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In 19
fc05§UAn Outbreak of human salmonellosis occurred in California as a result
"igg MPtion of Basturma, an armenian-type dried beef product. The outbreak

Droducts © question of the safety of this and other ethnic specialty meat

COUntPT‘)duced by small plants and frequently distributed to many parts of
Darticu]a"y (Johnston, 1983, Dairy and Food Sanitation, 3:415). Rasturma, in
ade "omr' 1S very popular in Eastern Mediterranean countries where it is
n“htoho €ef or camel meat (Abdallah, et al, 1978, Annals Agric. Sc.
Senitong: 9:125), It is made in the USA by curing the whole beef
tempe’_at’"osus muscle with injected brine (NaCl, NaNO,) and dry salt at room
of our lire fOr‘ 3 to 5 days. The product is then saned in water for a couple
Mditioz']dr‘ed for 3 to 4 days, next pasted with spices, dried for 3 to 5
“ddre“id days and then stored in the refrigerator until used. Literature
P'oal,cting the safety and technology of Basturma with respect to its
Suryjyo 00 in the USA is completely absent. In this study we determined the
Methogs of 531"‘_fl_fl_811a in meat brines and the product made under traditional
botp, it and then we developed thermal processing approaches which assured
C'\eract:”gz@"%tion of salmonellae and the preservation of product

ics.
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o s and Methogs

Pre ¥

Wﬁg;\:tﬁﬂ}i Basturma. Fresh whole Semitendinosus muscle (eye of the round)
"'\‘Sc]e? at "deTivery time from the local supermarket. After trimming the
With Im”hole or cut longitudinally into two halves), it was then injected
¥ere The W/W) brine made of 25% NaCl and 0.2% NaNop in water. The muscles
'Eve]s Ofed In stainless steel pans and dry NaCl was added to their surface at
"‘eque,,t 7 to 10% (w/w). The meats were cured at 4°C for up to 6 days with
the "Otation to increase uniformity in brine penetration. After curing,

dng he:t:dWere soaked in water for 1 hour at room temperature and then drained
Wag e 4 Or simply hung for drying at room temperature (20-25°C). Heating
Verg rec, n an ajr circulating laboratory oven. Oven and meat temperatures
Com te,orqm every 5 minutes using thermocouples and a Hewlett Packard 85
p'edeter With a data aquisition control unit (No. 3Y97A). After drying for a
Meap we‘."':‘”“.time each muscle was pasted with a mixture of spices (21.1% of
foen,, regkt) in water (26.40% of meat weight). The spices included flour,
Werg d”e > Pepper, cumin, garlic, paprika and food color. Next the meats
Anay sed a9ain for a desired time (usually 3-4 days) and then refrigerated.
"‘Ethods of meat for water, NaCl, brine and pH were done according to standard
<0.A.C. 1975).

Sa]m

X-\"ozep“ 1nocula and counting. Serotypes S. typhimurium, S. infantis, and
Tnfu;—ﬁ,s\vere used as pooled inocula of 24 hour cuTtures in brain heart
Presant ) HI) broth at predetermined levels. The salmonellae that were
ag,rs (D_" brines were counted by plating appropriate dilutions on XLD or BHI
70-909 of‘fCO)- Salmonellae present in meats were counted by homogenizing

M XD anq o2t With 560-720 m1 Selenite-Cystine broth (Difco) and then plating
Salmo"e]']‘d BHI agars. For the detection of low levels of surviving

the,, D]atae' the above homogenate was enriched for 18-24 hours at 37°C and
duri" hEd On_XLD and BHI agars. Studies on Salmonella survival in meats
cu]t“"es € various stages of meat processing were based on 0.01 ml of pooled
”ong it Tnoculated in multiple locations in the deepest part of each muscle
(7()~9 S longitudinal axis. At different intervals, segments of the muscles
“Imone?]eac") containing the individual inocula were cut and analyzed for
Celng se 3e as described above. Surviving salmonellae are reported as

edye ioq"'ent. From the initial inoculum and the surviving cells, the decimal
Werg ca]ns (DR) of the initial population exposed to a particular environment
: Culated and reported.
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0 Minins
Qagtu'_""‘le the potential of Salmonella growth during the processing of

Inery Tra] 20’"9 of our early recommendations to the manufacturer of the
?"ppli dted product included: 1) avoiding the purchase of beef from

'}creaggs Who transport and sell both beef and poultry meat together; 2)
Nighey 3 the amount of injected brine to obtain a level of 8% brine in meat or
Watg, oY the end of the curing; 3) cure at 4°C, soaking the meat in cool

ic g 8 curing and; 5) acidifing the paste to pH 3.4 with food grade
Sa) ne]c,‘d' The last approach was found experimentally to cause 0.79 DR of
By 3¢ present on the surface of Basturma (9% brine) per day of drying.

Com, ~
the Sap:‘r‘m". the regular paste caused 0.34 DR and in the absence of paste
Urying, "one11ae died on the surface of Basturma at a rate of 0.27 OR/day of

Ag”‘:uit Consequent monitoring of the finished product by U.S. Department of
F[h Bastwe personnel demonstrated the potential survival of Salmonella during
heg i“”[’a Processing even after implementation of the recommended changes.
“Urin tgmnus.len to a reexamination of Salmonella survival in the product
"Eve]nb © various stages of production. ~Additional efforts were made also to
Sﬂlmune‘ﬂ]t‘lrnative processes which included a heating step to destroy the

lae present initially in the raw beef.

Efy,
Sct
B"\ot of salt on Salmonella destruction in broth and curing brines. BHI
Mocy) o 607 With 3.8, 7.6 and 15.2% NaCT and meat Juices with 75% NaCl were
ang 5 ‘ed with the Salmonella pool and stored at 4°C. As shown in Fiqures 1

F,rst‘gno Significant decrease of Salmonella levels were observed during the

:hicy\ i days of storage. These findings are in agreement with reported data

Voineg "dicated the survival of salmonellae for weeks in cured meats and

(18 7";“" up to 25% salt. Morazza and Crespi, (1963, Att. Sco. Ital. Sci.
1357) reported that two months storage at room temperature of

“?str ¥ contaminated salami with 23% brine did not cause complete

ity 1'0'1 of Salmonella. Ninety percent destruction of Salmonella in bacon

ReSer éd'10-7‘4_hr\ne Took place in 4 weeks at 5°C and 98.5% destruction was

U@;D. P at 25°C (Bardsley and Taylor, 1960, Br. Food Manuf. Res. Assoc. Res,

tﬂt 3 ). Shipp (1958, Proc. 2nd Inter. Symp. Food Microbiol, p 227) found

hat W enteritidis died faster in salt at 20°C than at 5°C. He reported

Meat~extract broth with 25% NaCl S. enteritidis decreased by 4 IR

after storage for 28 days, at 4°C and by 6 DR after storage for 4 days at
20°C. Overall S. enteritidis survived 20 hours at 37°C, 4-7 days at 20°C and
8-10 weeks at 5°C.” Buttiaux and Moriamez (1958, Proc. 2nd Inter. Symp. Food
Microbiol., p. 247) observed 1.24 DR of Salmonella in 23.5% brine with 7000ppm
nitrate 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 after 15 days at 6°C and
1.21 DR after 16 days at 15°C. In meat broth with 23.5 NaCl and 1100ppm
nitrite the authors observed 0.65 DR after 15 days at 6°C and 1.59 DR after 15
days at 15°C. These and other authors have demonstrated the reduced lethal
action of NaCl at low temperatures (Ingram and Kitchell 1967, J. Food Technol.
2:1). Overall the effect of NaCl on Salmonella growth and survival is
affected by its concentration, Salmonella level and strain, nature of
substrate, pH, Eh and temperature (Genigeorgis, et al 1977, Proc. 7th Inter.
Symp. WAVFH p 269). In the present study curing of meat at room temperature
could accelerate Salmonella destruction in certain spots, yet possible slow
salt penetration Could also allow growth of this and other pathogens before
the brine reaches inhibitory levels.

Survival of Salmonella during traditional Basturma processing. Basturma was
made as described in the methods without or with 10% glucose in the injected
brine and 5% glucose in the dry salt. After one day curing at 4°C, the
Salmonella pool was inoculated in multiple locations and the curing was
extended for 5 more days. After curing, the meat was hung for 3 days at room
temperature, then pasted and rehung for 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 lactic acid bacteria
by the high brine concentration (>8%) in the meat during curing, and more than
15% after drying. The inoculated salmonellae decreased by about 1 DR (Figure
3) during the curing, 0.68-0.82 DR during the drying and 0.04-0.18 DR during
the drying after pasting. Overall the commercial method of processing without
use of heating could cause 1.68-2.1 DR to the inoculated salmonellae. This
means that levels of contamination greater than 48-126 cells/g will result in
survival in the finished product.

Effect of thermal processing on Salmonella destruction in Basturma. To
minimize the potential of Saimonella survival in the finished product, a
heating step after curing was evaluated in a number of experiments. To
accelerate salt and heat penetration and improve product uniformity, each
muscle was sliced into two halves (about 5 cm diameter). Curing was based on
10% injected brine, a 4.7-10% addition of dry salt, and storage at 4°C for 6
days. After curing the meats were soaked in water for 1 hour, drained and
then cooked. Salmonellae were inoculated either before curing or heating.
Meat segments containing the inocula were cut and analyzed, usually at hourly
intervals. Cooked meats were dried, pasted with unacidified paste and dried
again for a predetermined time. Selected experimental data are presented in
tables 1 and 2. Heating in the laboratory oven was not uniform. Pieces of
meat on the top rack showed faster heat penetration. This did not affect the
experiments because heat penetration for each meat piece was monitored with
thermocouples. Since direct plating on XLD agar gave lower Salmonella counts
than plating on BHI agar, only the latter counts are reported in the tables.
Due to variations in the initial meat temperature, brine concentration,
inoculu size, and heat penetration rates, it is difficult to make practical
comparisons of the various experiments. Nevertheless, some conclusions can be
drawn. Curing of meat with 10% injected brine (w/w) and 5% or more dry salt

and storage at 4°C for 6 days to accomplish 8% or more brine in the center of
the meat, caused 0.96-1.10 DR to initially inoculated salmonellae. Heating
the meat to a maximum internal temperature (I1.T.) of 49.3°C within 6 hours
caused >1,22-3.24 DR. Boosting the internal temperature to 53°C within 6
hours increased the DR to 2.93-3.20. Because of the interruption of the hours
heating process to collect the inoculated meat' segments every hour, the above
Salmonella lethalities do not exactly parallel the full impact expected during
an uninterrupted commercial heating process.

The effect of curing, uninterrupted heating and drying on Salmonella survival
was evaluated in one experiment. Meat ws cured with 10% brine and 4.7% dry
salt at 4°C for 6 days. This curing resulted in a meat brine of 8-9.8%.
Using an oven temperature of 59°C, the internal meat temperature was raised to
51.8 witgin 6 hours after which the meat was dried for 3 days. None of the
2.8 x 10° and 2.8 x 10% salmonellae inoculated per meat segment survived

the curing, cooking and drying steps indicating a reduction of greater than
4.45 DR. As a result of cooking, the meat lost more than 10% of its weight.
The total weight loss during the drying period was 7.5-12.5% for the first
day. 14-19% for the first 2 days and 17.8-24.5% for the first 3 days. The
final brine in the meat ranged from 11.5-16.4 and the pH from 5.3-5.5. As
expected, heat damaged salmonellae continue dying during the dehydration step.
In one set of experiments (Table 1), drying for 4-6 days, after heating to
1.T. 46.4-48.6 in 4-5 hours, resulted in 0.94-1.48 DR in addition to the DR
obtained by heating. Drying after pasting gave an additional 0.43-0.57 DR
which is by far greater than the 0.04-0.18 [R obtained for the same step of
processing under the traditional method (using no heating).

Published data indicated that NaCl affects both the heat resistance of micro-
organisms as well as their recovery after heat stress. The heat resistance
is affected by: 1) the organisms being exposed to NaCl before heating; 2) the
water activity (2w) of the heating medium and the nature of humectant used

to adjust the %w 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 resulted Tn increased heat
resistance when the heating took place in media containing high NaCl concen-
trations (Sofos, 1983, J. Food Safety, 6:45). In the absence of experimental
data we speculate that this might be the case in heated Basturma too. In
general, a decreased d in the heating medium increases the heat resistance
of microorganisms by protecting them from thermal injury and destruction.

This is expecially true when weak electrolytes like sugars are used as
humectants. The picture with respect to NaCl and Salmonella is not very clear
and it may differ with NaCl level, strain and meditm. (3S0fos, 1983; Cotterill
and Glauert, 1969, Poultry Sci. 48:1156; Baird-Parker, et al, 1970, J. Appl.
Bact. 33:575). According to the latter authors, the resistance of heat
resistant strains was generally decreased in the presence of NaCl, whereas
that of the heat sensitive strains was increased. In our study (Table 2), we
found indications, only in one instance, that higher brine levels caused
faster destruction of salmonellae during the heating of Basturma; the presence
of NaCl in the recovery medium seems to minimize the recovery of thermally
injured salmonellae and other bacteria (Sofos, 1983). In the present study
this was seen during the dehydration of Basturma when we observed more DR in
heated than unheated meat (1.41-2.05 DR versus 0.72-1.0 DR, respectively).
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