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I'ltrodiuction
In 1982

^ o utb reak  of human salm onellosis occurred in C a lifo rn ia  as a re su lt
raised thP t l° n oF Basturma, an armenian-type dried beef product. The outbreak 
Products 6 t,uestlon of the sa fe ty  of th is  and other ethnic sp e c ia lty  meat 
the Count-Pr° / UCec* b-X smai i  p lants and frequently d istrib u ted  to many parts of 
Pdr t iCui ar,y l Johnston* 1^83, Dairy and Food S an ita tio n , 3 :4 1 5 ). Basturma, in 
^de f r r * *s very popular in Eastern Mediterranean countries where i t  is  
^ 'toh n r or camel meat (Abdallah , et a l , 1978, Annals A q ric . Sc.
$&nitendi 9 : ^ 5 ) .  I t  is  made in the USA by curing the whole beef 
temper  ̂ nosus muscle  with in jected  brine (NaCl, NaNO?) and dry s a lt  at room 
0f W s ^  ^°r   ̂ to 5 days. The product is  then soaked in water fo r a couple 
aPditi0nl ] V ed Eor 3 to 4 days, next pasted with sp ices , dried for 3 to 5 
^ddressj- days and tben stored in the re fr ig e ra to r u n til used. L ite ra tu re  
Eduction bbe sa fe ty and technology of Basturma with respect to i t s  
Survivai nf 1i  tbe LISA is  completely absent. In th is  study we determined the 
?ethods meat brines and the product made under trad it io n a l
b°th the d Ehen we "developed thermal processing approaches which assured 
cf,araci-^-e^ ru c t ’ on ° f  salmonell ae and the preservation of product 

'•'•eristics.
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Basturma. Fresh whole Semitendinosus muscle (eye of the round) 
'"Pscie /  ̂ at d e live ry  time from the local supermarket. A fter trimming the 
wHh iQy . ° ‘ e or cut lo n g itu d in a lly  into two h a lv e s ) , i t  was then in jected 
*ere p la r lZ 'T ' brine made of 25% NaCl and 0.2% NaN02 in  water. The muscles 
!eveis ’ n s ta in le ss  stee l pans and dry NaCl was added to th e ir  surface at 
; requent * 10*  (w/w). The meats were cured at 4'C fo r up to 6 days with
the ,r|eatsr0 ta t 0̂n to increase un iform ity in brine penetration. A fter cu ring , 
ar|d ^atedW6re ?oa*<ed in water fo r 1 hour at room temperature and then drained 
w*s q0ne . or simply hung for drying at room temperature (20-25’ C ). Heating 
Were recq1!] an a ir  c irc u la t in g  laboratory oven. Oven and meat temperatures 
Con>Puter every 5 minutes using thermocouples and a Hewlett Packard 85 
Predeterm-  ̂ a data aq u isitio n  control un it (No. 3Y97A). A fte r drying fo r a 
^at w e iahJf time each muscle was pasted with a mixture of spices (21 . 1% of 
'0er'ugrep|(t ' in  water (26.40% of meat w eight). The spices included f lo u r ,
*ere d rief/  pepper» cumin, g a r l ic ,  paprika and food c o lo r . Next the meats 
n, Yses aqai" f ° r  a desired time (u su a lly  3-4 days) and then re fr ig e ra te d .

/ .T m̂eaL fo r water, NaCl, b rine and pH were done according to standard 
S <*-0.A.C. 1975).

a fte r storage for 28 days, at 4°C and by 6 DR a fte r storage fo r 4 days at 
20’ C. Overall S. e n te r it id is  survived 20 hours at 37’ C, 4-7 days at 20’ C and 
8-10 weeks at 5^C. Su tti aux"' and Moriamez (1958, Proc. 2nd In te r . Symp. Food 
M icro b io l., p. 247) observed 1.24 DR of Salrnonella in 23.5% brine with 7000ppm 
n itra te  in 15 days at 6 ’ C and 5.58 DR in 4 days at 15’ C. In meat broth with 
the same brine concentration they observed 0.33 DR a fte r  15 days at 6’ C and 
1.21 DR a fte r 16 days at 15“C. In meat broth with 23.5 NaCl and llOOppm 
n i t r i t e  the authors observed 0.65 DR a fte r  15 days at 6 ’ C and 1.59 DR a fte r  15 
days at 15’ C. These and other authors have demonstrated the reduced lethal 
action of NaCl at low temperatures (Ingram and K itc h e ll 1967, J .  Food Technol. 
2 :1 ) .  Overall the e ffe c t of NaCl on Salm onella growth and su rv iva l is  
affected by i t s  concentration, Salmonella level and s t ra in , nature of 
sub stra te , pH, Eh and temperature (GenTgeorgis, et al 1977, Proc. 7th In te r . 
Symp. WAVFH p 269). In the present study curing of meat at room temperature 
could accelerate  Salmonel la  destruction in ce rta in  spots, .yet possib le slow 
s a lt  penetration c o u li  aTso allow growth of th is  and other pathogens before 
the brine reaches in h ib ito ry  le v e ls .

Su rv iva l of Salmonel la  during t r a d it io nal Basturma processing . Basturma was 
made as deTcri bedTn"The methods without “or with 10*  g'l'ucose in the in jected  
brine and 5% glucose in the dry s a l t .  A fter one day curing at 4*C, the 
Salmonella pool was inoculated in m ultip le  locations and the curing was 
extended for 5 more days. A fte r cu ring , the meat was hung fo r 3 days at room 
temperature, then pasted and rehung fo r another 5 days. The presence of 
glucose in the meat did not cause any decrease in the regular pH (5 .3 -5 .5 )  of 
Basturma. This was probably due to the repression of the la c t ic  acid b acteria  
by the hiqh brine concentration (>8%) in the meat durinq curing , and more than 
15% a fte r drying . The inoculated salmonellae decreased by about 1 DR (F igure 
3) during the curing , 0 .68-0 .82  DR during the drying and 0 .04-0.18 DR during 
the drying a fte r pasting . Overall the commercial method of processing without 
use of heating could cause 1 .68-2.1 DR to the inoculated salm onellae. This 
means that leve ls  of contamination greater than 48-126 c e lls /g  w il l  re su lt  in 
su rv iva l in the fin ished  product.

E ffe c t of thermal processing on SalmonelI a destruction in Basturma. To 
minimize the potential of "?aImon'e 1 ia  su rv iva l“"in* the fin ished  product, a 
heating step a fte r curing was evaluated in a number of experiments. To 
accelerate  s a lt  and heat penetration and improve product un ifo rm ity , each 
muscle was s lice d  into two halves (about 5 cm d iam eter). Curing was based on 
10% in jected  b rine , a 4.7-10% addition of dry s a lt ,  and storage at 4*C fo r 6 
days. A fter curing the meats were soaked in water fo r 1 hour', drained and 
then cooked. Salmonellae were inoculated e ith e r before curing or heating .
Meat segments containing the inocula were cut and analyzed, u sua lly  at hourly 
in te rv a ls . Cooked meats were d ried , pasted with unacid ified  paste and dried 
again fo r a predetermined tim e. Selected experimental data are presented in 
tab les 1 and 2. Heating in the laboratory oven was not uniform. Pieces of 
meat on the top rack showed fa s te r  heat penetration. Th is did not a ffec t the 
experiments because heat penetration for each meat piece was monitored with 
thermocouples. Since d irec t p lating  on XLD agar gave lower Salmonel1 a counts 
than p lating  on BHI agar, only the la tte r  counts are reported ’in the fa b le s . 
Due to va ria tio n s  in the in i t ia l  meat temperature, brine concentration, 
inoculu s iz e , and heat penetration ra te s , i t  is  d i f f i c u l t  to make p rac tica l 
comparisons of the various experiments. N evertheless, some conclusions can be 
drawn. Curing of meat with 10% in jected  brine (w/w) and 5% or more dry s a lt

a and count i nq. Serotypes S . typhi murium, S . in f  a n t is , and 
1nfu^KiïTT&uiie used as pooled inocula o f 24“ hour cu ltu res in brain heart 
Present in k - broth at Predetermined le v e ls . The salmonellae that were 
7nars (D if > nes were counted by p lating  appropriate d ilu t io n s  on XLD or BHI 
b-90q nf C0 ‘ Salmonellae present in meats were counted by homogenizing 

°n xLD anĤ oû r w’ tb 560-720 ml Se len ite-Cystine  broth (D ifco ) and then p lating  
ji^moneii agars. For the detect ion of low le ve ls  of surviving  
h en plat h the above homogenate was enriched fo r 18-24 hours at 37’ C and 
.  r ’ nq oo.XLD and BHI agars. Studies on Salmonella su rv iva l in meats
' “ ' t u ? , ,11? v a r'ous stages of meat processing wereTaseiTon O .oi mi of pooled 
i , n9 i t s  ?0cu]ated In m ultip le locations in  the deepest part of each muscle 

ongitudinal a x is . At d iffe re n t in te rv a ls , segments of the muscles 
Sd^onei i f acb' containing the ind iv idual inocula were cut and analyzed for 

1 s/sen 6 dS descr’ bed above. Surviving  salmonellae are reported as 
re<,uctions?nD \ From th? ) ni tia1  inoculum and the surv iv ing  c e l l s ,  the decimal 
We,"e catr , of the in i t ia l  population exposed to a p a rt ic u la r environment 

d |culated and reported.
^esuitc

---- ¿Hf? Conclusions

Ban Ur C ' 2e bhe potentia l of Salmonella growth during the processing of 
1nCriminaf°!?e of our ®ar1-Y recommendations to the manufacturer of the 
}Uppi1er,  eb Product included: 1) avoiding the purchase of beef from 
h?Crease fh tran sP°r t  and sel1 both beef and poultry meat together; 2 )
Ii?her by th rar,°^nt' 0f- 1n̂ ecte<1 br.ine to obtain a leve l o f 8% brine in me 

afte racin curin9 and; 5) a c id ifin g  the paste to pH 3.4 with food grade 
j^’nionen ĥe âst aPPpoach was found experim entally to cause 0.79 DR of 
S  c°mDar?e present on the surface of Basturma (9% b rine ) per day of dryin
thft - _ *SOn_ th o  r o m i l  a r  n a c t p  r a i . r  O HD i . .  . r  .

Wdter a ftQtbe end of the curing ; 3) cure at 4 ’ C, soaking the meat in cool 
dce t ic

•he s a li^ IS? , ’ the regular paste caused 6.34 DR and in the absence of paste 
r>ing ê , *ae died on the surface of Basturma at a ra te  of 0.27 DR/day of 
?2r ic b U i]r°nSequent monitoring of the fin ished  product by U .S . Department of 

Bastu 6 personne] demonstrated the potentia l su rv iva l of Salmonella  during 
rtbe$e ^  j 1?3 Processing even a fte r implementation of the recommenJed“ cfi’anges. 
a rin9 t hninqs. 1ed to 3 reexamination of Salmon e lla  su rv iva l in the product 
*ve l0p ? var i°u s  stages of production. AddTtTonal e ffo rts  were made also to 
a^onei i  te roative  processes which included a heating step to destroy the 

Eff 36 bresent i n i t i a l l y  in the raw beef.

^ t V T ^ r r ^ i t  on Salmonella destruction in broth and curing b rin es . BHI 
HbCu^tpH^: ^ w^th T .T ,- T . ff” and 15.2% NaCl and "meat Ju ice s  wiTFT5% NaCl were 

fn<1 no 4 tb ĥe Salmonella  pool and stored at 4 ‘ C. As shown in Fiqures 1 
' r st 8 j  s i 9n ifican l"d ecre ase  of Salmonel1 a leve ls  were observed during the 

b • h indi^S ° F st°rag e . These findings are in agreement with reported data 
r in . ’ cated the su rv iva l of salmonellae for weeks in cured meats and- -  . ■ uv. ■ W. " « » J  III V.UI cu Micao anu
*t. 17• cc7\*̂ P to 25% s a l t .  Morazza and C resp i, (1963, A tt . Sco. I t a l .  Sc1. 
,atur i 1J35' )  reported that two months storage at room temperature ofacUr̂ -j '

contaminated salami with 23% b rine  did not cause complete 
9.1 ?« 2f. Salmonel la . Ninety percent destruction of Salmonella in bacon 

&5?erved t00k place 1n 4 weeks at 5’ C and 98.5% d estru c lion  was
tKP‘ P 9q\̂  (Bardsley and Tay lo r, 1960, B r. Food Manuf. Res. Assoc. Res. 
tk 1 $. ‘ ^hlpp (1958, Proc. 2nd In te r . Symp. Food M icrob io l, p 227) found
nat Tn j ^-er1L id ls  died fa s te r in s a lt  at 20’ C than at 5’ C. He reported 

meat extrac t broth with 25% NaCl S . enter i t i d is  decreased by 4 DR

and storage at 4°C fo r 6 days to accomplish 8% or more brine in the center of 
the meat, caused 0 .96-1.10 DR to in i t i a l l y  inoculated salm onellae. Heating 
the meat to a maximum internal temperature ( I . T . )  of 4 9 .3 ’ C w ith in 6 hours 
caused >1.22-3.24 DR. Boosting the in te rna l temperature to 53*C w ith in  6 
hours increased the DR to 2 .93 -3 .20 . Because of the in te rrup tion  of the hours 
heating process to c o lle c t  the inoculated meat- segments every hour, the above 
Salmonella le th a l i t ie s  do not exactly  p a ra lle l the f u l l  impact expected during 
an uninterrupted commercial heating process.

The e ffe c t of cu ring , uninterrupted heating and drying on Salmonella su rv iva l 
was evaluated in one experiment. Meat ws cured with 10% brine and 4.7% dry 
s a lt  at 4 ’ C fo r 6 days. Th is curing resu lted  in a meat brine of 8-9.8%.
Using an oven temperature of 59*C, the in te rna l meat temperature was ra ised  to
51.8 w ith in  6 hours a fte r which the meat was dried fo r 3 days. None of the
2.8  x 10  ̂ and 2.8  x 104 salmonellae inoculated per meat segment survived 
the curing , cooking and drying steps ind icating  a reduction of greater than 
4.45 DR. As a re su lt  of cooking, the meat lo st more than 10% of i t s  weight. 
The to ta l weight loss during the drying period was 7.5-12.5% fo r the f i r s t  
day. 14-19% fo r the f i r s t  2 days and 17.8-24.5% fo r the f i r s t  3 days. The 
f in a l b rine in the meat ranged from 11 .5-16.4 and the pH from 5 .3 -5 .5 . As 
expected, heat damaqed salmonellae continue dying during the dehydration step. 
In one set of experiments (Table 1 ) , drying fo r 4-6 days, a fte r heating to
I .T .  46 .4-48 .6  in 4-5 hours, resu lted in 0 .94-1 .48  DR in addition to the DR 
obtained by heating . Drying a fte r pasting gave an add itional 0.43-0.57 DR 
which is  by fa r  greater than the 0 .04-0 .18  DR obtained fo r the same step of 
processing under the trad it io n a l method (using no heating ).

Published data indicated that NaCl a ffe c ts  both the heat re sistance  of micro
organisms as well as th e ir  recovery a fte r heat s t re s s . The heat resistance  

i s  affected by: 1) the organisms beinq exposed to NaCl before heating ; 2) the 
water a c t iv it y  ( aw) of the heating medium and the nature of humectant used 
to adjust the aw and; 3) the presence of NaCl in the recovery medium.
Growth or preincubation of various organisms, including Salmonella in the 
presence of increased NaCl concentrations, has resu lted  Tn increased heat 
re sistance  when the heating took place in media containing high NaCl concen
tra t io n s  (Sofos, 1983, J .  Food Sa fe ty , 6 :4 5 ) . In the absence of experimental 
data we speculate that th is  might be the case in heated Basturma too. In 
general, a decreased aw in the heating medium increases the heat resistance  
of microorganisms by protecting them from thermal in ju ry  and d estruction .
Th is is  e xp e c ia lly  true when weak e le c tro ly te s  l ik e  sugars are used as 
humectants. The p ictu re  with respect to NaCl and SaImone11 a is  not very c le a r 
and i t  may d if fe r  with NaCl le v e l, s tra in  and medium  ̂ (Tôfôs, 1983; C o t te r i ll  
and G lauert, 1969, Poultry S c i . 48:1156; Ba ird -Parker, et a l ,  1970, J .  Appl. 
Bact. 33 :575). According to the la t te r  authors, the re sistance  of heat 
re s is ta n t s tra in s  was genera lly decreased in the presence of NaCl, whereas 
that of the heat se n s itive  s tra in s  was increased. In our study (Table 2 ) ,  we 
found in d ica tio n s , only in one instance, that higher brine le ve ls  caused 
fa s te r destruction of salmonellae durinq the heating of Basturma; the presence 
of NaCl in the recovery medium seems to minimize the recovery of therm ally 
in jured salmonellae and other b acteria  (Sofos, 1983). In the present study 
th is  was seen during the dehydration of Basturma when we observed more DR in 
heated than unheated meat (1 .41-2 .05  OR versus 0 .72 -1 .0  DR, re sp e c t iv e ly ) .
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O v e ra ll, the trad it io n a l 8asturma process could not quarantee a fin ished  pro
duct free  of Salm onella. This process resu lted in 1.68-2.10 OR of a 
Salmonella population present in the fresh heef or 1 Salmonella in 48-126 
couTd surv ive  the process and be found in the fin ished  product. Introduction 
of a heating step followed by dehydration w il l  increase the margin of sa fe ty . 
We had calcu lated  that the o ve ra ll process that includes a heating step to 
49 .3 'C  I . T .  w i l l  allow su rv iva l of less than 1 in 4900 salmonellae (DR of at 
lea st 3 .6 9 ). Heating to an I .T .  of 53*C w il l  allow su rv iva l of less than 1 
Salm onella in 199,500 (DR of at least 5.30 fo r the whole p rocess). O ve ra ll, 
the introduction of the cold curing step minimized spoilage le v e ls . The 
introduction of the heating step in the process increased it s  margin of safety 
s ig n if ic a n t ly . What is  more s ig n ific a n t is  that the heating did not dim inish 
the a cce p ta b ility  of the fin ished  product. In the opinion of both producers 
and consumers i t  even improved i t .  The present study has demonstrated the 
potentia l of SalmonelI a su rv iva l in cured meat products whose process does not 
include a fermentation or a terminal heating step . I t  also demonstrated the 
potentia l hazard to consumers from such products. The level of surv iv ing  
c e l l s ,  the s t ra in , and the health sta te  of the ind iv idual consumer, w il l  
determine i f  food poisoning may occur.

Figure 1. Reduction o f salmonellae 
inoculated in brain heart infusion 
with three le v e ls  o f sodium chloride 
during storage at 4 C (Reduktion der 
Salmonellenkeimzahl in Gehirn/Herz 
In fusions Kulturen mit drei ver
schiedenen Salzkonzentrationer bei 
4°C)
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Figure 2 . Reduction o f salmonellae 
present in meat brines with 25% 
sodium ch lorid e  during storage at 
4*C (Reduktion der Salmonellen
keimzahl in 25% Salz enthaltenden 
Fle ischbeizen bei 4*0)

Figure 3 . Fate of Salmonellae in 
Basturma meat with or without 
glucose during three stages of 
processing (Salmonellen in 
Basturm a-Fleisch m it oder ohne 
Glukose während d rie  versch ie
dene Verarbeitungsphasen)
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