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Abstract

The objectives of this research experiment were to investigate the production, purification
fi:éhd use of bacteriocins for extension of shelf life of local meat products. The main experiments
{_'-.?":were performed as followed:

1) - production of bacteriocins from Lactobacillus casei subsp. rhamnosus SN 11 by using
modified microbial media with substitution coconut juice for sucrose and tuna
condensate for nitrogen source. The different modified media formulas were compared
with MRS media.

2) Purification and study of some propertied of purified bacteriocins produced from

Lactobacillus casei subsp. rhamnosus SN 11,
.' 3) Selection of lactic acid bacteria capable of producing high activity bacteriocins and
having high heat tolerance. The lactic acid bacteria used in this part were obtained from

Thailand Institute of Scientific and Technological Research (TISTR) and Prince of

Songkla University.
4} The uses of crude bacteriocins for extension shelf life of meat products, i.e., pork
meatballs and chicken meatballs,

5) Selection and use of high heat tolerant lactic acid bacteria as starter culture for

fermentation acceleration of Isan sausages.

Production of bacteriocins from Lactobacillus casei subsp. rhamnosus SN 11

. using cocenut juice and tuna condensate in culture media
The objective of this experiment was to use tuna condensate and coconut juice in culture

media as carbon and nitrogen sources for bacteriocin production from Lactobacillus casei subsp.

“rhamnosus SN 11. The culture media were prepared using pasteurized tuna condensate and coconut

E: juice in the ratio of 1:1, 1:2, 1:3 and 1:4 in comparison with MRS and M 1 (control) media without

hléh beef extract and dextrose. The starter culture of 5% Le. casei subsp. rhamnosus SN 11 was
grown in each media, incubated at 37 °C. The fermentate was sampled at 0, 6, 12, 18, 24, 36 and 48
:.:h pH adjusted to 6.5 for determination of inhibition activity of bacteriocins by agar well diffusion
_:j:;}}gthod against Staphylococcus aqureus. Inhibition activity of bacteriocins was expressed in term of

;’;ifbitrary unit per mi (AU/mi).



The uses of coconut juice and tuna condensate in the culture media as carbon and nitrogen
source in the bacteriocins produced from Lactobacilius caser subsp. rhamnosus SN 11 could
provide good bacterial growth in all modified media formulas. However, the highest bacterial
growth observed in the MRS media with an inhibiting activity on Staphylococcus aureus was 20
AU/ml starting from 16 to 24 h during which was in the late log phase to early stationary phase. The
media added tuna condensate and coconut juice in the ratios of 1:1, 1:2, 1:3 and 1:4 had the activity
of 10 AU/ml, bacteriocin production was found from 16 h through the end of culturing at 48 h. In
the media added 2 and 3 fold tuna condensate had the inhibiting activity of 10 AU/m! at the initial
growth but not found the activity after 16 h. The inhibiting activity was not found in the media
without and with 4 fold of tuna condensate added.

Therefore, increasing amount of tuna condensate and coconut juice decreased microbial
growth and bacteriocin production. This could be due to other constituents in the media that could

suppress microbial growth and bacteriocin production.
Purification of bacteriocins produced from Lactobacillus casei subsp. rhamnosus SN 11

Purification of bacteriocins produced from Lactobacillus casei subsp. rhamnosus SN 11 by
precipitation of proteins with ammonium sulfate, gel filtration chromatography, cation exchange
chromatography, reversed-phase high performance liquid chromatography and HPLC and

Amberlite XAD-4 polymeric Resins followed by fast protein liquid chromatography.

Crude bacteriocins supematant having inhibition activity of 20 AU/ml was precipitated with
consecutively 40 and 80 % ammonium sulfate at 4 "C for 2 and 3 h, respectively, salt was dissolved
with 0.2 M acetate buffer, pH 3.0 and then, dialyzed to separate salt in the same acetate buffer using
nylon dialysis bag with molecular weight cut off 3.5 KDa. The retentate was mixed with
carboxymethylcellulose for concentration and determined for bacteriocin activity. It was found that
the bacteriocins obtained had an inhibition activity of 100 AU/mi with production yield of 0.05%.

Crude bacteriocin supernatant was purified by gel filtration chromatography using Sephadex
G-50 column, eluted with 0.2 M acetate buffer, pH 3.0. Fractions containing bacteriocin activity
were collected and determined for bacteriocin activities. The purified bacteriocins obtained had an

inhibition activity of 800 AU/ml, with production yield of 0.87%.



Crude bacteriocin supernatant was purified by cation exchange chromatography using Hitrap
CM FF column, eluted with 0.2 M acetate buffer, pH 3.0, followed by stepwise gradient elution by
."'.'O.O5AO.2 M NaCl, fractions were determined for bacteriocin activities. It was found that purified
“bacteriocins had an inhibition activity of 400 AU/ml with production yield of 0.40%.
Crude bacteriocin supemnatant was purified by reversed-phase HPLC using Lichrosorb RP18
: column, eluted with 1% trifluorcacetic acid (TFA) in water and 0.1% TFA in acetonitrile. Single
peak was obtained and collected for bacteriocin activity. Purified bacteriocins had an inhibition
‘activity of 100 AU/ml with production yield of 0.05%.
B The use of Amberlite XAD-4 as an adsorbance in combination with chromatographic
: technique could decrease the yield loss and reduced steps for purification. Purified bacteriocins
obtained from adsorption with Amberlite XAD-4 then, extracted by methanol:H,0 (1:1) and 0.1 M
HClmethanol (1:9), dissolved the extract in 0.2 M phosphate buffer, pH 6.5 and determined
‘bacteriocin activity. Bacteriocin extract was further purified using FPLC and fractions were
determined for bacteriocin activity. It was found that purified bacteriocins had an inhibition activity
of 80 AU/ml with the production vield of 30%.

Molecular weight of purified bacteriocins produced from Lb. casei subsp. rhamnosus SN 11
was 3,975.71 Da determined by SDS-PAGE and 3,454 Da determined by electrospray mass
spectroscopy technique. It was found that purified bacteriocins with the concentration of 0.8 mg/ml
and 1 mg/ml could decrease Staphylococcus aureus by 2 log cycles and decrease Escherichia coli
and Streptococcus lactis by 1 log cycle but could not inhibit growth of Listeria monocytogenes.

Purified bacteriocing produced from Lb. casei subsp. rhamnosus SN 11 could tolerate the
heat at 60 °C for 30 min with the inhibition activity of 320, 20, and 160 AU/ml against S. aureus, E.
coli and Strep. lactis, respectively. Purified bacteriocins could tolerate the heat at 100 °C for 30 and
60 min, and at 121 and 100 °C for 15 min and bad an inhibition activity of 160, 20 and 80 AU/m]
against 5. aureus, E. coli and Strep. lactis, respectively.

Purified bacteriocins produced from Lb. casei subsp. rhamnosus SN 11 could give an
inhibition activity in a wide pH range of 2-8 against S. aureus, E. coli and Strep. lactis. Purified
bacteriocins were hydrolyzed by trypsin, a-chrymotrypson and Proteinase K but not by catalase

enzyme.



Screening and production of bacteriocins from lactic acid bacteria

The experiment was conducted to screen bacteriocin producing lactic acid bacteria using the
following culture strains: Lb. plantarum TISTR 050, Pd. acidilactici TISTR 051, Leu. mesenterfodes
TISTR 053, Lb. acidophilus TISTR 450, Lb. brevis subsp. brevis TISTR 860, Lb. delbruckii subsp.
bulgaricus TISTR 892, Lb. sake TISTR 911, Le. factis TISTR 1401 and Lb. casei subsp. rhamnosus
SN 11. The indicator bacteria for testing an inhibition activity of bacteriocins were Bacillus sp.
TISTR 908, B. cereus TISTR 687, B. subtilis TISTR 008 and S. aureus TISTR 113. It was found
that bacteriocins obtained from Le. factis TISTR 1401 had the highest inhibition activity. The
bacteriocins obtained had ability to inhibit growth of 8 Gram-positive out of 13 strains but could not
inhibit Gram-negative bacterial tested.

The optimal conditions for bacteriocin production were controlled pH at 6.5 and temperature
at 37 °C. The MRS broth media was modified by adding 2% (w/v) yeast extract, 2% (w/v) glucose
and 2% (w/v) meat extract. In addition, bacteriocins obtained could withstand high temperature up

to 80 °C and stable in a wide pH range of 2-7.

The use of crude bacteriocins produced from Lactobacillus lactis TISTR 1401 for

extension shelf life of pork meathalls.

Crude bacteriocins produced from Lactococcus lactis TISTR 1401 were used to extend the
shelf life of pork meatballs by surface coating with full strength (F-CBS) and half strength
concentration (H-CBS). The meatballs were aerobically and vacuum packed in plastic bags and kept
at 4 °C. It was found that the meatballs coated with F-CBS and aerobically packed could be kept
longer than 12 days while those coated with H-CBS and control meatballs could be kept around 9
days. Similarly for the vacuum package, the meatballs coated with F-CBS could be kept longer than
12 days as well while those coated with H-CBS and control meatballs could be kept only 6 days
(according to the total plate count of 1 x 10° cfu/g sample of TIS standard, 2533). Acidity and pH of
all meatball samples did not change during storage. Similar color values of all samples were
observed. However, slightly more yellow in color of CBS treated meatballs than control samples
was also observed. All the meatballs of each treatment had similar sensory quality except for the
CBS coated meatballs received lower scores in total acceptance, off-flavor and color due to the

color and flavor of the culture media for CBS production.



e

:-Selection and identification of indicator bacteria and use of crude bacteriocins

ﬁ-':from Lactococcus lactis TISTR 1401 to extend shelf life of chicken meatballs

, Contaminant bacteria were collected from chicken meatball and 3 dominant flora were
::.i.c.f.é'ntiﬂed consisting of Staphylococcus lentus PN-1, 3%; Stap. Saprophyticus PN-2, 12% and
| Bacillus spp. PN-3, 85%. These microbial flora were used as indicator bacteria to test the inhibition
“activity of bacteriocins produced from Lactococcus lactis TISTR 1401. It was found that all three
* bacterial strains were inhibited by crude bacteriocins produced from Lactococcus lactis TISTR

'1401. The highest inhibition activity was observed on Bacillus spp. PN-3.

Four forms of crude bacteriocins were prepared, i.e., filtered crude bacteriocin supernatant
(FCBS), heated crude bacteriocins supernatant (HCBS), concentrated crude bacteriocin (CCB) and
freeze dried crude bacteriocins (FDCB). The first 2 forms were used by coating on chicken
meatballs surface and the other 2 forms were used by mixing in the meatball batter. The treated
meatballs were aerobically and vacuum packed in plastic bags and kept at 4 °C.

Crude bacteriocins from Lactococcus lactis TISTR 1401 in all 4 forms could extend longer
shelf life of chicken meatballs aerobically and vacuum packed and kept at 4 °C compared with
control samples. However, the meatballs coated with bacteriocin supernatant could be kept 15-18
days while those mixed in the batter with concentrated bacteriocins could be kept longer for 21 days
while control samples for both conditions could be kept only 9 and 12 days, respectively. It was also
observed that crude bacteriocins produced from Lactococeus lactis TISTR 1401 had good inhibition
against microbial contaminant on chicken meatballs similar commercial nisin produced from lactic

acid bacteria, Le, lactis as weli but different strains.
Screening for thermo-tolerant lactic acid bacteria for Isan sausage production

The experiment was conducted to screen lactic acid bacteria (LAB) that could be able to
withstand heat not less than 70 °C from 8 culture strains consisting of Lactobacillus plantarum
TISTR 050, Pediococcus acidilactici TISTR 051, Leuconostoc mesenteroides TISTR 053, Lb.
acidophilus TISTR 450, Lb. brevis subsp. brevis TISTR 860, Lb. delbrueckii subsp. bulgaricus
TISTR 892, Lb. sake TISTR 911 and Lb. casei subsp. rhamnosus SN11. After being heated at 60,
70 and 80 °C, it was found that Lb. acidophilus TISTR 450 could withstand the heat the most with

viable cells about an a half of original cells. The starter culture of Lb. acidophilus TISTR 450 was



used for Isan sausage production which initial heating at about 70 °C was applied to dry off the
surface before fermentation taking off. It was found that the use of thermo-tolerant LAB could
accelerate sausage production faster compared with control sample. The sausages mixed with starter
culure had pH lower than pH 5 in about 1-2 days while it took about 3-4 days for control sausages.

However, lighter color in terms of L* and a* was observed for the sausages with starter culture.
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Bacteriocin Producer Inhibitory spectrum’  Size (aa)

Class I: Lantibiotics

Nigin (A and Z) Lactococcus lactis Broad 34
Lacticin 481 Lactococcus lactis Broad 27
Lactocin S Lactococcus sake Broad 37

Class 11: Non-lantibiotic, small, heat-stable

Lactococcin A Lactococcus lactis Narrow 54
Lactocin F Lactobacillus johnsonii Narrow 57,48
Mesenterocin 528 Leuconostoc mesenteroides Narrow 32

Pediocin-like bacteriocin:

Sakacin A Lactobacillus sake Medium 41
Pediocin AcH/PA-1 Pediococcus acidilactict Medium 44
Leucocin A-UAL-187  Leuconostoc gelidum Medium 37
Enterocin 1146/A Enterococcus faecium Medium 47

Class I1I: Large, heat-labile

Helveticin J Lactobacillus helveticus Narrow 333

“Narrow spectrum indicates bacteriocins that only affect the producer genus; medium spectrum
indicates bacteriocin that affect the producer genus and members of one or two other genera,

aa = number of amino acid (0" Keeffe and Hill, 1999).
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w ¢ o L3 { P o & & Ao ' o e ' ..
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ﬁﬂ‘nﬂ'iﬁ%nimmsUum%asmﬂmiwuqeﬁu‘lﬂma
WA annEILNTE LIS I HaALLATS TeFuudn msuuaﬁﬁec‘ﬁu%mmwﬂaaﬂmmn
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Lactic acid bacteria (LAB) ﬁm’%’aﬂmuwﬁﬂﬁmcﬁxf:aﬁ’ﬁiﬁmwﬁﬂﬁmmsmumums
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rﬂaﬂizﬂanmm%ama 9 i
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uny Lactobacillus sakei ‘Cf’JuiJ’lﬂWlﬂuylﬁﬂiﬂﬂﬂﬁﬂ 71 meat-bome bacteriocinogenic strains-;
producing Class 11 bacteriocins “lﬁuri Pediococcus acidilactici, Pd. pentosaceus, Lb. sakei, Lb. f
curvatus, Lb. bavaricus, Enterococcus Jfuecium, Leuconostoc gelidum, Leu. mensteroides, Leu._f:

curvatus, Carnobacterium piscicola, C. divergens a< Pd. acidilactici,
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: Partial purifying steps Volume  Activity Total Protein Specific  Increasing  Yield
(ml.) (AU/mI) activity  (mg/ml)  activity  inspecific (%)
i (AL) {All/mg)  activity

i~ Cell-free supernatant 4,000 20 80,000 18.02 1.11 1 100
- Heated supernatant 4000 20 80,000 1802 111 E 100
'Retaintate 3,000 20 60,000 1852 1.08 0.97 75

- (Utrafiliration 100 Kda.)

- Permeate 1,000 0 0 17.52 0 0 0
(Ultrafiltration 100 Kda.)

- Crude from Ammonium t00 10 1,000 9:52 1.05 0.94 2.5
.;_-:_j.s';uifate precipitation (40%)

< Supernate from 3,540 20 70,800 11.52 1.73 1.56 88.5
%f.-:'_Ammonium
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.5.:-1'-':Cruc§e from Ammonium

3;f-'§£ﬂfatc precipitation (80%) 160 80 12,800 19.02 421 3.79 4
_:.-;:;:Supematant from

:S:.:Ammonium sulfate

* precipitation (80%) 3,800 0 0 7.52 0 0 0
::;é'f:Dialysis _

.:'f?fAﬁer concentrated by

CMC 160 80 80 1752 457 4.12 4
- 40 160 160 207 726 6.55 1
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4.4.5 Reversed-Phase High Performance Liquid Chromatography (RP- HPLC)
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Lb. casei subsp. rhamnosus SN 11

Purification steps Volume Bacterioc Total Protein ~ Specific  Increacing Yield
(mi) in activity activity (mg/ml) activity in specific (%)
{(AU/mD) (AU (AU/mg)  activity
- Cell-free 4,000 20 80,600 18.02 1.11 I 100
supernatant 3,000 20 60,000 18.52 1.08 .97 75

- Ultrafiltration

100 Kda. i60 80 12,800 19.02 4.2] 3.79 4
- Crude trom

ammoniumsulfate

precipitate 40-80% 160 80 12,800 17.52 4.57 4.12 4
- Dialysis 40 160 6,400  22.07 7.26 6.55 i

~ After concentrated

by CMC 35 800 28,000 18.77 42.62 38.39 0.87
- Gel-filtration

Chromatography 16 400 6400 342 11696 105.36 0.4
- Cation-exchange

Chromatography 2 100 200 0.27 370.37 333.67 0.05
-RP-HPLC
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hydrophobicity ¢4

1311 Amberlite XAD-4 S48 Tnsaadrafius Tsunfin Indwod Wazanord TRudlunts

i
AATUGY 102 IT0RAFUNIN hydrophobic Tuanavmmsazaehldy mlddmiugaduiun
A5 TeAuluomsdEoaio W IwaamIgde Lﬁ'nﬂ?mmﬂ%ﬂwaua:aa%umumsﬁm%’qw?
18 M51AY Amberlite XAD-4 m“luamiﬁtgsaiﬁﬁalsazﬂauzﬂutaaﬁ 2 $7Tu4 ﬁ@mﬂgﬁ 4 °Cud
v o

n589187 Amberlite XAD-4 gy TisAuupssyluasiind dedavhndundissdimsazaiy
NEUSEH methanol: 1ndy Wy mssedavaisazaenauiudandn 11 ldmwisors
uuAmes lodu sennindagaduld uandsnnnisvzAdu methanol: 0.1 HCL  Tudasidau
91 WU ansevzeLAmes Tadu panu10In Amberlite 1AR Tautmidenssumsudy
wuafiGedufinmesiiu 80 AU/MmI Tﬂaﬁﬁaﬂﬁmmsé’ugﬁuwmﬂu 3.35 uaziidSunaniana
fudovaz 30 9197 4.5) 9NnI1TNATEIVES Tolonen et al. (2004) lumsnagoinlszdnTnim
misgadiu ludy vesmsaadunoryia 1AuA Streamline DEAE,  Streamline SP, Streamline
phenyl, Amberlite XAD-4 118z Kiesclgubr WU ﬂ%’mm"luc?uﬁmﬁa@giua}’ﬂw!a{ﬁi%
Amberlite XAD-4 ifusgaduiifosndt 100 10/l Tuvsgfimsgasudatug Suualudy
miendgada 900-1,000 1W/ml W5 luFuTuduniiiy 1,000 [U/mD MInmsnaaswuanh
Amberlite XAD-4 ﬁmwummm‘lumi@ﬂcﬁu‘m%u"lﬁ’ﬁﬂ’hmi@ﬂcﬁ'né”séuq

uuai3 Todufignaseenin Amberlite XAD-4 udavzgmininignidelaeldimaila
Tasu Innsdfluvudundy ‘Hﬁ‘&ﬂ"lﬂﬂ’}iﬂgﬂﬁﬂTWﬁNQﬁ%83ﬂ95u£(RESOHFCE RPC) 470
1582010 acetonitrile SpuAL 50 wu*jumﬂﬁﬁﬁugﬂ‘ﬁéﬂﬂﬂm‘f’i%’@ﬂﬁﬂm?ﬁgmﬂ acetonitrile

L

. , . s
Youaz 60 Tnfidh 3.5 (nwdt 4.4) wazldAenssumsduduuniiSedudinnodiilu 320

¥ '
or oy

o . &2 e as s .
AU/m). Taofinonssunisdudianuamidiy 1,600 AU waziifvnssumstudanuiudseuu 60

% ] =t = o~ 1 ar as ‘:;
i TaolidSuamdnnamiduovas 0.5 AaaadluAIT14N 4.5

. X ) .
4.4.7 mymTizihminluanaveaunia 108U e Lactobacillus casei subsp,
rhamnosus SN 11

¥

= & o o o4 =
M3 uRsIEdimin Tuenavewwais losu

| =4 = oy
719 stacking gel Y0Uaz 4 (1AL separating gel §oune 17 laodl TUshuInAIFIUYLIA 2.5-45 fila

- - = 6“ < ey o [ o <
ady i TS eufvuimin Twanavesuuaiis Todu 1Anasming 4.5

o 4, 5 &
lae3F SDS-PAGE 93T BUIS 2 YUA
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| :;‘ o =S = o w [ o ar 3
A15190 4.5 Tunoum IiuTent laoly Amberlite XAD-4 lusgady uazfonssumsiuds

3 1Y
150 S, aureus YOUILANGS LOTUINIYD Lb. casei subsp. rhamnosus SN 11

Purification steps Volume  Activity Total Protein Specific  Increasin Yielrj_i

{ml) (AU/mi)  activity (mg/ml) activity gin (%)f;

(AU) {(AU/mg)  specific |

activity ]

~ Cell-free 1,000 20 80,000 18.52 1.11 1 100

supernatant 3,000 0 0 3.77 0 0 0
- Washed amberlite |

with distill water 500 0 ] 16.02 0 0

- Eluted amberlite
with 300 80 24,000 21.52 3.72 3.35

methanol:water

(1:1) 30 320 9,600 29.02 11.03 9.94
~ Eluted amberlite 5 320 1,600 4,92 65.04 58.59
with

methanoi:0.1 HC]
{9:1)

~ Evaperation

~ Reversed phase
FPLC

(Resource RPC)

] <t =4 < Mas o oMY Y & .
vinmisnaasudlenlfoumounen Tusfuvowunii lodun 149 10%e Lb. casei subsp.

b
-] ar

rhammosus SN 11 ﬁ’mmuﬁmﬂ'ﬂmaqmmTﬂiaummg!u wud nuafs Teduf laidmin
Tunaszunm 3,975.71 aaay

MINATIEN ﬂymﬁ’ﬂimafgasuaaLmﬂmaﬁa%uiﬂafiﬁ clectrospray positive ionization
(EsT) Tnol9iA3 09 LC- MS wuh smﬂﬁ?iafﬁuﬁﬁymﬁﬂ?umqmﬁxﬁ'u 3,454 mody Auiaaeiy

AN 4.6
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AU .
Active peak
”
]
L]"!
0,60 :
i
{i
a
5.20 e R R O R O S SR o v
B
] i |
ST !

po 3 o
-8i9 T"éﬁfli'i:"ﬁlil'i'}s?va“
]

0.9

% acetonitrile

Time (min)

= Ay Y ° o = - = £y w o o
A 4.4 Tasan Tnunsud ldanmsimuSgniuuames legu lasldneduiyiia

~ Resource RPC Reverse phases FPLC

fane A lane B
4K sy
301K B
201 K
143K
65K
35K
25K

a1 4.5 Thmidn luegavowuans ledunnie

Lb. casei subsp. rhamnosus SN11,

lane A = standard protein, lane B = bacteriocin sample

100 % acetonitrile

60 % acetonitrile

58 %% acetonitrile
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Pacienoc.l
A2 RY 22 [T15) Sor (M, 25:2.00% Tr (1002000 6,13 M), Sm {Mn, 32,007 S {1.44.60 § Cm (10:57) TOF M5 ES+
160 dtig SR
S
310
-3
sze
a7
%
3410
83
2788
0 e 3813
naze 71 72 sk
5 s
Bl el N it i el % .
P40 3150 3980 3200 Ixe0 X0 GE0 3260 3000 F00 3340 | A80 3380 3400 B0 DAD | Simd 34T 3000

e

4:{ d‘ o F=3 ar e =y ==,
mud 4.6 Tnsun Tnunsud ldamsimsziimidn lumgauesuuahs lodu 1avls EMS

L=y

= W das o oA A Y
4.4.8 mafny 'lﬂﬂ!ﬁ‘uliﬂ‘li 1\11]‘53‘015‘0?]@11?]?\“‘513‘]1“‘1] 5@'ﬂﬁﬂﬂﬂﬂllﬂinﬂ

140 Lactobacillus casei subsp. rhamnosus SN 11

3
ar =

) ot =t o e = = = o 3 o
Usz@nsmmwmsdudaiunitvesunaiis legunTans unar 12 59 Tus ud it pour.

5 3
plate Wuswanlaladl wudlumsnagonfonssunsduduie S aveus v0UANT loFu

anududu 0.8 Hafinfudeliading (256 AUmI wog 1.0 Tadnfudeiiadans (320 AU/Mm) .

- L w o A o 5 o ow B
aunsoantTunen¥easld 2 log ciwvml luwnzdionacounsnssumsiudanuie £ coli
14 =

UAZ Strep. lactis WUATS 10BUINT0O Lb. casei subsp. rhamnosus SN11 @mnsoaadsuies.
Al & o« c’n’; < W wot “ ar :'.;
nuafGesuAnmesne 2 sia’ld 1 log CFU/MI uag lunumsfdoundasles Aunsnamey.
r ¥ . :
AANSSUMSTUSIAIED L monocytogenes (MWN47)  9IANITNABBINDY UAILAS 11073

] <3 = 5 c:l * o = = 1 ..Z:E
(2544) WUNMUATS 10FUIINED Lb. casel subsp. rhamnosus SN 11 Arunsiusgnsvediy.

F=]

- = 2 {I A a1 Lo "]:’:I = :
13508 TTyYes S avreus FulluunanGounsuuInlaani £ coli FatlutunhnGy.
. .

LpTuaY wazidneuendroduLuans loFunatosin 13U LUARS 1oFuRinae laoiye.

' 3
= o

Lactobacillus acidophilus 1.F221 (Bogovic-Matijasic et al., 1998) smﬂﬁ‘ﬂwuwﬁﬂiﬂm%;
r 3 :_:
Pediococcus  damnosus NCRB1832 (Green et al, 1997) smzsmﬂﬁ?h%uﬁwﬁmiﬂm%.::

Lactobacillus plantarum KW30 (Kelly et al., 2000) i
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L ml
w
L

Log,, CFU/ml

§. aurcus L., menocytogenes E.coli St et

Bacteria indi¢cator

{ o | ar ::’ Moa e o
ﬂ'ﬁ’\l“?l 4.7 Hﬁﬂ1‘iﬂﬂﬂ@ﬁﬁ1ﬂ'§3ﬁ%‘ﬁﬂ’mﬂﬁﬁUUﬁL%UﬂﬁLﬁU@uﬂlﬂLﬁﬂﬁ
e ~ d:’
YDIUVANT LOTUIINNTO Lb. casei subsp. rhamnosus SN 11

I:I Bacteria indicator (log CFU/ml) D Bacteria indicator after 12 hour
D Bacteriocin cone. 0.2 mg/ml I:] Bacteriocin cone. 0.4 mg/ml

Bacteriocin conc. 0.6 mg/ml [:I Bacteriocin cone. 0.8 mg/ml

Bacteriocin conc. 1.0 mg/ml

ANUAIE YRS ToF NS Lb. casel subsp. rhamnosus SN 11 sateulyddow
Tisiiu guvgil uasfoy  wudwua@isToFuzgadoanssnlavouled wypsin, O
chrymotrypsin 8% Proteinase K 4a higniiaislavienled  catalase Tnodansfifivnisuns
Sutiadn S qureus, E. coli Waz Strep. lactis 1M 320 AU/ml, 20 AU/ml 1 80 AU/mL iag 15
_Nﬁclﬂc] Fi@ﬂ?i&ﬂ?ig%ﬂ&t“?;@ L. monocytogenes (Gﬂ‘i"lx‘lﬁ 4.6)

3
o = = [ =y @ = P - o o
ANAIAIVOIUATS loTunogungillumsdudimsnSyvoauaii oo uaiamneing 4

¥ia  Tasmimibwua#is ledu 1.0 TednSuaeiiadans (320 AUMmD Tdl¥anufounguugi

h.

¥
[

A1 defl Aefigungd 60 °c 1Wwnan 30 w1f gamgil 100 °C Whaat 30 wazeo wift uash
o = t ] [ n’/’ =
gauugd 121 "Cillurian 15 wiil newd lunameuanuansalumsiudinisnigves

A & oo o 1 Ao oy [ e - o i =1
wuARGuBUAADS WU UUANS loduanunsonuanuioungungil 60 °C iurial 30 w1
k4 b4 [ )
I8 Tnodsnafifianssumsfudado S aureus 1T0 320 AUMI Tusnzidiofygavafidiy 100
5 o
ez 121 °C Asnssumstudwewunds ToFuszanauilu 160 AUMmE wennndldiouwafs
T o i at c;. z . 1 Sea £ ar e s g
oFwulinadouduiie £ coli woy Strep. lactis nuTwuniis leFudmelifanssumsiuduiiy
¥
20 AU/ml uag 160 AU/ml mudwy Taouuniis Tedulilinale 4 demsniyveude L

monocytogenes
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= a1 s - 1 o
a1 4.6 uaaswavoaou luivey Uiy gunp HAZAIOY ADRMIUAIA IV

a
HuA#is loau PINED  Lb. casei subsp. rhamnosus SN 11

Residue activity (AU/ml)

Charecterization

S. aureus L. monocytogenes  E. colf Strep. lactis
Enzyme
Control 0 0 0 0
Catalase 320 0 20 80
Trypsin 40 0 0 0

e
<
<
o

CL-Chrymotrypsin

Proteinase K 0 0 0 0
Temperature
Untreat _ 320 0] 20 160
60 °C 30 min 320 0 20 160
100 °C 30 min 160 0 20 80
100 °C 60 min 160 0 0 80
121 °C 30 min 160 0 0 80
pH
pH 1 0 0 0 0
pH 2-5 320 0 20 160
pH 6-8 40 0 20 40
pH 9-14 0 0 0 0

Control = Treated with individual enzyme.

¥ 3
Haauaawmﬁm‘aﬂ’nuﬂammmsmﬂﬁﬂwumm%a Lb. casei subsp. rhamnosus SN 11 18,
ms‘ﬂ‘smmfswﬁuaaummiwu‘immwmxm 1 8914 ut’!”;ﬂ%’uﬁmcﬂﬁ’aﬂuﬂmaﬁauﬁﬁﬁ'-
mﬁamammmsa“lumwummmmwauuﬂmiUaumﬂmes wmmmmiwummu

mmmmsa‘lumstmtiamsm'ma}mtmﬂmsuauﬂmmm S. aureus, E. coli Uag Strep. lactis 1@15

t
=1 o

‘ﬂﬁ'\‘mﬂmﬂﬂwmnﬂﬂuwmmmuﬂ 2 D18 ummmmmia%muuﬂmiammzﬁmmﬂﬂ

o

¥
nasnniufiealdeedutu 9 D14
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P e = g o g
mshuua®is ToFuainiGe Lb. casei subsp. rhamnosus SN 11 tunsagniiatyldlay

[} 3 1 o a0 ar 1 = s 4
pulnddes TusAuuazamsonureanudou 1A uaasiwuaiis TedudenarailuTisAunny

. < EY) & d? Foar =& @ o
ﬂ?’lﬂ%’@u smxﬁﬂ‘nmmm‘smeu‘ﬁ:’qa "31'\11!1&Bgﬂllﬂ?iﬂﬂﬁﬂ?ﬁﬂuﬂlﬂQIl}Lﬁf}ﬁ‘Uﬂqﬂ?ﬂ'ﬁ’]a‘lhiu

i = led Y EN 2 i a y
xS lnadudliogluluane (Lee et al, 1999) uonanfiuuais loduananinge Lb.

casei subsp. rhamnosus SN 11 Saflnamutdlumsasanin 18 ludrafiesiideudrantie i
aeandesfunuaiis TeSufiniannuandnuedauuaiGonaemeus sy uuafisTeFunn
i:if.:“f’;”e) Lactobacillus acidophilus 30 SC (Oh et al., 2000} LBz Bozacin 14 %Tﬂl"g@ Lactococcus Tactis
ubsp. lactis B14 {Ivanova et al., 2000) azmﬁaﬁﬁmwﬁgﬂud 38910

w iy = T L] =4 = =t = e et
ANuAIRIBIUAiS logFudeeu ImldssamaTlsdu gungll uazfiey Wuanaudang

_yeauundii ledu wawmusoihldidiflumsilosfuns@ondolugasimnssuemsils

amFeunnzanmziidlunsadlunsuysgy1a

4.5 agwamanaaes

s e 3 dy o
j msﬁmﬁqwﬁumwﬂa%umnma Lactobacillus casei subsp. rhamnosus SN 11 @073
l; 8/ ¥ 3 o = = z =) o 9/ & =) o
Naleslgdunsumsiuigns 4 duaeu fe minnazneu lsAudundouey lullsudaa
f;fi-'gel-ﬁitration chromatography, cation-exchange chromatography 1183 RP-HPLC Taouunns lodun

By g e o c?/, 1o ar ns.: < a ¥ 1 3
5-"_:.-L1@Iﬁﬂi}ﬂ3ﬁiJﬂ'l‘SEIUUQi,')cju 100 AU/ml uﬂ&'ﬁﬂ'lﬂ‘ilﬂiilfﬂ']'iﬂlmﬁ%'RW'I&'LWM%HR%]H 300 W7 URA

T m ' ' o 2 o = o o
- ianadm vz gapde Tl luduneuvesmsanaznouTdsdudentonoy Tudioudamat

L

3
o o

3 A Qy =) n“d =2 = o 3 [=] = sf

5_“1Hll§@ﬁuq‘ﬁﬁfﬂﬁﬂuﬂ’lﬁ‘ﬂ’]ﬂ§q‘ﬂﬁﬂﬂji'ﬁTiuﬂﬁﬂﬂﬁﬂvlﬂiﬂﬂ@lWﬂQSﬂﬂﬁg 0.05

) x s [ [ (%) =Y a4 =4
ﬂ’lﬁtl‘]f Amberlite XAD-4 Eﬂuﬁ?%ﬂ“ﬁu‘i?NﬂﬂlﬂﬂUﬂTﬂﬁu’ﬂﬂﬂi’lﬂﬂ?ﬁ']iﬂﬁﬂﬂ"lﬁflﬂglﬁﬁl

- z P I " o s
pazaaduseulunshiuignt 18 Tavlidunsudsil fio aadude Amberlite XAD-4  #fialay

]
Q{d 3 T

19 methanol waznondae RP-FPLC 9nmsnanesinlf iduuafis Teduuignihllarfenssy

'. ar 5 &1 e ot ‘:: C; 4 I =) & =3 3
ﬂ'k‘iEJ‘UUQL:‘]ﬂJH 320 AU/ml Nﬂﬁﬂﬂﬂ‘iiuﬂﬁﬂ‘ﬁﬂ\imﬁﬁu 60 1M1 umuﬂsmmwamwa%’aﬂaz 0.5 lﬁ@

o b

_ Tugavureumsiiusand Tasiivfinasuuaiis TeFuiSudumiiy 1,000 Toddns
4 &t 3 5

uuan3 loFuuTaninnan lauise Lb. casei subsp. rhamnosus SN 11 ihimiinTumga
Qs = o oy 28 oy ar Voo
Cilszie 397571 aradu 1mTins1si Ineld3t SDS-PAGE uazihimin luwanawidy

] ar 8 o 3 o” ar a
3454 anadu Wedinsezimiin Tmanavesas Tasldimaiin EMs

-

£ A ot u’: = o A ) =y = T =} =)
mﬁﬁﬂmﬂsza‘n'ﬁmwiumswvwaumwmgmﬂwsTwumqm PWUNNIATHUILUAN

Q

= e P& o

: Fledunanududu 0.8 Tadnsudeiadans (256 AUMmD) uaz 1 dadnsusdaliafifas (320

ES
o

£ 3
AU/mD ansoaadTuimde S awreus 0918 2 log CFUMI nazidienaaeufenssunisdudad
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, L,
159 E. coli haz Strep. lactis WU susaantiuanFenaaesrinasld 1 log CFUMmI waslai

» 1Y ::
aunsafudamaniyvesde L monocyiogenes 18

== b

InaaeUANLANEIvELIUARS TaFu (1.0 iadnfudeladans) mqmwgmmi%’uﬁa 3
aureus, E. coh Strep. lactis Wz L. monocytogenes Hunuaia E;?‘iuﬁmmaﬂumswc’maﬁ
ﬂ%ﬂaiumiaum PINAITNARDI WU LmﬂmIwummmwmmmummwnaJ 60 mﬁi;
wadoe iuom 30 A8 ‘Iﬂamﬂwmﬂsmmsaumwa S, aureus, E. coli 19 Strep. lacIIS{_;
WAy 320 AU/ml, 20 AU/ml taie 160 AU/MI AR Y Lmzmmamaqumwgu 100 C
B 30 1az 60 WA uazfigamydl 121 °Cifunat 15 winlé iﬂﬂﬁﬁWﬁ%ﬂ‘i‘iﬂJﬂﬁﬁﬂgﬁtgﬂ-E:é
S aureus, E. coli wag Strep. lactis ﬁﬂﬁﬂl‘ﬂu 160 AU/ml, 20 AU/mi itoe 80 AU/ml ERPTGRET Iﬂtl
wunisTeduinaaou hiflwale 9 ﬁiamm?mmv'%@ L. monocytogenes _'

ﬂsmﬁﬂm';mmmfumamﬂmTwum@wmﬂs Tasiimstsunzlan fuowndlu 1 5»32-
14 wuiumﬂﬁ?‘b%ummsamuwmﬂﬂﬁlumamaa Tﬂmmﬂmiwummun%ﬂsaummumi
k‘IfE} S aureus, E. coli Wag Strep. lactis ‘{I'WL’E)‘H 2838 Ltﬁ“‘mﬂ‘ﬂﬁﬁ’ﬂﬁﬂ’ﬂuﬂ&%’w'ENLL']Jﬂ‘ﬂiI'E}“}m:_
asoulydoos Talshu wmnmﬂmﬂacﬁuaﬂmma%‘Iﬂmau"lvnmaﬂﬁawiﬂsmJ trypsin, Ol
chrymotrypsin 10% Proteinase K 1A 1mﬂmﬂﬂiﬂﬂmuulmn catalase :

sEavauiauialsznisveaunaii leduuignd wﬂwmmimajﬂﬁﬂﬂ%uﬁmﬁm“ﬁ
Tatise Lb. casei subsp. rhammosus SN 11 Hulsaunufouasnufey1dlusnhaug
fmmaﬂﬂmmtﬂﬂiﬂmeu"lwU@tﬁﬂwu mﬂmmmmmmamamﬁumammwﬂmiwu

n*mummsamnnﬂmTacmﬂ"lﬁ“lﬁcl‘mﬂumsﬁmﬂumsmamﬁﬂ“ﬁuaﬂﬁmﬂﬁwhmnﬁ'au

was ¥z iiunsalumsulsgd 14
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ffwas 7. 2544, msiiaeuuaiiGe aouuame’ 1oFUne Lacobacillus casei ssp,
= [=Y o’ o =Y = o - o
rhamnosus (SN11), INGTHWHDINGITAT UM IUUNG. U 1IINS 0TI U8IUATUNS.
- 1 a = o o =
ouln 9ouLA7. 2544, wavaauuames leFuasssuuuan lanleteondmalunsniauumd
o o “ = o L) =3 oA
oslsd. Inerdwutineiaasunitade GnaluladFiniw)
r--% o = o
PAIINUIAVE IR TUATURS
qa ar = ] 9} IS =Y ar
AS1H0 NN, 2540, nuAmfenuuniiBsuandnfiadwasuummnes leduninemisnin,

o = 'y ar ] - ar “a L3
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WA 5.2 Growth of Lactococcus lactis TISTR 1401 (log cfu/ml) in MRS broth
at 37°C, pH controlled and uncontrolled condition. & , with no pH control imposed;
@, constant pH of 6.0, ﬁ, constant pH of 6.5; A, constant pH of 7.0.
4 3 2 , - ¥
VINHAMINABDILNUNINTAIVAY pH YO8 15188 ur0IenIemsnsa 1dnaif 6.5
¥ 3
musoldlSinavesuuafiSounzafnssumsiudaoawniis TefugeTusdisdanu m

k3 " +
nnssunstudavesuahi loFunlden Lo lacris TISTR 1401 gafie 12,800 AU/ml tife



72

ayuay pH Tineii 22 6.5 narTzozp M UMTETYNIN 6 F2lus mmﬂswmwﬂummaﬂ:f
uuans Togu o TuBntsaIUAY pH 92 lﬂmﬂ%nsmmwummmv 3,200 AU/ml At (mw;
7 5.4) a&aﬂaﬁ?}mﬁmmn pH THnaAf 6.0 Uz 7.0 ﬂﬁ‘mﬂ’im’]ﬂ‘ﬂﬂ'lﬂilﬂﬁilJﬂTiU‘UUQ‘UEJQELUﬂ;
75 leduil lﬂmmﬂwwuﬂu Tmumﬂ%n'ﬁimmsﬂuﬁamﬁu 12,800 AU/m! ‘1Riguny Lm(ﬂﬂﬂ%fi
5 mm‘lumsmmmmwmmﬂv 10 waz 7 92 1ue audidy Wi ldnmsaiunu pH 65 Li‘]u_f;
ane i lduunfiSy Le lacis TISTR 1401 miy”lﬂn}uamammzwammﬂmiwum;ﬁ

Jszan3amgefgadiomuiu Seldldan1izmanigues Le. lacis TISTR 1401 HRAUUATS

Tosudie i FanGivae 1

3.0 4

2.5 1

2.0 1

1.5 1

Absorbance

1.0

0.5

00 o i g :. T T T T T T 1
0 2 4 6 s 10 12 14 16 18 20 22 24
Time (h}

f1%H 5.3 Growth of Lactococcus lactis TISTR 1401 (absorbance) in MRS broth
at 37 "C, pH controlled and uncontrolled condition. @ , no pH control imposed;
4 , constant pH of 6.0; E constant pH of 6.5; A, constant pH of 7.0

Absorbance measured at 600 nm.
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A1 5.4 Bacteriocin activity from Lactococcus lactis TISTR 1401 at 37 °C,
pH controlled and uncontrolled condition. @, AU/ml with no pH control imposed;

$ , constant pH of 6.0; @, constant pH of 6.5; A, constant pH of 7.0.

(A) (B)
1A 5.5 The inhibition activity of Lactococcus lactis TISTR 1401 in MRS broth determined by

agar well diffusion assay: (A), inhibition activity at 6 h, controlled pH at 6.5; (B), inhibition

activity at 10 h, uncontrolled pH.
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mi 197 5.2 Inhibitory spectrum of bacteriocins produced by Lactococcus lactis TISTR 1401

Indicator bacteria Strain Origin Average Inhibition
zone activity
(mm)

-?';"Gram-pﬂsitive bacteria

. Lactobacillus plantarum 050 TISTR 12.3 ++
Pediococeus acidilactici 051 TISTR 8.3 +

: Leuconostoc mesenteriodes 053 TISTR 19.9 =t
4 Lactobacillus acidophilus 450 TISTR - F
Lactobacillus brevis supsp. brevis 860 TISTR - -
Lactobacillus delbruckii subsp. bulgaricus 892 TISTR g -

Lactobacillus sake 911 TISTR 134 ++
Lactobacillus casei spp. rhamnosus SN11 PSU g =
Lactococcus lactis 1401 TISTR - -
Staphylococeus aureus 118 TISTR 10.0 i

Bacillus subtilis 008 TISTR 10.5 ++

Bacillus cereus 687 TISTR 16.0 ok

Bacillus sp. 908 TISTR 23.6 -k

Gram-negative bacteria

Escherichia coli 780 TISTR z i
Pseudomonas aerogenosa = SUT s -
Enterococeus aerogenosa = SUT - =

Symbol: -, No inhibition zone: -+, small inhibition zone (7-10 mm): -+, intermediate inhibition zone

(10-20 mm}): +++, large inhibition zone (20-30 mm).
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#15799 5.3 Effect of heat treatment on bacteriocin activity of CBS

produced by Lactococeus lactis TISTR

Temperature Time Inhibition
L (min) activity (AU/ml)
10 3,200
70 15 3,200
20 3,200
10 3,200
80 15 3,200
20 3,200
10 1,600
90 15 1,600
20 1,600
10 1,200
100 i5 1,200
20 800
121 20 100

Control - 3,200
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#15197 5.4 Effect of pH and enzyme treatment to bacteriocin activity

of CBS produced by Lactococeus lactis TISTR 1401

pH / Enzyme - Inhibition activity
Treatment {AU/ml)
Control 6,400
2 6,400
3 6,400
4 6,400
5 6,400
6 6,400
7 6,400
g 3,200
9 0
10 0
11 0
12 0
Catalase 6,400
Proteinase 0
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@1519% 6.1 Microbial population {log cfu/g) of pork meatballs during storage at 4°Cin aerobically.ii;

packed condition

r Brochothri
Aerobic count Enterobacteriaceae Lactic acid bacteria
Storage thermospha
Time
C H F C H F C H F C H
(days)
0 - 4.09 = - 3.53 - - - - - -
3 3.41 3.51 - - - - = - - = -

6 421 | 478 - . 4.62 = - - - ¥ -

9 480 | 4.49 | 357 | A% 450 = - - - = -

12 6.26a |6.01a [4.30b | 5.28 506 | 422 | 472 |443 4.25 . %

* Mean within a row for each treatment (C, H and F) lacking a common letter (a through ¢) diffé_
significantly (P < 0.05), C: control treatment, H: half strength treatment, F: full strength treatment,

-+ ND, not detected or less than minimum level of sensitivity of enumeration method.
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A1519% 6.2 Microbial population (log cfi/g) of pork meatballs during storage at 4 °C in vacuum

packed condition

Storage
Aerobic count Enterobacteriaceae Lactic acid bacteria
Time
(days) C H ¥ C H F C H F C
0 - 4,88 - - 3.43 - - - - -

3435 415 | - - - - - - - -

6 559 (425 | 355 | 403 |3.87 - - - - -

9 672 1603 |[371 |576 |4.70 = 5.50 = = - =

12 6.16a [6.04a |4.74b | 545 | 534 - 432 1366 |3.74 - -

* Mean within a row for each treatment (C, H and F) lacking a common letter {a through c) diffei’

significantly (P <0.05), C: control treatment, H: half strength treatment, F: full strength treatment,

-: ND, not detected or less than minimum level of sensitivity of enumeration method.
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1511 6.3 pH and titratable acidity (%, as lactic acid) of pork meatballs during storage at 4 °‘c

;jn aerobically packed condition

| Storage time pH Titratable acidity (%)
(day) € H F @ H E
0 6.54 6.55 6.53 0.39 0.33 0.37
3 6.54 6.53 6.54 0.36 0.35 .36
6 6.54 6.53 6.54 0.35 0.38 0.37
9 6.52 6.52 6.54 0.35 0.36 0.35
| 6.34 6.53 6.53 0.36 0.35 0.37

C: control treatment, H: half strength treatment, F: full strength treatment.

AN 6.4 pH and titratable acidity (%, as lactic acid) of pork meatballs during storage at 4 °C in

vacuum packed condition

Storage time pH Titratable acidity (%)
(day) c H F C H F
0 6.54 6.55 6.53 0.35 0.34 0.37
3 6.54 6.53 6.54 0.37 .36 0.35
6 6.54 6.53 6.54 0.34 0.36 0.37
9 6.52 6.52 6.54 0.35 0.37 0.35
12 6.54 6.53 6.53 0.37 0.37 0.35

C: control treatment, H: half strength treatment, F: full strength treatment.
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#1549 6.5 Color values (Hunter L, a, b color system) of pork meatballs during storage at 4 c

aerobically packed condition

Storage L-value a-value b-value
Tune
C H F C H F C H F
(days)

0 76.30 | 75.87 | 75.75 2,77 3.07 3.05 7.77 8.42 9.34

3 76.77 | 75.98 | 75.79 2.82 2.88 2.88 6.93b |8.27ab | 8.72a

6 7735 |76.16 | 76.69 2.57 2.57 271 7.25 8.24 8.98

9 7725 | 76.01 | 7595 1.98 2.53 2.60 7.48 8.39 8.60

12 77.59 176.68 |76.75 1.86 2.73 2.58 7.51 8.42 8.74

* Mean within a row for each treatment {C, H and F) lacking a common letter (a through ¢) diff

significantly (P < 0.05). C: control treatment, H: half strength treatment, F: full strength treatment.
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#1314% 6.6 Color values {(Hunter L, a, b color system) of pork meatballs during storage at 4°C

in vacuum packed condition

P—

L-value a-value b-value
Storage
Time
C H F C H F & H F
(days)
0 76.40 | 75.25 | 74.22 3.05 3.28 3.49 7.53 8.53 8.24
3 75.97 | 75.90 | 74.78 3.68 3.40 3.56 7.09b | 840ab | 892a
6 76.29 | 75.34 : 7503 3.59 3.66 3.44 7.15 §8.32 9.03
9 7578 | 75.13 | 74.86 3.74 3.96 3.64 742 8.37 3.86
12 76.49 | 753.19 | 75.11 3.76 4,12 3.66 7.54b | 7.91b | 9.03a

" Mean within a row for each treatment (C, H and F) lacking a common letter (a through c) differ

significantly (P < 0.05). C: controi treatment, H: half strength treatment, F: full strength treatment.
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Day 12

Color
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Water purge
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f7W# 6.2 Sensory characteristics of pork meatballs during storage at 4 °C in aerobically packed

condition: Control treatment (@), Half strength treatment (@), Full strength treatment (A).
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Day 3
Color
QOverall -
acceptance : Water purge

Shime
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Oxidized odor

Color
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Appearance Slirne
Spoiled odor Abnormai odor
Oxidized odor
Day 12

Color

Slime

Abnormal odor

Oxidized odor

MR 6.3 Sensory characteristics of pork meatballs during storage at 4 'C in vacuum packed

condition: Control treatment (Q ), Half strength treatment (E ), Full strength treatment (A).
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uuais TedunadtemnuunfiGunsananin (lactic acid bacteria, LAB) e wnsadvdegiiu
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Ta%uﬁﬁ%ﬁwm Pediococcus acidilacticl strain hansen ﬁﬂ?]ﬂlﬁaﬂiﬁiﬂqmﬁgﬁq&ﬁ 115 °C wu
15 Wi TaofarenwannsalumséufadonunfiGodihmme Pediococcus pentosaceus Fbb 61
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J ~l
7.3 gilnsomazisms
Qs o ci{v Y ot d g L] d'i v o oo
7.3.1 ﬂ‘lﬁﬂﬂ&!ﬁz%n!‘i—!ﬂ!'ﬂB%ﬂuﬂﬁﬂﬁ]’]ﬂgﬂ‘ﬂuﬂﬂ!ﬂ@tl'ﬂ!ﬂu!l”ﬂﬂﬁﬁﬂﬂﬁ@v

ﬁwmfswﬁmgﬂ§u‘ldﬁﬁuumﬁmﬂs:ﬂau%w ifoen'ls 80% vhuda 15% uflatudznds
5% WAZIINUIANEN 100% IFUNED 1.5% 111610 0.75% Lae inferaaula 0.3% Jnszuunts
WRRRTILTT 6 Lﬁuﬁmdngﬂsﬁu%mq 24 7T f1uu 25 nfu dgenaadin Fniundo
ﬂaam%‘?@ (0.85% NaCl) 225 Tadans ﬁﬂuium%‘m%ﬁﬁu {Stomacher Lab-blender model 400,
Seward, London, England) 411 2 11 Haziiev13doauiinionis 107 wzideuy plate

3 r
count agar {PCA agar: Hi-media, Mumbai, India) 401 spread plate YN 37 1as 45 °C L“ﬂunm

< i o o @ w o o1 i &
18-24 ¥11u3 uagd 10 °C dlurnan 24-48 €3 7us FunauaziuswaulnlativewuafiFonndy

n:iv ;-i' o 2% ; A =2 -1l dy 42? ”
HUDIHTILADILD Lﬂ‘lﬂﬂIﬁu‘uﬂﬂL‘lﬁ)u‘Uﬂ‘Wiiﬂiﬂﬂﬂﬂﬂiﬂﬂu’guﬂ?ﬁ'iimﬂﬁlﬁﬁﬂ nutrient agar (NA:

]
P=1

L 4 z ' [
Merck, Darmstadt, Germany) Yut¥o# 37 °C iWura 24 32709 Funadnunslalaiier q 7

a 4 & a o5 el a1 3 o 4 o
l%i@ﬂuaqﬂ’}il'ﬁ831%@ lﬂviiﬂﬂIﬂiﬁulﬂﬁam@quljﬂﬂﬁle?‘luﬂaﬂﬂa’iﬁ’]i?u slant agar V1 4 C

=3 aat { 0
smxmmflu stock culture (clummfsmmﬂu 10% skim milk) 7 -40°C

b

fwunyiiavouniizslasnisasedouanyuemedugiuing tasaudameiuni

b

k1) o o 4 o a ay 2
ynilsems seneuady dnsuznedugiuvessadtuazdies msfaddounsy msnioudn
=4 o ) = =t 3 ¥ 9/ o .
youanie naweuguauianiduaivelszns Taun msadrueulsd oxidase, catalase,
oxidation-fermentation HazIzyriavowvaiiGe lagldyanasouauianteduaiivessznu
Qe o L3

1o o ¢ o o o @ 1
API (bioMérieux) Haz/v5e g9 ziNgudyaunsd anniuiseInnmaniuazimn uTaduns

WszmeIne (372)
7.3.2 MSHAAUUAN 109U Lactococcus lactis TISTR 1401

FmskBauUART I0FuaInde Lactococous lacis TISTR 1401 su3insndaumit s
AT HUHUANS 19FUDIN crude bacteriocin supernatant (CBS) ﬁ‘lﬁ"lﬁacﬂugﬂuuuﬁiw } Lﬁﬂi‘l’fﬁ‘l}
wﬁﬂﬁmvﬁqﬂ%ﬂﬁﬁqﬁy

1) 15 €8S noaiolavnsosrimirunsslaoaide cellulose acetate membrane filter
WU1A 0.22 pm Ulﬂgfﬁ 1SRLABUUANS 1OFUSTIR filtered crude bacteriocin supernatant (FCBS)

2) 713 CBS mumﬂhéﬂ'ﬁ 80 °C U1 20 U9 1u autoclave (LABO Autoclave, Sanyo, NB
Scientific, Edison, NJ, USA) lAe13a2878 heated crude bacteriocins supernatant (HCBS) Lﬁ‘ij’ﬁ

gamai 4 °C
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3) qnzan CBS i TAun1sTEMOuIUEQRINIA (rota evaporator) igainil 40- 50:?-
°c °lﬁ’mmﬁ’;’m7u$}yu 10 11 JAuuais leFuviia concentrated crude bacteriocin (CCB) muﬁ
QMg 4°C

2) 1un#s Tedumauda Taomsvi cBs Mudauusufats Tauoais Teduiia freeze}i
dried crude bacteriocins (FDCB) mu‘luﬂmﬂmmw (desiccator cabinet) @m?‘iﬂﬂ 4°C _

mnaauﬂ?ﬁmmwmmsmﬂﬂﬂawwmwulﬂiusﬁma o1 AE3T agar well dlffuszonf

fnLt)aa91n Mogan et al. (1999) U@z Nieto-Lozano et al. (2006} Flude 536 ‘LI‘VWI 3

3 sy 2 er oS as g qw 1
733 msuaisleduniundasamigniuln

¥ \ s
fmsniagniuliienaasins duazdsedninmmsdaaigvesmnsuuniis loduwia

a3 Idideonlaein nenaniiiy Sandauasnisim uakuazunseguuiadusig
guinana 6 dadwns udrdunaufudiunaudieg a1ude 7.3.1 vssyuadunanluld .
cellophane vuiduEAUInAN 22 Tadwes Taeima udauimiiuvien o onalszanu 6 i
Fulvanudou aamgd 60 °c Wlunar 20 i wdadiundiu 80 °c fhuam 30 1 ughuiuby
gamni 10 °C a0n'1& cellophane AuooN wdmidiuFuuing 20 = 2 fadwns Bufigumgii 4
*c el lumsitnynee

14

L4 5
fmsnaasemsfuianziaoiggniulidrouuaiiToFusiadi o fmsouls

s

Aann 11l
g PP P= 2 o c’:} 3 a ﬁ’ 9 ] & %

1) 1Fuuais leguvsuvaunioudgniuln sialnsmyedionisnsesimitensas

¥ ¥ b

FeBs Tilse@niamius 5,333.3 AUMI nazsiimlaenfedasnnuien HCBS Hilsedninw

ko
8849 5,333.3 AU/ml a1 nisin (Fluka; 72535 nisin from Streptococcus lactic, UK) ﬂ’nm%mfu::

» 3 LEE
0.2% U5z ansnniues 6,400 AU/ml L‘ﬂu negative conirol UOZRIDUIIGATUAIURY (positive__-;-:_:

S 9 & Ao = =1 = Qy 1 9 5 1:1-’ d
controk)‘mmsﬂfc;ﬂmaﬂmmﬂwﬂwmﬂaavuummmqﬂw‘lﬂ“lwﬁmtﬁum uals Wn

udidldudefienngii 4 °c dhuan 10 mi uﬁamsggﬂémmuﬂﬂﬁ (aerobically packaged)
HAZLDULYAINA (vacuum packaged) Fugniulnfigungii 4 ° zﬁaﬁ1mﬁmswxﬁﬂmmﬁ_f
msudaundune 12-21 5 ua:aﬁ‘ué’hafJ'1mﬁﬁmﬁzﬁammwmwﬁuw?5Lﬂﬁuazmamwi
NN 37U |
2) 1%’1,sm‘ﬁ?’la%wﬁmmmmi’a’uuawﬁwusﬁ'awaﬂuﬁauwaum%ﬂﬁ wﬁwmmm;
1% CCB Suszansnmiuds 3200 AU/ml LagyHaHaRe (freeze dried crude bacteriocins:fff
FDCB) e AnEnmiuds 6,400 AU 1%"1uqmdawﬁugﬂ§uﬁ%’mm 0.2% taeld nisin -

»
=

¥ td
Useansandud 6,400 AU/ML USuiar 0.2% unzAI819gnsUAILAN YIASULILTIIYNTY
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3

P =4 c? 1 - i o = < ' 3 o
suudni sazuuvgyan e dugnau lnhguvgd 4 'C WenimsTmzdaunmmaiduiawm

k3

g  w '

=t o § o o 2 A o
Wluna 12-21 3y ua:mumaamﬁmm'imw?gmmwma@aummﬂﬁuazmﬂmwnﬂ 39U
= ¢ a 1
7.3.4 MINATIEHgunHveagnivln

o d = d
7.3.4.1 MIATISHYUATN meqau‘n‘irj

¥
o o

= o 4 =S = £i r3 =
WRTIEAUTINIAUNTINIMUA (total plate count) uazUSinauunfiGonsauanin
] b
Tau 35013 AOAC (1997), Ananou et al. (2005) 1aY Viana et al. (2005) ﬂfqmamagﬂw"lﬂ 10
¥
A4 171 0.1% peptone water (Hi-media, Mumbai, India) slaoaiesuiu 90 fadaas H1luaig
13 P 1 o d
CEGEETT (Stomacher Lab-blender model 400, Seward, London, England) Rszavanuisnu
= o ar o [ = = 9w ar 1
nane Wunat 1 wif sazfissduanuSigean dunm 1w edouanududusedudag
L4 ¥ 3
A0 0.1% peptone water TREAN RIS IRY spread plate U HIMT01M1518891%8 PCA agar (Hi-media,
o ar <2 = A : ' 1 I ar
Mumbai, India) #1MFUnsmSiagdunidnenna tufiganad 37 °C Wuna 24-48 2709
3 ¥
HAZUNDIMTIRE4F0 MRS agar (Hi-media, Mumbai, India) dmSumsmySinanuaiitonsa
s 1ot = o =1 o 3 & o =
wanAn tungunnil 30 °Ciiuat 24-48 92 1ue fuaniaz 1¥ane asrafuswanIa Tudiuu
E & v ¥ 1
NumzidsareniiFonylurie 30-300 Tnlall Aunsswmiouesswaunaidumiiie og civg
wo ot ] cSv W P 1 t:f ar 9! A‘:l
misfamanmiiunsa-ie (pH) vesgniuln Taogudie619gnTu 5n pH A9uin3aq meat

pH meter 1Y probe U (Hanna; HI99163 pH/temperature meter, Italy)
7.3.4.2 MIURSIEHIMI0n

a = 2 o = ny
Inseaumundunsd mued sazmeneam TasTianed 3 $1lunngn
MInAaes Anssidoyaniada Tasdnsedanundilson (ANOVA) NamunImaasy
HUY CRD (Completely Randomized Design) tazidFouifsuauadulauis DMRT (Duncan’s
, a e & ar s d o ¥ . .
Multiple Range Test) N5aUaNUFDNU 95 1osi5ua (p<0.05) A28 TUs1n5Y Statistical Analysis

System (SAS institute, Inc., 1993)
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= d
7.4 HaNsNaasAUaTINNIn

o A A pree| A 1
7.4.1 ﬂTiElﬂﬂllagﬂﬂﬁﬁlﬂl'ﬁalﬂ]ﬂ'ﬂﬁﬂ'ﬂﬂﬁﬁ)uﬂ"lﬂgﬂ‘ﬁ’ﬂ\’lﬂ

L%aummswuwﬁuﬁ‘lauum (dominant flora) °1umammﬂ%u”lﬂﬂiyﬂauﬁ'wwa

SR e 3 isolates 18 PN-1, PN-2 4iag PN-3 mqﬂimmmaﬂﬂwﬁauﬂmﬂu 3%, 12% smw.___

4
S
=

85% AR ‘?NWﬂﬂ?ﬁﬂﬂﬁ@ﬂﬂiﬂﬁﬂﬂﬂiuﬂﬁﬁ‘ﬂ 7.1 Iﬂf)‘ﬂ\i 3 isolates mmmmm%ﬂm

aaunqiiiy 37 uag 45 °c meiuan 18-24 F2Tu mamamﬂsvuﬂuamwﬂu 10 °C mumm

L

PN nAz PN-3 annsamsey I uadealdinannutie 48 Fala uﬁmmﬂawammmﬂmw_

3 3
Sudeunaziinamavesmanindelugniuln druivagliungy mesophile

AHI3 unQN mesophile vfluﬂamqﬁswmmmamﬁmmmms 1810

Y 3 :
£ t o g A s

sy ld ﬁqmmmzmnzsa,s °c Tﬁummwﬂarﬁmmmmaﬁmuuwmwmm

aF

““U‘)‘uﬂﬁﬂﬁﬂ YU Liﬁ“’ﬂ'}‘i’%ﬂkﬂ“ﬂ (Borch et al., 1996; L%ﬂtLUﬂﬂ&iUﬂWUﬂulﬂﬂuqﬂﬂE]U‘lﬂim

Salmonella 1182 Staphylococcus udu

M3 7.1 ﬁﬂymzﬂwaﬁm§mf‘mm:.msqmauﬁﬁmﬁ'smﬁmaﬂs:mwmamﬂﬁ{%‘amﬁau

Bacteria strain

Tests
PN-1 PN-2 PN-3
Viable cell population 3% 12% 85%
Growth at temperature:
10°C - & +
37°C + + +
45°C + + %
Colony:
Color Yellow White White- yellow.
Form Circular Circular Spindle
Size(mm.} 12 12l -3
Margin Entire Entire Undulate
Surface Smooth Smooth Smooth

Elevation Convex Convex Raised
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Tests Bacteria strain
PN-1 PN-2 PN-3
Shape Cocai Cocci Rod
Size (pm) 0.79 0.68 2.66/0.69
Gram stain + e + ve
Arrangement Pairs/Tetrads Tetrads Pairs
Endospore - - +
Motility 5 - e
Oxidase - - -
Catalase - + +
QO-F test +,+ 4+ gz
Aerobic growth + g +
Anaerobic growth + + +
Fermentative production of acid from:
Glycerol ND ND =
Erythritol ND ND -
D-arabinose ND ND =
L-arabinose ND ND E
D-ribose ND ND =
D-xylose + - -
L-xylose ND ND -
D-adonitol ND ND n
Methy-BD-xylopyranoside ND ND .
D-galactose ND ND -
D-glucose + + -
D-fructose + - -
D-mannose + -
L-sorbose ND ND =
L-rhamnose ND ND =




A5 1N 7.1 (D)
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Tests Bacteria strain
PN-1 PN-2 PN-3
Inosito} ND ND .
D-mannitol + + =
D-sorbitol ND ND -
Methyl-oD-mannopyranoside ND ND =
Methyl-oD-glucopyranoside ND ND -
N-acetylglucosamine + & +
Amygdaline ND ND &
Arbutine ND ND -
Esculine ferric citrate ND ND g
Fermentative production of acid from:
Salicine ND ND -
D-cellobiose ND ND -
D-maltose ND ND .
D-lactose (bovine origin) ND ND .
D-melibiose + - -
D-saccharose (sucrose) + + =
D-trehalose + & ”
Inuline ND ND -
D-melezitose ND ND :
D-raffinose ND ND -
Armidon (starch) ND ND -
Glycogen ND ND -
Xylitol + = =
Gentiobiose ND ND -
D-turanose ND ND =
D-lyxose ND ND -
D-tagatose ND ND -
D-fucose ND ND =
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A1379% 7.1 (M)

Tests Bacteria strain
PN-1 PN-2 PN-3
D-arabitol ND ND =
L- arabitol ND ND -
Potassium gluconate ND ND -
Potassium 2-ketogluconate ND ND -
Potassium 5-ketogluconate ND ND %

Fermentative production of acid from:

Maltose + e ND
Lactose - + ND
Potassium nitrate -+ = ND
f3-naphthyl-acid phosphate + - ND
Sodium pyruvate + . ND
Raffinose 4 2 ND
o-methyl-D-glucoside + = ND
Arginine R # ND
Urea = + ND

Identification result according to biechemical characteristics

Staphylococcus  Staphylococcus
Closest relative Bacillus spp.

lentus saprophyticus

Identity (%) 90.8 87.9 ND

*= API system (API STAPH for cocci belonging to genera Staphylococcus and Micrococcus; API
50 CH/B for bacilli having spores; bioMérieux (Nﬁ%&ﬂﬂ%ﬁ‘iﬂﬂ 7)), + = Positive test,

- = Negative test, ND = Not detect, + ve = Gram positive bacteria, - ve = Gram negative bacteria

13 »
Anmanuaemadagiinmnunauaite uazauTanesduaiininlszasunaiens 3
% 1 e =1 9/ =25 e 3 1 ar
isolates W71 Anyeiz In Tadlues PN-1 uag PN-2 adeaneiuludiusuia U919 szaunm
F=y = =5 o 3 g = o oA 1
yu uazveniuveslalafine Nvwadn (12 mm.) jUs1enay Idayu uaziiveusuGoy us
' W ) M oo oA = 6w 1 Ao o s '
uanateny lududfe Mo uasdv1y @ud1AL e PN-3 Hanume Inlalinuanmianin

PN-1 uaz PN-2 fie dvuialuendi (2-3 mm.) 315190033 daowideyudesnd Gurauny
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4 = = a e 3 Y ¢ =t ' 4 = =t (Y
IMADI LT LV UTNUINIANNDY GNYUSIFAAYDI PN-1 1oz PN-2 NzﬂiNlﬂjﬁﬁﬂﬁN UATHTUNRT
[=¢ 1 1 o ) -1 L= o o . o i [ &

514 tetrads @91 PN-3 TigalS1umaduvia Ia3Eoadanniu pairs AID09YDIANYBENNARITIN

= o P o o
Sngued 1a Tatiazradians lunIwh 7.1A uas 7.1B awaay

A B

v o
IR 7.1 anym:mmmgmmﬂwmuuﬂm?u%u,mn”lﬁmﬂgﬂfﬁu"ln (A) FnunizIaladl

o o
(ay (B) fnY{Inn
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ANYUENNAUTIUINOWDIUARGOUADT isolate TAMULANAIAUTUIWAZIDIARY 9
H s & : ! = 2
uenalunised 7.1 managouguaulAn e d ualiuean 3 isolates Tumsmdoun uazmai

Es ) ' 4 ! 1 a1 ' o §
oulsiungfiany i WenvafiSouaas isolate  Hanuasausna1aiu ifeuuaiiSenn

&
o

] 4 - ] o = (=]
isolates auisnwmeuila Tuad1uouled oxidase  PN-1 uaz PN-2 wnsansey 16a lum
anzoimanioondiauuas lulloondiou dau PN-3 ewisanie ldaluaniizeimanil

< = o ¥ 3 o 3 P 1.t = ¥
pongiou uaziinsesy ldthadndesluaniizi lulleondiou anuaimisolumsads
o = P
o1 T catalase w1 Tios PN-1 eransaadield
or s =3 4 e = =l 1
msAnmdnpuzndugIuIneveuyed uazguavtaneduaiiibesdu uazdivga
» [
NAABUIZUY APl ¥0IngUIFBUUATISY PN-1 uag PN-2  Alldnyazivadiii cocel, Gram
¥
positive OF 11u19n (O+F+) uaznageudvganaaoy APl STAPH daswunnauiliflu
o a A o ¢ o a A = t
Staphylococceus @HIY PN-3 U dnuaziradily rod Anfunsuuln Imsad endospore Taj
o 4 = =
a5 10U 117 oxidase taztlonaaoudiy OF mediumlnaiiiuay (0-F-) msnaaeunadunil
¥
duganaaeu API50 CE/B Sadwunnguilitiy Bacillus Wy yanadou API STAPH 11150
o o s P TS o Y & = ot a3
srymwRugvestonuaiSallufuwensu'ld Taowe pN-1 innulndiResiy Sap. lentus
3
o o 1 @ ] [
wesiruan1ugAADS (% ID) AU 90.8% tazide PN-2 Uanulndifuady Stap. saprophyticus
=1 o o 1 e ¥ o S 1 o
Hulesivudanugndos (% ID) IR 87.9% uana1eiuiiie PN-3 AN 1EHA0gaNAToL AP
Y o = 's ot 5 A A ed w tr‘dy 9
50 CH/B (8198anadnsizin 22.) A luamnsaseyFouazanavowuaiSomeiugila
Wiosnnlvina ludaaulunduuns Bacillus
T 3/ b b 1
viakansanImasoanazswunnuaiGoidudeulugayuln 3418 19% 0w 3 strains
fio Staphylococcus lentus (PN-1), Stap. saprophyticus (PN-2) 1@ Bacillus spp. (PN-3) Lflu
=1 n’j ; o w dy [ u’: a =Y i
uuafSenaaouiavun adluawiivssmsduiwesesuuniii loFun18s1n lactococcus
=} =4 o Ao =Y = =y = =y ar cfc‘.!i =%
lactis TISTR 1401 ilSsuifsudumsuuads leduninvinuuniiGensauanfnisiuioudn 4
v o i s = =
awWug (M50 7.2)  uazilumsaduayuns 15uuais Toduein lactococcus lactis TISTR

S
o Qs a =5 1
1401 dwmiulaownisinugndula

O I:I = o l: U oy £y =
7.4.2 ﬂ’liﬂ‘ﬂﬁiﬂis‘l}ﬂﬂﬁﬂﬂﬂE!"E)‘l}ﬂﬂllﬂﬂ%1Bgﬂﬁ’tﬂﬂ‘t}@&!mﬁ‘ﬂﬁiﬂ%%ﬂﬁﬁ%'}ﬂ

lactococcus lactis TISTR 1401

3 ¥ b4
s e o o 1= o w
dsz@nnmaes cBs lumsiuiimsinyvesdouuaiiSunageuisnun 8 mowus

i
1 3 M EY
(13197 7.2) WUN @15 CBS Aad1e9niie Le. laers TISTR1401 #)szdnininlumsduds
A o A v o A oy & O ST
nunfiGenageunInfige tlosninausadudude ldunde 6 defuglaun  Swap.

saprophyticus, Bacillus spp. strain PN-3, Stap. aureus TISTR 118, B. subtilis TISTR 008, B. cereus
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; > .
TISTR 687 ung Baciflus sp. TISTR 908 7940191178 613 CBS fadrannide Lo acidophilus

o

Vv ¥
TISTR 1338 leglvimadudwmadomon 3 eonug

a

: st :
A151N 7.2 A Nuus adudiveuuaNs leFUNHAATN LAB AsuuANGonadal 1audavuia

19la wihedtuiiafues mm.)

Average diameter of inhibition zone (mm.) of indicator bacteria

Indicator Ped. Ped, Ped. Lb.
Le. lactis
bacteria acidilactici acidilactici acidilactici  acidophilus
TISTR TISTR TISTR TISTR TISTR
051 424 425 1338 1401

Stap. lentus # - - - -
Stap.

- - = 7.8 9.6
Saprophyticus
Bacillus spp. 19.3 18.9 19.5 21.0 225
Stap.  aureus

. = = 6.1 10.5
TISTR 118
Bac.  subtilis

- - = - 15.3
TISTR 008
Bac. cereus

= . = s 15.0
TISTR 687
Bacillus  sp.

- ~ . - 17.0
TISTR 908

E.coli TISTR
780

- = ldnaate

3 » » v »
Su¥e Le. lactis TISTR1401 5adlui®e LAB uninsaudvsunisaaauuais ledu o

. . ; . : 4
TEauuunfiie unsuuIN (Stecchini et al,, 1992) dnnnafduaunaildfermsninge|d &9



111

ﬁaﬁﬂﬁ’mﬁumaﬂﬁﬁugdﬂmﬂ?tyﬁimzmﬁﬁt;mﬂ@nﬁ";"lﬂﬁﬁuﬂsumnmm nisin iad1910IE0
Le. lactis strain 910 Tdngonyiinuda (Rodriguez et al., 1995) HAZIIUIVVYDY Gosaarak (2006)
Wi 150 Le. factis TISTR 1401 anseatrauniii Todu ﬁﬁwaéamié’ug\ﬂmm%’rgvmsﬂ?;a
nunRFouATNDINNWEEWUS 181N Bacillus sp. TISTR 908, B. cercus TISTR 687, B. subtilis
TISTR 008, Lb. sake TISTR 911, Leuconostoc mesenteriodes TISTR 053, Ped. acidilactici TISTR

051, Lb. plantarum Ung Stap. aureus TISTR 118 L?Jus?fu

b [ o oy 1A n‘ =} av 1
7.4.3 mam3lFuuansleauluuignsmasugniuln

o
= =

o2 ﬁy a dahf: cf 1 = d o3 e o DI Y w3
ﬂihiml‘}ﬁ’)i}ﬂuﬂiU‘VN“ﬂMﬂﬂl@@@ﬂ%uqﬂiﬂﬁﬂﬁﬂﬁﬂimﬂﬂSI’EJ“ﬁLE 111‘1J’iﬁ‘ﬂ‘ﬁ Haw lﬂmﬂ

!
a +

Latococeus lactis TISTR 1401 %iiatanadof10n13ns o 1uibensss (ECBS) uazsuny

$oud 80 °C (HCBS) 1182 nisin Ussyuuuilnfuasuungamnns uazfuinud 4 °C oar 21 Ju

o et + 4:3’ o e ' P ¥ e = o’::
Y5ngAamuii 7.2 wud gndussiuuudnd drememuguilSinaufogdunsdnsuagads

1 #
o

[ ] td
5.05 log cfw/g mioluiud 9 smsiidetianauainnahigniumieudouunis loduaunss

o 1 =l w g o i a w:: ] [
wude U Iasnautlszunaiud 18 veanisiAusaut (mwh 7.2 A) suiuetonarr 1anms1s
ey PN | T B o o df 5 s = oy 4;, T o 9 o
puais TefuluSgnindnainde Le. lacds TISTR 1401 ndouRgndulnmunsahldify
g‘ ad o & = o A e o = =4 o
anauussuudnd 14 °C TduueenldBadszuia 9 u iWedinrsanvinduiugdunio
W W b4
MINUATDIAIDYN HATATUNIATIIN UBA.1009-2533 (2536) MaiilszEnEnmmsivdivowyn
= = L e 9}: 1 w .
15 Todu iy ansn 14 2 juuvvfie FCBS oz HCBS fina lndiRueiua1snian1sA1 fe nisin
1110
o s -:f " d‘ c:a 1 =Y f=}
dmfugndu lnussanuuguaind (wh 7.2 B) gndulannvilavesnisnaaseiinig
- .g e - = T 1 o ar 1 qv < o F=}
nigyeudsnuaFelunarinuesnlisn uredialsnaw dedegniuniuquidensiieny
d 3 1 c:? P By ol e kY . o P DL & a
manuidundignuimdoudlsuunis lodun1enisa aisin uazuunis ledu liuSqninia

=y

n’; = oo = =1 0'09/, cf
110 Le. lactis TISTR 1401 19 2 wfiadaoausu USungiunidimunvosgaFunionugeds
¥ ] 1 > ]
10 cfi/g W30 5 log cfwg Tuiuh 12 (Fuf 9 @wSunisusslnd) vazndledegnruinioy
3/ = = L) c:"n’: ol e o o
Arouunis lodu TduSqnTiauy FCBS way HCBS T)5unat 5 log ofwg Yszanaiud 21
i d ]
EFURYINUAI9019NFUATOUAIY nisin
df ] o ﬂ ay o 1 4 4 g 1o
Wenuafisonsauanin (LAR) Whuseunafissdnngunilsiduanngyesmsnindy
ny 4 o 3l of Mo & o Ve g = ar ] &
vosgniunuinu ludibuniefiguvaia Mlddiwesgadulidnuaiiiudion (slime surface)
= o a ¥ ] y : o [ ] o ot
(AAMY (gassing) andUTa3Y7 (souring) iudu nquiFe LAB Aldemisnindvriiaiiny

1 ¥ o & o oos ot ] 4
KLﬂﬁiﬂHﬁ'lmﬂﬂlﬂﬁﬂTillﬂ’!!ﬁﬁl‘ﬂﬂﬂEﬁﬂﬁﬂ?ikﬁ%ﬂﬁﬂﬂmcﬂﬁ?uiﬂ‘E.yi“cf}uL%@ Leuconostoc sp. (Samelis
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et al., 2006), Streptococcus faecium, Strep. faecalis D% Microbacterium thermosphactum (%e

‘ﬂﬁﬁgﬁuﬁa Brochothrix thermosphacta) (Holy et al., 1992) Hludu

7'00 o e e

6.00 A

5 ‘00 i S —

4.00 ~t4— HCBS
—i— FCBS
—m— Nigin

3.00 v

2.00

1.00 e

0.00 T 1 T T T T T

(B)

Logcfu/g

Storage time {Day)
i 7.2 YSnmgAuns fianum (log cfu/g) amQﬂﬁ?ﬂ"lfimﬁavﬁmmﬂﬁ?‘lﬁu
muﬁqmﬁgu 4°C, A = aerobic packaging, B = vacuum packaging, C = control,
HCBS = heated crude bacteriocin supernatant o FCBA = filtered crude

bacteriocin supematant

e

SmSumsnaaesii wmlmamaaﬂw 1ﬂ‘U‘§‘§‘1m& 2 anziuifSue LAB m‘smﬁiuiu '
Sudh o vpamsfuinm me‘ﬂaamﬂuumamqaﬂﬁmmmmﬂsmm LAB ﬁqm*nmamaaﬂw |
mﬂaaummmwﬂwumwﬂ FCBS unz HCBS AADAT m‘smumaqﬂmwmmsmu A
waralunwd 7.3 mumimsmmuﬂﬂmaﬂwmu'fmumﬂ LAB gaiie 5.17 log cfu/g TS 15

mmxﬁﬁaaémgn%umawma HCBS, FCBS 11a¥ nisin fid0 LAB fivs 3.79, 3.88 18z 3.51 log
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a 1 »
cfu/g MUY LOZMTUTIMVUGYYINAITD LAB 9ade 5.11 log cfrg TuTufi 15 vaizd
gnINmADUAIe HCBS, FCBS 1a% nisin & LAB (Ao 3.89, 3.87 ung 343 log cfu/g AU

¥ b4 ¥ v
windu wagaaoaszuznanTsAuIne 21 Ju gaduld lifidnyazdhuiionuvSolndumiiy
LA o & s 2 A S T &4 o
e issnnanavesdTua LAB vienuaniwulugnaunnsiaiudind 10-10° cfwg Faily

» ] ¥
dFnad hivinwe dwsumsadunsauazdassesnutluffunndonveuis LAB (Kun et al,,

2008)
7.00 (A)
6.00 /
5.00
—eo—C
4.00 —@-- HCRS
3.00 —&—FCBS
—E§— Nisin
2.00
1.00
0.00
(11}
2
(4]
g
= 7.00 (B)
6.00
5.00
—&-C
4,00 @ HCBS
-~ Nisin
2.00
1.00
0.00 ‘_‘ T T T i T 1 T 1
0 3 6 9 12 15 18 21

Storage time (day)

4 ¥ ’
AN 7.3 13070 LAB (log cfu/g) vougnTu lnmdeudouuais Tedwiun
Qm‘HQﬁ 4°C, A = aerobic packaging, B = vacuum packaging, C = control,

HCBS = heated crude bacteriocin supernatant 1102 FCBA = filtered crude

bacteriocin supernatant
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¥
A o

3
DpravesdsuanFerAuniiinun uazAmNIRTIIH BON. 1009-2533. (2536) D194

o ¥ td
¥ uuafis Todu S anindnldvinido Le. lacis TISTR 1401 annsaléindouigniuld

=

v o & 3 2 o 2t e Y = d
"lmmzm“lﬂmmsaﬂﬂmqmsmugﬂw%wssigmuwﬂﬂmmzuuuq&gﬁmmﬁ Uyl
3 o = o u 1 & = oo I o ar dycu ]
AU 1304 °C lduunignulnany o annz@moiulTzeIn 9 U UBNINUEINLN

¥ 3
son o e = =y a = T 1 ar
UszAnEnmmmstudinmnsyieyiiunidvues FCBS, HCBS wae hudy Tiuanaieny (p > 0.05)
ar u’/’ P T 1 9 | =3 =Y o ar vy = 9t
Seusddidenlduunis ToFuaiia HCBS 11Sun1inano o 1 wszea ey ladouas
#2ANNILY FCBS
.:? ' -~ 9 =y =y PN~ T | @ ::.". : -

gﬂﬂm"lﬂmaaummmﬂmTamumﬂﬂﬁuﬂnm pH LAAIAIATIINN 7.3 QNIUNAFUALM

] as o 5 4 [~1 ¥ u’: =S
pH LANANNUIANTDY (p < 0.05) deszsznmmsauuuduialuangmuss g ulnauay
wuugaame Taolita pH NN 6.17-6.30 paciian lunsna1edunT pH woauIadunsy

g =1 N ¥ L] = a2 o = o

(batter) ¥B4QNTY 7O 6.30 (i duenana) A1 pH 1090 s UA IR IR UATUR wazdSuuves

¥ 3 b4 1 +
iFogaunimludenluemsld Taof luuafiGednnaeznsay1dalugae pH ilfunars

ot

1 ¥ ¥ J v Qs :: J a o = o 4 A [ 9r
nazAoud1a linsaeesu (pH 7-9) ALUMUDARIMASHNAANNUNYIY pH {3 Jufanisiiudola

1 [ .:f o daa o‘
FunneaR N pH @1 (pH < 6) (Borch et al., 1996)

1
= =

P ' g ' a = -] o
ans197t 7.3 o1 pH vesgnin Inmbendouunhi leFunungumgu 4 °C

Storage pH
time Aerobic Packaging Vacuum Packaging

{days) C HCBS FCBS Nisin C HCBS FCBS Nisin
0 6272 628  622b  620c 6282  624b  620b  6.22b
3 6.28a 6.27a 6.20b 6.20b 6.30a 6.26b 6.21c  6.23bc
6 6.27a §.23ab  6.18b 6.19b 6.28a 6.24b 6.20b 6.23b
9 6.26a 622ab  6.18bc  6.17c 6.28a 6.23b 6.19b 6.23b
12 6.27a 6.22bc  6.23ab  6.18c 6.27a 6.23b 6.20b 6.22b
15 6.26a 6.23a 6.18b 6.17b 6.28a 6.24ab 6.21b 6.20b
18 6.27a 6.22b 6.18¢ 6.18¢ 6.23a 6.25a 6.22a 6.22a
21 6.27a  622b 618  6.18¢c 6.22a 6252  620a  6.20a

ar

® s SnysRuanaaiuluuvou= Sanuunaaduedelidbdiymeada (e < 0.05),

n= 6.
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7.4.4 wanisiFuunis leTunanludiumaugniuln

ATHELULANS loTuwidudu 2 ¥iaAD concentrated crude bactericin (CCB) Uag freeze
i 5 )
dried crude bacteriocin (FDCB) L&Y nisin Tusadunsay (batter) ‘U’ﬂﬁgﬂ‘ﬁuulﬂ nggﬂ‘ﬁuw"lw

= = = 25 jen Py 63 ar 1 1
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csiminf;mﬁauﬁugﬂ%yuﬂmaw Aranymsussaunnd i 7.5 A) TuSudl 18 Qn§u
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dutun 21 July

v
=1 o

» 3 ¥
ar A o ) oaoa ar o a o1 o =
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9
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) o 1 od r o
Useaniamln@ifoasy nisin 1pzRn31 CCB (p > 0.05) NHBUMITY

Log cfu/g
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Storage time (day)
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= = ) A my v = =
A 7.4 USuaAunidvianun (log ofg) veagnau lnmeauuais lefu

Lﬁﬁﬁqmﬂé}“ﬁ 4 °C, A = aerobic packaging, B = vacuum packaging, C = control,

CCB = concentrated crude bacteriocin, FDCB = freeze dried crude bacteriocin
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a1pH  vasgndulawanuuaiis leduluanznsusspuulnAuasuuugynid

¥
ar

= 1 s:? S ] 1 as e
{(m1319n 7.3) At pH ‘UENQﬂ‘h"L!Tlﬂ‘lfuﬂuﬂ']vluliﬂﬂﬂ'mﬂuﬁﬁ@ﬂizﬁigt’lﬁ']ﬂ’l'ilﬂlliﬂﬁ'i N4 2 8401

o 1 1 d o : ] =
MIUIFY TALNT pH TEHIN 5.99-6.30 LAAINITZLLIAIMIAVINY? ypIgnFUNgungii 4 °C

’ 3
liinadomsulaeumlasat pH Tudediagniu



117

7.00 (A)
6.00
5.00
—o—C
4.00 & CCB
3.00 e FDCB
~§-- Nisin
2.00
1.00
(.00 -
80 0 3 6 9 i2 15 18 21
=
L]
g
3 1 7.00 (8)
6.00
5.00
—8—C
4.00 —@— CCB
3.00 —— FDCB
—E4— Nisin
2.00
1.60
0.00 A
0 3 6 9 i2 15 18 21

Storage time (day)
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CCB = concentrated crude bacteriocin, FDCB = freeze dried crude bacteniocin.
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MRS broth 1ap centrifuge (Sorvall, RC SC-Plus Centrifuge, Thermo Scientific, Waltham, USA)
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m] NaOH x normality x 90.09 x 100
(% acidity) =

weight of sample{g)x 1000
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