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Abstract

This study aimed to investigate the effect of Lactococcus lactis subsp. lactis P 2 or Sb 2 on quality
and microbiological changes in beef Nham. The study consisted of four treatments including control
group (Nham without starter culture), Nham inoculated with commercial starter culture (Pacovis RCI - 47),
and Nham inoculated with Lc. lactis subsp. lactis P 2, and Sb 2 respectively. Each treatment was
fermented at 30 °C for 3 days and stored at 4 °C for 4 days. The experiment was designed as a
Completely Randomized Design (CRD). At 0 and 3 days of fermentation, Coliforms, Escherichia coli,
Yeast/Mold, Salmonella spp. and Staphylococcus aureus were examined, while lactic acid bacteria (LAB)

were examined everyday during fermentation (day 0, 1, 2, and 3). The pH values and total acidity were
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examined everyday (day 0, 1, 2, 3, 4, 5, 6, and 7). The outside color values of Nham (L* a* and b*) were
examined at day 3 of fermentation and after 4 days of storage (day 7). Results showed that the use of
different strains of starter cultures affected the number of LAB on day 0 to 2, whereas control group has
the lowest LAB. But on day 3, the number of Yeast/Mold and Coliforms had decreased in all groups. E.
coli, Salmonella spp. and S. aureus could not be detected in all groups of beef Nham. The study of quality
showed that during fermentation and storage time, the control group had the lowest total acidity, but had
the highest pH value (P<0.05). Nham inoculated with Lc. lactis subsp. lactis P 2 had pH value decreased
the most. The outside color L* and b* values of Nham inoculated with Pacovis RCI — 47 were higher
(lighter and more yellow) than those of other groups. But Nham inoculated with Lc. lactis subsp. lactis P 2
and Sb 2 were the reddest (P<0.05).

Keywords: starter culture, Lactic acid bacteria, pathogenic bacteria, quality of beef Nham
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BAM, 2001), Salmonella spp. (Salmosyst broth base, Salmosyst selective supplement tablet, Xylose-
Lysine-Deoxycholate agar, Salmonella-Shigella agar, Merck, Germany, AOAC,1995) ﬁﬂmsﬁuﬁq@ﬂ’]ﬂuﬁuﬁ
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Table 1 Effect of starter cultures on the number of lactic acid bacteria (log cfu/g) in beef Nham

(mean+SD) at each fermentation time

Fermentation time (day)

Treatment

0 1 2 3
Control 4.78+0.45" 7.56+0.48 7.93+0.07° 8.53+0.30
Pacovis RCI - 47 5.74+0.33" 8.01+0.46 8.49+0.06 8.52+0.46
P2 6.16+0.14 7.85+0.14 8.10+0.13" 8.31+0.25
Sb2 5.85+0.25" 8.23+0.44 8.43+0.31° 8.48+0.32

*“® Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2

Table 2 Effect of starter cultures time on the number of Yeast/Mold (log cfu/g) in beef Nham (mean+SD) at

each fermentation time

Fermentation time (day)

Treatment

0 3
Control 5.49+0.31° 3.86+0.45
Pacovis RCI - 47 6.14+0.32° 3.86+0.12
P2 6.43+0.54° 3.80+0.12
Sb 2 6.26+0.38° 3.86£0.13

*®Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2

Table 3 Effect of starter cultures on the number of Coliforms (log cfu/g) in beef Nham (mean+SD) at each

fermentation time

Fermentation time (day)

Treatment

0 3
Control 4.94+0.06 4.71+0.14
Pacovis RCI — 47 4.85+0.26 4.17+0.71
P2 5.13+0.53 4.50+1.13
Sb 2 5.41+0.47 4.09+0.62

Means in the same column without superscripts are not significantly different (P>0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2
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ﬂ?mmmmwwmmmummmu 0.51 LummﬂummmmﬂmLsﬂﬂa‘mmmmamuuﬂamm (Table 1) e
iwﬂyvmﬂumwmmmu wﬂw-nmw,mﬂmLiﬁnmLL@ﬂﬁmmmmn@mwmmmu farhuunmnsanouuais
mmumm”ﬂ e ML RsN Y Iummv‘wn@umwmmﬁmmnmmwmwmummm wazlugznang
ma‘mmm:rm@mmumeuwumﬂ‘émmmmmmmﬁu@wmamwmmwmmﬂu@m yailenaitesanannly
iymwmimmﬂmum@l‘mn@mammLL‘um'wLiﬂmmu,@ﬂmnmwmmuu@ﬂm‘imumﬂmmn@mmmmmi
Wuinm usetnelsfinuwud n@ummmmmj@ Lc. lactis subsp. lactis P 2 mﬁmmmmmummumﬂwm
paRATzEZNA N IMINLALINFUFNENTIgnug Rty dwTuen pH wudt lussudnanszuauniewiin 3 S
ﬂﬂ;Nﬂ’J‘]_IﬂNLL@KH@:N‘V‘;@NH&I’]L%”@ Pacovis RCI — 47 {1 pH @mmfﬁﬁﬂd’m@juﬁlu HANYINL 4.99 uaz 4.98
ATNAVAL Iummzﬁﬂziuﬁlﬁuﬂﬁwﬁy@ Le. lactis subsp. lactis P2 war Sb 2 HAWNL 4.81 uaz 4.87
AINAIAL T.mﬂsl,mwdwma‘Lﬁu%ﬂmﬁfqmmﬁLmé‘uwudﬁ Tudufl 7 A1 pH - 2eanguAILANEIAIRLT 5.06
“lwumzﬁﬂzimﬁlﬁmﬁﬂﬁwﬂ L. lactis subsp. lactis P 2 WaE Sb 2 HAN pH AARINANAGNESTIANYINGL 4.81 uaY
4.82 pua1au 1nen19ana399A1 pH @:m@mmﬁmﬁuﬁmquumﬁGﬂﬂiml,l,mﬁﬂ?;l,ﬁuqﬁ”u feaziiwani
ANUaeAsitaeELTing me'qm”lumsﬁmfamm?mmm Salmonella (8RA3, 2533) WAz S. aureus (Kaban
and Kaya, 2005) fvsLnannITARN AT AL aB ULen Tudui 3 uay 7 WU'ﬁ’]ﬂdN‘ﬁLﬁNﬂﬁ’]ﬁ”@ Pacovis RCI
- 47 ﬁmmﬁmdw (L*, Table 6) wazAwaed (b*, Table 8) ANGT eLwnm‘vwmmmem (p<0.05, Table 7)
LL@”ﬂ@NWLmNﬂ@’]Lﬂ]@ Lc. lactis subsp. lactis P 2 uaz Sb 2ummm\mmm myaul,ummmnslm AATLRK
nezuauNIINNgN ANNE T8 PacovisRCI-47 Jun&n1d aannenssznd Suuadidensauaniin
Fuduaunniu Manisaiiensntain e pH anae wasisinmnsageTumnar A uadnauazAn
Avdesresuunnniuilen Bouifsusunguaiuns Snailiuusiadaunniy feanmnznnssysenin
Fasnailszmaiuenalamngiuntsinan dfuumiiiels il Ld dnwnizang nneventsl
Fuideenns T Visessanguan et al. (2006) senudanslaeunasesuuaf Bansauanin R
n&nide Lb.curvatus uazngu i laAiun e Lb. curvatus Syt g niug i 30 svenimadaa unan 84
ol azifaduaude 10° cfu/g nerlid 12 WAy 72 FaTuannusSL UazdAn pH AnRIRENesIABITiasannIg
LAMNIABLYEEUINE T Lasiin 1a1uaL YeasyMold anaIagNqIanI3aaLa 107 cfu/lgna’lu24-36 g
LL@:Gﬁuﬁﬂum‘xmumwﬁﬂﬁmwiﬂmﬂﬂ?iﬂuuﬂmﬁh%m@umuu%qLﬁﬂq%ﬂqﬁunﬂﬁmﬁmﬂ@m WATNT
Aenan naesllsiu uazuanisiseves Visessanguan et al. (2004) mmmdﬂumwﬁnLmuuifﬁﬁlqmmﬁ
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Table 4 Effect of starter cultures on the total acid of beef Nham (mean+SD) during 3 days of fermentation
at 30 °C and 4 days of storage at 4°C

Fermentation and storage time (day)

Treatment

0 1 2 3 4 5 6 7
Control 0.5120.11° 0.66+0.11 0.89+0.25 0.89+0.20 0.94+0.06" 0.92+0.09 0.95+0.29 1.01+0.06°
Parcovis RCI-47 0.62+0.09 0.7120.02 0.83+0.14 0.810.21 0.93+0.12° 1.070.07° 1.0840.13 1.04+0.10°
P2 0.62+0.14%° 0.79+0.12 0.86+0.17 0.970.16 1.14+0.06" 1.0540.08" 1.07+0.06 1.25¢0.12°
Sb2 0.69+0.06° 0.74%0.12 0.87+0.16 0.95+0.05 0.98+0.04 1.00+0.09% 1.0740.04 1.07+0.06°

*° Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P 2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis

subsp. lactis Sb 2

Table 5 Effect of starter cultures on the pH of beef Nham (mean+SD) during 3 days of fermentation at 30

°C and 4 days of storage at 4 °C

Fermentation and storage time (day)

Treatment

0 1 2 3 4 5 6 7
Control 6.26+0.08 5.64+0.56 5.17+0.18" 4.99+0.14° 5.01£0.19 4.96+0.17 5.00£0.17 5.06+0.13°
Parcovis RCI-47 6.21+0.09 5.20+0.06 5.07+0.10% 4.98+0.06° 4.89+0.15 4.85+0.14 4.86+0.21 4.87+0.16"
P2 6.23+0.11 5.35+0.31 4.97+0.05° 4.81+0.08° 4.83+0.05 4.82+0.04 4.83+0.01 4.81+0.06°
Sb2 6.21+0.08 5.42+0.40 4.94+0.04 4.87+0.02% 4.84+0.02 4.86+0.04 4.82+0.04 4.82+0.04°

*“® Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P 2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis

subsp. /actis Sb 2

Table 6 Effect of starter cultures on outside color value (L*, lightness) of beef Nham (mean+SD) on day 3

of fermentation at 30 °C and after 4 days of storage at 4°C (day 7)

Fermentation and storage time (day)

Treatment

3 7
Control 48.68+1.66" 47.38+1.43°
Parcovis RCI-47 50.60+1.54° 50.49+1.20°
P2 50.09+1.18° 48.73+1.19°
Sb2 50.28+0.86° 49.51+0.79"

"¢ Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2
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Table 7 Effect of starter cultures on outside color value (a*, redness) of beef Nham (mean+SD) on day 3

of fermentation at 30 °C and after 4 days of storage time at 4°C (day 7)

Fermentation and storage time (day)

Treatment

3 7
Control 16.17+1.68° 15.84+1.94°
Parcovis RCI-47 15.62+0.34" 15.61+0.34"
P2 18.07+0.98" 17.44+1.17°
Sb 2 17.90+1.06° 17.95+1.02°

*“® Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2

Table 8 Effect of starter cultures on outside color value (b*, yellowness) of beef Nham (mean+SD) on day

3 of fermentation at 30 °C and after 4 days of storage time at 4 °C (day 7)

Fermentation and storage time (day)

Treatment

3 A
Control 3.3240.84° 3.71£0.86"
Parcovis RCI-47 3.97+0.55° 4.40+0.68"
P2 2.89+0.36° 3.52+0.62°
Sb2 2.91+0.58° 3.3740.51°

"¢ Means in the same column with different superscripts differ significantly (P<0.05)
Control = Nham without starter culture; Pacovis RCI - 47 = Nham inoculated with commercial starter culture (Pacovis RCI - 47)
P2 = Nham inoculated with Lactococcus lactis subsp. lactis P 2; Sb 2 = Nham inoculated with Lactococcus lactis subsp.

lactis Sb 2
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