
Effect ot meat .tarter culture, and .»me ingredient, on the growth „¡Salmonella annum in th .l fermented meat (Nham) I«» 

in-vitro study]

Adisorn Swetwiwathana Ulrich Leutz 3, Napha Lotong2, Albert Fischer3 fmutTL),
1 Faculty of Agricultural Technology, Department of Agro-Industry, King Mongkut’s Institute of Technology La a ang

Bangkok, Thailand. .
2 Faculty of Science, Department of Microbiology, Kasetsart University, Bangkok, Thailand.
3 Institute of Food Technology, Department of Meat Technology, University of Hohenheim, Stuttgart, Germany.

Introduction • From our early report [1] which implied the advantage of adding garlic in Nham (thai fermented meat product) on 
stimulating the growth of lactic starter cultures and their lactic acid productive activities in both of Nham samples and an in-vi 
r S ^ d e l  broth. Since many publications reported an inhibitory effectsof garlic on vanous food — &  3’ 
and an inhibitory effect of nitrite on contaminated pathogens in meat products [5, 6], and both of garlic and nitrite are also th 
fngredierhs^n^he production of Nham. Then, we realized that these ingredients must present an inhibitory effect on ^ o n e U a  
J a tu m  which is mostly found contaminated in Nham [7, 8], Besides, this serotype of was also found to be the m0St reS1S ^  the 
acidity7olTother bactericidal substances produced by lactic acid bacteria [7], Thus, this preliminary study was p.ann d fe^certatn  th 
effects of garlic, commercial meat starter cultures {Lactobacillus curvatus. L. sake, and Pediococcus acid,lactic,) an f  ted
growth of S. anatum in the created model broth [1). Due to the spread of using nitrate in the production of th‘s study.
meat product, an inhibitory effects of using nitrate as a food additive in Nham on 5. anatum was also compared

strains,!. «  L. sakeiandP. acidilactici, of commercially a r a b l e  s ^ « « l ^ ( ^ G ^  
Her GmbH, Stuttgart, Federal Republic of Germany) and the strain of 5. anatum (LTH 4545, from Genera Food Techno ogy 
Microbiology, University of Hohenheim, Stuttgart) were used for this study.
Liquid medium : MRS broth - medium modified [9] was used as cultivation medium for the study LAB

: T rv p tira se  sov broth (TSB)- the medium [10] was used as cultivation medium for S. anatum. Pure cul
trypticase soy agar (TSA) slant was transferred to TSB and incubated at 37° C for 24 h.

• The Nham model broth (NMB)- the medium simulated the conditions of Nham production (aw 0.970, p • > 
microaerophilic condition with paraffin'oil) [1], was used as a model instead of Nham product. The - ^ i n a t m "  «jf using mtr e j  ^  
ppm) and nitrate (500 ppm) as food additives by filter-sterilization [11], together with various studied s arter cultures at a le 
efu/nd and 5 % f o b  Utilized garlic, were used fo, the study of d t.lt inhibitory.effect on S a, the level of 10 cfu/ml tn
The NMB without glucose and curing salts was used for study the effect of LAB on t e gro o . . tion-

The samples of each studied condition in NMB were left to ferment at 30° C for 2-3 days after LAB and 5. anatum inoculat. 
Duplicate samples were determined on pH, LAB growth for every 12 h and S. anatum growth for every 6 h.
Preparation of fresh sterilized garlic : Local unpeeled garlic bulbs were used to prepare fresh sterilized garlic. The dovesw  
gently peeled, washed thoroughly with sterile distilled water, soaked in 70% ethanol for 30 minutes andl was!led t 
sterile distilled water. Five percent of sterilized garlic was aseptically cut in small pieces and transfered into thesterlizec Mb ^  
Microbiological and chemical analysis : The samples of Nham model broth were examined daily for enumerating LAB gro 
MRS agar and 5. anatum existence on TSA agar [12], and were determinated for pH [7],

Results and Discussion
Growth of LAB starter cultures in Nham model broth (NMB) . f  f„ mpntatioi>

The results revealed that all studied LAB could grow in the model broth up to nearly 2 log cycle after one dayof 
in both of NMB with and without glucose. Use of nitrate (500 ppm) and nitrite (125 ppm) as a curing salt alone and in comfena 
i  5 % sterile fresh garlic (Table 1), have no effect on the growth of all studied LAB when compared to NMB without curing 
and garlic. In contrary, an effect of garlic on the pH was measurable[l].
Effect of curing salts, fresh garlic and LAB starter on the growth of £  anatum in NMB . .■, ctic0

The treatment of 5. anatum at the amount of 10* * cells/ml with various starter cultures (L  curvatus. on5-
and 5 % sterile fresh garlic was first done in NMB without glucose and curing salts. Therefore, influence of pH and curing J t  ^

, , .  „v . . . Th results (Figure. 1) showed that LAB starter cultures did not retard the growth of S. anatum. 
model”1broth with 5 % sterile fresh garlic could hinder the growth of the studied pathogen during the first day of-meubatton. e 
p o l t e  effecT was also observed in NMB with 1 % glucose and 5 % sterile fresh garlic (Figure. 2). This can be explained tha * e  
fewer of pH in the medium from converting of glucose to lactic acid by all LAB and the presence of allicin from disrupted ga 1 gi 
which was known as the principal antimicrobial component [13] could exhibit an inhibitory effect on 5. anatum during; t h e ^  d >  
fecubatfen All studied LAB could reduce the cell number of 5. anatum in NMB with glucose after one day of fermentation. The 
w iti Z e i eveafed a better result in reduction the cell number of 5. anatum than those of NMB with P. acd,lactic, and L. 
curvatus did The presence of nitrate at 500 ppm in NMB gave a little effect on the growth of S. anatum when compared to con 
broth without curing salts (Figure 3), while the broth with 125 ppm sodium nitrite exhibited much more inhibitory effect on 
of 5. anatum during the first 30 hours of fermentation. The inhibitory activity of the added prese
diminished after 30 hours of fermentation as the result of chemical reactions with some ingredients in NMB especially in P v 
of ascorbate i^NMB could rapidly convert nitrous acid to nitric oxide [14]. Synergistic effect of nitrite and 5 % disrupted garl 
fiie^est results In diminishing^, anatum from the broth within 48 hours of fermentation, while nitrate and the same amount of 
disrupted garlic could only retard the growth of this pathogen (Figure 3).

■ese^6
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h'S tP,eh™ nary f udy revealed that dis™Pted garlic, nitrite and nitrate had no effect on the growth and productivity of 
u L  o S r  CU Ure, \ In thC diSrUPtCd gadiC C° U,d r6tard the growdl of 5. anatum during one day of f^ e n ta tio n
curing sa All studLI ^  gI0Wth ° f  ̂  in the model broth tba" of nitrate as a
strains of I AR Z  7 r , , CUl‘Ure *° C°ntroi the growth of 5  >" Nham. Among these threef  LAB, the commercial L. sakei revealed the best results in reduction the cell number of 5. anatum.

ETWI^ f  ̂ THANA, A U LEUTZ and A. FISCHER. 1998. Wirkung von Knoblauch auf das Wachstum und die 
F)ej„ , • P ° d“kt'° n von Starterkulturen (Role of Garlic on Growth and Lactic Acid Production of Starter Cultures)

Effect o T S r i t  Ext a t ' ^ ^  rANTIS’ ^  ? A ' K° IDIS’ P °  KARAIOANNOGLOU and A.G. PANETSOS. 1979
PE R E R ^„d  H o^ SARmAKIS i S o ' r8 Z ' ™ '  Lebensm.-Wiss. u. -Technol. 12 : 330-332. 3. SRIVASTAVA, K.C., A.D. 
^ d v E h ^ W  T Z  Pf f ’0StatlC EffeCtS of GarIic SaP on Gram Negative Pathogenic Bacteria - an in vitro
W  A t  SS- U- _TechnoL 15 : 74' 76- 4- EL-KHATEIB, T. and H. ABD EL-RAHMAN 1987 Effect of Garlic and
I iZ Z T r w Z ' k m  Z Z . Z Z Z Z Z Z ' 1'0 typhimurium in £g>'Ptian Fresh Sausage and Beefburger. J. of Food Prot. 50(4) • 
Frankfurters I f  F ' and PIE^ O R  1982. Inhibition of Salmonella by Sodium Nitrite and Potassium Sorbate in 
Yersinia Z  *1  47 ; 16>5; 1617' 6- ASPLUND, K„ E. NURMI, J. HIRN,T. HIRVI, and P. HILL. 1993. Survival of

Pro, 56( i  Z Z i n T l  n r r ? ? U7 r ™ tUred wi,h Different Levels of Nitrite 311(1 Different Starter Cultures. J. of Food 
ASEa n  f ' h t  "7i!2' ,7' L0T ? n G’ N' and A' SVETVIVADHANA. 1990. Production of Salmonella Free Nham. Annual Report 
^ O t ^ o ^ ° d rechnology and Research Development Project. 1990. 8. SWETWIWATHANA A P CHUNGS AMANUKOOl ’n

i s : , : : ? r  k i s p™ n o w o n o - ,994- DMethod A M ! d f  Detection of Salmonellae in Foods. Proceeding of UNESCO SEA Regional Training Workshop on Rapid 
POGASA" m d "\  Blotechnology- Kasetsart University, Bangkok, Thailand. October 19-28, 1994. 9 DE MAN J C 
VAMriRD7^MaT dp HARP’ M E ' (1960) 1 A Medlum for the Cultivation of Lactobacilli. J. Appl. Bacteriol 23 130-135 10 ’
E d S  ^  F- SPDL! i TST0ESSER- >992- Compendium Methods for the Microbiological Examination of i'oods. 3 rd
' 174 11 SINSKEY7A J16! 979" pUb IC Hf alth t Z T T  (APHA) Technical Comm'«ee on Microbiological Methods for Foods, p. 
W s  nf  ?  369 M m r f V M * 7 ?  1° F°°dS- ln •' Tannenbaum’ S R - (e d > Nutritional and Safety Aspects of Food 
°fOffi! f a f 9-398. Marcel Dekker, Inc. New York and Basel. 12. AOAC. 1996. Official methods of analysis 16*" ed Association

Natu Si'v8 \ n F o T f aT Z  7 lmg? Z  Z Z ma- 13‘ BEUCHAT> L R- and D-A. GOLDEN. 1989. Antimicrobials Occuring 
CHr A tm x i n  o S 0d ' “  ° 8y' 134' 142' 14’ SILIKER’ J- H., R. P. ELLIOTT, A. C. BAIRD-PARKER, F. L. BRYAN J. H. B 
Affectina 1 ife 1 n  Lt f  Rf  C: ° LS0N’ Jr'’ and T' A- R0BERTS- 1980. Microbial Ecology of Foods. Volume I : Factors
Academ?c P resri! ^  New Yorkr00r8an,SmS' ^  Intematl°na‘ Commission on Microbiological Specifications for Foods (ICMSF).

: Growth of LAB starter cultures and pH change during fermentation in various 
conditions of NMB

iIa«er culture cfu/m! (davl pH (day)
0 1 2 3 0 1 2 3

F-glu 2 . 0  x 1 0 s 1 .2  x 1 0 * 1 .0  x 1 0 * 9.6 x 107 6.05 6.04 6.09 6.08
, glu 2 . 0  x I0 6 1 .1  x 1 0 * 5.3 x 107 4.9 x 107 6.05 5.43 4.81 4.65
, c -glu 4.0 x 106 1 .1  x 1 0 * 1 .1  x 1 0 * 9.8 x 107 6.05 6 . 0 0 5.95 6 .0 1
, c+glu 4.0 x 106 1 .0  x 1 0 * 6.5 x 107 1.5 x 107 6.05 5.49 4.90 4.71
, b-glu 5.0 x 106 9.5 x 107 6 . 6  x 1 0 7 5.4 x 107 6.05 5.99 5.95 6 .0 1
^S+glu 5.0 x 106 8 .6  x 1 0 7 4.1 x 107 9.5 x 106 6.05 5.28 4.66 4.44
& 2 U+N°3 2 . 0  x 1 0 6 3.1 x 10* 1 .6  x 1 0 * 1 .0  x 1 0 * 6 . 1 0 5.21 4.95 4.71
^glu+NC) 2 2 . 0  x 1 0 6 2.3 x 10* 1.4 x 10* 9.6 x 107 6 . 1 0 5.35 5.00 4.78
y+glu+NO, 4.0 x 106 9.5 x 107 6 .1  x 1 0 7 3.4 x 107 6 . 1 0 5.41 5.06 4.66

,^ g lu + N 0 2 4.0 x I06 8 .) x 1 0 7 3.4 x 107 1.3 x 107 6 . 1 0 5.53 5.12 4.73
La+glu+N0 3 5.0 x 106 1 .0  x 1 0 * 9.5 x 107 8 .8  x 1 0 7 6 . 1 0 5.19 4.82 4.58
"<t£lu+NO, 5.0 x !06 9.7 x !07 8.9 x 107 8 .1  x 1 0 7 6 . 1 0 5.26 4.91 4.65

+ - • acidilactici, LC = L. curvalus, LS = L. sake, -glu = without glucose,
Ujĵ V *" wUh glucose, N 0 3 = with 500 ppm sodium nitrate, N 0 2 = with 125 ppm sodium

Figure 1 : Effect of fresh garlic and LAB on the growth of
S. anatum in NMB without glucose and curing salt 
at 30° C

■  control ■ garlic GLC DLS HP

Contrrol = Nham model broth (NMB) without garlic and LAB 
starter culture, garlic = NMB with 5 % steriled fresh garlic,

LC = NMB with 106 cells/ml of L. curvalus, LS = NMB with I06 

cells/ml of L. sake, P = NMB with 106 cells/ml of P. acidilactici
|J.

sUre 2 : Inhibitory effect of steriled fresh garlic and LAB on S. anatum 
in NMB with I % glucose (without curing salt) at 30° C
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gari r° * 15 Nham model broth (NMB) without garlic and LAB starter culture, 
O f/c = NMB with 5 % steriled fresh garlic, LC = NMB with I06 cells/ml 
Ce||. Cun’atus, LS = NMB with I06 cells/ml of L. sake, P -  NMB with I06 

s mi o f P. acidilactici, +Salm = added with 10* cells/ml ofS. anatum

0  •  12 1» 2< M  36 <2 48
time (h)

-♦- = NM[C], - A- = NM+NOj (500), = NM+N02 (125),
-G- = NM+N02 (I25)+G, - A - = NM+NO3 (500)+G, NM [C] = NMB without 
curing salts, +G = with 5 % steriled gresh garlic, NM+Ni (125) = NMB with 125 
ppm of sodium nitrite, NM+Na (500) = NMB with 500 ppm of sodium nitrate
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