87+1.77
NAS 3/10min NDP 1.46+1.52 3.71+0.39

“Mes of 3 replications (Meant: standard error). "ND = none detected
NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.

Table 1-13. Mean of Salmonella typhimurium counts on refrigerated (4°C) pork
tender-loins treated with different levels of natural antimicrobial substances from

Acetobacter aceti ATCC 15973 (KCCM 40229)

Salmonella typhimurium counts(logio CFU/g)?

Treatment
Oday 4days Tdays
Control 5.64+1.16" 5.89+1.64 3.96+1.37
NAS 1/10min 2.87+£1.77 0.87+0.96 1.63+1.16
NAS 2/10min ND" ND ND
NAS 3/10min ND ND ND

“Means of 3 replications (Meant: standard error). "ND = none detected
NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.
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(2) DI T ERAL o] &3} Listeria monocytogenes A &3

WA 1271 Lactococcus lactis subsp lactis 9} Acetobacter acetis "% F HAAE

£

g 3 g5 4 HAFgT = 108 T HAS v Listeria monocytogenes=
10° CFU/ml A ZE3le] AAsTF =4 Listeria monocytogenesit 43S Goli 2
= ¥ 1-149F ¥ 1-159F Zuh NAS 12 570 AT EAS 4u] 343
NAS 2+ 2v) 3A3 548 A&t 28l NAS 3 HAFdH =4S U850
s|A kA eFa ARSI TE AAFTELS 107 5 A& HHHx

oANA Listeria ¥l Ao A&=HA &Fskrh. o9k o] =HAa7]dl s Lactococcus
lactis subsp lactisE W & AT 3 S 42 JAFSTEL S 108 ke #

A= Listeria monocytogenestt ol tsle] £ Fu|AE 35 et

Table 1-14. Mean of Listeria monocytogenes counts on refrigerated (4°C) pork
tender-loins treated with different levels of natural antimicrobial substances from

Lactococcus lactis subsp lactis ATCC 11454.

Listeria monocytogenes counts(logiy CFU/g)?

Treatment
Oday 4days Tdays
Control 4.82+1.26 5.50+0.44 4.52+0.64
NAS 1/10min 2.26£1.43 2.75£1.42 3.73£0.64
NAS 2/10min 1.27+£1.82 ND ND
NAS 3/10min ND” ND ND

“Means of 3 replications (Meant: standard error). "ND = none detected
NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.
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Table 1-15. Mean of Listeria monocytogenes counts on refrigerated (4°C) pork
tender-loins treated with different levels of natural antimicrobial substances from

Acetobacter aceti ATCC 15973 (KCCM 40229)

Listeria monocytogenes counts(logiy CFU/g)?

Treatment
Oday 4days Tdays
Control 4.69+0.76 4.53+1.18 4.28+1.27
NAS 1/10min ND” ND ND
NAS 2/10min ND ND ND
NAS 3/10min ND ND ND

Means of 3 replications (Meant: standard error). "ND = none detected
NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.
(3) AHAL TAT A H4A8F EZ7E AL

7} 250ge] SAIRE fAtelv 2AbEe] HA Idd=ds Aitsto]l AF=ate] It
a7 9= Aoz el Lactococcus lactis subsp. lactis ATCC 11454 (KCCM
40104)9} Acetobacter aceti ATCC 15973 (KCCM 40229)& 10% (w/v)<] &= &l
Aol Al wj e the 80°C & FZolA 308 FAF 8,000 rpmell A 158 YA F

A

Sdd 7500 mie] Abe

>

ol

2

| 103 A skdeh 1 5 §2 A3 ~H A

AelM 28 FAF FEHE FEE AARGE 24 §ARE PEE 28L o3

[>

=

o] AFXEA (Model-1AM,, vaccum packaging machine, Leepack, Korea)ol ¥ i %

FTEGSAT. 28 4°Cel WX A WA A 7I1IHE Staphyloccus spp.

& AT HALY] SEES 1A FaEdE JAstd ds xS
o

FE A3 A= F 1-16-1-179 2o HA gHEAE A3
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2E AT (NAS 1, NAS 2, NAS 3)+= A AF Staphyloccustt FE°] 27 H

o RHOR 4a (P < 009FET oW A AF 79 B A%HU. o]
Lol AFTEY F AAFTEA ATE A% AYYoR AP

Table 1-16. Mean of Staphyloccus spp. counts on refrigerated (4°C) pork

tender-loins treated with different levels of natural antimicrobial substances from

Lactococcus lactis subsp lactis ATCC 11454

Staphyloccus spp. counts(logio CFU/g)?

Treatment
Oday 4days Tdays
Control 5.24+0.16 4.89+1.24 3.96+0.26
NAS 1/10min 1.85+1.89 2.81+1.62 2.73+0.64
NAS 2/10min 1.46+1.52 2.73£1.59 1.87+1.77
NAS 3/10min ND” ND ND

“Means of 3 replications (Meant: standard error). "ND = none detected

NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.

(4) ==3F A GAE HACCP system FH
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Table 1-17. Mean of Staphyloccus spp. counts on refrigerated (4°C) pork
tender-loins treated with different levels of natural antimicrobial substances from

Acetobacter aceti ATCC 15973 (KCCM 40229)

Staphyloccus spp. counts(logig CFU/g)?

Treatment
Oday 4days Tdays
Control 5.30+0.82 4.89+1.24 3.75+0.05
NAS 1/10min ND 0.87£1.50 2.24+0.34
NAS 2/10min ND ND 3.25+0.25
NAS 3/10min ND ND 1.75£0.05

Means of 3 replications (Meant: standard error). "ND = none detected
NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water. NAS 2 = natural

antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural antimicrobial substances.
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Table 1-18. Means of bacterial counts, sampling location and porks obtained at

each processing plant

aerobic plate Salmonella Staphyloccus

Listeria spp. Coliform
counts Spp. Spp.
post- 2 b
. 2.98+2.12 0.27+0.60 ND 3.40+0.15 ND
bleeding
post-
3.54+0.33 ND ND 3.61+£0.27 0.82+1.15
scald
post™ 2.78+1.99 ND ND 252+0.27 ND
evisceration
post-
. 2.66£1.93 ND ND 2.49+0.05 0.41+0.91
washing
post-
o 0.52+1.17 ND ND 0.48+0.68 ND
chilling

final product 1.63+2.39 0.19+£0.43 0.42+0.93 0.72£1.01 0.36+0.80

? Means of 3 replications (Mean+deviation)

PND = none detected
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Acetobacter acetis MY F AT 3 thg & dAFTEH 102 54
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Lactococcus lactis subsp lactis ATCC 11454, Lactococcus lactis subsp cremoris A
TCC 19257, Pediococcus pentosaceus ATCC 10791 % Pediococcus pentosaceus A
TCC 43200%¢] ¥%< Brain heart infusion agar (Difco) #1<% 2 skim milk Hj =]l
02%Z HF3le] 500~1000 ml ©9]2] mother clturesE A Alstith. Zt o] 8484

BAS 98 A HEAE 2550 g 9] §ABe} Ay 2 o

e
o

2P/ oE A

gsto] 4°C A d = A

W) Adse spe

e

A ZAGA] (F) vl 94 g A Y] (FAlF 110 kg)= ths A 4709
Aggrmato] At svkel o] sl A (5041 x5A g xbvte])E AREE T =2 A
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2 (150-250V) ¥ 3& (450~600V)e] A74 FAHAo=Z 7|43 =439
1) AgA2 (Low temp. stunning method) : @ W&ET @ 150V/1-3% @ 175V/1-

3% @ 200V/1-3x% ® 250V/1-3%
2) ¢ HAAH (High temp. stunning method) : @ &+ @ 450V/1-3% @ 500V/1

-3% @ 550V/1-3% ® 600V/1-3%
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AAEAE UVERALY] (2 AF3d4, EdE9F)E =°] 80cm : 7F2 70cm : #
60cme] Z7]Z3te] A, &, 2 L f-o ZF 40W U
2h) kA,

ul) Colorimeter& AF&3F SAWM3 A

S22 Hunter colormeterE AF£3te] L, a, b7IE SA st}
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u}) TBAH

H K z7]e] AAatsfo] gk #2412 Salih 5

(1987)°] Wi o8 a3t

A A Ak FA] T F = bacteriocins =
nisin, Z23 44ty {4 59 FHEELS

=

lactis ATCC 11454, Lactococcus lactis subsp

Aatehs fab B LR uqkt o 2 A
A28 E Lactococcus  lactis  subsp

cremoris ATCC 19257, Pediococcus

pentosaceus ATCC 10791 % Pediococcus pentosaceus ATCC 432009 &S 3=

Z74E 3o FYeA . E7S Brain Heart Infusion agar @ broth (Difco, USA)

22831 MRS broth (Difco, USA)E 121°C, 15+

datato]l Alxg ZF ApulA o A

7]l FFskdvk. 1 5 37°C, 12417+ 33] Alhufgste] AbdHuiA= 4°C o] A%
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sheA e Al GE Fekel g SR AAFTAE §

==

Holl A &3l7] Y3 AF o2 A, Brain Heart Infusion broth (Difco, USA)$ MRS
broth(Difco, USA)ll AlthufF3t TS Ditd 10-20% EA 5= (Difco, USA)
ol Al 37°C, 12A12F wl¥$ 7 500 ml9] FAikt widlS 5 Kg $A8 (5% 50g
o] HAF Skl Abgstgith HAFHFEAL 10-10° CFU/mIZHA w3t o
v/w)s Hit TRl At HAar] 4 T12 3.96 log unit, T2%= 4.10 log
unit ¥ T3 4.23 log unit 7H4 HFEFF thF 4°C A% <t 2-thiobarbituric acid
value (TBA), Hunter color L°, a'¢} b7} ¥ SFFEFE (drip loss)S #43t}
(Table 2-1, 2-2, 2-3 % 2-4). A =4 ALAF T4 x99 TBAZI= T2
o} T3] Aelg¢k fFo% AolE vepdon, o8& A= 4°C A% 99 7HA
A=At (Table 2-1). & A9 A3} Ak dde] w27t =2 Ao+ TBA
7kel F7be U EEA TIAH ] ]38 oA AbgEojof &3102 HEET

>i
lﬂ

Table 2-1. TBA values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

TBA values
Treatment
1d 3d 6d 9d
Loin-control 0.25+0.006° 0.62+0.003" 0.51+0.008° 0.53+0.009°
Loin-T1 0.30+0.009° 0.62+0.010" 0.52+0.007° 0.52+0.021¢
Loin-T2 0.35+0.015" 0.78+0.021° 0.59+0.009" 0.65+0.017"
Loin-T3 0.46+0.013" 0.79+0.005° 0.58+0.007" 0.70+0.021*"

"Mean values with different superscripts in the same column are significantly different (P <

0.05)."Means of triplications (Meanzstandard error).

A7 A AAFEEA AAAF AA25He o
¥ 2

2 zpol7k gllem, ol Axk= AR



of §de] Wsto] mA= G Aol a3t
g3to] AAFHEAD HEHF color L7l wA= TS
ARG A3 dizge TAe AAS T1, T2 % T3¢ o4 Aozt ¢ldvt

(Table 2-2). ol#d A= 4°C A% 99 st FA=H A

»

Table 2-2. Color L values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Color-L values

Treatment
1d 3d od 9d

Loin—control 56.0+0.351° 57.2+0.470° 56.3+0.176" 56.2+0.780"

Loin-T1 56.3+0.902° 57.5+0.203" 57.8+0.717 57.8+0.306"
Loin-T2 55.2+0.841° 57.6+0.666" 57.8+0.153" 57.4+0.961"
Loin-T3 5850521 57.1+0.961° 59.2+1.014" 58.5+0.521"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meanz*standard error).

Hunter color meterg ©]-§3te] AAFTEAD A HAF color a7l A= JFE
ZAMgE A gzt T4 AAS T, T2 % T3% o4 Aol& vE
(Table 2-3). T3 A&7= A 717Hset x79 Fo]4 Ao]& Hebl AT
Hunter color meterg ©|&3te] AAdddEHD A HAF color b7tell wAE FFS
ZAbe A gz TS AYAS T1, T2 9 T3¢ F94 zeol7b it
(Table 2-4). T3 AT A% 7|FEt A9 794 2ol& YEr AT

=
32
o

[

,61,



Table 2-3. Color a values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Color-a values

Treatment Iy ” o o
Loin-control 3.10+0.351° 4.03+0.291° 5.53+0.100° 5.73+0.664°
Loin-T1 2.67+0.233" 4.20+0.513" 570+0.100° 5.60+0.208"
Loin-T?2 2.57+0.240 4.13+0.291° 5.06+0.120" 5.07+0.467"
Loin-T3 2.33+0.384° 3.33+0.633" 4.77£0.722" 5.17+0.437"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

Table 2-4. Color b values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Color-b values

Treatment
1d 3d 6d 9d
Loin-control 3.47+0.186° 5.40+0.153" 6.60+0.115" 5.63+0.689°
Loin-T1 3.23+0.291° 5.43+0.536° 6.00+0.115 5.90+0.200°
Loin-T2 3.37+0.406" 5.90+0.550" 6.20+0.208" 6.07+0.371°
Loin-T3 3.40+0.289° 5.97+0.233" 5.70+0.529" 6.57+0.940"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meanz*standard error).
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Table 2-5. Drip loss values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Drip Loss(%)

Treatment
4d 8d 12d
Loin—control 28 557 6.98% 9.417%
Loin-T1 42.83° 7.09° 10.07
Loin-T2 49.24° 8.05” 10.15°
Loin-T3 44.82° 8.32 10.73¢

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

W) UVEAE e ol §3 ol gety 24

UVEAP] (2 A7
mate] A, 8 7 27
S

A

&Y ZF) = =0] 80cm : 7FE 70cm : Z 60cme =

’

v}
Y

, ol ZF 40W UV lampE 1704 Av¥] (F 67] F2)

(1) 40 W UVZEALS] 43

2 A 4Ee 40 W UV lampRt AR&3te] Ao AR&ak3th 35 cm 9]
oA A7) W] UVE ZARS o]8tsta] & A% HgAd mA= 43S 4
S}a1A} 2-thiobarbituric acid (TBA)7FE ZAFSF T (Table 6). UVE ZAMSHA] ¢F2
79 5-202 &<F UVE AN A= A% 19 &
213 Aats A 99 Fob ALHAT 2 ATAI 40 W

A= A 7] TAe TBAZR S w XA et}
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Table 2-6. Effect of ultraviolet (UV) radiation on TBA values' of pork loins held
at 4°C.

TBA values
Treatment
1d 3d 6d 9d
UV, 08 =A} 0.14+0.086" 0.12+0.062" 0.56+0.233% 0.59+0.210%
UV, b8 xA} 0.15+0.062% 0.11+0.048% 0.56+0.196% 0.53+0.189%
UV, 108 =A}+ 0.16+0.058" 0.11+0.040% 0.58+0.205% 0.59+0.174%
UV, 158 ZA} 0.15+0.052? 0.11+0.040° 0.55+0.194* 0.54+0.157°
UV, 208 z=A} 0.15+0.052% 0.16+0.055" 0.54+0.191% 0.55+0.157%

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

HF 7] EHo UVE ZAFE Hunter color L* 7hel mx& e xALS du=
A2 14 & dEzT 794 2ol ¢lsltl (Table 2-7). UVE ZASHA] &S tix
T9F 5-208 E¢t & A AHElFe AR 143 F94 zolrt glolth o] # st

Uuv
A= A 129 S AEH A

Ny

Table 2-7. Effect of ultraviolet (UV) radiation on Color L* values' of pork loins
held at 4°C.

Color-L" values

Ireatment 1d 3d 6d 9d 12d
UV, 0% A 526+0.744"  54.840.643" 54.1+0.361"°  53.7+1.900 55.7+0.821°
UV, 53 2AF 51.0£0557° 51.8+1.290" 51.9+0.867"  54.4+0.723  53.0+1.647"
UV, 10+ Z=AF 51.9+0534" 51.1£0.521° 53.2+0.311"  51.7£0.684  53.9+0.651"
UV, 15 FAF 509+0.612" 52.6+0.356" 52.4+0597"  52.1+0.614 53.2+0.669"
UV, 20 ZAF 49.1+0.680° 51.1£0.375"  51.9+0.294"  52.1+0.315 50.7+0.461"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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HH 7] THo UVE ZAME Hunter color a9 b™ 7t mx& 3L xAsk 4
= A 19 T dxz279 FoF zol7k §ltk (Table 8% 9). UVE ZALekA] &
2 dixT9F 5-20% B¢ UVE A4S Agae A 149 #9734 Ael7b il

olelg A A% 129 Fok ASHA

Table 2-8. Effect of ultraviolet (UV) radiation on Color a* values' of pork loins
held at 4°C.

Color-a“ values

1d 3d 6d 9d 12d

Treatment

UV, 0 A  6.24£0.554 5.4+0.221° 6.4+0.502"  6.3+0.430"  5.8+0.652"
UV, 5 A 6.4+0.224 5.1+0.459° 6.6+0.214° 6.1£0.267°  6.2+0.421°
UV, 102 =AF  52+0.440 5.5+0.281° 53+0.159"  54+0.315"  5.4+0.119"
UV, 15% A 5.9+0.236 5.2+0.350" 6.7+0.118"  55+0.355"  5.2+0.247"

UV, 20i¢ ZAF 6.2+0.452 6.1+0.440° 6.2+0.258" 52%0.326"  5.0+0.220°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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Table 2-9. Effect of ultraviolet (UV) radiation on Color b* values' of pork loins
held at 4°C.

Color-b" values

1d 3d 6d 9d 12d

Treatment

UV, 0% =4} 22+0.233"  5.2%0.196° 4.7£0.276"  4.7+0.547"  4.6+0.335"
UV, 5% A 29+0.149"  4.2+0.416° 49+0.331"  4.2+0.266"  3.4+0.258"
UV, 102 =4} 1.8+0436"  4.8+0.223" 3.7+0.170° 3.6+0.283"  3.9+0.277°
UV, 15% ZAF 1.8+0.145"  4.2+0.209° 3.4+0.063° 47+0.144°  4.7+0.377°
UV, 203 x=AF  22+0.266°  3.7+0.386" 42+0.239"  5.0+0.330"  3.7+0.295"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

(2) 240 W UVZEALS] 93

A 3k #F 99 240 W UV lamps AF&3te] 0~60% &<t ZAFS 4°C W59

As7)ekael ol gsty Wste] WAL GEe BASAT (Table 10-13). UVEAR:

&2 UEY (Table 2-10). UVA E 7= A% 39 1.01-1.72% 22la A% 9
o= 219-155%° S5#FE&S UEhdt B A58 A3 UVEAbe A &<
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Table 2-10. Effect of ultraviolet (UV) radiation on drip loss values' of pork loins

held at 4°C.
Storage time Drip Loss (%)
(days)
Treatment 3 6 9
Control 4.53 1.00 4.67
UV 10min 1.01 1.32 2.19
UV 20min 1.44 1.53 2.23
UV 30min 1.65 1.67 2.10
UV 60min 1.72 1.12 1.55

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

oh) Tumbling®d ) o183} ol &eta ¥4

(1) Potassium sorbate®] <3

zZb 1 Kgo = xa7] k3 05% (w/w) FEZ potassium sorbates T &
(ChangDae Chemical Co., Korea)o]l ¥ 15 rpme & 108%¢r gd&88 9t 1 &
& a7 etAl e 4°C WHAEe "Xy EH e &5 734, Hunter color L, a, b7} &
TBAZ}el w A= F&FS AT S5 nAs 43S 243 23 gz
v A 343 9dE 359%F 1.59%¢] SHEFEE&S UEHATE (Table 2-11).
Potassium sorbate® 2] #+= A 3 1.12-1.34% 2831 A% 9o = 1.65-3.20%9]

gE8 3% Hunter color L° 7ol W x| &=

L)
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gaks ZAeE Ay AYFAFT HERT9 1.5-2% potassium sorbate A @7 2 3Y

T AT dEzTRy fFofdor ekt (Table 2-12). 28k A% 6Ll dix
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Table 2-11. Effect of potassium sorbate (PS)* on drip loss values' of pork

tender—loins held at 4°C.

Storage time

Drip Loss (%)

(days)
Treatment 3 6 9
Control 3.59 1.03 1.59
0.5% PS* 1.12 1.76 3.20
1.0% PS 1.21 2.20 2.54
15% PS 1.18 1.02 2.24
2.0% PS 1.34 0.28 1.65

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

Table 2-12. Effect of potassium sorbate (PS)* on Hunter color L

tender-loins held at 4°C.

values' of pork

torage time
(days)

Color - L wvalues

Treatment 0 3 6 9
Control 48.741.23° 50.6+1.21° 45.4+0.30 42.0+0.58"
0.5% PS* 48.2+0.59° 46.9+0.76 48.1+1.48 47.6+0.98°
1.0% PS 47.3+0.65™ 46.0+0.91° 47.2+0.47 47.6+0.64°
15% PS 45.2+2.58" 4554052 49.2+1.09 46.3+1.30°
2.0% PS 44.7+0.58" 45.0+0.62" 47.3+0.96 43.7+0.32"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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) x] 7] ek Aol 1-2% potassium sorbateE 7}etal © &2 % Hunter color a” 7}ol
A= e AR A= AY AFEYH 3Y st AT s dExTEY Fo40
2 vogth (Table 2-13). 1eiv A% 6del= x99 194 Zol7t flATh
71kl ol 1-2% potassium sorbateZ 7}stal ®E-3 % Hunter color b™ 7}l
2= e AR A= AY AFEYH 39 St AT s dExTEY o4
(Table 2-14). Z2ly A% 6Ll dix=79 Fo4 zel7h fldieh &

B} 1% X9 potassium sorbated] H#E Axo ZAE FUT £ S A

5
N
fd

HU
i 31

o2 HEHAY,

A 31719k o] potassium sorbates 7Fslal ©HEH ST TBA 7hol] vA&= 9&FS =
A Ak A S 2% Ae s iz ek 7ol 4 Aolzh Al (Table 2-15). 7L
v A 39 ol Foll= 1-2% ATE dEzT9 1994 zolE: UEddT 2 4
T AN 2% o] AFEe] AEe FE FUHE oEF Us AoE HEHU

Table 2-13. Effect of potassium sorbate (PS)* on Hunter color a* values' of pork

tender—loins held at 4°C.

torage time Color - a values

(days)

Treatment 0 3 6 9
Control 10.53+0.51° 10.53+0.28" 10.68+0.35 12.00+1.21°
05% PS* 10.28+0.31° 6.73+0.96" 9.00+1.50 7.88+0.31°
1.0% PS 768+0.59" 6.80+0.38" 9.10+0.58 8.48+0.26"
15% PS 7.55+0.88" 7.65+0.86" 9.45+0.87 9.20+0.44°
2.0% PS 7.18+0.31° 7.35+0.35" 8.18+10.8 9.90+0.62"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meanz*standard error).
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Table 2-14. Effect of potassium sorbate (PS)* on Hunter color b* values' of pork

tender—loins held at 4°C.

torage time
(days)

Color - b values

Treatment 0 3 6 9
Control 5.90+0.18" 753+0.91° 7.00+0.67 5.18+0.52"
05% PS* 5.83+0.20° 4.33+0.44° 6.08+1.05 5.40+0.65"
1.0% PS 4.53+0.53 4.93+0.71° 7.30+0.30 5.20+1.05"
15% PS 410+0.62" 4.78+0.47 6.18+0.80 8.13+0.57°
2.0% PS 4.03+0.55" 5.83+0.32" 6.58+0.65 7.95+0.30°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meanz*standard error).

Table 2-15. Effect of potassium sorbate (PS)* on TBA values' of pork
tender—loins held at 4°C.
torage time TBA
(days)
Treatment 0 3 6 9
Control 0.67+0.07 0.88+0.06" 0.97+0.04° 1.47+0.09°
0.5% PS* 0.96+0.04" 1.06+0.03" 1.20+0.08° 1.68+0.03°
1.0% PS 1.18+0.02" 2.48+0.09" 2.61+0.04" 3.98+0.18"
1.5% PS 1.25£0.12° 2.16+0.16 4.31+0.21° 4.59+0.14
2.0% PS 1.89+0.37° 2.53+0.12° 4.65+0.08" 4.90+0.21°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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(2) Potassium sorbate®} fAbTujj kol o] 3

ZF 1 Kego " x17] kA3 0.5% potassium sorbateE @E#lo] ¥ 15 rpmol A
108 s<¢r €88 9@ 1 3 Z} 25% Lactococcus lactis subsp lactis ATCC 11454
(%27] pH 56, 7] At 7.1 log unit), Lactococcus lactis subsp cremoris
ATCC 19257 (%7] pH 44, 7] f4kd<9 87 log unit), Pediococcus pentosaceus
ATCC 10791 (%7] pH 5.6, 7] A2k 7.7 log unit) ¥ Pediococcus pentosaceus
ATCC 43200 (%7] pH 59, 7] Akt 7.3 log unit)e] ikt wjgFde d &2l
33l 15 rpmell A 102 st H=dstdet. 2 5 A aL7|dd S 5 4°

A 71 xWe] 5% &, Hunter color L

At (Table 2-19 - 2-23). 5=l WA= 4FS 24T 23 A% 393 995
b 1.75%¢%F 217%° SEFFEE&S YUEUATE (Table 2-19). 05% PS¢ 25%
Lactococcus lactis subsp cremoris ATCC 19257 A g+ A% 39 2.01% 281
Ad 9del= 099%9 SHEFE&S HEUTh

A 31719 ol potassium sorbate®} ATl G NS 7Hetal ©HEYF Hunter color
L™ 7bell WA= 43S 2A Ade g AgAF Agge gz F94 2o
7F 1tk (Table 2-17). Z18iy A4 3dele= dlx27< Fo4 zolE HE AT

Potassium sorbate®} f-Abirujkal z3sto] e W&o wXi= 9ddko] potassium

sorbate A&7 Bt} SA {F2] = AT

,’71,



Table 2-16. Drip loss values' on refrigerated (4°C) pork tender-loins treated with

0.5% potassium sorbate (PS)” and different strains of lactic acid cultures.

Storage time Drip Loss (%)
(days)

Treatment 3 6 9
Control 1.75+0.28 1.02+0.57 2.17+0.15
0.5%PS 0.93+0.01 1.49+0.35 2.04+0.27

0.5%PS/ 2.5%19257 2.01+0.17 1.21+0.13 0.99+0.80
0.5%PS/ 2.5%10791 1.63+0.83 3.15+0.78 3.42+0.34
0.5%PS/ 2.5%11454 2.87+0.02 2.18+0.58 2.86+0.28
0.5%PS/ 2.5%43200 1.64+0.25 1.62+0.10 0.94+0.37

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

Table 2-17. Hunter color L* values' on refrigerated (4°C) pork tender—loins treated

with 0.5% potassium sorbate (PS)* and different strains of lactic acid cultures.

Storage time Color - L values
(days)
Treatment 0 3 6 9
Control 48.8+0.70 50.5+0.26 50.4+0.53" 48.8+0.70™
0.5%PS 46.2+0.68 46.9+0.35" 47.9+0.25" 46.6+0.52"

05%PS/ 25%19257  485+0.84 47.6+0.46™ 46.0+0.42° 47.3+0.33"
05%PS/ 25%10791  47.7+0.63 49.4+0.39% 47.9+0.82% 50.4+0.33"
05%PS/ 2.5%11454  47.8+0.65 48.1+0.89™ 50.5+1.05° 50.0+0.50°

05%PS/ 2.5%43200  49.2+0.73 47.4+0.62" 47.9+0.63" 45.3+0.84"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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A= iz Fo A Zolvt

AAT} (Table 2-19). 28y A& 3Uo= HET9 05% potassium sorbate & T+

o o4 ztolE YERHATH

H %] a1 7] et Al ol potassium sorbate$} F-AFFElS NS r1Elar B EE 35 TBA 71l #H

H =) 31 7) QA el potassium sorbate$; FAFFHj NS TlEla

w
T
i
=
BN

a’ Zhell WAE GFE A e AEH

o

b Zhell WAE TS AR A AEH

L
e S 248 A9 AT AT 2T 594 Aol Ao A
Z 3Y FF A& HAY (Table 2-20).

Table 2-18. Hunter color a* values' on refrigerated (4°C) pork tender-loins treated

with 0.5% potassium sorbate (PS)* and different strains of lactic acid cultures.

Storage time Color - a values
(days)

Treatment 3 6 9
Control 85+0.32" 8.1+0.48" 8.4+0.35 7.5+0.60°
0.5%PS 9.7+0.43™ 9.1+0.39% 9.2+0.39 9.1+0.47%

0.5%PS/ 2.5%19257  10.1+0.47" 9.4+0.48™ 8.4+0.67 9.4+0.34™

0.5%PS/ 2.5%10791  11.7+0.36 7.8+0.47 9.9+0.40 9.2+0.38%
05%PS/ 2.5%11454  10.7+0.51° 10.6£0.82° 8.7+0.39 8.1+0.37"
05%PS/ 2.5%43200  11.2+0.57° 10.7+0.72° 9.2+0.75 10.6£0.71°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meanz*standard error).
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Table 2-19. Hunter color b" values' on refrigerated (4°C) pork tender-loins treated

with 0.5% potassium sorbate (PS)* and different strains of lactic acid cultures.

Storage time Color - b values
(days)

Treatment 0 3 6 9
Control 6.1+0.38 7.5+0.58" 7.2+0.28 5.5+0.30"
0.5%PS 5.7+0.37 5.6+0.22 7.0+0.25 6.4+0.35"

0.5%PS/ 2.5%19257 6.6£0.29 6.2£0.35 6.2+£0.41 6.3+0.18"

0.5%PS/ 2.5%10791 7.0+0.39 6.9+0.44" 7.3+0.53 8.1+0.22°
0.5%PS/ 2.5%11454 6.510.54 6.0+0.74° 7.3+0.44 7.0+0.41"
0.5%PS/ 2.5%43200 7.5%0.60 7.0+0.42° 6.5+0.51 6.2+0.32"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

Table 2-20. TBA values' on refrigerated (4°C) pork tender-loins treated with 0.5%

potassium sorbate (PS)? and different strains of lactic acid cultures.

Storage time TBA
(days)
Treatment 0 3 6 )
Control 0.75+0.06" 0.65+0.02" 0.75+0.03" 0.91+0.06"
0.5%PS 1.05+0.12% 1.03£0.05° 0.59+0.02" 0.55+0.03"

05%PS/ 25%19257  1.16+0.10" 0.95+0.05 0.52+0.02> 0.51+0.01"
05%PS/ 25%10791  1.21+0.18° 0.90+0.08" 0.70+0.02 0.59+0.05"
05%PS/ 25%11454  1.27+0.08" 0.87+0.04% 0.57+0.03" 0.52+0.01"

05%PS/ 2.5%43200  1.22+0.07* 1.06+0.07 0.51+0.01™ 0.51+0.02"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

,74,
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217%¢%k 350%° SEfFE&E  dEhldY (Table 2-21). 1.0% PS¢k 25%

Lactococcus lactis subsp cremoris ATCC 192578 +& A4 39 141% 183 A

 9del= 1.81%9 SERE&S WErATH

231719 ol potassium sorbate®} At g S 71t HEY ST TBA 7holl v
gakg FAEE AdE AHEZF 1% potassium sorbate®] 2] 7+ HET9F 9

2 zpol 7t AATE (Table 2-22). 28] A 39 =<k 1% potassium sorbate?] 2]

T gz fo4 Aols YE

Table 2-21. Drip loss values' on refrigerated (4°C) pork tender-loins treated with
1.0% potassium sorbate (PS)* and different levels of lactic acid cultures from

Lactococcus lactis subsp cremoris ATCC 19257.

Storage time Drip Loss (%)
(days)
Treatment 3 6 )

Control 2.17+0.13 3.77+1.67 3.50+0.62

1.0% PS 1.04+0.80 2.39+0.15 2.29+0.16

3.5% 19257 2.718%2.01 1.97+0.37 3.03£1.09
1.0%PS/ 1.5%19257 1.31+£0.66 1.64+0.82 1.10+0.10
1.0%PS/ 2.5%19257 1.41+2.02 1.23+0.35 1.81+0.56
1.0%PS/ 3.5%19257 2.19+0.16 2.86x0.77 1.86+0.69

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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Table 2-22. TBA values' on refrigerated (4°C) pork tender-loins treated with 1.0%
potassium sorbate (PS)* and different levels of lactic acid cultures from

Lactococcus lactis subsp cremoris ATCC 19257.

Storage time TBA
(days)
Treatment 0 3 6 9
Control 0.41+0.01° 0.58+0.01" 0.68+0.02" 0.70+0.05"
1.0% PS 0.75+0.06° 1.00+0.10° 1.01+0.04% 1.11+0.06™
3.5% 19257 0.36+0.02" 0.49+0.05" 0.55+0.01" 0.59+0.01"

1.0%PS/ 15%19257  0.34+0.02° 0.56+0.02" 0.61+0.09" 0.95+0.13"
1.0%PS/ 25%19257  0.29+0.02° 0.60+0.06" 0.84+0.05" 0.89+0.07*"

1.0%PS/ 35%19257  0.32+0.03" 0.46+0.01° 0.68+0.09" 1.42+0.12°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).

Z}) Tumbling™ & & 3% Potassium sorbates} UV FAlH o o8

7k 1 Kgol #sAa7] ¢t 05% (w/w) FEE potassium sorbategs T & ¢

(ChangDae Chemical Co., Korea)ol 21 15 rpme 2 1025 dEgsgct. 1 &
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Table 2-23. Effect of ultraviolet (UV) radiation and potassium sorbate on drip loss

values' of pork tender-loins held at 4°C.

Storage time Drip Loss (%)
(days)
Treatment 3 6 9
Control 2.65+0.58 3.03+0.34 2.48+0.51
0.5%PS/ %1-230min 3.84+0.68 2.23+0.49 1.25+0.03
0.5%PS/ UV 10min 3.20+0.05 2.59%1.50 3.41+1.54
05%PS/ UV 20min 3.37+0.36 2.67+0.07 2.67+1.32
0.5%PS/ UV 30min 3.49+0.31 1.92+0.43 2.90+0.79
0.5%PS/ UV 60min 2.41+0.07 2.12+0.15 1.95+0.13

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of triplications (Meantstandard error).
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T 2%} (control) A 7t (treatment)
Fled=det 550 V 100 V
bt SR 175 V

AgFata 24045 60 Hz 114 40~100 Hz
=% (Amp) 6.7-9.4 0.4-0.9

714 A3 (stuning) 3xAE FAA F w29 4zt
EE5EFE WY T5 Bol%F conyer belt & %

=5 Aol =55l S nA= 9FE ARG A gz PSE
PSE IS 03%= Sokrh 48 a0l

SE)9] MAEL 277t 45%0H vlske], AT
e 2 th (Table 2-25).

Table 2-25. Percentage of carcasses classified by JPCS pork quality categories in

slaughter system.

Slaughter system

JPCS No Control Treatment
N % N %
1
2 48 2 5 0.3
3 891 45 565 36
4 1028 52 994 64
Total 1967 1564
ol¢} o] PSES @ &0l v offrE AFARL T FET HAM w2 2E
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A0 7, BAAGFE 158 o] WD 43 L YR e SRR
o aEETh

Table 2-262 JPCS7]ell o3 PSES 3 Ad59] EAE5ES A Aol
Ago] EAEA wAE G 2AG A% PSESO] dRets A5 A
By ETe EAFe 7180 kgol Atk 1y Ae T EAFS 7320 kgl R &
Akt

Table 2-26. Effect of slaughter system on carcasses characteristics by JPCS pork

quality categories.

PSE Normal
Carcass trait Treatment
N % N %

Carcass C 48 71.80 1028 71.90
weight(kg) T 5 73.20 994 72.27

C 48 15.20 1028 12.81

Backfatness(mm)

T 5 14.20 994 13.22

SAGFAANE HET7E 1520 mm, AHF7F 1420 mmo 2 SALFA N =
Aol A Sl yEbs T A SlA B EASAES BY 2T =ASY
SARFAE 247 71.90 kg 2 1281 mm Aok 1y HE e 72 72.27 kg 7
1322 mm = YERTH o]of 2 Aie dytAow =X 9 PSES YA EC] wUd

oA 7]elste] 71&€2] B (Remple %, 1995) &, A2 PSEEHS Aitshs
ZAZE AASS AstE EAC vlE] SAEEe] gk Ao® uEhua s Z

7o} tha zpo]lE YERNQTE Table 2-278 JPCS7|#d 93t A= PSES ($4
NO3)¢ AHEEAS xAE ZAyjoltt A5 PSEE 2=389 §9o HIF5 AR
uhzl A S WAo] yhsd Aol £33 dE pujztEo] IS ARE Ao

= el el Fo7h atEE ol
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Table 2-27. Percentage of PSE (No 3) in pork carcass by sex

Gilt Boar Barrow
JPCS No Treatment
N % N % N %
5 C 387 19.67 1 0.0005 503 25.57
T 263 16.81 4 0.0026 298 19.05

EE5We] wE AW 4F PSE HAE&S gz o, & 2 AAES 7 19.67%,
0.0005% % 2557% oAtk ey AT &, F 2 AMEY BAELS 77

—

7]
16.81%, 0.0026% = 19.05%% YEetwtth A3 AAl=ol A =5l oF A5
PSE @A E0°] MAd¥H= Aoz Yetwth Larsen (1982)2 700 Vol 300 VE H4HA

PSEEA &o] 15%9} 18% =2 17 Qto A PSE WA Eo] E3kthal st e ™, Graygory
(1987)&= AXSR1 60-70 V oA 20% o] xAg Aol SHR T aaAolzt 3t
o2 AT AR ARl Agate] o] fHdEE or vEhY tE
AFAte] AFA G FAR HEdS BYTh Table 2-282 JPCS7|woll 93 A4S
3452 (NO 4) s4o] hdd ez A v
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A9e s BEAA b wel s okel

=
= EFEolt =SS dxae vent ddsnrt Aeas v sHeR

Table 2-28. Percentage of PSE (No 4) in pork carcass by sex

Gilt Boar Barrow
JPCS No Treatment
N % N % N %
A C 573 29.13 9 0.004 446 22.67
T 521 33.31 22 0.014 451 28.83
O Ay =EHb o) 2 Al AAS dAAEe gixzgY o = 2 AMES 7

29.13%, 0.004% B 2267%Ao. 2y A o, ¢, AAle 2AES 47
33.31%, 0.014%, 28.83%= YEFSTE A AAA E=Fwwoel ofst AFgS A
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Table 2-30. Incidence of drip loss of JPCS quality categories by slaughter system

Drip loss Normal

JPCS No Treatment N 5 N 5
9 C 46 2.44 2 0.01

T 5 0.32 0 0.00

3 C 57 2.89 832 42

T 29 1.85 536 34

4 C 0.00 1027 52

T 1 0.06 993 64

34 8
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O = O =

%4, pH, color ¥ TBAZIES 43ttt olwl %7| Lactococcus lactis subsp.
lactis ATCC 11454 (KCCM 40104)¢] 2Af mj=el A fabar 4 1.7x10° CFU/ml
S YHERIAT NAS 12 S/FF7d ddgdELS 49842 NAS 2%+ 28] A3
E4E AFEeth 18] NAS 32 HAAFTEL S du5Sd s|Asx gt AH&3
ATt (Table 1-7). AAZFHEE HAF NASIE x99 Fo07 Aol+= Aot
NAS1¥ 28t WAj o] He7b vhAl 555 Ath (Table 2-31). 1eiv &2 A+
b T Bu A L sow eaEdth A 645 wWAlel efvkel g B
F7Ha ¥ NASIF NAS2= thz-9F 1ol 4 Akol7h giglth

Table 2-31. Sensory evaluation values' on refrigerated (4°C) pork tender-loins
treated with different levels of natural antimicrobial substances from Lactococcus

lactis subsp lactis ATCC 11454.

Storage time
(days)

odor appearance

Treatmen Oday 3day 6day Oday 3day 6day

Control 4.00+0.00" 3.40+0.16  3.00£0.00 4.00£0.00” 3.10£0.10  3.20+0.13"
NAS 1/10min  4.20+0.13"  3.40+0.16  3.20+0.13 4.60+0.16" 3.40+0.16 3.20+0.13"
NAS 2/10min  4.30+0.15" 3.40+0.16  3.40+0.16 450+0.17*  3.30+0.15 3.20+0.13"

NAS 3/10min  3.60+0.22” 3.30+0.15  3.40+0.16 470+0.15"  3.10£0.10 2.70+0.15"

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.
NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

$2H28S 249 A7 A% 30T NASIH 29 A7 gzrsl fo4 ol
7 glglont A% 6ol feld Aol UEhlglt (Table 2-32).
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Table 2-32. Drip Loss values' on refrigerated (4°C) pork tender-loins treated with

different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 11454.

Storage time

(days) 3day 6day
Treatments
Control 2.48" 1.87%
NAS 1/10min 2.02 4.14"
NAS 2/10min 2.87° 449
NAS 3/10min 1.27° 3.49°

1Meam values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.
NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Hunter color L¥} a7}& =743
o] A zpol7k AN A%
Hunter color b7} HA3dd &4
Rom AA 6delE #e A
A5 = NAS29 3-89k o4 Afeol& yelileon A% 6= 22
Z23= YAt (Table 2-36).

i

¥ NASI#H 29 A7+ AYAF x99
dell = 22 A¥E ettt (Table 2-32¢9F 2-33).
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Table 2-33. Hunter color L values' on refrigerated (4°C) pork tender-loins treated
with different levels of natural antimicrobial substances from Lactococcus lactis

subsp lactis ATCC 11454.

Storage time

(days) Oday 3day 6day
Treatments
Control 52.48+0.34° 51.08+0.46° 48.01+0.58"
NAS 1/10min 50.85+0.98% 49.73+0.23 5.00+1.09®
NAS 2/10min 50.99+0.45 50.16+1.10° 49.95+0.85""
NAS 3/10min 49.48+0.73° 47.84+0.37° 51.88+0.98°

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Table 2-34. Hunter color a values' on refrigerated (4°C) pork tender-loins treated
with different levels of natural antimicrobial substances from Lactococcus lactis

subsp lactis ATCC 11454.

Storage time

(days) Oday 3day 6day
Treatments
Control 13.59+0.27° 14.26+0.62° 19.21+1.33°
NAS 1/10min 12.45+0.32° 10.99+0.33" 19.59+0.54%
NAS 2/10min 12.35+0.94% 10.73+0.15° 19.25+0.71%
NAS 3/10min 13.08+0.38° 13.15+0.35° 19.20+0.65"

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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Table 2-35. Hunter color b values' on refrigerated (4°C) pork tender-loins treated
with different levels of natural antimicrobial substances from Lactococcus lactis

subsp lactis ATCC 11454.

Storage time

(days) Oday 3day 6day
Treatments
Control 7.53+0.16 9.83+(.85" 2.76+0.47
NAS 1/10min 8.18+0.56" 6.85+0.35" 4.43+0.65
NAS 2/10min 8.25+0.65" 7.35£0.27" 4.35+0.61°
NAS 3/10min 8.49+0.23" 8.08+0.72" 5.63+0.30°

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.
NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Table 2-36. pH values' on refrigerated (4°C) pork tender-loins treated with
different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time

(days) Oday 3day 6day
Treatments
Control 5.66+0.00 5.65+0.01° 5.72+0.01°
NAS 1/10min 5.69+0.01° 5.58+0.01" 5.68+0.01™
NAS 2/10min 557+0.01" 5.53+0.01" 5.63+0.01"
NAS 3/10min 553+0.01" 550+0.05" 5.61+0.02°

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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TBAZKE #99TEd ALHF Qa7 AdT4 #99 FoF vehyglon
A7 39 el Tt FelH Aol7k Gl (Table 2-37).

Table 2-37. TBA values' on refrigerated (4°C) pork tender-loins treated with

different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time

(days) Oday 3day 6day
Treatments
Control 0.58+0.06° 1.08+0.03% 1.25+0.12°
NAS 1/10min 0.62+0.10" 1.01+0.07¢ 1.31+0.14%
NAS 2/10min 0.68+0.10" 1.16+0.29% 1.37+0.21%
NAS 3/10min 0.66+0.02" 1.00+£0.09% 1.14+0.03%

1Meam values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

) AAFEEA AAF oSG $ARY Y 2

Acetobacter aceti ATCC 15973 (KCCM 40229)Z 10% (w/v)e] &A|E5-8)=] o A

MFE g 80°C Fe FEoM 308 FAF 8000 pml A 15% AT 599

FE2& o]&3sle] WFEH (Model-1AM,, vaccum packaging machine, Leepack,
Korea)oll ¥ il 20%9 Z¥, sealing A7t 2% =23}e] HEsG. 281 3+1°Co
W AdstHA 24 SAEE AW Yu A% 7d sl S54E
&, pH % colors X3t} olwl %7] Acetobacter aceti ATCC 15973 (KCCM
40229)¢] EA 4 wlH oA AMFSFE 380x10° CFU/mIE et NAS 1S &7

,90,



Foll AAFTELS 4us A7 NAS 2% 24 FAs EHS AMgstrh 18a
Oﬂ

ofA Aol gldwh aHy WSl Aak AEge AR 6dF =T 2o = S
et (Table 2-38).

Table 8. Sensory evaluation values' on refrigerated (3+1°C) pork tender—loins
treated with different levels of natural antimicrobial substances from Acetobacter

aceti ATCC 15973 (KCCM 40229).

torage time
(days)

odor appearance

Treatmen Oday 4day 7day Oday 4day Tday

Control 5.00+0.00° 4.70+0.15* 3.80+0.20°  5.00+0.00° 5.10+0.23" 3.80+0.25°
NAS 1 5104028 5.00+0.26° 450+0.27°  4.80+0.13" 4.80+0.13" 3.70+0.15"
NAS 2 5.10+0.28" 5.00+0.26" 4.60+0.27"  4.80+0.13" 4.80+0.20" 3.40+0.16"

NAS 3 510+0.28" 5.00+0.21" 4.60+0.27*  4.80+0.13" 4.50+0.22° 3.50+0.17°

1Mealn values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Hunter color L7} A3 A3 NAS 29 39 A+ AgAF dzr9 +94
Zpol7b ghlem A% 6deol= Aok tHx+ Atolol ol 4 Akel7F AUt (Table
2-39). Hunter color a7t& 543 A% dAFHELD Ag++ ALdF d=79 F
o] A o7k YN ou, A 6= Aok dhx Atelol o3 Aok AUAAH
(Table 2-40). Hunter color b7} =43 A3 NAS 29 39 Az 7= AHAE o
9 oA Zol7k AN A% 6ol 2 ZA3E YehlAdn (Table 2-41).
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Table 2-39. Hunter color L values' on refrigerated (3+1°C) pork tender—loins
treated with different levels of natural antimicrobial substances from Acetobacter

aceti ATCC 15973 (KCCM 40229).

Storage time

(days) Oday 4day 7day
Treatments
Control 47.84+0.79° 45.88+1.05" 44.80+0.51°
NAS 1 45.43+0.31° 48.64%1.13" 47.63+0.85°
NAS 2 46.34+0.70" 50.64+0.82° 46.01+0.75°
NAS 3 47.60+0.80° 44.76+0.94° 46.49+3.23°

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Table 2-40. Hunter color a values' on refrigerated (3+1°C) pork tender-loins
treated with different levels of natural antimicrobial substances from Acetobacter

aceti ATCC 15973 (KCCM 40229).

Storage time

(days) Oday 4day 7day
Treatments
Control 16.23+0.79° 13.70+0.70° 18.15+1.65"
NAS 1 17.26+1.09 13.48+0.23" 20.26+0.73"
NAS 2 16.46+0.42° 17.29+1.08° 20.59+1.18"
NAS 3 17.61+1.06 15.53+0.82 20.90+0.63"

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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Table 2-41. Hunter color b values' on refrigerated (3+1°C) pork tender—loins
treated with different levels of natural antimicrobial substances from Acetobacter

aceti ATCC 15973 (KCCM 40229).

Storage time

reatmonts (days) Oday 4day 7day
Control 8.95+0.84 5.66+0.29° 3.21+0.72
NAS 1 8.83+0.89 7.26+0.36™ 3.79+1.05
NAS 2 10.48+0.47 9.54+0.73" 3.94+0.68
NAS 3 9.83+0.70 7.86£1.07% 4.19£0.55

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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vaccum packaging machine, Leepack, Korea)oll ¥ 20% 9] F &% 2*%9] sealing
A dEstdrh. 2ela 4°Co W A% A A 7k o] 54
1S et
(KCCM 40104)9] Frabatold 2 ddAdd=4d9 pH7Met FAtdsE S48 43

= 7} 470-5107 4.0-6.0x10° CFU/mIE 183 Acetobacter aceti ATCC 15973

e A4
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fos |

Y& 29l Lactococcus lactis subsp lactis ATCC 11454

Me
ol

!

(KCCM 40229) Z4tatol A e dadddEde pH7bet 24d4E 4T 2ds
7b 492-510% 248-7.82x10° CFU/mIE Yeddt (Fed+71a 2 #=z).
Lactococcus lactis subsp lactis ATCC 114545 25~10% TE9o =X E )] oA
24N 7 M FS FET HAZHELA S ol &sto] 1082 IAF = AaL7] 549 Hunter
color L7b= Ag#F diz4Ht #F44 71 (P < 0055 4Yer3dd (Table
2-42). 2¥aL 75~10% A= 4°C A% 65U ek dE sk FoA AelE uE
AT

Lactococcus lactis subsp lactis ATCC 114545 25~10% F=2] ©A]&E-ful #] o] A
2407 M FF FE2T HAZHEE S ol &ste] 1082 IAF H:HAaL7] 54 e Hunter
color a7t= AT vixzrEY F94 F7 (P < 0059)E YHEkAT (Table
2-43). 2al 75~10% A& o= 4°C A% 109 e x99 Aols e
AT
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Table 2-42. Hunter color L values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 51.73+0.33" 52.05+058° 53.90£0.8%° 5593+0.85 65.05+2.97°
2.5% SM?/24 hrs  57.12+0.27" 53.85£0.19™ 54.98+0.74" 56.27+059 62.12+3.75%
50% SM/24 hrs 56.48+057™ 54.70£1.04™ 5755:058" 56904061 57.40+1.22
75% SM/24 hrs  5557+0.39" 56.43+0.99" 56.62+0.74" 5665063 56.18+0.99"

10.0% SM/24 hrs 53.48+0.33° 5550+1.19" 54.85+0.94™ 57.15+0.89 58.35+0.90™

a7C1Mear1 values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. 2SM = skim milk medium.

Table 2-43. Hunter color a values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

torage time
(days) Oday Sday 10day 15day 20day
Treatments

Control 422+0.15"  540+0.13" 597£0.19"  6.60+0.23" 6.95+1.24°
25% SM?/24 hrs 3.73+0.34"  593+0.0  653t1.13"  5932+028"  5.05x0.46"
5.0% SM/24 hrs 3.65+0.32"  4.15+041" 507027  5.40+0.26" 3.32+0.47"
75% SM/24 hrs  3.42+0.16" 395:058” 4500.28”  5.80+0.56 4.38+0.19

10.0% SM/24 hrs 3.00+0.13>  3.73+0.43"  4.32+0.51" 5.93+0.38" 4.63+0.32°

a-cl

Mean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. 2SM = skim milk medium.
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Lactococcus lactis subsp lactis ATCC 114545 10% =9 Ex|EFulx|o] A 244]
oGS FE3 AdFdE=d S o] &ete] 108 A HA 7] S4e Hunter
color b7k= A#AF =712 Fo4 F7F (P < 0.05)F YHetdd e A% 54
Zot o A= UetWdrt (Table 2-44). Lactococcus lactis subsp lactis ATCC

114545 25~10% =2 EXEFuA| oA 24X 7t sl %F FE23 AT E

i)

= ]
skl 102 AT @A L7l 49 pH7bE AdAS =71y 794 34 (P <
0.05)5 Yetlider A 158 FoF A&FHRTH (Table 2-45). Lactococcus lactis
subsp lactis ATCC 114545 25~10% FE°] G FFufxell A 24413+ v F5
& AAFgd=dE o] &dte] 107 HAAT #HAL7] T4 TBAZLE A4+
T-oF oA Aol (P < 0.05)7F glem A4 109 &<t FAHS 235 vEd
(Table 2-46). Lactococcus lactis subsp lactis ATCC 114545 10% =9 ©A

39 & b
R A

Sh
Ho

A el A 24413 M FF FE23 AAZFELS o) &3to] 102 HAF HALY] A
o dxve AYAF xTo Fo% Aol (P < 0.05)7F Ao A% 5- 109 &<t

frAbeE A3E YEFH AT (Table 2-47).
Table 2-44. Hunter color b values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

torage time
(days) Oday 5day 10day 15day 20day
Treatments

Control 478+020"  4.85+0.13™ 543037  555+0.44"  7.28+0.38"
25% SM?%/24 hrs 5.18+0.26° 4.42+0.16° 5.13+041  4.25:0.24" 6.23£0.55%
50% SM/24 hrs 4.70+0.12™ 4.27+0.23° 5534034 5204027  4.030.35"
75% SM/24 hrs  4.37+0.22° 565£0.34" 523038  592+052"  4.62+0.30

10.0% SM/24 hrs 4.13+0.09° 6.13+059" 578+041 585+0.34° 5.23+0.25"

“I\ean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. SM = skim milk medium.
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Table 2-45. pH values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 25~10% (v/w) skim milk media for 24 hrs.

torage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 5.73+0.01* 5.64+0.01°  563+0.01*  564+0.03"  555+0.02"
25% SM?%/24 hrs 517+0.01" 536+0.01° 545£0.03"  553+0.02°  572+0.07°
50% SM/24 hrs 5.17+0.01"  530+0.00° 544001  554+0.02" 5.68£0.02"
75% SM/24 hrs 518001 530+0.02°  542+001"  550+0.01"  5.72+0.05"

10.0% SM/24 hrs 5.19+0.01" 532+0.01%  544+0.01° 557+0.02" 5.60+0.02*

a-cl

Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Table 2-46. TBA! on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 25~10% (v/w) skim milk media for 24 hrs.

torage time
(days) Oday 5day 10day 15day 20day
Treatments

Control 051+0.03  056+0.02  0.69+0.05  0.98+0.08%  1.10+0.03
25% SM°/24 hrs  045:0.02  057£0.02  0.74x0.04  0.88+0.05"  1.11£0.01
50% SM/24 hrs  050£0.03  057+0.01  0.68+0.07  0.81+0.02"  1.12+0.04
75% SM/24 hrs 049002 056004  0.66+0.02  0.75:0.06"  1.19+0.04"

10.0% SM/24 hrs  0.45+0.01 0.51£0.01 0.72+0.06 0.77+0.01"  1.27+0.01°

a-cl

Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.
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Table 2-47. Tenderness values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time

(days) Oday HSday 10day 15day 20day
Treatments

Control 765£0.32"  569+026  6.41+0.24" 514027  4.82+0.15
25% SMY/24 hrs  7.94x050°  555:042  558+0.26"  6.06+0.20"  4.15£0.24
50% SM/24 hrs  7.02+025"  554+012  532+0.65" 5.37+0.65"  4.68+0.21"
75% SM/24 hrs  7.26+0.36™  535:021  560+052"  548+050"  5.11+0.27°

10.0% SM/24 hrs 653+0.19"  591+021  5.15+0.25"  4.17+0.18"  4.82+0.29"

a“I\ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Acetobacter aceti ATCC 15973 (KCCM 40229)& 25~10% &X° @Al # ol
A 24X WS FES dAdTEA S ol&ete 108 A =HH 7] S
Hunter color L7}= A7 59 & x99 #Fo% ze] (P < 0.05)E et
(Table 2-48). Acetobacter aceti ATCC 15973 (KCCM 40229)& 25~10% %= &
Al A ol A 24413 W FE == =4S ol&3ste] 10 HAE HA
7] &4 ¢ Hunter color aZ7b= A A5 x9 o7 Fol4 Aol (P < 0.09)F
UEM A (Table 2-49). 184 5.0~10.0% AT+ 4°C A% 5 &< =2+F94 #

o] & ApolS H AT 10-15%0l= thx7¢ F4 zol7b A
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Table 2-48. Hunter color L values' on refrigerated (4°C) pork loins treated with
ATCC 15973 (KCCM

natural antimicrobial substances from Acetobacter aceti

40229) growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time

(days) Oday HSday 10day 15day 20day
Treatments
Control 57.17+1.06° 54.32+0.48° 57.17+1.91° 5893+2.94 58.68+1.36
25% SM?/24 hrs 54.97+1.09° 65.08+0.75" 55.40+0.42"° 56.23+1.48  58.95+0.44
50% SM/24 hrs 55.77+0.67° 60.33+0.98" 52.43+0.69° 55.15+0.69  57.85+0.61
75% SM/24 hrs 55.60+0.68" 59.22+0.78" 5570+0.86° 5557+0.85 58.95+0.63
10.0% SM/24 hrs 56.10+0.65" 57.97+1.41° 57.85+0.46" 59.40+0.61  59.43+0.91

a-cl

“Means of replications. ’SM = skim milk medium.

Mean values with different superscripts in the same column are significantly different (P < 0.05).

Table 2-49. Hunter color a values' on refrigerated (4°C) pork loins treated with

ATCC 15973 (KCCM

natural antimicrobial substances from Acetobacter aceti

40229) growing on 2.5~10% (v/w) skim milk media for 24 hrs.

torage time

(days) Oday 5day 10day 15day 20day
Treatments
Control 508+0.31*  6.77+020°  350+0.45  6.37+1.71  6.65+0.22°
25% SM?%/24 hrs 4.88+0.60°  6.33+0.41*  4.15+0.39  525+0.47  5.02+0.46"
50% SM/24 hrs  4.43+0.25° 538+0.73"  350+0.37  4.82+0.36  5.85+0.35"
75% SM/24 hrs  352+0.30°  528+0.38"  4.70+054  4.80+054  6.17+0.44
10.0% SM/24 hrs 3.67+0.64° 515+055°  4.23+0.73  583+0.72  6.12+051%

a-cl

“Means of replications. ’SM = skim milk medium.
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Acetobacter aceti ATCC 15973 (KCCM 40229)& 25~10% F=2] X &Ful ]l
A 24X WS FES dAdTEA S ol&ete 108 AT =HH ] 49
Hunter color b7t A2l A % tix+¢ F94 o3 Ao (P < 0.05)F HEHIS
W A 1099 793 Zel7b gldtk (Table 2-50). Acetobacter aceti ATCC
15973 (KCCM 40229)& 25~10% &X=°] EAE-fuf Aol A 24X 7F v 5 FZ&3
AT =dES ol &ste] 102 HAF ;ALY A9 pH/b= AgdF iz

oA frelH ztke] (P<0.05)E WERle™ A% 109 &< A5 At (Table 2-51).

Table 50. Hunter color b values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Acetobacter aceti ATCC 15973 (KCCM
40229) growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time

(days) Oday 5day 10day 15day 20day
Treatments

Control 578+0.47°  520+052"  505t0.36  6.23+0.84°  6.35:0.26™
25% SM?%/24 hrs  4.72+0.35" 543+0.22°  4.18+021  5.18+0.32"  4.93+0.61
50% SM/24 hrs  4.63+0.11°  592+040"  4.40£0.35  4.22+0.34" 572+0.21"
75% SM/24 hrs  4.13+0.29°  540£0.24™  512+041  4.62+050"  7.13+0.63"

10.0% SM/24 hrs  4.38+0.36™ 5.42+051™  472+055  6.17+0.76°  7.13+0.50"

a“I\ean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. SM = skim milk medium.
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Table 2-51. pH values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Acetobacter aceti ATCC 15973 (KCCM 40229)

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

torage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 565+0.01°  567+0.01°  578+0.04"  575+0.07  557+0.02°
25% SM?%/24 hrs 527+0.05° 530£0.01° 556£0.04" 580+0.03  5.37+0.02"
50% SM/24 hrs  529+0.02” 530+0.01" 555£0.02°  579+0.04  5.47+0.02"
75% SM/24 hrs  517+0.07° 523+0.03" 554£0.03" 573006  554+0.04°
10.0% SM/24 hrs  520£0.02° 527+0.03" 557x0.02" 565003  552+0.03"

a“I\ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Table 52. TBA values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Acetobacter aceti ATCC 15973(KCCM 40229)

growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 0.40+0.05"  0.45+0.01"  0.50+0.00°  0.75+0.04  0.81+0.05

25% SM?%/24 hrs 0.45+0.03° 056+0.04° 0.64+0.03> 0.72+0.02  0.85+0.04
50% SM/24 hrs  0.46+0.03 055+0.06° 0.60£0.02°  0.66+0.01  0.88+0.01
75% SM/24 hrs  0.48+0.03" 053+0.05°  0.62+0.01"  0.68+0.01  0.71+0.00

10.0% SM/24 hrs  0.48+0.01" 056+0.02” 0.63£0.09" 0.70+0.06  0.83+0.14

a-cl

Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.
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Acetobacter aceti ATCC 15973 (KCCM 40229)& 75~10% &X=2 @A &=l
A24N 7 S FEF HAARTEEAS ol &t 107 AT HALY] 4l
TBA7F= AgA5 diz=79 #Fo% F94 Aol (P < 0.05)E YeEr o, A%
109 &<t A &=tk (Table 2-52).

N

(2) AaZE =2 HAAE 4%

20
2

A<
ATCC 11454 (KCCM 40104)E 5.0% (w/v) =2 EA&EF iAol 2427k vt
AT I B 80°C T2 FFoA 30% FAF 8000 rpmell A 158 AAEZ A

(pH 4.72). 18]3 #3335 Lo ddIrEdL § IAAHE J3Fe 248719138
o] 500 ml 9912 1,000 mle] $1443}3 §7]o] B tha 7+ 500 g9 HA7] T
(Bt 25045 g ©9)S 0-9% HASAT 1 F S A 2HJAU S 259

A 2% AAF FEHE s AASAY. 4 SAEE dA4SF2E (Diamiron-S,

FEds Artst

e

>,\1

102 A8 Lactococcus lactis subsp lactis

Mitsubishi Plastics Industries Limited, Japan)& ©]-&3} shrinkage packagingS A A|
sh71 98k A F¥E47] (Model-1AM,, vaccum packaging machine, Leepack, Korea)
of §iL 20%°] WEFF 2% sealing ZAIA BEstHrh 28 4°Co] WA E
AgstiA A 7130 oskstA WstE A5kt (Table 2-53). Lactococcus
lactis subsp lactis ATCC 114545 5.0% §=o GAZFulAolx] 24470 WS =
=3 AT EA S o] &3t 1~62 HAZ HAL] T4 WAHTE A+
=2k fFo]4 Aol (P < 0.05)E YEhlATH 1~61 FAA HA 7] 49 Hx
s 4C A% 5d ¢ dixz=7ET folF Aol (P < 0059F HEWATH
Lactococcus lactis subsp lactis ATCC 114545 5.0% 5E9 EX|E-Fu]x| oA 244

oG FEF AAFRBAL ol §ekel 0¥ AAF WA B @A

_1

,{

==

zko] (P < 0.05)5 YEFNRATE (Table 2-54). 1~9% A
3 P x o] SAY AEFE 4°C AF 5-109 Tk xR F9F Aol (P <
0.05)7} 1At
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Table 2-53. Odor values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

torage time
(days) Oday Sday 10day 15day 20day
Treatments

Control 550017  510£0.10°  4.80+0.13"  360+0.16"  2.30+0.15
50% SM%1 min 6.40+0.16"°  590+0.10*  510+0.10°  3.80+0.13""  2.50+0.17
50% SM/3 min  6.10£0.10*  570+0.15°  4.70£0.15"  4.10+0.10  2.60+0.16
50% SM/6 min  6.30£0.15"  5.80+0.13"  4.60+0.16"  3.70£0.15"  2.60+0.16
50% SM/9 min  560+0.16°  570+0.15"  4.80+0.13" 3.90+0.10"  2.40+0.16

P \ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Table 2-54. Appearance values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 5.0% skim milk media for 24 hrs.

torage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 550+0.22"  5.70+0.15 450+0.17  3.30+0.15"  2.10+0.10

50% SM*1 min 550+0.17"  5.80+0.13 460+0.16  3.40+0.16™  2.30+0.15
50% SM/3 min  550+0.22"  5.60+0.16 4.70£0.15 350+0.17*  2.50+0.17
50% SM/6 min 5.40+0.16°  5.60+0.16 460+0.16  3.40+0.16™  2.30+0.15
5.0% SM/9 min  520+0.25"  5.60+0.16 4.30+0.15 3.00£0.00°  2.20+0.13

P \ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Lactococcus lactis subsp lactis ATCC 114545 5.0% X9 EXEFa]R]o A 24A]
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s FE3 AAFA LS o] &5kl 1~-9% AR A7l T4 Hunter
color L7h= Al A% ¢ F94 ko] (P < 0.05)7F $13lvt (Table 2-55). 3~9
B AA3 @ A7) 5419 Hunter color L7F= 4°C A% 59 FoF =79 9%
ZFo] (P < 0.05)= YEMAI Y. Lactococcus lactis subsp lactis ATCC 114545 5.0%
E4E o835t 1~-9% A
¢ oA Aol (P <

unter color a’}+= 4°C A

T A EHFu A oA 24417 wl S FES At
A& # A a17] S4le]l Hunter color aZb= A2 & $F o
0.05)7F At (Table 2-56). 9% HA g = i7] 49 H
5 Fot Ee Fo4 Aol (P < 0.05)F HEAT

Table 2-55. Hunter color L values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 5.0% skim milk media for 24 hrs.

torage time
(days) Oday Sday 10day 15day 20day
Treatments

Control 49.75+0.33  48.67+0.76° 51.83+0.71 49.92+0.53™ 50.57+1.07*"

50% SM%1 min 49.42+0.84 4812+0.75" 49.80+0.94 49.75+1.26™ 4855+0.81"
50% SM/3 min  50.58+1.72 52.20+1.58" 49.88+0.31 48.17+0.49" 51.73+0.91*
50% SM/6 min  51.65£0.60 52.40+0.72" 51.22+0.85 49.40+0.20" 51.52+0.68"
50% SM/9 min  50.07+1.09 52.48+0.92" 51.92+055 51.25:057" 50.93+1.34

P \ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.
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Table 2-56. Hunter color a values' on refrigerated (4°C) pork loins treated with
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 5.0% skim milk media for 24 hrs.

torage time
(days) Oday bday 10day 15day 20day
Treatments

Control 6.98+0.45° 11.57+0.99° 7.72+0.69" 10.88+0.82 10.78+0.44"

50% SM?*/1 min 7.88+0.70™ 10.13+056" 10.98+0.89" 10.88+0.70 12.77+0.61"
50% SM/3 min  9.27+0.21° 10.68+053" 12.85+0.74" 10.17+0.71 11.32+0.76™
50% SM/6 min  9.72+0.30" 10.30+0.86" 13.03£0.95" 10.33+0.81  8.02+0.40°
5.0% SM/9 min 842+0.33" 9.62+0.82" 13.38+0.58" 9.63+0.74  857+0.75°

P \ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Lactococcus lactis subsp lactis ATCC 114545 5.0% 5%9 A Ef-H] Ao A 244
g FES JAFTELE o] &3t 3~9% HAS HA Y] SA e Hunter
color b7k= A2 A% dx=79F F97% zto] (P < 0.05)7F Atk (Table 2-57). 6~9

T AAE A 7] A Hunter color b7bes 4°C A% 109 &9 =79 #2974

TR SR A A 2442 WG FE

A HA 7] SAY pH7be AYAF iz o7 Aol (P < 0.05)7F AATh
(Table 2-58). 6~9& A3 sjA17] S4le] pH7l= 4°C A% 109 &<t =729
F93 2ol (P < 0.05)E vERH T

o
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Table 2-57. Hunter color b values' on refrigerated (4°C) pork loins treated with

natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 5.0% skim milk media for 24 hrs.

torage time

(days) Oday HSday 10day 15day 20day
Treatments
Control 3.32+0.15"  448+0.78"  4.40£042°  548t0.84  585+0.46™
50% SM?/1 min 322+043"  447+0.71*  573+069" = 4.92+0.71  6.75+0.49"
50% SM/3 min  4520.37°  4.95+05"  6.20:051"  4.27+049  6.00+0.51"
50% SM/6 min 470038  548+0.71">  7.33+059"  553+048  543+0.25"
50% SM/9 min  4.92+0.49°  5.02+051°  7.60+060°  530+090  5.02+0.82"

a-bl

“Means of replications. ’SM = skim milk medium.

Mean values with different superscripts in the same column are significantly different (P < 0.05).

Table 2-58. pH values' on refrigerated (4°C) pork loins treated with natural

antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

torage time

(days) Oday Sday 10day 15day 20day
Treatments
Control 567001  570+0.06° 573+0.01* 565+0.00  5.63+0.04"
50% SM?%1 min 550+0.02"" 564+0.04 565+0.03" 564+0.01  5.55+0.02"
50% SM/3 min  5.36+0.06"° 550+0.02° 5.62+0.01" 567+0.02  554+0.02"
50% SM/6 min 5.33+0.01° 534+0.00° 550+0.02° 565+0.02  556+0.01
50% SM/9 min  520+0.01" 528+0.05° 547+0.01° 564+0.01  5.72+0.05"

a-bl

*Means of replications. *SM = skim milk medium.

Mean values with different superscripts in the same column are significantly different (P < 0.05).

Lactococcus lactis subsp lactis ATCC 114545 5.0% X9 EXEFa]R]o A 24A]

g FET AAFLEA

e
=
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= AT iz F994 2o (P < 0.05)7F AATE (Table 2-59). 6~9% A &
H A7) T4 TBAZFE 4°C A% 59 &t =79 F94 Aol (P < 0.05)E
eFW it} Lactococcus lactis subsp lactis ATCC 114545 5.0% 59 &@XE-FHiA|
NA 24A1ZF M gF FET AAFTEAES o] &3kl 1~9% HA g HA 7] S
FerE/te AgAF A s dEz=e F94 Aol (P < 0.057F gl

(Table 2-60).

Table 2-59. TBA values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

torage time
(days) Oday Sday 10day 15day 20day
Treatments

Control 041+0.01°  0.63+0.03  078+0.01  0.85+0.03  1.08+0.02°
50% SM?/1 min  041+0.03*  0.660.02° 079001  0.82+0.01  1.06+0.01*
50% SM/3 min  0.42+0.01*  0.65:0.03"  0.77+.03 0.87+0.04  1.05£0.00™
5.0% SM/6 min  046+0.02°  059+0.04°  0.76+0.03  0.82+0.01  1.01x0.04"

50% SM/9 min  0.44£0.03"  0.60+0.04° 0.71£0.04 0.8910.01 1.07+0.01*

aPIMean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. 2SM = skim milk medium.
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Table 2-60. Drip lossr values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

Storage time

(days) 5day 10day 15day 20day
Treatments
Control 3.16+0.36 417+0.21 3.58+0.75 3.06+0.28"
5.0% SMZ/I min 2.71+0.97 3.23+0.71 4.48+0.48 4.25+0.16%
5.0% SM/3 min 3.09+0.57 3.68+0.52 3.87+0.82 3.67+0.68"
5.0% SM/6 min 3.93+0.80 3.07+0.88 5.18+1.54 4.83+0.122
5.0% SM/9 min 3.28+0.29 455+0.94 4.00+0.15 5.15+0.49%

P \ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.
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(3) UVEALS AAFdTEEd HA AL g o5 stx g3

(

o
R

P
Olt

FrAks 9 MtEdS ALt
ATCC 11454(KCCM 4010H)E 25% (w/v) & &A1 wiA oA 37°C, 2443+
kst Ae 1§ 80°C &= F=xA 308 FAF 8000 rpmolA] 158 U4 &3}
gom olul Lactococcus lactis subsp lactis ATCC 11454 (KCCM 40104)o 4 A&

dAdgd =4 pHE 4588 YERWAITE UVEALS AT &4 HAAAE v A

e Aoz 4d 3 Lactococcus lactis subsp lactis

[e:

ato] Sl 150% HAS Zrle] o dAAsidn. 74 sAlRe AdFESE
£ (Diamiron-S, Mitsubishi Plastics Industries Limited, Japan)< ©]8 3t shrinkage
packagingS AA|8l7] 93] 2A-FEH7] (Model-1AM,, vaccum packaging machine,
Leepack, Korea) o ¥ 20%9¢ AFZE 2% sealing F7AdA DEsct. 28jx
4°Col Wemo AgsHA A 7|k olstEd A4S AASATE (Table
31-36). HAggHEdd HAsHA d5HFS UVE 302 FAFsEAT. Lactococcus
lactis subsp lactis ATCC 114545 25% X9 @A EFujA]ol A 37°C, 241 3F Hl %
¥ FEI HAGHFEAS o] &3l 90~150% HAF HALr] 4 (pork
tender-loins)®] WA A TE= AgASF 79 94 Aolzt A (P < 0.05)
(Table 2-61). 1831 UV ZALS dAgdE4d A F+= 4°C A% 209 & FAFgH
A34Z Yefdt. SABE 308 UVEAFE Lactococcus lactis subsp lactis ATCC
114545 25% F=9 AEFuANA 37°C, 24X 3F vl F53 JAdFH LS
o] &3] 90~120% A A3 =HA 7] <A (pork tender-loins)e B AFE= 2 g 2
T gz Fold Aozt gllth (P < 0.05) (Table 2-62). 18]3l UV =
FdrEA AT 4°C A% 209 5% AR A3 E e AT
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Table 2-61. Odor values' on refrigerated (4°C) pork tender-loins treated with UV
and natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC

11454 growing on 2.5% skim milk media for 24 hrs.

torage time
(days) Oday bday 10day 15day 20day
Treatments

Control 5.20£0.13  5.20+0.13  4.60+£0.16  4.60£0.16 4.50+0.17

UV 30min/90sec 510£0.10  5.00+0.15  4.70+0.21 4.60£0.16 4.50+0.17
UV 30min/120sec ~ 5.00+0.15  5.00+0.15  4.90+0.18  4.60+0.16 4.50£0.17

UV 30min/150sec  5.20+0.13  520+0.13  5.00+0.21 4.70+0.15 4.44+0.18

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. 2SM = skim milk medium.

Table 2-62. Appearance values' on refrigerated (4°C) pork tender-loins treated
with UV and natural antimicrobial substances from Lactococcus lactis subsp lactis

ATCC 11454 growing on 2.5% skim milk media for 24 hrs.

Storage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 520+0.13"  520+0.13"  4.90+0.18  4.80+0.13  4.40+0.22
UV 30min/90sec 5.00£0.15"  500+0.15"  4.70+0.15  4.80+0.13  4.40+0.16
UV 30min/120sec  5.00+0.15" 5.00+0.15" 4.80+0.20 4604016  4.50+0.17

UV 30min/150sec  4.90+0.18"  4.90+0.18"  4.80+0.13  4.70+0.15  4.30+0.26

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

A BE 308 UVEAE Lactococcus lactis subsp lactis ATCC 11454= 25% &%

o] A Efu Aol A 37°C, 24X MG FE AT EAHS o] &3] 90~150

- 110 -



Z FAek Hx27] ok (pork tender-loins)®] Hunter color L7} A8 & & )z
oF 214 ztol7b gl (P < 0.05) (Table 2-63). Z18]31 UV ZAFS 90x A At
=4 Agats 4°C A% 10¥ dx=79 794 AeolE et SAEE 307 UV
ZAV$ Lactococcus lactis subsp lactis ATCC 114545 25% T X9 =X Efu) A9
A 37°C, 24A17F WSS FET AAFHELD S o] &3te] 90~150% HAF = A 7]
kAl (pork tender—loins)e] Hunter color a’te= A2l &3 x99 #9294 Zol7F <l
Ak (P < 0.05) (Table 2-64). 28] UV ZAFE 90z HAg

A7 159 FF tixT-9F Fo% Aot gldth

Table 2-63. Hunter color L values' on refrigerated (4°C) pork tender-loins treated
with UV and natural antimicrobial substances from Lactococcus lactis subsp lactis

ATCC 11454 growing on 2.5% skim milk media for 24 hrs.

Storage time
(days) Oday HSday 10day 15day 20day
Treatments

Control 57.40+021 6052+067 58.65+0.36° 59.65+0.63" 57.13+0.96"

UV 30min/90sec 59.50+0.43 60.83+0.58 60.65:0.55" 60.93+0.71" 61.32+0.25"
UV 30min/120sec  56.63+0.41 59.90+0.63 59.30+0.93" 60.90+0.74" 58.82+0.57"
UV 30min/150sec  59.48+1.98  60.30+0.43 60.23+0.50" 63.25£0.30" 61.60+0.59°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. 2SM = skim milk medium.
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Table 2-64. Hunter color a values' on refrigerated (4°C) pork tender-loins treated
with UV and natural antimicrobial substances from Lactococcus lactis subsp lactis

ATCC 11454 growing on 2.5% skim milk media for 24 hrs.

torage time
(days) Oday bday 10day 15day 20day
Treatments

Control 523+0.27" 520+0.61" 560+0.23" 5.08+0.32° 7.12+0.76"

UV 30min/90sec  5.52+0.27° 525+0.16"°  4.55+0.3"  4.83+0.38""  4.33+0.12°
UV 30min/120sec  5.75+0.17°  5.00+0.41°  4.08+0.37°  4.48+0.28" 5.68+0.22"

UV 30min/150sec  5.65+0.12°  5.02+051°  4.03+0.32° 3.97+0.30°  4.35+0.25°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. 2SM = skim milk medium.

SA B E 308 UVEAS Lactococcus lactis subsp lactis ATCC 114545 25% &%

o &AL A oA 37°C, 24A3F v <SS FET AAIHFELE o] &3te] 90~150
Z R A7) kA (pork tender-loins)®] Hunter color b7t A2l & & gz

4

o} fol# Aolzb gldth (P < 0.05) (Table 2-65). 7128l UV FAR- 90~120% #
AFTED AT 4°C A 109 iz 74 zol& YERHAT

Table 2-65. Hunter color b values' on refrigerated (4°C) pork tender-loins treated
with UV and natural antimicrobial substances from Lactococcus lactis subsp lactis

ATCC 11454 growing on 2.5% skim milk media for 24 hrs.

torage time
(days) Oday 5day 10day 15day 20day
Treatments

Control 5.30+0.16 493+031  6.05+0.10° 597+0.35" 7.02+0.34"
UV 30min/90sec 4.83+0.31 452037  5.02%0.32° 5.28+0.24" 4.48+0.13°
UV 30min/120sec  5.07+0.09 4204029  525:021"  4.80+0.30" 5.22+0.17"
UV 30min/150sec  5.17+0.12 430£057  5.33+0.28" 457£027° 4.730.21°

“I\ean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.
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3) 248

Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104)9] A+ E4 g
215 NAS3+= ¢ #9o4 Aol= o NASIH 28 WA o] Ha7F vt
SHEAT AHE Ayt gxg Bo =24 2 AoE sEHAN A 69F
A
=

WA eb ool digt e bA NASIZ NAS2+ iz F9o4 xhel7h glaloh
SEFHFES B4 49 A 3UF NASIH 29 A +E dxz2T9 F294 Ao
7h gl od A% 6del= fFolA Aol UEWAT TBAZF: AT Ed A4
T = Agaet Fo4 AolE dEil e A% 3Y o] Fo= folF o]zt
At Acetobacter aceti ATCC 15973 (KCCM 40229)2] HAGgHE2 A8 F %
AR Qe g WeRTEE AAS AdE g9 folF Aol vk 1Yy

WAlel 23 Aelas A 69F dx2+ Ru =4 535U Hunter color aZt&

24 23 AQAFFRA AP AT Q2T §94 Aol gglot, A
A 620 AT 2T Aol fo14 Aolzk Uit Hunter color b7HE 574

o

23 NAS 29 39 A7+ AHAF 8 A% 6Y st 72 Fo1% o]zt
A} T}, Lactococcus lactis subsp lactis ATCC 114545 10% &= 3| &E-fu) x| o
A 24X S FES AAFTEL S o] &t 107 AT HA Y] A A
e AYAFE gz FolA HAE UErl AT Acetobacter aceti ATCC 15973
(KCCM 40229)5 75~10% s DA ZFufA| oM 2423t w5 =5 A=t
EdE o] &kl 108 AT HA 7] S TBAZF= AdA59 A% 104 &
HzT7e Fold F99% o] (P < 0.05)= Yelldth Lactococcus lactis subsp
}

o
ot

2

lactis ATCC 114545 5.0% §%9 @Al A A 2427 s F=53 A4
=25 o]gste] 1~6w HAG A2 Ao uise AdAFe A 1209
=
o

b oozt F94 2ol (P < 0.05)7F §ITh. Lactococcus lactis subsp lactis

Sy

o

[«

ATCC 114545 5.0% sx=o EAEFulA] oAl 2447t vl &
o] &3] 1~9% A3 =Hx17] 549 Hunter color aZ7b= HAYAFE hx19 &
o4 o] (P < 0.05)7F AT+ Lactococcus lactis subsp lactis ATCC 114545 5.0%

FEO SARFANANA 4N WFF FEF AAFTRAS ol Fde] 1~9% I

= = 5 2 S [e)
T FEY Ad@dHEds
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At AA L] S SFEFE7HE AdAFTt A S 29k 7194 Aol (

< 0.057F 19Tt Lactococcus lactis subsp lactis ATCC 114545 5.0% sx9 ©X
WA A el A 2441 7F m S FES AAFE =S o] &t 1-3% AT H A
salel TBAZF= AdAS iz #Fo4 Aol (P < 0.05)7F sidth A5 30
& UVZEALS Lactococcus lactis subsp lactis ATCC 114545 25% X9 &x

e
82 H

1=}
wj Aol A 37°C, 24A13F kS FE3 AAdF=ES o] &ste] 90~150% =

A 227] k4 (pork tender—loins)®] Hunter color a’t= A 23 thx19 F94 %

A
ol 7} At} Lactococcus lactis subsp lactis ATCC 114545 25% X9 &x &4
Hj R ol A 37°C, 24417 vl S FE3 HAYAEH S o]83le] 90~150% A3 =
A a17] Qk4l (pork tender-loins)] WAl H 4= A& S g9 Fo4 Aozt gl

Rem, A= 4°C A% 209 st FARE A3E YEddT. SAIRE 308 UV
ZAYE Lactococcus lactis subsp lactis ATCC 114545 25% 29 x| &%
Al 37°C, 24A12F WS FE AAFTEAES o &3] 90~120% FA S #H A7)
k4 (pork tender-loins)e] €| #&% A2 gzt fFo A Aozt glder,
4°C A7 209 &t A 235 YEAT 2 A7 A dAdddEAY] A=
A 7o) WAEst eI WAl i VE=E fAT & A 2Yar IJAA
3 UVEALS- = o]3}8t4 Wsto] & JaFs WA FouzA (F) v a4

fzd sfde 9% F8&3 FREAZ F7HEA

rlr
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3. §3ATAA: ARH WHFAALY ARV & AL

7}.

pl

AgFEAe] Agd NyRsy £ 24
o ATHE 2 A

A5 ANee () od, A7) bedA, Nskd 5l de Ao = E 2k 500
gol #9d (54 % 4 1500 kge TSl FAIGOE ARG A A=
Z} 509 AElgtEstel Aeatd 1007k o] = A (50A @ x5A 2 x5mkE] ) S A&
o "AASREAE Lactococcus spps Y FAHF S FH

Hewol A WEF F8 24
& Al Agsn FFY 2L AASAT 2 A7
=2)
=

L

7F AAEHREA S A
HA S EA S AeS 93t Lactococcus lactis subsp lactis ATCC 11454, Lacto
coccus lactis subsp cremoris ATCC 19257, Pediococcus pentosaceus ATCC 10791

9 Pediococcus pentosaceus ATCC 4320059 #5S 3473 = ATCCEH
Bl 93} Brain heart infusion agar (Difco) WX el A 37°C, 24A]7F 33] A o v

&stAth TS skim milk Aol 0.2% (w/v)E HE3ste] 37°C, 24A1%F w38t 5
00~1000 ml @2 mother clturesE AAlstA Tt 7 g =E-2 25~50g @9 SAE

S Hed 2RVIHE =Ysta A2l dig 0~10°C WA= AA st
W) A=

7 A% SAANT PR{OE 2AT EFUF} HAS Ao] AP oo mup
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i, 5T At A 3AIZol el Aol AR&sAth 7} 25~50 g
& W 2 stomacher® A5 2 AFESIAT. 4 EA8E 4 2

=
FE AHEEE ol ot SAAA Awsict.

g13 A7 41 £EIAC ALF AT LTS e BHonA ()
whel A e sA1vle] A% SRS feld gas BHond 4%

ot g A 71Ee NS flste] AAlEAT. UVERA] (B dF38dx, 58 &4
%) & =] 80cm : 72 70cm : = 60cm®] Z7|Z3F A &l F E $o 2 40
UV lampE 2714 Av] (F 871 §2) sttt

2}) pH #3}

A 89 pHE flat type surface electrodeE o] &3to] A8 FwHe UFH 4% A ¢

pHE %7349 pH meter (Accumet”, Model 50, Fisher Scientific Co.)® 2435t}
uh) H| B ETA B

25~50 g9 ¢ # A 317]= stomacher Lab blender 4008 Ab-&3fo] X&s Al g4

homogerizerg ©|&3st ¥4 A5 I8l XM AHPES o] &ste] 283 A3 A=

il

AFESEATH 72 01 b BB 1 e AlEE #HSEY 0.1% (W/V) peptone waterdl] %

A Tz AlTTE Aty dH TEE ALESIATE A% AJH+= spiral platin

pul

g method, spread plating method, =+ pour plating method% # g3 WHS A
Qo7 Abgete] =Edk tfg 7zt wixoA HHhzHoew wgdd A" S 1

og CFU/g =+ CFU/cr® X Al3FAt}
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uh) #5337t

Y2719 BFFHZFAE 9 point hedonic scale® H 7}l A FAAZ2HE 49 7F
Aoz FH3lo] AASAT AAMG] HE4E 5HSE gt AUt ERTFHET ¢
FTL A= 94, a9 A3 ETFRY § 28 ASE 144, M He T
= 1742 53 59 #AA-s A

AL BA AE

RE g9 EAFgE SAS program (1991)& ]3] ANOVAE EA3t1 5%
o]3te] fojFEedlA Hitghs LSDE E2lste] #4383

2) d724%

7hH AT A A

]—1__ ‘[Ql_\__ =

olr

2 A AREs A Al A FA] TS5 bacteriocins S A3 A
EZR AT O REA  npising, ETEILYAI H4 S FrEES Aasts=
Lactococcus lactis subsp lactis ATCC 11454, Lactococcus lactis subsp cremoris
ATCC 19257, Pediococcus pentosaceus ATCC 10791 2 Pediococcus pentosaceus
ATCC 432000 Fv< b= FHF3IJ A T4ttt TS Brain Heart Infusion
agar ¥ broth (Difco, USA) 28] MRS broth (Difco, USA)S 121°C, 158 Hit3}
of Ax3k zk AbdAujA el A wiFrel HFe Ak 1 5 37°C, 12413 33] Alvhu
Fotol Abdf A= 4°C ol AsHA A GrI= A7tE S8t APl ARES)
At HAJFA S SEHA Z L7 Y3 A¥ o2 A Brain Heart Infusion broth
(Difco, USA)¢} MRS broth (Difco, USA)ell AltiujFst s Eds 10~20% &
A=Al Al (Difco, USA)oll A 37°C, 12412 vl % 7} 500 mle] fFAibet wjFd s 5
Kg SAE (53 50 go T4 4ol Ab&atadnt. 5714 Al (APC)9 +4

57
< X3 F9 A (Difco, USA) 28]l 2833 AT (GNC)9 £4L2 Olsons 9 ¥4
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< °]8% CVT agarg Abgste] wixE =AstaL, 345 wdods HE5 37°ColA

A7 M FE FAE QS Log CFU/go 2 $41ake] EAIHT)

W) AAS S AT HAFTEZE

(1) Pediococcus pentosaceus ATCC 10791¢} P. pentosaceus ATCC 432009
g g

(F) T =AM FdE 72 250 gof AT S 10%9F 20%¢] wRE
Aol Pediococcus pentosaceus ATCC 107919} Pediococcus pentosaceus
ATCC 432002 7}3te] d2uj%”] (Dong Yang Chemical Co, Korea)ol A 200 rpm<
21083 e ts 4°C ¥AEeh mAESE A PSS EAsdT #
Pediococcus pentosaceus ATCC 107912 10% (w/v)et 20% (w/v) EA &l A
(Difco, USA)el HEF 48712+ wieks v pHS FAHF++ 7 6.0% 5924 88
log unit9} 9.8 log unit® ¥A 5 th 7 Pediococcus pentosaceus ATCC 43200%
10%%F 20% GAErui A (Difco, USA)ol HEF 48A17F wiksh ths pHOF Akt
T 7+ 6.17 58%4 85 log unit?} 95 log unit® 4 % A},
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Table 3-1. APC and GNC values' on refrigerated (4°C) pork tender-loins treated
with different levels of lactic acid cultures (LC) from Pediococcus pentosaceus

ATCC 10791 and Pediococcus pentosaceus ATCC 43200.

Storage time Log CFU/g
(days) APC GNC

Treatment 0 3 6 9 0 3 6 9

Control 3.88+0.08" 3.72+0.13" 5.69+0.04" 7.35+0.08" 3.69+0.15 352+0.07 4.98+0.08 7.11+0.04
10%LC/P.10791  6.23+0.12° 6.22+0.04* 6.30+0.08"  7.31+0.05% 367+0.12  3.62+0.07 555+0.09 6.85+0.21
20%LC/P.10791  659+0.12* 6.22+0.09" 6.12+0.15° 7.59+0.14" 3.25+0.08 3.21+0.04 5224040 6.82+0.11
10%LC/P.43200  659+0.127 6.54+0.06° 6.09+0.04*  7.23+0.09° 356+0.06 3.32+0.11 5.28+0.38 6.55+0.17
20%LC/P.43200  6.77+0.04* 6.74+0.09" 5.79+0.04° 6.68+0.09" 3.46+0.14 3.21+0.11 5.73+0.03 657+0.11

"Mean values with different superscripts in the same column are significantly different (P <
0.05)."Means of replications(Mean*standard error). LC = lactic acid cultures. P.10791 = Pediococcus

pentosaceus ATCC 10791. P.43200 = Pediococcus pentosaceus ATCC 43200.

4°C 3% =

2
©
-
Lo
M
R
dlo
o
EI_I
4
rr

3-1). Webd fAttgde FEAC HESAA 2 MEFY HAE FES TS
AAguEA] FHEe] S Aok Ao ARAU Fikit gL ¥
Aazle] ERAERF pHOl WAL dBE 2AF A AYAF ATE gay
uth feldon vl fARGoY 4% 39 olF YHE g 94 xol7t
91t (Table 3-2). WAISH slzbel] vlst s /bE AN S 2

7ok o4 zkol7b gl (Table 3-3).

o ES e S - E L
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Table 3-2. pH values' on refrigerated (4°C) pork tender-loins treated with different
levels of lactic acid cultures (LC) from Pediococcus pentosaceus ATCC 10791 and

Pediococcus pentosaceus ATCC 43200.

Storage time pH values
Treatment L 0 3 6 )
Control 6.05+0.05" 5.82+0.04 5.96+0.12 6.60+0.23"
10%LC/P.10791 5.89+0.03" 5.92+0.00 5.95+0.02 6.00+0.03"
20%1.C/P.10791 5.86+0.02" 5.85+0.02 5.94+0.02 6.39+0.06"
10%L.C/P.43200 5.80+0.02" 5.95+0.07 5.92+0.03 6.22+0.07"
20%1.C/P.43200 5.78+0.01" 5.96+0.07 6.19+0.08 5.84+0.03

"Mean values with different superscripts in the same column are significantly different (P <
0.05)."Means of replications(Mean*standard error). LC = lactic acid cultures. P.10791 = Pediococcus

pentosaceus ATCC 10791. P.43200 = Pediococcus pentosaceus ATCC 43200.

Table 3-3. Odor and appearance values' on refrigerated (4°C) pork tender-loins
treated with different levels of lactic acid cultures (LC) from Pediococcus

pentosaceus ATCC 10791 and Pediococcus pentosaceus ATCC 43200.

Storage time Odor score Appearance score
(days)
Treatment 3 6 9 0 3 6 9
Control 5.00£0.00 4.40+0.40 3.80+0.37 2.40+0.40 5.00+0.00 4.40+0.25" 4.20+0.37* 3.00+0.45

10%LC/P.10791  4.20+0.37 3.80£0.58 2.60+0.25 2.40+0.25 520049 3.60+0.40° 260+0.25" 2.40+0.51
20%LC/P.10791  4.40£0.25 3.60+0.51 2.60+0.51 1.80+0.37 5404060 3.60£058" 2.60£0.25" 2.40+0.60
10%LC/P.43200  4.00+0.00 3.80+0.58 2.60+0.40 1.80+0.37 520037  42040.37" 2.80+0.20" 2.40+0.40

20%1L.C/P.43200  4.00£0.45 3.60+0.60 2.20+0.37 1.60+0.25 5204066 4.20+020° 2.80£0.20° 2.40+0.51

"Mean values with different superscripts in the same column are significantly different (P <
0.05)."Means of replications(Mean*standard error). LC = lactic acid cultures. P.10791 = Pediococcus

pentosaceus ATCC 10791. P.43200 = Pediococcus pentosaceus ATCC 43200.
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(2) Lactococcus lactis subsp lactis ATCC 114542] <3

o

e}

AL 10-10° CFU/mI7FA wj kst i (v/w; 10% &= 550l 8l k)
I FHTol A se] Ay 4L T1S 396 log unit, T2%
g3 Qb4 T1e 3.20 log unit, T2E 4.04 log unit

4.34 log unit 7HA AF39 S 4°C A & 3714 vAE, pH 2@ #sH7}

p)

4.10 log unit
4.23 log unit 7}A

NE

T3+
A A3 (Table 3-4).
Table 3-4. APC values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Logio CFU/g
Treatment
1d 3d 6d 9d
Loin-control 2.47+0.203¢ 3.23+0.145¢ 4.00+0.058° 5.30+0.058¢
Loin-T1 6.43+0.033" 6.50+0.058" 6.43+0.088" 6.67+0.033°
Loin-T?2 6.57+0.033" 6.47+0.033" 6.73+0.033" 6.70+0.000°
Loin-T3 6.70+0.000" 6.57+0.033% 7.10+0.000° 7.27+7.033°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications(Meantstandard error).

==
T =
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ATCC 11454¢] FAbdal e (v/w)s =A 27 T4 Hildd =E33ias of 5714
SR F=AIdAS Ytk o|HE A= Lactococcus lactis subsp lactis
ATCC 114549 fabaajetdo Al it F4E) nisin 2 7| AASddEL sk

[}

Ao welddnh mebd AAFEEAS] KEA S £C A o v PR

Table 3-5. APC values' on refrigerated (4°C) pork tenderloins treated with
different levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC

11454.

Logio CFU/g
1d 3d 6d 9d

Tenderloin—control ~ 3.33+0.033° 4.17+0.033° 5.33+0.033° 7.60+0.000%

Treatment

Tenderloin—-T1 6.53+0.033" 6.53+0.088° 6.70+0.000" 7.50+0.000%
Tenderloin-T2 7.37+0.067° 7.27+0.033° 7.23+0.033° 7.07+0.033"
Tenderloin-T3 7.67+0.033" 7.10+0.000° 7.37+0.033° 7.33+0.033"

"Mean values with different superscripts in the same column are significantly different (P <

0.05)."Means of replications(Meantstandard error).

AAgdeds Bud g4 kel 4°C A% w9t pHW s E #2F Aats A9
AF dE Al dET ke ARl TL T2 ® T3 2o #9437k o

EFRRT (Table 3-63} 3-7). 2T S49 T3 AT 4C A% 60 5 =
% T2 7elw T3 T fo4 fol4 Aol § btk dET e 19
A fabelerel A2 el T2sh T3RTh 4C A% 62 E pHIbe] 914
LheRR S

=t
i
)

o|N
S
il
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Table 3-6. pH values' on refrigerated (4°C) pork loins treated with different levels

of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

pH values
Treatment
1d 3d 6d 9d
Loin—control 5.80+0.012° 5.83+0.006° 5.98+0.009° 5.86+0.017°
Loin-T1 5.47+0.006" 5.56+0.010" 5.68+0.009°" 5.73+0.015°
Loin-T2 5.35+0.010" 5.40+0.009" 5.65+0.015" 5.69+0.020"
Loin-T3 5.10+0.045° 5.21+0.003" 5.58+0.003" 5.70+0.015°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).

B el A% ikt NG ALTE £C A% B dE2T w we pHAE
(e Ne)

UeEl e o]= Lactococcus lactis subsp lactis ATCC 114542] -2kt ul] oF o of] A
Adbe FAE 2 71EF f704Re] Al TIdgE Aoe® mHEHAY olE k2 H A
a7) SAT okl & ¥ pHE #AstEEA 4°C A% Bk 2714 mAaE F

2o 71o]d Ao 7 u#HFAr}. Rayet Sandined #AF 2 ZAH5 9] ofAle &%
Hel 27] pHE ZastAY siald AHEAF (dissociated molecules) = & 2] ¥ A&
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Table 3-7. pH values' on refrigerated (4°C) tenderloins treated with different levels

of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

PH values
1d 3d 6d 9d

Treatment

Tenderloin—control ~ 5.95+0.022*  6.10£0.026°  6.35+0.013"  6.28+0.015"
Tenderloin—T1 550+0.012°  572+0.009"  597+0.000°  6.17+0.018"
Tenderloin—"T2 543+1.015°  554+0.019"  5.76+0.006®  6.03+0.006

Tenderloin—-T3 5.27+0.059"  5.38+0.022° 5.78+0.012°  6.22+0.209°

"Mean values with different superscripts in the same column are significantly ifferent (P < 0.05).

“Means of replications (Meanz*standard error).

¥ 3-8 ZF 1~4% F2F (v/w) &Y 5EF 8-S X3 S A ~HA
B BT A 38 §X% 27 a5 10-10° CFU/g 38 -4k wjok
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279 B8 %7] pHE 571 ©IA 670 744 78S YeEbdeh 1~-4%
FagNE AAG Ao 7] pHE iRzl vlste] f93 (p<0.05)o= v
Vet 18al 2~4% fAakgdo® 58 HAAF 5% fabmeige o w g A gk
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Z7] SR 90% ©)dS A sk
Ao pHollA F2o] A= pHatol A Z7hst

g A

oy

(2

J+ (Kim 5, 1988;
Molins, 1991).

Table 3-8. GNC values' on refrigerated (4°C) pork loins treated with different
levels of lactic acid and lactic acid cultures from Lactococcus lactis subsp lactic

ATCC 1145%4.

GNC values (Logio CFU/g)

Treatment
1d 3d 6d 9d
Control/5min 3.88+0.033"  4.73+0.200°  5.97+1.934 7.15+0.33"
1% lff‘gctigc aglll‘ft/ Elfgé“/ 5% 340+0.058"  4.32+0.100°  557+1.068°  6.80+0.186"
2% lactic ag&?{grrgén/f)% 310:0.058  4.100.033"  500£0.058"  5.33+0.088"
3% lactic acclll‘ft/ Erfgén/ 5% 350:0000° 3.93+0033"  478+0.033"  5.40+0.153"
4% lactic acid/Smin/5% 393100330 37000670  457+0.058"  5.17+0.067"

lactic cultures

"Means of replications(Mean*standard error). ““ Means within the same column with different

superscripts are significantly different(p<0.05)
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Table 3-9. pH values' on refrigerated (4°C) tenderloins treated with different levels

of lactic acid and lactic acid cultures from Lactococcus lactis subsp lactic ATCC

11454,
Treatment 1d d pH values od od
Control/5min 571:0019°  5690.011°  576:0015  6.70£0.006"
1% lactic acid/Smin/5% = 50840034° 54260013 56420026  6.10+0.005°
2% lactic acid/omin/5% 4440101  552+0.028°  555:0010°  560:0014
3% lactic acid/Smin/5% 4 67,0054 530+0.080"  526:0.045°  545+0.018"
4% lactic acid/Smin/5% 45000030 51760034  512:0044°  5.28:0.019°

lactic cultures

“Means of replications(Meantstandard error). ““ Means within the same column with different

superscripts are significantly different(p<0.05).

Table 3-10. Odor values' on refrigerated (4°C) pork loins treated with different

levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC 11454.

Odor values

Treatment

1d 3d 6d 9d
Loin—control 5.33+0.333" 4.33+0.333" 4.33+0.333 3.67+0.333
Loin-T1 6.00+0.577" 3.67+0.333" 4.33+0.333 3.67+0.333
Loin-T2 6.33+0.333" 4.67+0.333" 4.00+0.000 4.00+0.000
Loin-T3 5.33+0.333" 4.67+0.333" 4.00£0.000 3.67£0.333

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).
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Table 3-11. Odor values' on refrigerated (4°C) pork tenderloins treated with

different levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC

11454.
Odor values
Treatment
1d 3d 6d 9d
Tenderloin—control 6.00+0.577" 3.67+0.333" 4.33+0.333 3.67+0.333
Tenderloin-T1 6.67+0.333% 3.67+0.333" 4.33+0.333 3.67+0.333
Tenderloin—-T2 6.67+0.333% 3.67+0.333" 4.33+0.333 4.00+0.000
Tenderloin—-T3 5.67+0.333" 5.00+0.000% 4.33+0.333 4.00+0.577

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).

T AT kA2 Tix T2¢F 94 Zol& yElilt (Table 3-129F
3-13). =T T4 A 64 olF Aok FoF Aol7h gtk ET b e
A 3dol= T39 2#ar A 6delli= T29F T3¢k fol 4 Aol siich

Table 3-12. Appearance values' on refrigerated (4°C) pork loins treated with
different levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC

11454.

Appearance values

Treatment
1d 3d 6d 9d
Loin-control 5.67+0.333" 5.00£0.000° 4.00£0.000° 3.00+£0.577"
Loin-T1 5.33+0.333" 4.67+0.333° 4.00£0.000° 3.00+1.000°
Loin-T2 5.33+0.333" 4.67+0.333" 4.00£0.000° 3.00+1.000°
Loin-T3 4.67+0.333" 3.67+0.333" 4.00+0.000° 3.00+1.155%

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).
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Table 3-13. Appearance values! on refrigerated (4°C) pork tenderloins treated with
different levels of lactic acid cultures from Lactococcus lactis subsp lactic ATCC

11454.

Appearance values

Treatment
1d 3d 6d 9d
Loin-control 5.67+0.333" 5.00£0.000° 4.000.000 3.00£0.577
Loin-T1 5.33+0.333" 4.67+0.333" 4.00+0.000 3.00+1.000
Loin-T?2 5.33+0.333" 4.67+0.333" 4.00+0.000 3.00+1.000
Loin-T3 4.67+0.333" 3.67+0.333" 4.00+0.000° 3.00+1.155

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).
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Table 3-14. APC and GNC values' on refrigerated (4°C) pork tender-loins treated

with different levels of potassium sorbate (PS)%

Storage time Log CFU/g
(days) APC GNC
Treatment 0 3 6 9 0 3 6 9
Control 3.46+0.18" 3.58+0.11" 547+0.12° 7.41+0.17" 3.21+0.04"  2.99+0.09" 4.57+0.28" 5.62+0.02"

05%PS%/15 rpm 350+0.06°  3.71+0.08" 4.41x023° 556+0.10°  3.34+0.02° 3.35+0.05" 358043 245:+0.11°
1.0%PS/15 rpm  2.91+0.05" 2.80+0.04° 272+0.09° 2.96+0.06°  2.25+0.07" 2.12+0.05° 2.06+0.13° 1.94+0.24"
15%PS/15 rpm  2.45+0.17°  2.72+0.21" 2.70£0.08° 2.70+0.05°  2.05x0.18" 1.79+0.29" 1.67+0.13% 1.50+0.00™
2.0%PS/15 rpm  2.38+0.18" 2500.11° 2.260.04° 232+0.13°  2130.07° 1.72+0.14" 157+0.13* 1.00+0.07°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).

A7) FHOABELS 05% ©]49 F7FE potassium sorbateel] 2]

2
o] 4 wotth 123 HEPANT pme] FFL A% BAHo|of Aot

Table 3-15. pH values' on refrigerated (4°C) pork tender-loins treated with

different levels of potassium sorbate (PS)2.

torage time pH values
Treatment 0 3 6 9
Control 5.56+0.01° 564+0.01° 5.89+0.02" 6.21+0.11
05%PS%/15 rpm  6.0420.02° 6.02+0.02° 6.10+0.01% 6.05+0.02
1.0%PS/15 rpm  6.06+0.01° 6.07+0.02° 6.08+0.02° 6.09+0.01
15%PS/15 rpm  6.09+0.02* 6.05+0.03" 6.09+0.02° 6.11£0.02
2.0%PS/15 rpm  6.09+0.03° 6.08+0.01° 6.06+0.02° 6.06+0.02

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Meanz*standard error).
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Table 3-16. Odor and appearance values' on refrigerated (4°C) pork tender-loins

treated with different levels of potassium sorbate (PS)%

Storage time Odor score Appearance score
(days)

Treatment 3 6 9 0 3 6 9

Control 500:032 460£0.25 380:020 360:025°  540:040° 4.60+025° 4.40£025 3.80:0.20
05%PSY15 rpm  5.60+0.40 520+0.37 500055 460£0.25°  540+0.60° 540:0.40” 4.40+0.40 4.20+0.37
1.0%PS/15 tpm  5.40£0.25 520£020 460+025 460:040°  6.604040” 560£040" 4.80£0.49 4.80+0.20
15%PS/15 ipm  6.00£045 540025 500£0.32 320+020°  7.40:051° 6.80+0.20° 520+0.37 4.20+0.58
20%PS/15 rpm  5.60+0.68 4.80+049 480049 360:095°  7.60:025° 6.2040.20° 540+025 4.60+0.25

"Mean values with different

superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).

7 1 Kgol #s{A 7] kA3 05% potassium sorbateE ©EZ o €L 15 rpmolA
1082 B ’d&589 9 1 & ZF 25% Lactococcus lactis subsp lactis ATCC 11454
(%27] pH 56, =7] 244 7.1 log unit), Lactococcus lactis subsp cremoris

ATCC 19257 (7] pH 44, =7

ATCC 10791 (%7] pH 56, %7]

ATCC 43200 (%7] pH 59, %7]

3L 15 rpmell 4] 108 &<t

2kt 8.7 log unit), Pediococcus pentosaceus

O AL
AR
o PN
AT

i=] =)
HEH s A

o] E45 AAskAn. A= AF 9d
(GNCO)9] #94 #AaE YeER AT (Table 3-17). 0.5% potassium sorbate * 2] &
xz=7o pHEY A2 A% 794 F7HE Yetl Ak (Table 3-18). 0.5% potassium
A & =79k FAFE pHZFE UhE

sorbate®} Akt £l %

WAt

el AeT pHE
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7.3 log unit)®] FAHT Bl
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Table 3-17. APC and GNC values' on refrigerated (4°C) pork tender-loins treated

with 0.5% potassium sorbate (PS)* and different strains of lactic acid cultures.

Storage time Log CFU/g
(days) APC GNC

Treatment 0 3 6 9 0 3 6 9

Control 339+0.04° 354+0.09° 641+0.09° 849+0.03" = 3.12+0.05" 3.30+0.04° 6.16+0.04" 8.25+0.05"

05% PS* 2.90+0.04* 2.80+0.04° 4.49+0.07° 584+028"  249+0.09° 2.26+0.08" 358+0.35° 5.10+0.37°
05% PS/ 25% 19257" 3.29+0.05" 3.25£0.07° 559+0.03" 6.44+0.05°  257+0.04° 2.34+0.04° 4.60+0.01° 554+0.07°
05% PS/ 25% 10791° 363+0.06° 3.02:0.08” 542+0.04" 7.40+0.13"  2.99+0.08" 2.32+0.01° 4.40+0.05" 7.01+0.21"
05% PS/ 25% 11454° 4.30+0.07° 4.09+0.18™ 4.830.28" 7.47+0.06°  2.71£0.05™ 2.37+0.03" 4.13+0.13" 6.82+0.08"
05% PS/ 25% 43200° 4.35+0.08" 4.14+0.05" 4.93+0.31" 7.56+0.02°  2.82+0.05™ 2.34+0.05° 3.79+0.25" 6.56+0.05"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

"Means of replications (Meantstandard error). 05% PS/ 25% 19257° = Lactococcus lactis subsp

cremoris ATCC 19257. 05% PS/ 2.5% 10791

11454° = Lactococcus lactis subsp lactis ATCC 11454 .

pentosaceus ATCC 43200.

= Pediococcus pentosaceus ATCC 10791. 0.5% PS/ 2.5%
05% PS/ 25% 43200° = Pediococcus

Table 3-18. pH values' on refrigerated (4°C) pork tender-loins treated with 0.5%

potassium sorbate (PS)? and different strains of lactic acid cultures.

Storage time

pH values
(days)

Treatment 0 3 6 9

Control 5.67+0.01" 5.86+0.04™ 5.82+0.02" 6.04+0.06"

05% PS* 6.06+0.06 6.09+0.01* 6.08+0.02" 6.06+0.02"
05% PS/ 25% 19257"  5.86+0.02" 5.94+0.04" 6.00£0.01*" 6.12+0.03"
0.5% PS/ 25% 10791°  5.99+0.02° 5.86+0.01" 5.86+0.00" 5.84+0.03°
05% PS/ 25% 11454°  6.00+0.03" 6.06+0.01° 5.87+0.01" 5.88+0.01°
0.5% PS/ 25% 43200°  5.99+0.03" 6.04+0.03° 6.03+0.05" 6.42+0.05"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Meantstandard error). 0.5% PS/ 2.5% 19257

cremoris ATCC 19257. 0.5% PS/ 2.5% 10791

11454° = Lactococcus lactis subsp lactis ATCC 11454 .

pentosaceus ATCC 43200.

Lactococcus lactis subsp

= Pediococcus pentosaceus ATCC 10791. 0.5% PS/ 2.5%
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0.5% potassium sorbate 2]+ 2 05% potassium sorbate®} 25% AT S HF
ol Aol o#y WAjol g BeHE HAAS A A 9L 4°C T

ol & FoF §AFE SF o= HrE YT (Table 3-19).

Table 3-19. Odor and appearance values' on refrigerated (4°C) pork tender-loins

treated with 0.5% potassium sorbate (PS)* and different strains of lactic acid

cultures.
Storage time Odor score Appearance score
(days)
Treatment 0 3 6 9 0 3 6 9
Control 540£0.16 4.40+0.16 420+0.20° 3.90£0.18  5.00£021 4.30+0.37° 4.10+0.23" 4.10£0.41
0.5% PS* 550+0.17 4.70+0.15 4.30+0.21° 3.90+0.28 560+0.34 5.10+0.28" 4.90+0.18" 4.60+0.40
05% PS/ 2.5% 19257* 5.80£0.36 5.00£0.15 4.60+0.22" 4.30+0.26 540+0.34 4.90+0.18" 4.70+0.21" 4.30+0.37
05% PS/ 25% 10791 5.60£0.16 4.70£0.21 4.00+0.26" 3.90+0.46 5.40+0.27 4.80+0.20" 4.60+0.16™ 4.00+0.26
05% PS/ 25% 11454° 5.30+0.21 4.80+0.13 5.10+0.23* 3.90+0.43 520+0.29 550+0.22" 4.30£0.30° 4.30+0.37
05% PS/ 25% 43200¢ 5.40+0.22 4.40+0.22 450+0.17" 3.90+0.43 490+0.23  5.30+0.26" 5.20+0.29" 5.10+£0.55

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
‘Means of replications (Meantstandard error). 05% PS/ 25% 19257° = Lactococcus lactis subsp
cremoris ATCC 19257. 05% PS/ 2.5% 10791° = Pediococcus pentosaceus ATCC 10791. 0.5% PS/ 2.5%
11454° = Lactococcus lactis subsp lactis ATCC 11454 . 05% PS/ 2.5% 43200° = Pediococcus
pentosaceus ATCC 43200.

1 Kg9 " xar7] ¢talz} 1% potassium sorbateE B &8 o] ¥ 15 rpmolAl 10

B For 'gE83 1S 0~35% Lactococcus lactis subsp cremoris ATCC 19257 wj

kol (%7] pH 4.7, 7] 43 8.1 log unit) S 718t SLdxAdA 102 o &
O % 4C et 57148 ST s EA4 6

E Ao Ay 1.0% potassium sorbate®} 1.5~35% Lactococcus lactis subsp

cremoris ATCC 19257 Akt skl 23 18] 31 1.0% potassium sorbate?] =2

= AYAF dxz Eu f94oR 92 agdAMAdET (GNOE YHehldt

(Table 3-20). &3 1.0% potassium sorbate®} 2.5% Lactococcus lactis subsp
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cremoris ATCC 19257 Akt wiFe] =32 A% 394 69 st 1.0%
potassium sorbate?] AT Hu HFgHoez F2 (P < 005 IHSAHAAMTT
(GNC)Z vk B ZAyl= 1.0% potassium sorbate®t f-2br koS o] &3
A 7)ol mAESHA AGYJMAAL TS st 25% A Lactococcus lactis

subsp cremoris ATCC 19257 fA4bd el =7t AF8EojoF d3lo 2 w85t

-

Table 3-20. APC and GNC values' on refrigerated (4°C) pork tender-loins treated
with 1.0% potassium sorbate (PS)? and different levels of lactic acid cultures from

Lactococcus lactis subsp cremoris ATCC 19257.

Storage time Log CFU/g
(days) APC GNC
Treatment 0 3 6 9 0 3 5 5
Control 3.23+0.06" 3.35+0.08° 547+0.02° 7.19+0.04°  278+0.10° 2.79+0.07° 51620.03° 6.46+0.16"
1.0%PS 2.75+0.04" 287+0.06" 2.64+0.05° 257+0.08°  1.75+0.05" 2.31+0.08° 1.73+0.07° 1.65+0.02"
35919257 6.1240.02° 559:007* 5.76+0.06" 657+007°  259+0.09™ 294+0.07" 4.43+0.07° 6.16+0.03"
1.0%PS/1.5%19257 5.30+0.05° 552+0.03° 539+0.11° 53640067  2.26+0.02° 2.07+0.03" 1.46+0.08" 1.53+0.06"
10%PS/25%19257 557+0.05 561+0.05° 5.60+0.04* 5214003  1.70+0.08" 1.89+0.03" 157+0.12" 1.89+0.17*
1.0%PS/3.5%19257 5.64+0.03° 554+0.04° 5.74+0.04* 535+0.05°  1.55+0.03" 1.76+0.05" 1.88+0.05" 2.07+0.23"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
“Means of replications (Meantstandard error). 05% PS/ 25% 19257° = Lactococcus lactis subsp

cremoris ATCC 19257.

Kgo] #|®x]a17] otAl3} 19 potassium sorbateE ®HET o] ¥ i 15 rpmolA 10

1
2 Zot gd8g3 vt} 0-35% Lactococcus lactis subsp cremoris ATCC 19257 #i

%ol (7] pH 47, 7] §4Ht4 81 log unit)S 7Hstal FAZ2ANA 102 &< &
S8ttt 1§ 4°C WAt pHE 4353t (Table 3-21).
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Table 3-21. pH values' on refrigerated (4°C) pork tender-loins treated with 1.0%
potassium sorbate (PS)* and different levels of lactic acid cultures from

Lactococcus lactis subsp cremoris ATCC 19257.

Storage time pH values
(days)

Treatment 0 3 6 9
Control 5.69+0.04” 5.82+0.01" 5.75£0.01 5.74+0.02
1.0%PS 6.35+0.07" 5.98+0.04" 5.84+0.03 5.94+0.06

3.5%619257 5.57+0.02 5.68+0.04” 5.70+0.02 5.79+0.12
1.096PS/1.5%619257 5.89+0.01° 5.89+0.05" 5.80£0.03 5.89+0.01
1.096PS/2.5%619257 5.87+0.02" 5.89+0.01° 5.80+0.01 5.93+0.03
1.096PS/3.5%619257 5.84+0.05" 5.88+0.01" 5.83+0.01 5.91+0.03

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

‘Means of replications (Meantstandard error). 05% PS/ 25% 19257 = Lactococcus lactis subsp

cremoris ATCC 19257.

1.0% potassium sorbate 2]+ A A S Uz Hoh =2 (P < 0.05 pH/IE
83l 35% Lactococcus lactis subsp cremoris ATCC 19257 4kt nljfolo 2 X
g3 A= Tk FARS pH7FE UERRIE 2Elv A 69 o] $F-E =
Z79F A grAtelel Fo A Aol 7k AT

Z+ 1 Kg9 s x 7] ¢rA 3 1% potassium sorbateE B E-2]o] 2L 15 rpmoll A 10

1
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Table 3-22. Odor and appearance values' on refrigerated (4°C) pork tender-loins
treated with 1.0% potassium sorbate (PS)* and different levels of lactic acid

cultures from Lactococcus lactis subsp cremoris ATCC 19257.

Storage time Odor score Appearance score
(days)
Treatment 3 6 9 0 3 6 9
Control 5.70+0.26  4.90+0.10* 3.70+0.15 3.30£0.26 5.70+0.30° 4.30+0.21° 3.80+0.20° 3.60+0.16
1.0%PS 540054 4.40+0.16°> 3.90+0.28 3.60+0.43 6.80£0.29° 550+0.31° 4.30+0.21* 4.10+0.23

35%19257 590041 470:030° 370:021 330045  590:0.23° 4.30:040° 3.70:0.21° 3.60+0.34

1.0%PS/1.5%19257 6.00£0.40 460+0.16* 3.80£0.29 2.80+0.33 6.30£0.26" 510+0.18"° 4.40+0.16° 3.30£0.54

1.0%PS/2.5%19257 6.20+0.40  4.00+0.00° 3.80+0.25 2.40+0.50 6.20+0.30°  4.60£0.22" 4.10+0.23" 2.60+0.48

1.0%PS/3.5%19257 6.20+0.42  4.00+0.30° 3.50£0.22 3.00+0.42 6.20+0.25°  4.90+0.32" 370+0.15> 3.30+0.58

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

‘Means of replications (Meantstandard error). 05% PS/ 25% 19257° = Lactococcus lactis subsp

cremoris ATCC 19257.

1.0% potassium sorbate A @ X 15% Lactococcus lactis subsp cremoris
ATCC 19257 frAket s} z3to= Mgt A3+ dx27< vlalste] WAje 3l
oA F94 Zol7t gl o el st #5H7F 23} 1.0% potassium sorbate* €]

T AYAF 27+ BRY =4 S3HUATT. 1.0% potassium sorbateX 2] 7 EE

hul

1.5% Lactococcus lactis subsp cremoris ATCC 19257 4kt vkl zg oz =g
S A R vaste] A 6 FoF e oA FelHoE A TF

= A,

- 135 -



th UV 2AEE o83 $AF AR £4
(1) UV A Z9] 4%
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23to] s 2 $ol Z 40 W UV lampE 2708 Ad] (F 670 F2H)skdch g
2 Ao s AFe 40 W UV lampyt Ab835ke] Ao AL&stt 2 A=

al \Y%
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2 60cme 27]
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o

niys)
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A

o

2 UVEAO] o3 3T 2AHAT (Table 3-23). ESFHE UVEA

-

3 F AT 1297 A7 Axp 274 At WaE Table 230 vebd vho)
2tk UVE AR &8 thxF Al8E 440 log unit, 208 E<¢F UVE FAE A
5 4.06 log unit®] =714 AldtErt WA H 2 A5 AR (F) B2 =54
A TSE dE2Te AR 69 AT Bo =4 5714 vAESFY] S UEhdd
=3

Table 3-23. Effect of ultraviolet (UV) radiation on APC values' of pork loins held

at 4°C.
APC values (Log CFU/g)
Treatment
1d 3d 6d 9d 12d
UV, 0% A} 440£0.093"  4.46+0.118"  520+0.160°  7.29+0.103*  7.47+0.191°
UV, 58 A} 439:0.153"  4.15:0.186"  4.89+0.245"  7.05:0.244"  7.66=0.220°
UV, 108 ZAF 4170072 41340113  4.77+0.184*  6.92+0.145"  7.830.074"
UV, 15% ZAF  412+0.149°  4.2040.053"  4.780.143*  7.00:0.078"  7.81%0.010"
UV, 208 ZAF  4.06+0.044°  4.21£0.183"  4.70+0.128"  7.01x0.137*  7.75£0.207"

1
Mean values

“Means of replications (Meanz*standard error).
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BoaAtel Ay UVel 2AF Algbe] 5208 74X F7) stEEAM A% 39 Tk HA
a7le] EAE Aol Hao] EdAeldnh. 1Elal UV A F7tel 9] ste
SxW AASE A Fy el giE AFA A7 FAEH Ak UV 2ARE
HA 7] S WA 2 Qe WA= dFE FAMS A Table 3-24 4 3-25

b 2ok WAl wig ¥Rt A3 dxa= UV A 4C, A% 195 94

2
ol thztek Al gtel] wigk Aol Anrh AlFAer £4d9 = 3l Aol

Table 3-24. Effect of ultraviolet (UV) radiation on odor values' of pork loins held
at 4°C.

Odor values

Treatment
1d 3d od 9d 12d

UV, 0i& Z=AF  550+0.327%  5.25+0.189"  575+0.164"  3.38+0.183"  1.50+0.327*
UV, 5 FAF 575+0463" 52540423  550+0.189"  3.63+0.263"  1.55+0.164"
UV, 10+ =AF  550+0412"  525+0.625"  550+0.189"  3.38+0.263"  1.63+0.183"
UV, 15 A 550+0.313"  5.00+0.398"  5.25+0.164"  3.33+0.183"  1.50+0.189"
UV, 20+ =AF  550+0.164"  5.00+0.639"  5.50+0.189"  3.50+0.327*  1.75+0.250"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean+standard error).

sighol Ulg BER7E A dETE UV AT 4C, A% 30 FF §o14 2ol
g A% 69 tETe 5~158 AedTE HET §o4 o7t A
(Table 3-25). Hgk 9do] A ato] A7 12 o] %ol &fdto] et thx=7¢ 0~10%
UVAEFE 152 o4 UV AelT ur fod0® 2o 530z RRAAh
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Table 3-25. Effect of ultraviolet (UV) radiation on appearance values' of pork loins

held at 4°C.

Appearance values
Treatment

1d 3d 6d 9d 12d

UV, 0% ZA}  463+0.183  4.83+0.295  4.38+0.183"  2.88+0.350"  1.50+0.189
UV, 5% A} 52540164 50040378  4.75+0.164"  2.75+0.164"  1.38+0.183
UV, 105 ®AF 53540164  500+0.655  5.00+0.267"  3.63+0.183"  1.50+0.267
UV, 15% A} 53840375  525+0526  5.38+0.263"  3.88+0.227"  2.00+0.267
UV, 20% ZAF  538+0.375  4.75:0.250  5.00£0.267°  350+0.267*  2.13+0.350

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
“Means of replications (Mean*standard error).

¥ Aol Avke 10~20% UVALS W E%9 WAl ug 1557 B2 87
Ao, ofefd Ad= A 99 Ft FAHJAY. 2L UV A E ool n
Av Qe FAFl A7) e A7AR] ARA BAo] A Roln.

=

(Y4) 240W UV ZEA}

4, 3, 3 -9 240 W UV lampE AL§3ke] 0~60% &<k 2AMF 4°C g%t o)
Aazizdel 2714 s (APC)I 2334 AEs (GNO)O e Ftass &4
Stk (Table 3-26). UVEAME A a17] FHe] A, FHE 717 0~60% ¢ A}
etk UVE 2ASHA &2 27] tix7 A& 372 log unit, 60& &¢ UVE =
AbgE AlE= 2.82 log unit=A] 3714 Al (APC)e +994 4 (P < 0.09)E
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Table 3-26. Effect of ultraviolet (UV) radiation on APC values' of pork

tender—loins held at 4°C.

Storage time Log CFU/g
(days) APC GNC
Treatment 0 3 5 9 0 ; p 5
Control 3.72+0.24" 374+0.11 558+0.15 744+0.07"  348+0.16" 3.53*0.09 530+0.11° 7.14+0.06"

UV 10min 3.58+0.11" 3.68+0.06 5524012 660+008"  3.44+0.08" 3.53+0.03 535+0.14" 6.36+0.09"
UV 20min 3.35+0.10" 343+0.12 5443006 664+0.07°  3.22+0.08"° 3.25*0.11 529+0.07" 6.25+0.08"
UV 30min 3.23+0.08" 3.35+0.11 545+0.17 §50+0.16"  3.09+0.02° 3.20£0.05 522+0.09" 6.24+0.02
UV 60min 282+0.11° 3.30£0.09 508+0.04 £53+0.07°  252+022° 314009 465+0.12" 6.10=0.06°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error).

B oAshe 240 Wl F7H UVEAGOR H437] e AW 5 UVEAA

4z
2
X
el
1o
N
ko
>
el
o
[-40
u
o
oo
oX
>
=Y
1o,
do
lo,

2

N

N

>«

ol 60R7A FhEEEA &
g vEhiglon 4% A4S A% FEF PPOE PEAJL hET Y UVA
279 4C WAES pHUSE 24 62 717 pH7tel F7}e
dehglem 108 UVARTE 44 69 Fob dlEFu e pHAS vehlit
(Table 3-27).
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Table 3-27. Effect of ultraviolet (UV) radiation on pH values' of pork tender-loins

held at 4°C.
Storage time pH values
(days)
Treatment 0 3 6 )
Control 5.69+0.02" 5.90+0.02%" 6.37+0.05° 6.10+0.18
UV 10min 5.82+0.02% 5.84+0.03" 5.98+0.06" 6.46+0.21
UV 20min 5.88+0.01 5.71+0.04" 5.92+0.02" 5.93+0.06
UV 30min 5.90+0.04 5.72+0.04" 6.20+0.17" 6.23+0.07
UV 60min 5.96+0.05" 5.71+0.03" 6.41+0.02* 6.36+0.18

"Mean values with different superscripts in the same column are significantly different (P <

0.05)."Means of replications(Meantstandard error).
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A izgheh UV Ag o] o aat diAjologt #egrts dAg dis
oA 2po] 7k §lAth (Table 3-28). 1y A 717ke] 6
ek A ge AAE gzTeng foHer 2 Ador SHEE

i

Table 28. Effect of ultraviolet (UV) radiation on odor and appearance values' of

pork tender-loins held at 4°C.

Storage time Odor score Appearance score

(days)
Treatment 3 6 9 0 3 6

Fresh control ~ 5.00£0.00* 5.00+0.00" 5.00+0.00° 5.00+0.00 5.00£0.00"  5.00+0.00° 5.00+0.00* 5.00+0.00

UV 10min 5.00+0.32°  4.80+0.20° 4.00+0.45° 2.60+0.25" 5.20£0.20"  4.40+0.60° 3.40+0.60° 3.00+0.37"

UV 20min 480+0.25" 4.80+0.32° 4.20+0.20° 2.20+0.37" 5.20+0.25"  4.40+058" 3.50+0.37> 3.00+0.32"

UV 30min 4.80+0.32°  4.80+0.20° 4.20+0.37° 2.20+0.37° 5.20+0.40"  4.60+0.40° 3.40+0.40° 3.20+0.37"

UV 60min 4.80+0.37"  4.80+0.37"  4.00+0.51°  2.00+0.00 5.20£0.37"  4.20+0.37° 350058 3.00+0.32"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Meanz*standard error).
(%) Tumbling W& o8& $4F 44 24
(1) UV ZAE 3 potassium sorbate®] <33

7z 1 Kgo =l A7) k3 05% (w/w) FEZ potassium sorbates T &
(ChangDae Chemical Co., Korea)oll 21 15 rpme & 102%¢F &E8&ct. 71 &
H A 27|t sl F-9 240W UV lampE AF&3te] 0~60% &< ZAFS 4°C

o HA I EY | AE (APC)Y aHSAAM T (GNC)ol| oist gkt

Z9E AT (Table 3-29). UVEANE X 7] W A, $9& 247 0~

(o))
(@]

B ot xAFelg Tl 0.5% potassium sorbate®t UVFEANFE A AZRE 4°C A%
9¢ Fot TUIAAIT (APCO)H aHSAAMTST (GNOE fFoxoz 7143

0.5% potassium sorbate$} 60 UVZAITE= A 3€5<T 0.5% potassium sorbate
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Table 3-29. Effect of ultraviolet (UV) radiation and potassium sorbate on APC

values' of pork tender-loins held at 4°C.

Log CFU/g
APC GNC

Treatment 0 3 6 9 0 3 6 9

Control 352+0.06° 5.63+0.06° 6.32+0.11° 7.33+0.05"  3.39+0.03" 541+0.03" 573+0.06° 6.89+0.18"
05%PS/A£30min 3.11+0.02 3.15:0.07" 2.83+0.07° 283+0.07  265+0.10° 2.74+0.09° 221+0.09° 2.22+0.07°
05%PS/UV 10min 3.09£0.03 3.07+0.04" 2.97+0.05° 3.11+0.02™  257+0.12"° 2.58+0.02* 2.23+0.07" 2.260.07"
05%PS/UV 20min 2.95+0.02° 2.96+0.03" 2.96x0.03" 3.07+0.06™  253:0.04° 2.30:0.09 220£021" 222+0.07°
05%PS/UV 30min 293+0.19° 2.83+0.06™ 2.95+0.04" 3.02+0.05  253+0.17° 2.09+0.03% 2.03+0.04° 2.12+0.12°
05%PS/UV 60min 2.87+0.11°  2.64+0.02° 258+0.12" 254004 2244008 1.76+0.06° 1.70£0.08" 1.60=0.10°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Mean*standard error). PS = potassium sorbate.

A L7 A, 8t F, 4 240 W UV lamps AFE3Fe] 0~60+E &<t =AM
4°C YA-set A7 e pH7HE 48 3itt (Table 3-30). thx7-¢F UV A2+

= A% 3d s KA Aol sl
HA L7 st #9-9 240 W UV lamps AH&3He] 0~60% S 2AME 4°C
WAser Azl ot WAl i@ wegrE A (Table 3-31).
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Table 3-30. Effect of ultraviolet (UV) radiation and potassium sorbate on pH

values' of pork tender-loins held at 4°C.

Storage time pH values
(days)
Treatment 3 6 9
Control 5.90+0.01 5.92+0.01 5.94+0.02° 5.98+0.02°
0.5%PS/ 1 2-30min 5.89+0.02 5.83+0.04 5.79+0.01" 5.87+0.03
0.5%PS/ UV 10min 5.88+0.04 5.97+0.02 5.86+0.05" 6.02+0.01°
0.5%PS/ UV 20min 5.86+0.02 5.87+0.02 5.88+0.03" 5.91+0.01*
0.5%PS/ UV 30min 5.83+0.01 5.89+0.01 5.83+0.02° 5.85+0.02
0.5%PS/ UV 60min 5.81+0.02 5.84+0.01 5.90+0.04° 5.92+0.05™

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Meanz*standard error). PS = potassium sorbate.

Table 3-31. Effect of ultraviolet (UV) radiation and potassium sorbate on odor and

appearance values' of pork tender-loins held at 4°C.

Storage time Odor score Appearance score
(days)

Treatment 3 6 9 0 3 6 9

Control 560£0.20 450+0.17 4.00£0.21 3.60£0.22 6.00+0.22  4.10+0.18" 3.90+0.28 3.40+0.40
05%PS/ A-230min 5.40+0.27 4.40+0.22 4.20£0.39 3.70£0.21 5.80+0.20  500+0.15* 4.60£0.22 4.10£0.28
0.5%PS/UV 10min 540+0.22 4.40:0.16 4.00£0.15 3.50+0.34 5.80+0.31  4.60+0.22% 4.20£0.29 3.60+0.27
0.5%PS/UV 20min 5.20+0.23 4.60+0.22 450+0.17 3.70£0.34 6.00+0.22  450+022% 4.30£0.26 4.00+0.26
0.5%PS/UV 30min 5.30+0.68 4.40+0.22 3.90+0.28 3.40+0.31 600021  4.60+0.16® 4.30+0.30 4.20+0.36
0.5%PS/UV 60min 540+0.31 4.90+0.10 3.60£0.22 2.900.46 5804020 430021 3.90x0.23 3.50%0.37

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications (Meanz*standard error). PS = potassium sorbate.
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4 Aot fark WAl d@ BsRAAN ADAF Aol ARl fo
4 Aol7t ger] A% 5 T f41

2

SHow BrhE .

A Fabet ol &2 FH Y Aol 7tsstEEA ST AAel Al A
€2 F A F&F PHoEZA AFAFY] AL AR L RAAVEA FEA Tl

At T3 FAb N F potassium sorbateZ §
g "HEgHe 28 w8 Apgrden 7z 0 AlZ 0 Zo] = 55 cm ¢
GdTFAol7] wEel S7FEdA

al
o AAH 4EA FHS AT F8F 7120l @ F AL Aotk o BHom

ATE AT govl, AT AARF FAYFE NG Aok HADA Y &
2We gAdon AFsitd Baw 444 vse B ATAYAA A A

2 100~1509Hd el UV ZA7] (59 80 cm : 7F& 70 cm : % 60 cm, 40 W UV

lamp 1) FYOE JHs ¥ F 9g Ao Frhudh

B Ao HA stA WA FA] 7FFE bacteriocinsS AAHEE A B Z 2y
ZAF S 24 nising ZEI QYA FAF 59 ddEEAES AAEtE  Lactococcus
lactis subsp lactis ATCC 11454, Lactococcus lactis subsp cremoris ATCC 19257,
Pediococcus pentosaceus ATCC 10791 % Pediococcus pentosaceus ATCC 43200%

AL83t99 2™ tumbling®, FAbalge] o] 8w 123 potassium sorbate9} FF3k
S3W AP A UVERALFS] Fwko wE nmAEsAst pH ¥ #537tE AA8
Atk & AT A3 Fabtu e @5A g B potassium sorbatest I HET

Wol 23 4°C YAZo Hxur|e nAEESA A kAo 8o FHE e

itk HA ST EZA S A= Lactococcus lactis subsp lactis ATCC 114549]
Abal g (v/w) S SR 7] T kAl =EEl s u &7 SHEAATe] F4

AAo A o]t o) AF= Lactococcus lactis subsp lactis ATCC 114549]
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U AEZTED o] & AR AA27] Ve 24

D d73d 2 A4

7hH AQgTA e A

o=

1

}=
22 Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104)¢} =259 A
A EAS AWAEE Ao g d#]A Acetobacter aceti ATCC 15973 (KCCM 40229)

S FHF 3ol Tk

ol
S

B AGe 8T FATTE nisind 50 2D FEEAL A

re

il

(1) Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104)¢] wj <%

Brain Heart Infusion agar @ broth (Difco, USA)E 121°C, 158 dvsle] A %3k
AbEuf R of HA] wjFlo] HFSAT. 1 & 37°C, 24417 33] Altiu) ko] AFdE )
A= 4°C o AAFstHA A MG Z J7tE TRt Aol AFEsFA T

(2) Acetobacter aceti ATCC 15973 (KCCM 40229)¢] =} %

Mannitol agar 2 broth (Difco, USA)E 121°C, 1568 Ht3dlo] A %3k A}A =X <}
oA wjkr)ol HESIT L F 30°C, 48417F 33 Athujekate] AlHuA = 4°C

A4Sl QA2 4rke FRskel Agol Agets

}) AQFEEA A

20
2

S EAS AAEL7] 3 A3 o 2A, Brain Heart Infusion broth (Difco,
USA)®} mannitol brotholl Althef st TS 24 Hitdk 25~10% (w/v) 2R &)
2] (Difco, USA)°l 05%% HFEF zF 37°C ¢ 30°Ce] A ikl 24-484]
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2 HAET A E4

SH9 3714 FI M (aerobic plate counts; APC)®t ZHSA A (gram
negative bacterial counts; GNC)& &4]8}7]9sto] 25~50 g9l o] A 17+ BT
AHY S o] §ate] 287 &g A 85 AFEstAT ZF 01 mt B 1 o] AEE
Aste] 0.1% (W/V) peptone waterell Aet3t == MEFE 34ste] #4 T2
ALg3t Tl #d3 A)83E spread plating methodd S Alg3le] @3l tpe 53
Fu A (Difco, USA)S} MacConkey agar (Difco, USA) agarol A Z+2Z 37°C, 48*] 7t

HjFs P48 J=ES Logy CFU/go2 ®A| 8T

24 BA 4

Zy g o] EAATE SAS program (1991)& o] &3t ANOVARE EX&1 5%09]
slo] frolFolA] H ks LSDE Ha]sle] #4349

2) dT+43

7H AAFFEA9 AA

(1) AAFTERA9 ME T 1

7y 250ge] AR E nisin® FA59 HA FHEES AAslE Aow dHA

Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104)E 10% (w/v)e] &= &
Fraf Aol A wj ekttt 1 3 80°C FeFFolA 308 A o 8,000 rpmeol A

el @a 7°Ce WAkl A A A 7IbE 5714 F AR (aerobic
plate counts; APC)¥} Z#&eA A4 (gram negative bacteria; GNC)E #4331
t}. o)l %7] Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104)¢] &=
f oAl frabtE 1.7x10° CFU/mIE JEh2lch NAS 12 SH50] ddad
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S 433 NAS 2+ 29 3143 =4dS ARRSESIth 18]al NAS 32 ddd
TEdS dEF 3484

o)
Lﬁ‘
a9 3-1e] HHer fAkvts wgs dAZT e 92 WAdw=4e] pH}
3-32

A%
4% A3 7F 4807 622 Log CFU/mlE YERU o™, a2FZolA 80°C, 30%
FAF 94 2T vs AT ASdelME kel AEHA kv AAFHEE
A& ol&ste] AAMem 107 &t HA27] U A v5 7°C AF <
g FHalAlT (APC)E 5743 A3k Table 4-29F 2o H4A

AL AR A2lgt (NAS 3)= AgAF tiz=7 Bo fo4oz o2 (P <
0.05) 714 SHFAATEFE et 7°C A% 4= A2+ 25 28 79
o= NAS 29 NAS 39 Ao tix+ Bk s714 S5

skt (P < 0.05). ¥ 979 Z3= nising FiF 59 HAAZHEHo] s
Pt Atg S UEh B RA QA A o] e] v Eed SAY s T Ao

At

fol
N
>,

oo N
=
L

b
bt
i

Table 3-32. Lactic acid bacterial number and pH values in natural antimicrobial
substances obtained from Lactococcus lactis subsp. lactis ATCC 11454(KCCM
40104).

Treatments

pH Logiy CFU/ml
Before centrifugation
B 4.80 6.22
(not boiling)
After centrifugation 1
473 ND

(boiling)

“Means of replications. ND'=not detected.
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Fig. 3-1. Procedure of natural antimicrobial production from lactic acid
bacteria of Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40104) and
acetic acid bacteria of Acetobacter aceti ATCC 15973 (KCCM 40229).

10% Skim milk
/sterilization for 30 min at 121°C

l

Inoculation of 0.5%
lactic acid cultures

l

2 L of mother
cultures

l

Incubation for 48hr at
30 or 37°C

l

Colony counts of
cultures

l

Boiling for 30 min at
80°C or not

l

Centrifugation for 15
min at 8,000 rpm

l

Harvesting of
supernatant

l

Production of Natural
antimicrobial substances
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Table 3-33. APC values' on refrigerated (7°C) pork tender-loins treated with
different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time Logio CFU/g
(days)
Treatments 0 4 7
Control 4.24° 6.88° 8.607
NAS 1/10min 4.30° 6.24 8.18°
NAS 2/10min 4.04* 6.00 753
NAS 3/10min 3.60 5.16° 5.60°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.
NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Table 3-34v= HAZd=d= HAF #@ix7] e =As= THSAATT

4% Adn. Hd FHEdS FJAsAdL AREE AT (NAS 3)=

%)
Z.
e
i

74 < oA AAE YESdT. B3 {74 5o w2 pHolA &
AL S HAAEA} (dissociated molecules)$t a2 H A& A2} (undissociated

molecule)ell 71Q1&to]l 5 AREe] SAAAE 7HsetA & Ao T
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Table 3-34. GNC values' on refrigerated (7°C) pork tender-loins treated with
different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time Logi CFU/g
(days)
Treatments 0 4 7
Control 3.76% 6.74% 8.59%
NAS 1/10min 3.72% 6.04° 8.18"
NAS 2/10min 3.67% 6.04 745 1
NAS 3/10min 3.00 4.35° 5.38°

Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

B ATAS SRAATe] 90% oS AAsta = agFdAlto]l 7°Cel WA

(2) AAFaE =2 AT Y 2

Z 250 g9 SAIREE nising F4H52 HA FHEAS AMEE o=

n2
&
)

™

Lactococcus lactis subsp. lactis ATCC 11454 (KCCM 40100)E 10% (w/v)e] ©*
Faj Aol A migstgTh 2 & 8000 rpmollA 16% AR #=H3 ZF 500 mle
FEde 102 HA AT 1gla &2 AAste 2EHQdE s TEA 2

r-{m
o,
o

FE5e T8 AASET. 72 SAEE AP Pa 3+1°CY Y=o A%
AN AF 71zkd 3714 FE3 Al (aerobic plate counts; APC)¥ 1#&&A Ald4

(gram negative bacteria; GNC)& A3ttt olw) 27| Lactococcus lactis subsp.

lactis ATCC 11454 (KCCM 40104)9] &A1 wjA ol A fAbdFE 1.45%10° CFU/ml
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UER AT NAS 12 Sl dddd=2S 4343} NAS 2= 24 343

%
A4 AHgSATh eI NAS 32 HAFTEAL AuS fNALT g
3-

il

(Table 3-35, 3-36, 3-37).

FATE WFF DYRAG O A AAFHEA pHe}
-3

¥ i
o

59} 2t} Lactococcus lactis subsp. lactis
1454 (KCCM 40104)9] 52k 37°Coll Al 4841 7F Bl %% 80°C Sh24=Z ol A
0% FASAIET AR g5 AF A pHMe FAMTTE SAS A3

7} 5073 3.70 Log CFU/mIE YERRSI L

Table 3-35. Lactic acid bacterial number and pH values in natural antimicrobial

substances obtained from Lactococcus lactis subsp. lactis ATCC 11454 (KCCM

40104).
Treatments pH Log 10 CFU/ml
Before centrifugation 5.00 7.15
After centrifugation 5.07 3.70

“Means of replications.

Lactococcus lactis subsp lactis ATCC 11454 H AT EZ
A7 FxEE AAsE oS Z74 SEAAET (APOE S43% A
Table 3-369F #t}. M Fdt=dS BAstA R AHES A5 (NAS 3)= A3
T 3714 SR AETE Q2T B fFoF R A (P < 00533 olHg A
H= A 109 s ASHIJT. NAS 242+ 321°C A% 74 &

NAS 3 AT+ A 104 &< vAETH S4B AHA  (microbiological

shelf-life) S YEFH AT

oF 19
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Table 3-36. APC values' on refrigerated (3+1°C) pork tender-loins treated with
different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time Logi CFU/g
(days)
Treatments 0 4 7 10
Control 3.85 5.00°" 6.45" 758
NAS 1 3.92° 4.92° 6.40° 718"
NAS 2 3.66™ 4.84 559" 7.03
NAS 3 3.30 4.43° 5.26 6.65°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.
NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Table 3-37. GNC values' on refrigerated (3+1°C) pork tender-loins treated with
different levels of natural antimicrobial substances from Lactococcus lactis subsp

lactis ATCC 114%4.

Storage time Logi, CFU/g
(days)
Treatments 0 4 7 10
Control 3.43° 4.16° 6.08° 7.52°
NAS 1 3.36° 3.92° 5.40° 6.68"
NAS 2 2.93° 3.40° 4.68° 6.65"
NAS 3 2.95 3.30 4.36° 657"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).
“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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A2 Aggdste] ALy SxEE sk s s Al
T (GNO)E 543 A= Table 3-373 vk NAS 12 A% 7
NAS 29 NAS 3+ A% 10¢ &t dx7 2o fFof4em v (P < 0.05)
A Al (GNCOE Yttt & A9 Adb= fFAkafol A
= Asos 22k SFAAtel] e FEd et

o] 443 SREAZ oy}

o

3) AAFdaE =2 /AT ¥y 3

O,f]_ 3&,&.%@% /Kg}‘\l-'é = ﬁgi %—E:];‘(_]

P

zk 250 g HARE 2ATY
Acetobacter aceti ATCC 15973 (KCCM 40229)E 10% (w/v)2] &2 &-u] =] o A Hj
Fatdh 1 F 80°C 2 FxoA 30% FAF 8000 rpmeol Al 158 AAEHF F

mlo] FZFHel 107 HAAstATh. 2l 52 st 2HJH A 1
E9olA 28 BASF FEHE FES AASIAT. A4 SAse dAFHEE
(Diamiron-S, Mitsubishi Plastics Industries Limited, Japan)S ©]-&3F shrinkage
packaging2 Z-& X7 (Model-1AM,, vaccum packaging machine, Leepack, Korea)
of Wi 20%¢ ¥, sealing MN7HE 2x=ste] Wastdrt 1Ela 3+1°Ce] WAL
Tol A stHA AF 717k 27| HF I AT (aerobic plate counts; APC)3F 1%
+4 A4 (gram negative bacteria; GNC)E 413kl th olu] %7] Acetobacter
aceti ATCC 15973 (KCCM 40229)9] 24§ #jAolA A4 3.80x10° CFU/mIZ
et 9Tk NAS 12 SR AAZdEDS 4343 NAS 2+ 20 4 =4
= AHESEATE 1E]al NAS 32 A3 =4S A5 Fo JAsAFL AFER
(Table 3-38 , 3-39, 3-40).

8 3-19] WHo 7 SAHS W

o2
i
(o
o>
™
i)
=
o
o
ne
rlo
b
re
ok
=Y
td
M
o,
e
T
fo,

At E S4% A3 Table 3-38% . Acetobacter aceti ATCC 15973
(KCCM 40229)°] Z27ket& 37°Coll A 48413 w5 80°C F2F=olA 30% ## a
717 W o] pH7beE AT E SAS A= 4 4353 760 Log CFU/mlE
e LTt
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Table 3-38. Aceticc acid bacterial number and pH values in natural antimicrobial

substances obtained from Acetobacter aceti ATCC 15973 (KCCM 40229).

Treatments pH Log1oCFU/ml
Before centrifugation (not boiling) 4.35 7.60
After centrifugation (boiling) 441 ND'

"Means of replications. ND'=not detected.
Acetobacter aceti ATCC 15973 (KCCM 40229)0ll 4] A2tet HAdgtEd S s
2 At A ] s3xUE AAsE bs IeExAS SV sHAAEs
(APC)E =7483% A¥= Table 3-399F #th Hd FHEHAE A B AT
(NAS 1, NAS 2, NAS 32) AHAF 7|4 SHEAATTE =7 B

[e]
o
o 4 (P < 005)3aL o5 3 daks AR 7d T AFEHAG dddd=d

HA 2 AT A 7| AFd gt Ay AFE FaFd U] " HF
HuAe AEE oA o]t}
Table 3-39. APC values' on refrigerated (3+1°C) pork tender-loins treated with

different levels of natural antimicrobial substances from Acetobacter aceti ATCC

15973 (KCCM 40229).

Storage time Logi, CFU/g
(days)
Treatments 0 4 7
Control 4.16% 4.38° 441°
NAS 1 352 3.98" 3.74°
NAS 2 3.40° 397 348"
NAS 3 3.22¢ 3.90° 3.40°

1Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1= natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.
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Acetobacter aceti ATCC 15973 (KCCM 40229)°l1 4 A4tst dAgdELD S sl
2 AQgAdste A ] sxHE s o A3 xFS adF4ATF (GNC)
Z43% A3 Table 3-407 2l A =22 A e A5 (NAS |,
NAS 2, NAS 32)= AYAF a9 AuTsE g7 Bo fFo8e= i (P
< 0053 o3 Ade A 79 Tt ALHAT AAFTAEHY A= 2
A 3+1°C A 79 Fk 04 ATt =
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Table 3-40. GNC values' on refrigerated (3+1°C) pork tender-loins treated with

different levels of natural antimicrobial substances from Acetobacter aceti ATCC

15973 (KCCM 40229).

Storage time

Logio CFU/g
(days)
Treatments 0 4 7
Control 4.06 4.21° 456
NAS 1 3.37 3.70° 3.74°
NAS 2 3.32" 3.65" 348"
NAS 3 3.22 3.65" 3.40°

10Meam values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. NAS 1 = natural antimicrobial substances mixed with 3 parts of diluted water.

NAS 2 = natural antimicrobial substances mixed with 1 part of diluted water. NAS 3 = natural

antimicrobial substances.

Acetobacter aceti ATCC 15973 (KCCM 40229)0 A A2kst A3
TEAS TR QA HALY] SEHE A UL IAFEZST nAE
1

A A S AT AdE 3:1°C AR TdFdE 27 57148 H
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W) HAZFTEAY H4EF o887 A

(1) AaFE e gz HEFY 9%

A 245 HA FAEES WA= Ao 2 4R Lactococcus lactis subsp
lactis ATCC 11454 (KCCM 40104)¢} Acetobacter aceti ATCC 15973 (KCCM
40229)5 7t 25~10% (w/v) X9 EXEfFulR A 37°C, 24A13F 6] &F3F o).

I

g2 FxolA 308 FAF 8,000 rpmol A 15% A4l el

oo

C
Ae 5 L9 HAAFFEAL 7F 500 ml E9E 1,000 mle] 9A3Fe &0 ¥&
5

00 go =:HA7] SAF oA (HiF 25045 ¢ ©9)S 108 HA A

I

T F2 g4 zHE 2 aE9dA 28 BAF FEHE FES AR
aelal 95 FAAR, Zoaeh, Fibel] Wil 15 rpmell Al 108 ®EHsdct 7t
A B2 AAFE="E (Diamiron-S, Mitsubishi Plastics Industries Limited, Japan)
S o] &3} shrinkage packagingS A AIsF7]1$18Fe] A FEH7] (Model-1AM,, vaccum
packaging machine, Leepack, Korea) © 93l 20%2 &% 2%9] sealing 7l 4
deetatt agar 4°Ce] WA= A sk AR 7| S FojAt
(aerobic plate counts; APC)¥ %34 A4 (gram negative bacteria; GNC)& #
ettt

a¥ 319 WHew ks wMiYgs dAEEd s 98 HAIHEAE
Lactococcus lactis subsp lactis ATCC 11454 (KCCM 40104)¢] Aol A 98 #
ddwEAel pHIEY FAEsE FAR Ade 4 470~510%  40~6.0x10°
CFU/mlE YESITE 18]la1 Acetobacter aceti ATCC 15973 (KCCM 40229) =4k
oA 2 HAFdEA] pHIEet 2dsE AT ZAdes 2 492~5109 24
8~7.82x10" CFU/mlE& et (Table 10-13). Lactococcus lactis subsp lactis
ATCC 114545 25~10% &9 DAZHuA M 24417 w5 F53 APt =
AEg ol&3te 108 A HHzy] T4 37| HAESF (APC, aerobic plate
counts) HZAF dfEFEHG fFo]4 HAEP < 0055 HEFHSATE (Table 3-41).
a8l JYTE 4°C AF 169 o)A tETRYg /A WAEe foF gAE y
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A mABes A4 dAde F459

Table 3-41. APC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 25~10% (v/w) skim milk media for 24 hrs.

Storage time

Logio CFU/g
(days)

Treatments 0 5 10 15 20
Control 3.33" 3.65" 5.86 6.97 8.07

2.5% SM?/24 hrs 2,22 2.66" 450 6.06" 6.73"
5.0% SM/24 hrs 2.34° 2.64° 4.29° 5.94° 6.54"
75% SM/24 hrs 2.30 2.60" 3.45° 5.08° 6.73"
10.09 SM/24 hrs 2.05" 2.11° 3.37° 5.19° 6.87"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Lactococcus lactis subsp lactis ATCC 114545 25~10% %29 €A E5u) R oA

2473 M FF FEFT AAZT =L S ol &8t 102 HAT H@ALY] 5

pud

o>
lo,
q
o
oo

A Al (GNC, gram-negative bacterial counts)+= A # &A% jz2+HY 94 7
2P < 0.05= YeEFN AT (Table 3-42). 281 A 7= 4°C A 204 =

o] AEAF TBSAATE FoH Has e
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Table 3-42. GNC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 2.5~10% skim milk media for 24 hrs.

Storage time

Logio CFU/g
(days)

Treatments 0 > 10 15 20
Control 1.82° 250 4.36" 559" 6.00°

2.5% SM*/24 hrs 1.30° 1.74° 393" 470 548"
5.0% SM/24 hrs 1.08° 2.08" 2.85° 4.30 5.60"
75% SM/24 hrs 1.15° 1.85° 2.48° 433" 5.00°
10.0% SM/24 hrs 1.30° 2.00 2.65° 4,00 5.00¢

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Table 3-43. APC values' on refrigerated (4°C) pork tender-loins treated with
natural antimicrobial substances from Acetobacter aceti ATCC 15973 (KCCM
40229) growing on 2.5~10% (v/w) skim milk media for 24 hrs.

Storage time

Logio CFU/g
(days)

Treatments 0 5 10 15 20
Control 3.18" 3.26" 4.60° 6.30° 6.86°
2.5% SM*/24 hrs 2.26° 2.11° 377" 5.30 554"
5.0% SM/24 hrs 1.88° 262" 3.32" 518" 5.66°
75% SM/24 hrs 2.00° 2.00 3.00" 4.80° 550"
10.0% SM/24 hrs 2.08" 2.38" 2.40° 4.90° 5.73

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. *SM = skim milk medium.

Acetobacter aceti ATCC 15973 (KCCM 40229)2 25~10% X9 ©x] &)=

[e]
A 2407 <GS FEI AAFEEE S ol &Tto] 10 AT ALY A (pork
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tender-loins) 9] & 714 " A E4 (APC, aerobic plate counts)t #2235 iz HU}h
o4 A (P <0095 Hetudd 22lar A - 4°C A8 209 s =

o a7 vAEe] fold #AE YEyEEA uAEsty 4% kA S {5
t} (Table 3-43).

Acetobacter aceti ATCC 15973 (KCCM 40229)E 25~10% & =2 & &-Fuj =
A 24N ZE WG FEF AAFE A S o] &t 108 A HA 7] kA (pork
tender-loins)2] 1#E LA A+ (GNC, gram-negative bacterial counts):= *] 8] 23
E=rEa F94 24 (P < 0095 Hetdsdv. 28a A= 4°C A% 204 5
PosRaf o] A FARD ESAAATY] oA AAE YERYAT (Table 3-44).

Table 3-44. GNC values' on refrigerated (4°C) pork tender-loins treated with
natural antimicrobial substances from Acetobacter aceti ATCC 15973 (KCCM
40229) growing on 2.5~10% skim milk media for 24 hrs.

Storage time Logi CFU/g
(days)

Treatments 0 5 10 15 20
Control 2.22° 2.85 3.007 5.64 6.56°
2.5% SM*/24 hrs 1.48° 150 2.30 4,00 523"
5.0% SM/24 hrs 1.65" 1.90° 2.00 400 5.30
75% SM/24 hrs 1.18° 1.48° 2.30 3.50° 5.00"
10.0% SM/24 hrs 1.00° 1.00° 2.00 3.60° 518"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

(2) AaFTEZ Y HAANDNE 9%

fabsel A EdEAHES st AeR2 d# I Lactococcus lactis subsp lactis

ATCC 11454 (KCCM 40104)Z 5.0% (w/v) 5529 x| E-F vjx|o] A 2447F wj %k

itk 2 F 80°C &2 FxolA 30% #FA1F 8000 rpmell A 15% A& s
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Mitsubishi Plastics Industries Limited, Japan)S ©]83} shrinkage packaging= 2]
3719 8ke] HFEZ7] (Model-1AM,, vaccum packaging machine, Leepack, Korea)
0% MEFF 2%9 sealing ZANA HESGT. 1e8]ar 4°Col Y259
AA A 717bE 5714 F-9 M3t (aerobic plate counts; APC)¥ 13SA
M T+<4= (gram negative bacteria; GNC)E #2313t} (Table 3-45, 3-46).

% 3-19 WHoR fFAds uMYgs AR v @& AT E=H Y pHE
4725 e AT
Lactococcus lactis subsp lactis ATCC 114545 5.0% Fx9 EX|E-Fu]x|o] A 244
oS FET AAITEAS o8t 198 HAT ;ALY s 2714
A& (APC, aerobic plate counts)= AH#FE dEzTRY F94 A4 (P <
0.05)& YERWSAT (Table 3-45). 6~9i A =Hx]7] T4 714 wAESF
(APC, aerobic plate counts)+= 4°C A% 54 T Ax=e A9 tixz+HET #
94 e (P < 0.09)E Hepidvh 2eal A as 4°C A% 209 SoF R

2714 MA=e] Fo4 FaE HEEEA vAESH A LS FASA
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Table 3-45. APC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

Storage time

(days) Logio CFU/g
Treatments 0 5 10 15 20
Control 3.29° 3.13" 4.99° 6.03" 6.72°
5.0% SM?/1 min 273 258" 341° 483" 4.87°
5.0% SM/3 min 2.43" 2.69 3.20™ 4.75 478"
5.0% SM/6 min 2,62 2.37° 3.21" 416" 4.83°
5.0% SM/9 min 2.50° 2.24° 3.18° 3.80° 433

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

Lactococcus lactis subsp lactis ATCC 114545 5.0% X9 @A Ea]A] oA 244
oGS =3 JAYFAEL S ol &5t 1~9% HAT HALY] T 1HSA
Mi4= (GNC, gram-negative bacterial counts)= & &% thxFEHT #

(P < 005)% HEHATH (Table 3-46). MAFTdELe 92 A A= 4°C A
% 59 Fet 3% ot A B dxT By foHom v OdSAATETE
et At 28l A= 4°C A% 209 &< SR A FAE 2ESAA T
o FoA #AE YERH AT

a9 3-19 BRow Akt wgs

= 4725 YERATH

Al
=t

-

o

Y3 s FE2d ddddt=22 pH

Mo

A mAES (APC, aerobic plate counts)© 120% A& oA g d 3
2 (P < 0055 YEeEHRAT (Table 3-47). 30~120% # A3k =
9 3714 " AES (APC, aerobic plate counts)® 4°C A% 15Y ¢ iz xmt}

T4 4 (P < 0.05)5 YERATH
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Table 3-46. GNC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 5.0% skim milk media for 24 hrs.

Storage time Logio CFU/g
(days)

Treatments g 10 15 20
Control 2.89" 269" 4.88° 5.41° 6.43°
5.0% SM?/1 min 1.63 1.48° 3.36 3.85 450
5.0% SM/3 min 147 1.48" 2.82 393 451°
5.0% SM/6 min 1.70° 1.30" 3.00° 4.00 4.41°
5.0% SM/9 min 1.60° 1.00° 2.88" 3.90° 4.30°

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. SM = skim milk medium.

Table 3-47. APC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 2.5% skim milk media for 24 hrs.

Storage time Logio CFU/g
(days)

Treatments 0 5 10 15 20
Control 3.30° 357 458" 6.49" 7.11°
2.5% SM/30 sec 3.30° 3.43° 378" 5.83" 6.70°
2.5% SM/60 sec 3.20° 3.35° 3.60° 5.90 6.78"
2.5% SM/90 sec 3.17° 3.19° 370 5.76" 6.82°
2.5% SM/120 sec 2.80 2.93 361" 5.29 6.42"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

*Means of replications. 2SM = skim milk medium.

Lactococcus lactis subsp lactis ATCC 114545 25% %9 BAEf-H] Ao A 244

oG FEF AALERAL ol §ske] 30~1202 AAF WA FAe %
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S AlT4 (GNC, gram-negative bacterial counts)= 120% 2] FollA A& E& o
ZTHT oA A (P < 005F YERATH (Table 3-48). A A &4l 30~
120% AT A= 4°C A% 169 & 27 Bop 4oz 92 ag3AA

=z

)

TS YelWdoh 28la 120% A e 4°C A% 1569 w9t 30 A 9
wop agAd AT fod s YERSIth

4

Table 3-48. GNC values' on refrigerated (4°C) pork loins treated with natural
antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454 growing

on 2.5% skim milk media for 24 hrs.

Storage time Logiy CFU/g
(days)
Treatments 0 5 10 N 20

Control 2.86" 3.45° 4.54° 6.10° 6.32°
2.5% SM?/30 sec 2.67 3.34° 345 547 6.24°
2.5% SM/60 sec 2.70° 3.12% 3.58" 567 6.27"
2.5% SM/90 sec 2.75" 3.12% 360" 5.04" 6.65°
2.5% SM/120 sec 2.30 2.85" 2.89¢ 4.95° 6.18"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. ’SM = skim milk medium.

(3) AAFTEZ A& =38 I9F

A S EEAS st Aoz &R Lactococcus lactis subsp lactis ATCC
11454 (KCCM 40104)E 2.5% (w/v) sEe] A& v A 37°C, 2411t 6l &3}
ATk 2 F 80°C = FxoA 307 FAF 8,000rpmol A 154 A4 FE st o
olwl Lactococcus lactis subsp lactis ATCC 11454 (KCCM 40104)o1 4 & HAsk

e pHi 4725 Yepliddoh aea #1835 Lo Ad@H=dL 7 500 ml
@olE 1,000 mle] 91A8EE &7le ¥ vy 7 500 go sHAaLv] 4l (F 250

5 g B9 602 AAAAL T F K& AART sees BN 28 4
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718l BRlel el AAsta frEd FES AN 4 SARE ANFESEE
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(Diamiron-S, Mitsubishi Plastics Industries Limited, Japan)< ©]83%F shrinkage
packagingS AA3F719ste] Wy EA7] (Model-1AM,, vaccum packaging machine,
Leepack, Korea)ol 23l 20%9 HFF 2%9] sealing 7oA WiEstgdct 18
4°Ce] YHA=d AX stAA A 7|7 5714 F I AT (aerobic plate counts;
APC) & 2433t} (Table 3-49).
Lactococcus lactis subsp lactis ATCC 114545 25% FE9 ©XEFujxo A 24
A wFS 1E 3-19 W FEF dAFdHEA S ol &5t 60 A G HA ALY
3714 " AES (APC, aerobic plate counts)= 13] @19} 23] o] A}
& Agae AYAF gz Fo4 Zol7k AT (P > 0.05) (Table 3-49). ¢
U AT EAES 3-43] AAREg A= 4°C A 5~159 < 13] AFEg A
Bt x|y SAe 3714 v A ES(APC, aerobic plate counts)? 9% &7}

(P < 0.05)% YEtAT

4

Table 3-49. APC values' on refrigerated (4°C) pork loins treated under reuse of
natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC 11454

growing on 2.5% skim milk media for 24 hrs.

Storage time Logiy CFU/g
(days)
Treatments 0 5 10 15 20

Control 2.85° 3.40° 5.00° 5.80° 7.30°
Reuse/one time 2.89° 2.72¢ 3.97° 4.8%° 6.41"
Reuse/two times 2.94% 2.77° 4.20" 4.95™ 6.27.°
Reuse/three times 2.90° 3.01° 4.35 5.22 6.47°
Reuse/four times 2.91° 3.00 4.26 573" 7.06"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. 2SM = skim milk medium.
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4°Ce] WAoo AA stHA AA 717bH 574 FI AT (aerobic plate counts;
APC)& #4353 th (Table 3-50). A EL HAs717 985S UVE 308
ZAYErA T}, Lactococcus lactis subsp lactis ATCC 114545 25% X9 €54
Ao A 37°C, 2447 Wi gS 2% 319 WY FE3 AAFTEELS ol st 90~
150% A3 = xa7] ekA (pork tender-loins)9 & 714 wAE (APC, aerobic
plate counts)t= HEAF HEzF F94 ZolE YeERNULE (P < 0.05) (Table 19).
a3 UV 2AS A3 Ed AT 4°C A% 20Y s 3714 mAES

o4 e (P < 0055 HepiEEA mAd et

lo

(APC, aerobic plate counts)®
A kg ds YER ST

- 168 -



Table 3-50. APC values' on refrigerated (4°C) pork tender-loins treated with UV
and natural antimicrobial substances from Lactococcus lactis subsp lactis ATCC

11454 growing on 2.5% skim milk media for 24 hrs.

Storage time Logio CFU/g
(days)
Treatments 0 S 10 15 20
Control 3.31° 3.46° 4.29° 5.10° 6.29°
UV 30min/90sec 273" 258" 2.82° 4.00° 5.70°
UV 30min/120sec 2.92° 2.47° 2.76° 3.78 572
UV 30min/150sec 2.87 267 2.88" 375" 556"

"Mean values with different superscripts in the same column are significantly different (P < 0.05).

“Means of replications. 2SM = skim milk medium.
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oF MAESHY SA4F AAAS EX39Y. Lactococcus lactis subsp lactis ATCC
114549} Acetobacter aceti ATCC 15973 (KCCM 40229)& 7} 25~10% Fx9 &4
Fruf A el Al 24A17F mjFF FE3 AATHEAS o] &t 107 A sHA a7
SA aVAAATS agSAAATSFE 4°C A 169 ol tERTRY 94 7
25 gz nAAEsH A oA ES FA89 . Lactococcus lactis subsp
lactis ATCC 114545 5.0% &% @A Ao A 37°C, 24413t wig$ F=3 A
AT ELS olfsto] 1~9% AT HA L7 s4HS 4°C A% 209 &t HETH
o oA AAE veERA vAESH A% bAAdS fFASAT. Lactococcus
|4 37°C, 24~17F W<k

_rC)r
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T 30~120% FAAZ HAnY] s4e] TV Aldss 4°C A 159 e T
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25% s GAEFu Aol 37°C, 243 Wi S FE3 AAFHE=HA S o] 85k
90~150% HAg =Aar7] <¢HAl (pork tender-loins)e] & 7] wAES (APC,
aerobic plate counts)E H#&AE tx2+9 Fo4 xolE Vet 18 UV %
AP AAFTEAD AT 4°C A 208 5 3718 AT Fo4 g (P <
0055 uYetlE=zA mAdEsts A kAPSs WEWAT  Lactococcus  lactis
subsp lactis ATCC 11454% 25% s%=2 G EFul Aol A 24A13F vl G FE3 A
AFgHEHS o] &t 60 AT HALY] A VA Adre 13 A 9
23] AAHE AT dEx2Tot AAFHELDS 3-43] AALES AT ok 4°C A%
209 st FolA HAE YERAT

B Aol A3} Lactococcus lactis subsp lactis ATCC 11454%} Acetobacter aceti
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S
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40229)5 75~10% F=9o A EFujA oA 24A17F WSS FE3 dAdTE

o] &t 10 AT A7) 54 TBAZIE= Aeld59 A4 109 5o gz
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