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Abstract: Nitrite,and N-nitroso compoundsare recognized as carcinogenicsubstancesin foods.Therefore, the
detection and control of the concentrations of these substances is important in terms of food safety. In the
present  study  investigated  Lactobacillus  plantarum PTCC 1058, Lactobacillus fermentumPTTC 1638and
their mixtures (as starter culture) ability to reducethe residual nitrite concentration, pH, acidity, mesoplilic
aerobic bacteria,lactic acid bacteriaand Enterobacteriaceae counts have been identifiedduring fermentation in
fermented sausages. L. plantarum, L. fermentum and mixed starter cultures with cell density of approximately
8.5×10 cfu/ml inoculated to sausagesbattercontained 120  sodium nitrite. Residual nitrite concentration8

was reducedto 86.6%, 76.1%, 81.9% in starter culture added sausages respectively (P<0.05) whereas sausage
undergoing spontaneous fermentation (control) decreased 29%of initial nitrite concentration present in
sausage. pH and acidity decreased (P<0.05) during fermentation period. At the same time,Enterobacteriaceaeand
mesoplilic aerobic counts decreased (P<0.05) in sausages and LAB counts increased (P<0.05) in all of the
sausages. The rapid abilities of LAB to reduce residual nitrite concentration inhibited the growth of
Enterobacteriaceae and bacterial load of sausages could be the reasons to produce of fermented sausage with
LAB starter cultures in Iran.
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INTRODUCTION positive effect on the hygienic properties of the product,

Fermented sausage is a very popular meat product in or production of antimicrobials [6]. A pH of 3.5-4 and
the world. Theymay be manufactured either traditionally other anti microbial substances produced by the
or commercially [1] andare made from sheep/beef -meat dominating LAB in addition to lactic acid have been
containing 18% fat-pork [2]. These products are reported to inhibit Enterobacteriaceae and other Gram-
manufactured without addition of starter cultures in small negative bacteria [7,8]. Other factors influence the
processing units, but it is not possible to insure that the survival of pathogen and spoilage microflora are amount
population and variety of microorganisms present in the of NaCl, nitrite water activity, choice of starter culture and
raw material will always be the same or behave the same addition of antimicrobial compounds, in other hand
way [3]. Gram- negative proteolitic such asPsudomonas, process variables like fermentation temperature and
Acinetobacter, Moraxella and lipolitic bacteria such as storage time play important roles [9]. Thus, use of Lactic
Psudomonas and Entrobacteriacea case several acid  bacteria (LAB)   as   starter   culture   can   improve
spoilages also biogenic amines can be formed by properties offermented sausages.However, starter culture
Porteusand murganellain sausages [4,5]. LAB have a mixturesare  addedin formulation [10]. The microorganisms

inhibiting pathogenic and spoilage flora by acidification
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of importance during fermentation and maturation of described by Sutton [20]. The accuracy of the McFarland
fermented sausages are Gram-positive and rod shaped standard  was verified by adjusting bacterial suspensions,
belonging to the genera Lactobacillus, Micrococcus and preparing serial 10-fold dilutions, then performing plate
Staphylococcus [2,3]. Nitrite causes some special counts [21,23]. Optical Density of microbial suspension
properties in both of heated or fermenting sausages such cultures were read in 600 nm with Jenway
as: color, flavor, prevention of oxidation, help to the spectrophotometer (JenwayUV 1653, LTD, UK). Starter
domination of gram-positive bacteria [6,11,12]. On the cultures were fixed in 8.5×10 cfu/ml. Pure L. plantarum, L.
contrary, it recognized as tratogenic and carcinogenic fermentum and mixtures of those cultures (1:1 ratio) were
substance  because   of   extreme   reductive   and used as starter cultures.
oxidative activities [2,12]. Moreover, consumption of
nitrite has been linked to methemoglobinemia and Sausage Preparation: Four samplesof fermented
incidence of cancers. Methemoglobinemia is a condition sausages were prepared as fellows: A control sample
where reduced iron(Fe )in haemoglobin is oxidized by produced without adding starter culture (spontaneous2+

nitrite to it’s maximum oxidized state (Fe ),thus reducing fermentation). Three more samples were produced with3+

the total oxygen carrying capacity of blood [13]. starter cultures containing one strain each of L.
Moreover, extensive experimental and epidemiological plantarum, L. fermentum and mixedculture inoculated into
data suggest that human are susceptible to the meat mixture (batter) of sausage as wet inoculums
carcinogenesis N-nitroso compounds resulted from (8.5×10 cfu/g). The raw materials and common ingredients
endogenous nitrosatoin reaction of nitrite [14]. There were used per Kg of meat mixture for the production of
have been many attempts to reduce the N-nitroso fermented sausages as showed in Table 1.The respective
compound concentration in  fermented  foods.  Lactic starter culture was added to each sample as a 5 ml wet
acid bacteria were found to contribute to the depletion inoculums per Kg of batter. In control sample, 5 ml sterile
nitrite in many fermented foods [15-17]. Moreover, saline water was added per Kg of batter. The meat was
researchers demonstrated that vegetable and sausage minced in meat grinder to about 1.5-2 cm. A Naturin Cutter
fermentation based on inoculation of starter cultures are (Naturin, Germany) was used for preparation of batter, the
more effective in lowering nitrite concentration and cutter was sterilized before the preparation of meat mixture
biogenic amins compared to spontaneous fermentation for each treatment. The spice mixture including starter
[3,17-19]. Unfortunately,not lack of fermented sausage but culture was added and mixed with minced meat in a cutter
over usage of nitrite in heated sausages, quickly selling for about 20 min at 5°C. The batter had been held for 12 h
and consumption of sausages by consumers is a problem at 4°C then were filled into artificial collagen casings
in Iran. However, in the present study we introduce novel (Germany) of 28 mm diameter, under aseptic conditions
fermented sausages with LAB starter cultures in order to using a filling machine (Naturin, Germany)  at  2°C  [1].
reduce nitrite risks. The sausages were fermented at 30°C, RH=90-95% for 4

MATERIAL AND METHOD (Figure 1). 

Material: Formulation was based on Iranian appetite and Sampling:   Sampling    performed   using   4   batches.
Halal meat production. Fresh boneless beef meat and fat The samples were sent by chilled air freight under aseptic
was purchased from industrial slaughterhouse. Raw condition to Institute of standard and industrial
material and common ingredients (Table 1) was obtained researches (Sanandaj, Iran). The residual nitrite, pH,
from “Tanita” factory. The lactic acid bacteria species acidity were determined on 0,1,2,… and 4th day of
were selected according to occurrence in fermented fermentation. The numbers ofEnterobacteriaceae,
sausage and availability in Iran. L.fermentumPTTC 1638, mesophilic aerobic bacteria and lactic acid bacteria
L.plantarumPTCC 1058 were obtained from Persian Type counted during fermentation. 
Culture Collection (PTCC). 

Starter Culture Preparation: MacFarland standards were aseptically, transferred to sterile plastic pouchesand
used to visually approximate the concentration of cells in homogenized  using-Stomacher  Lab-Blender  400
a suspension. The 0.5 McFarland was prepared as (Seward, UK) containing 225 ml 0.1% pepton water [23].

8

8

days as fermentation period in microaerophilic condition

Sample   Preparation    for   Microbiological   Analysis:
A sample of 25 g was removedfrom each sausage batch
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Fig. 1: Fermented sausages. (a):Sausages inoculated with L. fermentum, (b): Sausages inoculated with L. plantarum,(c):
Sausages inoculated with mixed culture,(d): Sausages with spontaneous fermentation

Table 1: Raw material and common ingredients used in fermented sausages

formulation.

Ingredient Quantity(g)

Beef  meat 85

Fat 1

Isolated  Soy Protein 5

Sodium chloride 2

Sodium nitrite 0.25

Sodium deltagloconolacto 0.37

Sugar powder 1

Sodium ascorbat 0.88

Black pepper powder 2

Poly phosphtate 1

Garlic 0.5

Special spices 1

Sample    Preparation      for       Chemical       Analysis:
A sample  of   200    g    wascut   into   small  spices
(5×5×5  mm)  and  homogenizedusing  a  Tefal blender
from each sausage batch.Twenty grams of the
homogenized   samples   wereused   for    the
determination of pH and acidity, the remainder of
homogenized samples used for residual nitrite
concentration determination [1].

Chemical Analysis 
Residualnitrite Concentration of Fermented Sausage:
Nitrite concentration was determinedin triplicate on
sausages according to the colorimetric method ofISIRI1

[24]. The nitrite analysis was based on water, protein
participation withdisodium tetra borate decahydrate
(Merck, Germany), potassium ferrocyanidetrihydrate
(Merck, Germany) in presence of zinc acetate dehydrate
(Merck, German)and photometric determination
(JenwayUV 1653, spectrophotometer, LTD, UK) of nitrite
after derivatisation withsulfanilamide and N-(1-
nephtyl)ethylene diamine in a hydrochloric acid
medium(Merck, Germany). The detection limit is 0.5-1
mg/kg. The absorbance of colored mixtures was red at 538
nmagainst the reagent blank. The calibration curve was
linear for 0-3000 mg/kg of nitrite.

Ttitratable Acidityandph: A sample of 10 g was
homogenized in 90 ml of distilled water [25] and pH was
determined by pH meter(WTW 720, Germany).
Titratableacidity was determined bytitrating the sample
filtrate with 0.1 N NaOH(Merck, Germany)with
phenolphethalein (0.1% m/v in 95% ethanol) as the
indicator [26].
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Enumeration of Lactic Acid Bacteria, Enterobacteriace, [33] also some strains of meat-borne lactobacilli exhibit
Mesophilic Aerobic Bacteria: Plate counts of mesophilic the essential activities like nitrate and nitratereductase,
aerobic bacteria were determined using the Spread Plate catalase, lipase and protease [34]. In the present study,
Method on Aerobic Plate Count Agar (PCA, Merck, sausages inoculated withL. plantarum included the
Germany) were incubated at 30°C for 24-72 h, as described lowest residual nitrite concentration. That was found in
by ISIRI [27]. Plate counts of lactic acid bacteria were previous  studiesL.  plantarum  has nitritereductas
counted using Pure Plate Method on de Man, Rogosa and activity in both aerobic and anaerobic conditions [35,36].
Sharpemedium(MRS, Merck, Germany) were anaerobically LAB areidentified as nature microbial flora in meat
incubated at 30°Cfor 48-72 h [28]. Enterobacteriaceae normally, besides some nitrite/nitrate reducing bacteria
numbers were counted usingMost Numbering Probability like: Enterobacteriacea may be in meat mixture. But when
(MNP) method on PeptonWater Broth(PWB, Merck, LAB starter cultures were inoculated into the sausages,
Germany) medium then EE broth and Violet Red Bile they quickly proliferated, produced acid, became the
Glucose Agar(VRBG, Merck, Germany), finally incubated dominant spices and inhibited the growth of nitrite/nitrate
at 37°C for 24 h [29]. reducing bacteria and at the same time, as population of

Statistical Analysis: An ANOVA was performed for both reduced more rapidly. High correlation between the nitrite
chemical and microbial data as a function of fermentation content of fermented sausages and their pH values during
time to determine significant differences (P<0.05) using fermentation [3]. A 0.2 pH unite reduction results at the
SPSS version 9.0 software. Means were compared using doubling of the depletion rate of nitrites [37]. Reduction
the Duncan’s multiple test range. of residual nitrite concentration in samples inoculated

RESULTS AND DISCUSSION 86.6%, 76.1% and 81.9% of initial nitrite concentration

Residual Nitrite Concentrations: It has been known for was reduced as a result of spontaneous
years that Nitrite and N-nitroso compounds are fermentation.Other researchers found that some LAB
recognized   as    carcinogenic    substance    in   foods. reduced nitrite concentration and suggested that the LAB
The residual nitrite concentrations are shownin Figure 2. were responsible for 30% of nitrite loss in Bologna [33]. 
Nitrite concentration of sausages inoculated with starter
cultures were significantly lower than that of spontaneous Acidity of Sausage: Changes in pH and acidity of
fermentation  during  the  fermentation  period (P<0.05). sausages  are  shown  in  Figures  3 and 4 respectively.
The  nitritewas  addedinto  the  batter  in  all  samplesi.e The initial pH value was approximately 6.15.pH of
120 mg/Kg.The nitrite concentration was reduced to a inoculated samples was quickly reduced in the first 3 days
mean content of62 mg/Kgafter5 hours. This very rapid of fermentation in due to fermentation to organic acids of
reduction in the nitrite content of meat mixtures is the carbohydrates occurred in sausages by LAB.pH of
most likely that they have high reactivity [3,30]. The nitrite starters cultures added sausages were lower in the
content  of  inoculated sausages were reduced(P<0.05) beginning of fermentation than the pH of sausage
on 3th day. At the end of fermentation period, the residual undergoing spontaneous fermentation (P<0.05). At the
nitrite concentration of control sample was approximately end offermentation, pH of sausage inoculated with mixed
48 mg/Kg and that of sausage withL. fermentum, L. starter culture was approximately 3.5. There is no
plantarumandmixed culture were approximately 41.0, 29.5 significantdifference (P>0.05) betweenpH of the samples
and 38.0mg/Kg respectively. LAB reduced nitrite inoculated with L. plantarum and L. fermentum, they
concentration  from  1000  to  200 mg/Kg in pork [31]. decreased to 4.5 and 4.2 respectivelywhile control sample
Nitrite concentration was reduced from 150 to 2 mg/Kg in was approximately 5.4 at the end of fermentation period.
Sucuk during fermentation [2]. Other researchers The results were in agreement with the literature that pH
demonstrated that L. plantarum and L. lactis reduced values of fermented sausages decreased sharply at the
nitrite  concentration  in  curd  and  minced  meat   [32]. first 3 days of fermentation [1,3,23].The lowering pH at the
Tow mechanisms namely chemical depletion and beginning of fermentation is an essential requirement
enzymatic reduction during LAB growth lead to depletion because ofit’s contribution in the inhibition of the
of nitrite [34]. Some lactobacilli isolated from cured meat undesirable microorganisms and accelerate proliferation
products have capable ofenzymatically reducing of nitrite of  LAB  in  batter.Asignificant  negative   correlationwas

LAB grew present nitrite on the sausages could be

with L. plantarum, L. fermentum and mixed culture were

respectively. On the other hand, about29% of initial nitrite
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Fig. 2: Residual nitrite concentration in sausages samples during the 4-day fermentation

Fig. 3: Changing pH of sausages during fermentation.
Symbols: (?):Spontaneous fermentation,(¦):Inoculated sausages with L. plantarum,(?):Inoculated sausages with L.
fermentum ,(×):Inoculated with mixed culture .a-c: Means in  the same fermentation time  with unlike letters are significant
different. (P<0.05).

Fig. 4: Changing pH of sausages during fermentation.
Symbols: (?):Spontaneous fermentation,(|):Inoculated sausages with L. plantarum,(?):Inoculated sausages withL.
fermentum,(×): Inoculated sausages with mixed culture. a-c: Means in the same fermentation time with unlike letters are
significant different (P<0.05)
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Table 2:Lactic acid bacterial, Mesophilic aerobic bacterial and Enterobacteriacea counts of sausages during fermentation.
Fermentation (d)
-----------------------------------------------------------------------------------------------------------------

Treatment 0 1 2 3 4
Lactic acid bacterial Control
(Log cfu/gr) (Spontaneous fermentation) 4.84±0.02a 4.93±0.01a 5.22±0.03a 5.37±0.03a 5.91±0.07a

L. plantarum 6.80±0.02b 7.03±0.01b 7.22±0.01b 7.86±0.02b 9.06±0.04b
L. fermentum 6.44±0.02b 6.90±0.06c 7.02±0.04b 7.71±0.06b 8.92±0.06b
Mixed culture(1/1) 6.83±0.01b 7.73±0.01d 7.93±0.01c 8.13±0.08c 9.53±0.01c

Mesophilic aerobic Control
bacteria (Log cfu/gr) (Spontaneous fermentation) 5.80±0.11a 6.03±0.13a 6.20±0.06a 6.95±0.05a 6.97±0.06a

L. plantarum 6.89±0.01b 7.26±0.01b 7.64±0.01b 6.66±0.06b 6.20±0.08b
L. fermentum 6.82± 0.02b 7.76±0.06c 7.80±0.04c 7.24±0.12c 6.53±0.07c
Mixed culture(1/1) 7.16±0.01c 7.83±0.3c 7.93±0.01c 5.96±0.02b 6.13±0.02b

Enterobacteriaceae Control
(Log cfu/gr) (Spontaneous fermentation) 3.76±0.11a 3.70±0.13a 3.66±0.06a 3.50±0.05a 3.22±0.06a

L. plantarum 3.86±0.01b 3.60±0.07b 3.41±0.07b 2.96±0.1b 2.26±0.04b
L. fermentum 3.86± 0.02b 3.73±0.05c 3.45±0.14c 2.50±0.11c 1.59±0.03c
Mixed culture(1/1) 3.66±0.51c 3.47±0.3c 1.94±0.08c 1.63±0.02b 0

a-d: Means in the same fermentation time with unlike letters are significant different (P<0.05).

found  between  pH  values  of  fermented  sausages  and L. plantarum added sample at the end of
the  LAB  count  throughout  the  fermentation  time  [3]. fermentation(P>0.05).However, LAB numbers in
As indicated in Table 1, the LAB number of control inoculated samples were higher than control samplesat all
sausage was significantly lower than the number of the times of fermentation(P<0.05). In conclusion, the LAB
samples with starter cultures so decreasing of pH value cultures had a rapid growth and dominated the population
was slightly. Changeof pH value of fermented sausages of LAB duringfermentation process as they were well
reflected the amount of lactic acid produced during adopted to the fermentation process. Similar results have
fermentations. Lactic acid increased more rapidly in been reported by other researchers [2,3,38]. The result
sausages inoculated with mixed starter culture (Figure 4) showed that the numbers of LAB and mesophilic aerobic
and lactic acid concentration  in  sausages  fermented bacteria are approximately the same in the beginning of
with starter cultures was higher than that of spontaneous fermentation whereas the proliferation of mesophilic
fermentation during the whole fermentation. Acidity of aerobic bacteria was similar to that of LAB by the second
treatmented samples with starter cultures increased day (Table 2). Starter culture application resulted in with
sharply after 2 days of fermentation. Pure L. plantarum an immediate increasing of the microbial population then
and L. fermentum showed the same fermentation activity, it reduced by 1-2 log cycle. On the contrary,the number of
L. plantarum belong to facultative both mesophilic aerobic bacteria and LAB continuously
heterofermentativesand L.fermantum belong to increasedand slowlyincreasedin control samplesas shown
obligativeheterofermentatives. The lactobacillus strains in Table2. Natural LAB strains in meat have probably no
showed synergistic effective obviously in mixed starter enough fermentation activity due to reduction of microbial
culture added fermented sausages(Figures 3,4). load in sausage. At the end of fermentationthe number of

Numbers of Lactic Acid Bacterial, Mesophilic Aerobic inoculated with starter cultures but there is no significant
Bacterial and Enterobacteriaceae: The number of LAB, difference (P>0.05) between inoculated samples with
mesophilic aerobic and Enterobacteriaceae of fermenting L.plantarum  and mixed starter cultures. Asshown in
sausages are shown in Table 2. The dominance of LAB is Table 2 all of the fermented sausages showed decreases
a basic requirement for the successful production of (P<0.05) in number of Enterobacteriaceae during
fermented sausages. The number of LAB in sausages fermentation. After 2 days of fermentation the total
increased(P<0.05) during fermentation and drastic Enterobacteriaceae count of sausage control samplewas
increments were found in sausages fermented with starter approximately 5,10,24 fold higher than those in the
cultures. LAB number of samples with L. fermentumslower inoculated sausage samples with L. plantarum, L.
increased than that of other inoculated samples during the fermentum and mixed starter culture respectively. When
fermentation process and reached the same level with the compared with the others, inoculated sausage samples

mesopilic aerobicbacteria decreased (P<0.05)in sausages
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with L.fermentum and mixed culture showed more drastic 6. Villani,  F.,  A.  Casaburi,  C.  Pennacchia,  L.  Filosa,
decreasingin Enterobacteriaceaecount. At the end of F. Russo and D. Ercolini, 2007.Microbial ecology of
fermentation, Enterobacteriaceae was not detected in the Soppressata of Vallo di Diano, a traditional dry
sausage  was  I noculated with mixed starter culture. fermented sausage from Southern Italy and in vitro
Similar results have been reported by other researchers and in situ selection of autochthonous starter
[3,4,10,39,40] also lactic acid fermentation inhibited the cultures.  Applied  and  Environmental  Microbiol.,
proliferation of Gram-negative pathogenic bacteria 73: 5453-5463. 
including toxicogenic Eschrichia coli, Comylobacter 7. Navarro,  J.L.,  A.  Marco  and  M.   Flores,   2006. The
jejuni and Shiglla flexneri [41]. As indicated, the results influence of nitrite and nitrate on microboil,chemical
clearly  showed  that  LAB  colonized in the sausages and sensory parameters of slow fermented sausage.
more efficiently than LAB in spontaneous fermentation. Meat Sci., 73: 660-673.
Furthermore, results showed that the used bacteria act as 8. Phromraksa, P., P. Wiriyacharee, L. Rujanakraikarn
protecting agent in all the inoculated sausages. and P. Pathomrungsiyungkul, 2003. Identification of

main factors affecting quality of Thai fermented Pork
CONCLUSION sausage (SaiKrokPrew). CMU J., 2(2): 89.

Lack of fermented foods or  functional  foods  such P. Tepkasikul, A. Panya and R. valyasev, 2011.
as fermented sausages in Iranian markets, is a major Biogenic amin formation in Nham, a Thai fermented
problem. In   the  other  hand  progressive  consumption sausage and the reduction by commercial starter
of heated sausages is a problem too, by childspecially. culture, Lactobacillus plantarum BCC 9546. Food
However, this study showed that LAB strainsare able to chemistry, 129(3): 846-853.
reduce the concentration of nitrite and they can be used 10. Bozkurt, H. and O. Erkmen, 2004. Effect of
asstarter cultures in some fermented foods. Fermented temperature, humidity and additives on the formation
sausages with LAB cultures can more rapidly reduce the of biogenic amines in sucuk during ripening and
residual nitrite concentration than spontaneous storage periods. Food Science and Technology
fermentation. L. plantarum has the highest potential to International, 10: 21-28.
reduce of residual nitrite concentration and microbial load 11. Hammes, Wlter. P., 2011. Metabolism of nitrite in
in fermented sausagewhereas fermented sausageswith fermented  meats: The characteristic feature of
mixed LAB culture could reduce microbial load too. specific group of fermented foods. Food

REFERENCES 2011, Elsevier.

1. Bozkurt, H. and M. Bayram, 2006. Color and textural M. Noori Sepehr, 2008. Determination of nitrite
attributes of  sucuk  during  ripening.   Meat   Sci., concentration of sausages at Semnan state. Payesh,
73: 344-350. 7(3): 197-202.

2. Bozkurt, H. and O. Erkmen, 2002. Effect of starter 13. Majumdar, D., 2003. The blue baby syndrome:nitrite
cultures and additives on the quality of Turkish style poisoning humans. J. Resonans, 10: 20-30.
sausage (sucuk). Meat Sci., 61: 149-156. 14. Caballero-Salazar,    S.,  L.      Riveron-Negrete, M.G.

3. Baka,   A.M.,    E.J.    Papavergou,    T.     Pragalaki, Ordaz-Tellez, F. Abdulaev and J.J. Espinoza-Aguirre,
J.G. Bloukas and P. Kotzekidou, 2011. Effect of 2002. Evolution of the anitmutagenic activity
selected autochthonous starter cultures on vegetable extracts using an in vitro screening test.
processing and quality characteristics of Greek Proceeding of the Western Pharmacology Society,
fermented sausages. LWT-Food Science and 45: 101-103. 
Technol., 44: 54-61. 15. Oh, C.K., M.C. Oh and S.H. Kim, 2004. The depletion

4. Jay,   James    Monroe,  Food  spoilage,  1998. of sodium nitrite by lactic acid bacteria isolated from
Modern Food Microbiology. Mortazavi A, A. Kimchi. J. Medicinal Food, 7(1): 38-44.
Motamedzadegan, M. Alami, K. Nayebzadeh. 16. Oh, C.K., M.C. Oh and  J.S.  Hyon,  1997.  Depletion
Ferdowsi University Press, pp: 220-222 of nitrite  by  lactic  acid  bacteria isolated from

5. Rokni, N., 2001.Meat Science and Technology (10th kimchi (I). Korean J. Food Science and Nutrition, 26:
Ed). Tehran university press, pp: 226-237. 549-555.

9. Tosukhowong, A., W. Visessanguan, L. Pumpuang,

Microbiology.Article in press. Available online 7 July

12. Nassehinia,  H.R.,  M.  Mehdinia,  R.  Ghorbani  and



World Appl. Sci. J., 18 (4): 493-501, 2012

500

17. Yan,  P.M.  W.T.  Xue,  S.S.  Tan,  H.  Zhang   and 28. Institute   of    Standards   and  Industrial  Research
X.H. Chang, 2008. Effect of inoculating lactic acid of Iran (ISIRI), 1998. NO:4721. Enumeration Of
bacteria  starter  cultures  on  the  nitrite mesophilicLactic acid Bacteria in food stuffs - colony
concentration of fermented Chinese Paocai. Food count Technique at 30°C. Tehran, Iran.
Control, 19: 50-55. 29. Institute   of   Standards   and   Industrial   Research

18. Friendrich, L. and L. Kurl, 2000. Quality and safety of Iran (ISIRI), 1999. NO:2461-1. Microbiology of food
issue in fermented meat product. Meat Fermentation, and   animal    feeding   stuffs-Horizontal   methods
35: 45-18. for the detection and enumeration of

19. Yang, X.M. Q.M. Liu, L.F. Xi and X.Y. Xu, 2003. Enterobacteriaceae - Part 1: Detection and
Effect of fermentation inculcated lactobacillus on enumeration by MPN technique with per-enrichment.
quality and nitrite content of Chinese sauerkraut. J. Tehran, Iran.
Zhejiang Agriculture University, 29(3): 291-294. 30. Cassens, R.G., M.L. Greaser, T. Ito and M. Lee, 1979.

20. Sutton, Scott. 2006. Measurement of Cell Reactions   of   nitrite   in  meat.  Food  Technol.,
Concentration in Suspension by Optical Density. 33(7): 45-57.
Pharmaceutical  Microbiology   Forum    Newsletter, 31. Woodbury,  B.L.,  1984. Effect of lactic acid bacteria
12(8): 4-13. on residual nitrite in a summery style sausage. J. the

21. Jorgensen, J.H., J.D. Turnidge and J.A. Washington, Science of Food and Agriculture, 84: 279-284.
1999. Antibacterial susceptibility tests: dilution and 32. Panthitra,  P.  and  V.  Contipra,  2005. Identification
disk diffusion methods. In: Murray PR, Pfaller MA, of main factors affecting quality of Thai fermented
Tenover FC, Baron EJ, Yolken RH, ed. Manual of Pork sausage. Food Control, 17: 86-88.
clinical microbiology (7th Ed). Washington DC, ASM 33. Dodds, K.L. and D.L. Collins-Thompson, 1984.
press, pp: 1526-1543. Incidence of nitrite depleting lactic acid bacteria in

22. National  Committee for Clinical Laboratory cured meats and in meat starter cultures. Food
Standards  (NCCLS),  1999.  Performance standards Protection, 47: 7-10.
for antimicrobial susceptibility testing; ninth 34. Hammes, P.W., B. Annegret, M. Seunghwa, 2006.
informational supplement. Wayne, Pennsyslvania. Lactic acid bacteria in meat fermentation. FEMS.
Document, M100-S9. 19(1): Table 2I. Microbiology Letters, 87(1-2): 165-174.

23. Institute of Standards and Industrial  Research of 35. Frederic, L. and D.V.  Luce,  2004.  Lactic  acid
Iran  (ISIRI),  2007.  NO:8923-2.  Microbiology of bacteria as functional starter cultures for the food
food and animal feeding stuffs - Preparation of test fermentation industry. Trends in Food Science and
samples,  initial  suspension  and decimal dilutions Technol., 15: 67-78.
for  microbiological  examination-  Part 2: specific 36. Wolf. P.W. Hammes, 1987. Effect of hematin on the
rules for the preparation of meat and meat product. activities of nitrite reductase and catalase in
Tehran, Iran. lactobacilli. J. Archives of Microbiol., 149: 220-224.

24. Institute of Standards and Industrial  Research of 37. Sebranek, J.G., 1979. Advances in the technology of
Iran (ISIRI), 1991. NO:923. Determination of Nitrite nitrite use and consideration of alternatives. Food
Concentrate (3th Ed). Tehran, Iran. Technol., 33(7): 58.

25. Institute  of  Standards and Industrial Research of 38. Talon,  R.,  S.  Leroy,  I.  Lebert,  P.   Giammarinaro,
Iran (ISIRI), 1995. NO:1028. Meat and meat products J.P. Chacornac and M. Latorre-Moratalla, 2008. Safety
measurement of pH (3th Ed). Tehran, Iran. improvement and preservation of typical sensory

26. AOAC, 1999. Official method of analysis of the qualities of traditional dry fermented sausages using
association of official analytical chemists (15th Ed). autochthonous starter cultures. International J. Food
Arlington, VA. Microbiol., 126: 227-234.

27. Institute  of  Standards and Industrial Research of 39. Belgin,  S.,  O.   Mehmet   and  Y.  Hedayet,  2005.
Iran  (ISIRI), 1996. NO:5272. Microbiology of food The  microbiological quality and residual
and  animal  feeding  stuffs - Horizontal method for nitrate/nitrite levels in Turkish sausage (soudjouck)
the enumeration of microorganisms-Colony count produced in Afyon Province. Turkey Food Control,
technique at 30°C. Tehran, Iran. 17: 923-928.



World Appl. Sci. J., 18 (4): 493-501, 2012

501

40. Casaburi, A., M.C. Aristoy, S.D. Cavella, R. Monaco, 41. Svanberg, U., E. Sjogren and W. Lorri,  1993.
D. Ercolini and F. Toldrá, 2007. Biochemical and Inhibited growth of common enteropathogenic
sensory characteristics of traditional fermented bacteria in Lactic -fermented cereal gruels. World J.
sausages of Vallo di Diano (Southern Italy) as Microbiology and Biotechnol., 8: 601-606.
affected   by   use   of  starter  cultures.  Meat  Sci.,
76: 295-307.


