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The objeciivgs of this research experiment were to investigate the production, purification
and 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, ie., 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 coconut 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
juice in fhc ratio of 1:1, 1:2, 1:3 and 1:4 in comparison with MRS and M 1 (control) media without
which beef extract and dextrose. The starter culture of 5% Lc. 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
method against Staphylococcus aureus. Inhibition activity of bacteriocins was expressed in term of

arbitrary unit per ml (AU/ml).
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The uses of coconut juice and tuna condensate in the culture media as carbon and nitrogen
source in the bacteriocins produced from Lactobacillus casei 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/ml 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 supernatant 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/ml 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%.
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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
0.05-0.2 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 supernatant was puriﬁe}! by reversed-phase HPLC using Lichrosorb RP18
column, eluted with 1% trifluoroacetic 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%. |

'i‘hc use of Amberlite XAD-4 as an adsorbance in combination with chromatogfaphic
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
HCl:methanol (1:9), dissolved the extract in 0.2 M phosphate buffer, pH 6.5 and determined
bacteriocin activity. Bacteriocin extract was furth_er purified usinlg. 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 yield 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 | 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 bacteriocins 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 had an inhibition activity of 160, 20 and 80 AU/ml
against S. 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.
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Screening and production of batteriocins 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. mesenteriodes
TISTR 053, Lb. acidophilus TISTR 450, Lb. brevis subsp. brevis TISTR 860, Lb. delbruckii subsp.
bulgaricus TISTR 892, Lb. sake TISTR 911, Lc. /actis TISTR 1401 and Lb. caser 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 118. It was found
that bacteriocins obtained from Le. /actis 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 meatballs.

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° e/ 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.
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Selection and identification of indicator bacteria and use of crude bacteriocins

from Lactococcus lactis TISTR 1401 to extend shelf life of chicken mea.tballs

Contaminant ‘bacteria were collected from chicken meatball and 3 dominant flora were
identified 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 \‘Jvere 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 Lactococcus lactis TISTR 1401 had good inhibition
against microbial contaminant on chicken meatballs similar commercial nisin produced from lactic

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

The expcrimént 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
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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
culture 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.





