
— -r 
- -

I7AD—A051 763 ~ETTERJ’JJ4 0_ST INST OF RESCARCH SAN FRANC ISCO CALIF F/S 6/13
I * simvcY or TiC pszciOsiAi. ~ton or noise SUF. rtxnno soy 0*—.rc (U)
i CCC 77 .1 F FOSTfl . I L FOWLER, .1 T FRUIN

L*ICLASSIFICO LAIR—IS it

•~ IEUEDDL1
•

_  _ _ _ _ _ _ _



0 ~~~~~~2 8  ~~~~

___________ 

~~ ~~3 2

II ~ ~
II llD~8
I 25 tIill~ . iin~

Ml ?~~~ )f~ I N TEST IA~~
II ,TA Nl  I I



REPORT NO. 43

A SURVEY OF THE MICROBIAL FLORA OF

~~ GROUND BEEF, TEXTURED SOY PROTEIN AND
© TEXTURED SOY PROTEIN EXTENDED

GROUND BEEF AFTER 3 DAYS ’ AND 10 DAYS ’

~ STORAGE AT 4 C

D O G

E
~~~~~~~

918

FOOD HYGIENE DIVISION F
i l l  DEPARTMENT OF NUTRITION ‘1

g

t;’~ 
‘

~~~~~~ PATHOLOGY AND COMPARATIVE STUDIES DIVISION
DEPARTMENT OF COMPARA TIVE MEDICINE

- - i_ •~ ’
~r~ •- ~

~~~
~ -S

SAN FRANCISCO STA TE UNIVERSITY ., ~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SAN FRANCISCO, CA 94132 
-

JANUARY 1978

r T j

LETTERMAN ARM Y INSTITUTE OF RESEARCH PRESIDIO OF SAN FRANCISCO CALIFORNIA 94129

~ 

‘ ‘  ~~ •~.. fl_~~~& 



r

REPRODUCTION OF THIS DOCUMENT IN WHOLE OR IN PART IS PROHIBITEDEXCEPT WITH THE PERMISSION OF LETTERMAN ARMY INSTITUTE OF RESEARCH ,PRESIDIO OF SAN FRANCI SCO , CALiFORNIA 94129. HOWEVER , DDC ISAUTHORIZED TO REPRODUCE THE DOCUMENT FOR UNITED STATES GOVERNMENTPURPOSES .

DESTROY THIS REPORT WHEN NO LONGER NEEDED , DO NOT RETURN IT TO THEORIGINATOR.

THE OPINIONS OR ASSERTIONS CONTAINED HEREIN ARE THE PRIVATE VIEWS OFTHE AUTHORS AND ARE NOT TO BE CONSTRUED AS OFFICIAL OR AS REFLECTINGTHE VIEWS OF THE DEPARTMENT OF THE ARMY OR TilE DEPARTMENT OF DEFENSE.
CITATION OF TRADE NAMES IN THIS REPORT DOES NOT CONSTITUTE AN OFFICIALEN DORSEMENT OR APPROVAL OF THE USE OF SUCH ITEMS ,

_______________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,-~~~~ - - - - ~~~~~~~~~~~~~~~~~~~ - - - --fl — -~~~~~~~~~



- 
_ _ _ _ _

UN CLASSIFIED
SECURITY C L A S S I F I C A T I O N  OF THIS PAGE (Wbon D.t. Entered)

QED

~~

D

~~~~~~~~~

E

~~~~~~~~

U O A f E  R E A D  IN STRUCT IONS
‘ ‘ ‘/“ ‘ vm ~‘‘‘~~ ~~~~~~~ ‘~ ~~~ BEFORE COMPLET ING FORM

IT REPORT NUMB ER 
_____ VT ACCESSION NO. 3- RECIPIENT S C A T A L O G  NUMBER

LAIR #43w’ 
I

L. B*T~~6 ~_.1 L tJij ft 5 TYPE OF REPORT & PERIOD COVERED

~.. SLJ RVRY OF THE ~~~CROBIAL .ELORA OF .~ROUND ~ EEF ,
~ 1TURED ~ py ~~tOTEIN AND J~~~ TURED jo’i’ ~~~OT!~IN ___________________________

~~~~~~~~~~~~~~~~~~~~~~ AFTE~~ 3~~ AYS’1~ND~10 .DAY S ’ 6. PERFO RMI NGO RG. REPORT NUMB ER

~~ ORAGE AT~4 ~~~~~ ~~~~ .~~~~~ -~~~~
—----‘- -

- 
— JaI1i~~~~ r.(Foster , ~~~~ James L.fFowler , ~8. CONTRACT OR GRANT NUMBER(.)

(JO John T./Fruin , 4. Linda S./Guthert ’i. \\J 
~~~~

Emerson L./~hroye r ,~12rfJ .~~~ JLf 1-~~~~~~L-

t O. PROGRAM NT. P R OJ EL . , ~~~~
AR EA &~~p ~~~~

-UUT~~Food Hygiene Div (SGRD—ULN—FH) , Department of / Project I~ M762772A ~~~J— Mil l—
Nut rition , Letterman Army Institute of Researc)~i, tary Nutrition & Food Hyg.
Presidio of San Francisco, CA 94129 WU #004 — Military Food H yg .
I I .  CONT R OL L INGOFFIC E  NAME AND ADDRESS - REPORT DATE

____

U .S .  Arm y Medical Research and Development Comman Dec 
________________

Washingto n , DC 20314 3. 

~~~~~~~~~~~~~~~~~~~~~ ~~~~
14 MONITORING AGENCY NAME a ADORE SS(I 1 dill. , it fro m Contro lund OWc.) IS. SECURI (of Eel. rep

• UNCLASSIFIED 
_____

ISa . OECL ASS I FICATI ON/  D O W N G R A O I  HG
SCH E D U L E

16. DISTRIBUTION STATEM ENT (of tJ ~l. R.poft )

TIlT S DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE AND SALE: ITS DISTRIBUTION
IS UNL IMITED

17. DISTRIBUTION STATEM ENT (of Ill. ab.t ract snt•r.dfn Block 20. 11 dIfferent f rom 1~~~~H)~ 1c~

~- %-

16. SUPPLEM ENTARY NOTES -

19 KEY WORDS (Conttn~. on r.v.r.. aid. if n.c...ary ad id.ntily by block nurnb.r)

Food Hygie ne , ground beef , soy protein , microbiolog ical guidelines , aerobic
p late counts , coliform s, S. aureus, E. coli, Salmonella, gram—negative

~ organisms , gram—positive organisms

2 B5 rW ACT (~COnfBwe revet.. .t ~~ H n~~..wy ~~d identity by block numb.r)
A survey of the microbial populations of 31 samples of ground beef (GB) ,

textured Soy protein (TSP) and TSP extended ground beef (SCB) after 3 days’
and 10 days ’ storage at 4 C was performed. Analyses included aerobic plate
count (APC), psychrotrophic plate count (PPC), coliform most probable number
(KPN) and plate determinations (CMPN and CPC), Escherlchia coll MPN and plate
determinat ions (EMPN and EPC), Staphylococcus aureus MPN (SMPN) , fecal strepto-
cocci count (F~C), Clostrid iurt perfrlngens determinations, isolation and identi—
1t~ atlon of gram—positive and gram—negative organisms and screening for enteric .

DO ~~~~~~ ~473 EDIT1ON NOV 66 I~~ O~~~OLF TE UNCLASSIFIEDr j ..
~~~~ 

SE CU RITY CL A3SIF I C A TI OPI OF THIS PAGE (Wl~.n flar~~ Fr~r.-.~ 

——•. - --~~~~~~~~~~~~ - --~~ - -,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



IINCLA~SStPIRn
$ICURITY CLAISIFICATION OF TIllS PAG((WV... Data t.ut.,. d)

— 
Block 20 ABSTRACT (Cant)

• 
~r irus . Statistical analyses of the enumeration procedures showed significant
increases in the total microbial flora after 10 days ’ storage. PPCs were signi-
ficantly higher than APCs , cMPNs were significantly higher than CPCs for GB and
SGL The EMPNs were significantly higher than EPC in SGB only. E. colt was the
predominant gram—negative isolate f rom GB and SGB . Few gram—negative organisms
were found in TSP. C. perfringens was the predominant gram—positive isolate in
GB and SGB while Bacillus sp. predominated in TSP. Salmonella enteriditia ser.
worthington was isolated from GB and TSP. These products contained a wide
variety of microorganisms, many in large numbers. If properly handled and
cooked before consumption, these products should present no public health
problems..

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(W7,.n Data Enr . red)

L - 

. .  ~~•.—-.- - -.---~~~~~~~~~~ — - - -— ~~~~~~~~~~~~~~~~~~~~ _ _ _



• • —
. - —

ABSTRAC T

A survey of the microbial populations of 31 samples of ground beef
(GB), textured soy protein (TSP) and TSP extended ground beef (SGB) after
3 days’ and 10 days’ storage at 4 C was performed. Analyses included
aerobic plate count (APC), psychrotrophic plate count (PPC), coliform most
probable number (MPN) and plate determinations (CMPN and CPC), Escherichia
coli MPN and plate determinations (EMPN and EPC), Staphylococcus aureus MPN

~~i~ N), fecal streptococci count (FSC), Clostridium p~rfringens determi-
nations, isolatios and identification of gram—positive and gram—negative
organisms and screening for enteric virus. Statistical analyses of the

• enumeration procedures showed s~.gnificant increases in the total microbial
flora after 10 days’ storage. PPCs were significantly higher than APCs.
CNPNs were significantly higher than CPCs for GB and SGB. The EMPNs were
significantly higher than EPC in SGB only. E. coli was the predominant
grata—negative isolate from GB and SGB. Few grain—negative organisms were
found in TSP. C. perfrin~gena was the predominant gram—positive isolate in
GB and SGB while Bacillus op. predominated in TSP. Salmonella enteriditis
8cr. worthington was isi).ated from GB and TSP. These products contained a
wide variety of microorganisms, many in large numbers. If properly handled
and cooked before consumption, these products should present no public
health problems.
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INTRODUCTION

The United States Armed Forces is one of the world ’s largest single
consumers of ground beef items . It is estimated that SO million pounds
of ground beef are consumed annually by the Armed Forces (Departmen t of
Defense information , TELECON , 1976). This includes purchases by both
the Defense Personnel Support Center and the Army and Air Force Exchange .
This figure not only represents the bulk purchases of ground beef , but
also includes ground beef produced by military facilit ies from carcass
trim, bull meat, round8, and suet. With the current diet preferences
of the young soldier being short—order type foods, the per capita consump-
tion of ground beef items could easily increase in the future. In addi-
tion the coot of red meat items has been steadily increasing. In order
to meet this challenge, dietitians have had to look for methods by which
they can stretch their food dollar and at the same tine provide a nutri-
tious food item. The use of soy protein extended ground beef (beef/soy)
has been proposed as a partial solution to this problem .

The first use of soybeans by men has been placed in the 24th to
29th century BC by Morse (1). According to Hymowitz (2) the use of soy-
beans for food originated around the 11th century BC during the latter
part of the Shang dynasty in China. Soybean products have been a primary
protein source in the Orient historically and still continue to be a
major part of the diet.

In the U.S., soybeans were initially grown and utilized for the
soybean oil and soybean meal around the turn of the century. Soybeans
have been grown in quantity in the U.S. on .y since the late l920s. However,
soybeans have developed into a major cash crop, second only to corn.
Additionally, there have been many technological advances in the processing
techniques of soybeans which have resulted in a variety of soy products
in the food industry. These products include soy flour and grits, soy
protein concentrates , soy protein isolates , textured soy protein , spun
soy protein , and textured soy protein isolates (3) .

Soy flour has been used in food products in the U.S. for about
50 yea r s , and in some meat products on a limited basis for about 40 years.
In 1962, soy protein concentrate was author ized as an extender in meat
products from federally inspected meat plants (4,5). Isolated soy pro-
tein and textured vegetable proteins were authorized for use in federally
inspected meat plants in 1964 (4,5). However, in 1971, a significant
breakthrough was realized in the use of soy protein for meat extension.
The U n ited States Depa r tme n t of Agricul t ur e (USDA ) app roved the use
of soy protein at the maximum level of 30% in the Class A government

1. ‘torse , W.J., Soybeans and Soy Products, Vol 1, 1950
2. Hymowitz , T., Econ Botan. 24:408, 1970
3. Duda , Z., Food and Agriculture Organization of the United Nations,

Rom e , 1974
4. Czarnecki , J.M., J Am Oil Chemists Soc. 51:llOA , 1974
5. Musaman , H.C., J Am Oil Chemists Soc. 51:lO4A , 1974



subsidized school lunch program (5). In early 1973 , ground beef extended
with textured soy protein began to appear in supermarkets (6). The
produc t has many advantages to the consumer over regular ground beef .
Data presented by Wolford (6) indicate that nutrit ionally the beef/soy
combination was equivalent to ground beef. In addition , Wolford ’s data
showed that the consumer can realize a 21% cost savings on a raw basis
and a 30% savings on a cooked basis. Although dollar savings are sub-
stantial, any major changes in the price of beef and soy protein could
significantly alter the savings previously reported . Studies have been
conducted which indicate that ground beef patties containing 20% soy
protein concentrate were about equal in flavor, appearance, aroma, juici-
ness, and overall acceptability when compared will all beef patties (7).
Other researchers have shown that soy protein extended ground beef is
superior to regular ground beef in total shrinkage and cooking loss
measurements (8—10).

Although the physical and nutritional characteristics of beef/soy
have been well investigated, the question of wholesomeness from a
bacterial standnoint remains unanswered . flicrobiological standards for
ground beef and vegetable protein extended ground beef are pending legis—
lative action in Canada (11). Similar although more stringent standards
for these same products are expected to be rescinded in the State of
Oregon (12). The proposal and initiation of standards for ground meat
products have resulted in considerable discussion between regulatory
agencies and industry. Agreement on standards for ground meat items will
be slow in coming. However, it would seem to be only a matter of time
before public awareness and consumer group pressure will force govern-
ment and industry to cone to some kind of agreement on the issue of
microbiological standards.

Before equitable standards can be formulated , extensive knowledge
of the product must be obtained . Many investigators (13—21) have pub-
lished research pertaining to the microbiology of regular ground beef

6. Wolford , K.M., J Am Oil Chemists Soc. 5l:131A , 1974
7. Drake, S.R. et al, J Food Sci. 40:1065, 1975
8. Bowers, J.A. and Engler, P.P., J Food Sci. 40:624, 1975
9. Judge , M.D. et al, J Food Sc~i. 39:137, 1974
10. Williams, C.A . and Zahik, M.A., J Food Sd . 40:502, 1975
11 . Pivnick, H. et al, J Milk Food Technol. 39:408, 1976
12. Anonymous, Food Chemical News. l9(l):2, 1977
13. Weinzirl, J. and Newton, E.B., Am J Pub Health. 4:4 13, 1914
14. (;eer , L.P., Am J Pub Health. 23:673, 1933
15. Elford , W.C., Am J Pub Health. 26:1204, 1936
16. Kirsch , R.H. et al, Food Res. 17:495, 1952
~1 . rogers, E.R. and McCleskey, C.S., Food Technol. 11:318, 1957
18. Uuitschaever, C .L. et al, J Milk Food Technol. 36:375, 1973
l~j. Al—Delaimy, K.S. and Stiles , M.F., Can J Pub Health. 66:317, 1975
20. Westhoff, D.D. and Feldstein , F., J Milk Food Technol. 39:401, 1976
21. Foster, J.F. et al, J Food Protect. 40:790, 1977
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and an extensive data base exists for this item. Microbiological data
on ground beef with added soy protein are almost nonexistent. In re-
viewing the literature, only three studies (9,11,22) reporting aerobic
plate counts, coliform counts, or specific organism characterizations
for fresh soy extended ground beef could be found. Researchers (23)
using this product experimentally inoculated with C. perfringens Indi-
cated that the soy protein had no notic~~ble effec t on the growth of
this pathogen. The authors stated that further testing with additional
strains was warranted . In another study, the same researchers (24)
found that four of the 16 ingredients comprising synthetic soybeef
significantly stimulated the growth of C. perfringens.

During processing, the bacterial contamination present on the
meat surface is distributed throughout the product. Therefore, the
bacterial flora present in ground beef is dependent upon the bacterial
levels present on the meat and trimmings, sanitary conditions during
processing, temperature and storage time before sale. Rogers and
McCleaky (17) found that the numbers of bacteria in market samples of
ground meat are clearly indicative of the history of the product.

Additionally, human enterovirus isolation has been reported from
ground beef and other foods (25,26). Food products have been implicated
as a vehicle of transmission for several viral agents. In a current
review , Bryan (27) listed seven groups of viruses (Adenovirus, Coxsaki—
virus, Echovirus, Poliovirus, Reovirus, Hepatitis and Norwalk agent)
which may be transmitted by food. Many of the reports are based on
epidemiologic evidence since enteric viruses can be conveyed by more
than one vehicle. In an earlier review, Cliver (28) described several
instances of food—associated polioinyelitis and infectious hepatitis.
For both diseases, “the clinical pictures were so distinctive as to
permit these to be diagnosed on that basis by the attending physician”
(28). Since “clinically distinct” viral agents have been demonstrated
in food—associated illnesses, other human enteroviruses with less dis-
crete clinical syndromes could be transmitted via food. However, rela-
tively few reports of laboratory isolation of viruses from foods exist
in the literature. Sullivan et al. (25) isolated poliovirus types
1 and 2 and echovirus type 6 from 3 of 12 commercial ground beef samples.
Metcalf and Stiles (26) isolated several enteric viruses from oysters.

Due to Inherent technical and/or economic difficulties , methods
for the detection of foodborne vIruses have been met with varying degrees
of success. Clarification of the sample suspension, elimination of

22. Craven , S.E. and Mercuri, A.J., J Food Protect. 40:112, 1977

~i. Schroder, D.J. and Busta, F.F., J Milk Food Technol. 34:215, 1971
24 . Schroder , D .J . and Busta, F.F., J Milk Food Technol. 36(4):189, 1973
25. Sullivan , R. et al, J Food Sd ., 35:624, 1970
26. Metcalf , T.G. and Stiles, W . C . ,  Am J Epideiniol. 88(3):379, 1968
77.  Bryan , F.L . ,  J Food Protect. 40:45, 1977
28. Cliver , D .0. ,  Health Lab Sci. 4:2 13 , 1967
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cytotoxic agents and concentration of sample suspension are crucial
to virus detection in foods. Several investigators have treated sample
suspensions with ethyl ether (26,29), fluorocarbon (30), acid precipi-
tation (31), low speed centrifugation (32), or glasswool filtration
(33) to optimize virus detection. In order to increase the probability
of virus detection, sample suspensions have been concentrated by a
variety of laboratory procedures including ultracentrifugation (26,34),
dialysis against hydrophilic solutions (35), the application of aqueous
two phase system (36,37), and ultrafiltration (32,38).

If regular ground beef is extended with textured soy protein the
bacteria present will be diluted accordingly. With the addition of
the soy protein, a new environment has beea created for the microorganisms
present. Therefore, regular ground beef, textured soy protein, and
textured soy protein extended ground beef were analyzed to determine
the microbial flora present. Additionally , since regular ground beef
is known to have a limited shelf life (19,39), analyses were performed
in order to determine the changes in microbial flora following storage
at 4 C for 7 days. The regular ground beef and textured soy protein
were screened for human enterovirus by using celite filtration to clarify
the food suspension and molecular filtration to concentrate the sample.
Known quantities of poliovirus type 1 were added to samples of regular
ground beef to determine the sensitivity of this virus recovery method.

MATERIALS AND METHODS

Sampies: Duplicate units from 31 production lots of ground beef (GB) ,
textured soy protein (TSP), and the corresponding lots manufactured
into TSP extended ground beef (SGB) were obtained from a production
facility in the San Francisco Bay Area. 

- 
Units were held at 4 ± 1 C

and analyzed after 3 and 10 days’ storage from the date of production.

Sample Preparation: A 25 g portion of each unit was weighed into a
sterile oae liter blender. Following addition of 225 ml of sterile

29. Mitchell, J.R. et al, Am J Epidemiol. 84:40, 1968
30. L~uff , M.F., Am J Epidemiol. 35:486, 1967
31. Konowalchuk, J. and Speirs, J.I., Can J Microbiol. 18:1023, 1972
32. Tierney, J.T. et al, Appl Microbiol. 26:497, 1973
33. Larkin, E.P. et al, J Assoc Of f Anal Chein. 58:576, 1975

• 34. Cllver, D.0. and Yeatman, J., Appl Microbiol. 13:387, 1965
35. d iver, D.0., Transmission of Viruses by the Water Route, pp 109,

1967
36. Grinrod , J. and Cliver, D.O. Archly fur die gesamte Virusforsehung.

28:337, 1969
37. Crinrod, J. and Clive r , D. O ., Archly fur die gesamte Viruaforschung.

31:365 , 1970
38. Kostenbader , K.D,, Jr. and d iver, D.O., Appl Microbiol. 26:149, 1973
39. Berry, B.W . an! Chen , A.A., J Milk Food Technol. 36(6):4O~ , 1976
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phosph ate bu f f ered water , the sangle was blended at high speed for
3 mis. Serial dilutions from 10’ through 1O 7 were prepared.

Aerob~~ plate count (APC): Duplicate plates for dilutions 10
_i

through 10 were prepared and poured in accordance with Bacteriolo—
g~cal Analytical Manual for Foods (BAN) (40). Plates were incubated
atM C for 72 ± 2 11.

Psychrotrophic plate count (PPC): Duplicate plates for dilutions
10—1 through l0~T were prepared as in the APC procedure. Plates were
incubated at 7 C for 10 days.

Total coliforzn and Eacherichia coil plate count: Total coliform
and E. coli plate counts were made in accordance with the procedures
described in Reference Methods for the Microbiological Examination
of Foods (41).

Total coliform and Eacherichia coil MPN count: Total coliforin
and E. colt MPN determinations were made u8ing the techniques described
in the BAN (40).

Staphylococcus aureus analyses: S. aureus MPN determinations
were performed in accordance with the AOAC method (42) except that
tellurite polymyxin egg yolk (TPEY) agar was substituted for Baird—
Parker agar. The tube coagulase test (42) was performed as needed.

Clostridium perfringena analyses: Approximately 1 g of sample
was inoculated into each of four 25 x 150 mm tubes containing 20 ml
fluid thioglycollate medium (FTM). Additionally, 10 ml of the original
food homogenate were inoculated into each of four 25 x 150 me tubes
containing 20 ml of F~M. One pair of tubes (one tube with blended
and the other with unbiended sample) was incubated for 24 ± 2 h at
37 C. Another pair was heat shocked at 75 C for 20 mm and incubated
for 24 ± 2 Ii at 37 C. The third pair was heat shocked at 95 C for
5 sin and incubated for 24 ± 2 h at 37 C. The remaining pair was incu-
bated at 46 C for 8 ± 2 h followed by incubation at 37 C for 16 ± 2 h.
All tubes were incubated aerobically. Gas formation was recorded for
all at the end of the incubation period. Approximately 0.01 ml of
material from each F~M tube was then transferred to cooked meat medium
(d IM) in 16 x 125 mm tubes and incubated at 37 C for 24 ± 2 h with
gas formation again being recorded. Material from all ‘~MM tubes was
used to streak sulfite polyinyxin sulfadiazine (SPS) agar plates, which
were overlayed and incubated anaerobically at 37 C for 24 ± 2 h. Iso-
lated black colonies were transferred to PTM and incubated at 37 C for

40. Anonymous , Bacteriological Analytical Manual for Foods (Fourth
edition), 1976

41. National Research Council, Reference Methods for the Microbiological
Examination of Foods, 1971

42. Horowitz, W. (editor), Official Methods of Analysis of the Association
of Official Analytical Chemists (Twelfth edition), 1975
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24 ± 2 h. FTM cultures were Gram stained and transferred to duplicate
liver veal egg yolk (LVEY) agar plates which were incubated aerobically
and anaerobically at 37 C for 24 ± 2 h. Isolated ieeithinase—p roducing
colonies from anaerobic LVEY agar plates were transferred to motility ,
indole—nitrite , iron milk, and gelatin media and incubated at the appro-
priate temperature (40). Cultures showing only typical nonmotile gram—
positive rods, no growth on aerobic LVEY agar plates, lecithinase produc-
tion on LVEY agar plates incubated anaerobically, reduction of nitrate
to nitrite, stormy fermentation in iron milk, and gelatin hydrolysis
were reported as confirmed C. perfringens.

Direct enumeration of C. perfringens was determined by the use
of sulfite polymyxin sulfadiazine (SPS) agar and the nitrite—motility
reactions. Duplicate pour plates, inoculated with 1 ml each of the
original food homogenate were prepared and incubated anaerobically
at 35 C for 24 ± 2 h. Black colonies on 51’S agar were counted as pre—
s~tmptive C. perfringens. Representative colonies were transferred Into
indole—nitrite medium and incubated at 35 C. After 24 ± 2 h incubation,
tubes showing norunotile and nitrate positive reactions were reported as
C. perfringens.

Fecal streptococci analyses: The fecal streptococci analyses were
performed in accordance with the procedures outlined in BAN (40). In
addition , representative colonies from the KF streptococ~~T agar plates
were inoculated into ethyl violet aside broth. After incubation at
35 C for 48 ± 2 h, tubes exhibiting a yellow color and sediment were
reported as confirmed fecal streptococci.

Salmonellae analyses: The procedure in RAN (40) for raw and highly
contaminated products utilizing selenite and tetrathionate broths was
used to determine the presence of Salmonellae. Colonies exnibiting
positive reactions from this procedure were verified biochemically
using the API 20E Eaterobacteriaceae System and serologically following
procedures outlined in Identification of Enterobacte 4aceae (43).

Isolation and identification of aerobic bacteri - ~ram—negative
and gram—positive organisms were isolated and identifi’~d by use of the
methods described by Guthertz et al. (44).

Virological Analyses

Tissue culture: The following cell lines were used : African
green monkey kidney (Vero) (American Tissue Culture Association, Rockv ille,
MD) and bovine turbinate (BT—8) (courtesy of Dr. B. Casto, Biolabe , Inc.,
Northbrook, IL). The cells were seeded In. 25 crm2 plastic flasks at
concentrations adequate for the formation of~cenfluent monolayers

43. Edwards, P.R. and Ewing, W.H., Identification of Enterobacteriaceae
(Third edition), 1972

44. Guthertz, L.S. et al, J Milk Food Technol. 39(12):823, 1976
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in time for the teat, The cells were incubated at 37 C in a humidified
atmosphere of 52 CO

2 
in air.

Viru s: Poliovirus type 1 (POL—l) (courtesy of Dr. G. French,
Fort Detrick, MD) was used as the test virus. The stock was prepared
by passing the virus in vero cultures. The cultures with advanced
cytopathic effect (CPE) were freeze—thawed 2 times and cleared by low
speed centrifugatton. The super~atant was stored in 1 ml aliquots
at —70 C until used. Infectious bovine rhinotracheitis (IBR) (courtesy
of Dr. B. Casto, Biolabs Inc., Northbrook, IL) was also used. Using
BT—8 cells, IBR stock was prepared as described above for POL—l.

Growth Medium: Eagle’s minimal essential medium with Earle’s
salts (MEM) was supplemented with 10% bovine fetal serum (BFS) for
Vero, or 10% horse serum (KS) for BT—8 cells. The sera had been screened
for virus and mycoplasma and were heat inactivated (HI) for 30 mm
at 56 C. The medium was also supplemented with 1% non—essential amino
acids (100 x), 1% L—glutamine (200 mM), penicillin (100 U/mi), Streptomycin
(100 pg/mi), and wnphotericin B (0.75 pg/mi). A 7.5% solution of NaHCO

3was used to adjust the pH to 7.2.

Sample Processing Medium (MEM—Tris): MEM with the supplements
for growth medium and 22 BFS HI was used for sample processing except
that 0.05 M Trig—buffer was substituted for NaHCO

3 to adjust the pHat 8.0. - - 
-

Agar Overlai Medium: The agar overlay consisted of 1% purified
agar in modified Eagle’s medium supplemented with 4% BFS HI, 1% L—glu—
tamine, gentamicin (50 pg/mi) and 0.01% MaRCO3. This medium was prepared
by mixing equal volumes of 2 x Eagle’s medium with the above mentioned
supplements and a sterile suspension of 2% purified agar in deionized
water Each component was tempered at 43 C before mixing.

Virus Detection, Plague Forming Unit (PFU) Assay: The principles
of the double overlay technique (45) were applied by using 25 cm2 flasks
of confluent monolayer of Vero and BT—8 cells. After removal of tissue
culture fluid, 0.1 ml of sample suspension was inoculated per flask.
Samples of food suspensions before and after concentration were inoculated
in duplicate flasks. Controls included: (a) Vero cells inoculated
with stock POt—i and BT—8 cells with IBR virus (0.1 ml of 10—fold
dilutions); and (b) cells inoculated with MEM—Tris. After one hour
for adsorption at 37 C in a 5% CO2 humidified incubator, each flask
received 4 ml of agar overlay medium. The agar was allowed to solidify
and the flasks were incubated in the inverted position. After 3 days
incubation, 4 ml of agar overlay medium with 1.8% of 1:300 neutral
red was added. Plaques were counted with the aid of an X—ray film
viewer 6, 24, and 72 hours after overlaying.

45. Dulbecco , R., Proc Nat Acad Sci. 38:747, 1952
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Procedures for Sample Processing: Thirty—one samples of GB and
TSP were tested. A 25 g sample was placed in a sterile plastic bag,
£uieaded and suspended in 75 ml of MEM—Tris. Individually, the bags
were vigorously shaken by hand then placed on a low speed shaker for
15 m m .  If necessary, the pH wa8 readjusted to 8.0 with Tris buffer,
and the bags were returned to the shaker for an additional 10 mm .
Each suspension was transferred to two 50 in]. conical tubes and centri-
fuged for 10 mm (200 x G at 25 C). Each sample supernatant was passed
through a glasawool column (0.3 g glasswool loosely packed in a 60 ml
syringe barrel) onto a diatomaceous earth filter (Celite , Johns—Nanville
Products Corp, Loinpoc, CA). The Celite filter was prepared by pouring
250 ml of 2.6% suspension of washed Celite in deionized water onto
an 11 cm Whatman No. 1 filter in a Buchner funnel. The water was removed

— with partial vacuum. The Buchner funnel was transferred to a sterile
filtration flask to receive the food sample filtrate. Vacuum was used
to promote this filtration and to keep the Celite packed. After f ii—
tration, a 1.0 in]. aliquot of food suspension was saved for virus iso-
lation and remainder transferred to an assembled 47 m n  molecular f ii—
tration cell (MFC) (Millipore Corp, Bedford , MA) with a Pellicon ultra-
filtration membrane filter (PTHK, 1 x ].O5 molecular wt retention) (Mliii—
pore Corp, Bedford, MA). Five such MFCs were attached to a Pellicon
Carrousel Manifold (Millipore Corp, Bedford, MA). With the application
of nitrogen pressure (40 psi) to the MFC, the five samples were each
concentrated to 15 ml or less within 2 hours. A 0.1 ml aliquot of
concentrate was used for virus isolation and the remainder stored in
sterile vials at —70 C for further testing if needed.

Sensitivity of POL—l virus recovery: To determine the sensitivity
of virus recovery, POt—i virus in 5 ml. of MEM—Tris was added to 25 g
of sample. After kneading for 2 minutes to disperse the virus through-
out, the sample was processed as described above. The POt—i virus
stock used to contaminate the sample, as well as aliquots of the food
sample suspensions that were collected after concentration, was tested
for virus by the plaque assay. The sensitivity of virus recovery was
calculated as the number of plaque forming units (PFU) detectable per
gram of the original food sample using the following equation:

Total Virus Added (PFU) wt of foodSensitivity ~~‘jJ,”gi~ Virus Detected (PFU)* + sample (gin)

* Number of PFU in 0.1 ml of the food sample suspension after
concentration (average of duplicate Vero flasks).

The percent of virus recovery was determined as follows:

Total virus detected (PFU)
Percent of virus recovery — 

Total virus added (PFUY~~~ 
X 100

Statistical Analyses: Friedman ’s two—way analysis of variance
with multiple comparisons based upon rank sums was applied to data

8
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obtained by the enumeration procedures (46) .  The Wilcoxon matched—
pairs signed—ranks test was applied to determine if significant differ-
ences existed between APC and PPC, CPC and CMPN, and EPC and EMPN (46).
All statistical analyses were done with n — .05 level of significance.

RESULTS

The aerobic plate count (APC) distributions for ground beef (GB) ,
textured soy protein (TSP) , and TSP extended ground beef (SGB) for the
3— and 10—day storage times are presented in Table 1. Analyses of the
data show that 96. 8% of the GB samples at 3 days had APCs of less than
5 x 1O~ organisms per grain while 90.3% of the TSP and SCE samples
evaluated had APCs of less than this value. After 10 days’ storage at
4 C this pattern was significantly altered with 26.7, 24.1, and 10.0%
of the GB, TSP, and SGB samples having APCs of less than 5 x 106
organisms per gram, respectively.

Statist ical analyses of these data showed a significant increase in
APCs a f ter 10 days ’ stora ge for all products (Table 2). It is inter-
esting to note that significant differences existed between products at
3 days’ storage; however, after 10 days’ storage no significant dif-
ferences in APCs existed for all products analyzed .

Psychrotrophic plate count (PPC) (Table 3) distributions were
similar to the APC determinations. After the 3—day storage, 93.6% of
the GB, 90.3% of the TSP and 87.1% of the SGB units resulted in PPCs of
less than 5 x 106 organisms per gram. The 10—day determinations resulted
in 10.0, 24.1 and 0.OZ of the GB, TSP and SGB with counts of less than
5 x i06/g .  As fou nd in the APC determinations, significantly higher
PPCs were demon.~trated after storage for 10 days at 4 C. The same
pattern of differences among 3—day and 10—day determinations for APC
was also found in the PPCs (Table 2).

The APC and PPC procedures were compared using the Wilcoxon matched—
pairs, signed—ranks test (Wilcoxon Test) (46). With the exception of the
3—day SGB and the 10—day TSP , the PPC det erminations were significantly
higher than the corresponding APC determinations for the products at both
3— and 10—day storage times.

Total coliform determinations were performed by both the plate and
most probable number method . Coliform plate count (CrC) distributions
are presented in Table 4. Following the 3—day storage period , 90.3,
100.0 and 80.7% of the GB, TSP and SGB samples contained fewer than
1 x ~~ coliforn organisms per gram. These percentages decreased some—
wh at with an additional 7 days’ refrigerated storage resulting in
53.3, 96.7and 63.3% of the GB, TSP and SGB sar~ples, respectively,
having less than 1 x ~~ coliforins per grain. With the exception of

46. liollander, M. and Wolfe , D.A ., Nonparametric Statistical Methods
(First edition), 1973 , pp. 27—33 , 139—146, 151.458
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the 10—day GB all of the products had total coliform counts of less
than 1 x 104/g. Statistical analyses of these data showed that no
significant difference existed between the counts obtained from the
3— or 10—day storage periods. Additionally, no significant difference
was indicated in the coliform counts from GB and SGB (Table 2).

Coliform most probable number (CMPN) determinations (Table 5) were
similar to the CPC results, however, some interesting differences were
noted . Statistical analyses of these data indicated that no significant
difference existed between 3— and 10—day determinations for TSP and
SGB, however, the 10—day GB coliform determinations were significantly
higher than the 3—day results (Table 2).

The CPC and Q4PN procedures were compared with the Wilcoxon test
(46) . Except for the 3—day TSP determinations, the CMPN procedure
resulted in significantly higher counts than the CPC procedure. Although
the ~MPN counts for the 3—day TSP were higher than the CPC results
there was no significant difference in the counts at the 95% confidence
level.

E. coli determinations were performed utilizing both the plate
and MPN procedures. Results of the E. coli plate count (EPC) analyses
are presented in Table 6. Among the 3—day analyses only 64.5 , 93. 6
and 48.4% of the GB, TSP and SGB samples resulted in counts of less
than 50/g. The 10—day analyses were similar with 63.3, 96.7 and 46.7%
of the GB , TSP and 8GB samples containing less than 50 E. ccli per
gram.

Statistical analyses (Table 2) revealed that no significant dif-
ferences were present when comparing the EPCs after 3 and 10 days’
storage. No significant difference was indicated between counts from
GB and SGB, and GB and TSP. However, a significant difference in counts
from TSP and SGB was noted.

The E. ccli MPN (EMPN) determinations produced count distributions
similar to those found in the EPC procedure (Table 7). The 3—day data
show that 74.2, 100.0 and 35.5% of the counts for GB, TSP and 8GB had
less than 50 E. ccli per gram. The 10—day determinations resulted
in 66.7 , 100.0 and 46.7% of the GB, TSP and SGB with E. coli counts
of less than 50/g. Only 8 2 %  of all TSP samples tested contained E.
coii, while 78.7 and 96.7% of the GB and SGB samples were E. coli. positive.

Statistical analyses of the EMPN data showed that there was no
si gnificant difference in the counts obtained after  3 and 10 days ’
storage ; however, the 10—day determinations were lower than the 3-day
determinations in all cases (Table 2) .  E. coli counts from TSP were
significantly lower than counts from GB and SGB.

Compa r ison of the EPC and EMPN procedures by the Wilcoxon test
(46) indicated : (1) no significant differences were shown for GB and

10
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TSP at the 3— and 10-day storage intervals; (2) the EMPN counts for
the 3— and 10—day SGBa were significantly higher than the EPC Counts
for the same intervals; (3) with the exception of the 3-day TSP , all
of the b~1PN determinations were higher than the corresponding EPC
determinations.

S. aureus MPN (SMPN) distributions are presented in Table 8. Lees
than 7% of the samples for all product types and both storage times
had SMPN counts in excess of 150/g. Statistical analyses (Table 2)
indicated that no significant differences were found between GB and
SGB for the 3— or 10-day storage time and the 3— and 10—day TSP deter-
minations were significantly different from all other determinations.

Fecal streptococci plate count (FSC) distributions are outlined in
Table 9. Only 6.4, 0.0 and 9.7% of the GB, TSP and SGB 3-day analyses
produced FSCs in excess of 10001g. For the 10—day analyses, 0.0, 3.3
and 10% of the GB, TSP and SCE samples exceeded 1000 fecal streptococci
per gram. There were no significant differences indicated between
counts obtained after 3 and 10 days’ storage for all product types
(Table 2). However, 3— and 10-day TSP determinations differed signif I—
cantly from all others.

The aerobic gram—negative organisms isolated from each product
after 3 and 10 days’ storage are presented in Table 10. The most fre-
quent isolates from the 3—day GB, in order of occurrence, were Escheri—
chia coil, Enterobacter cloacae, Citrobacter freundii, Acinetobacter
calcoaceticus var. anitratum, Kiebsiella pneumoniae, Aeromonas hydrophila,
Proteus vulgaris, and Enterobacter hafniae. Arisona hinshawii (Salmonella
arizonae) was isolated from 1 sample. A number of changes in percent
of samples positive were noted after 10 days’ storage at 4 C. E. coil
predominated as the most frequently isolated organism with E. hafniae,
C. freundii, E. cloacae, A. calcoaceticus var. anitratum, Serratia
liquefacieng, K. pneumaoniae and A. hydrophila following. Salmonella
enteriditia ser. worthington was isolated from 1 sample of the 10—day
GB.

The 3—day TSP contained considerably fewer gram—negative organisms
than the ground beef. Isolates occurring most frequently included
E. coli, C. freundii, and A. calcoaceticus var. anitratum all of which
occurred in less than 10% of the samples. S. enteriditis ser. worthin—~~
ton was isolated from 1 sample of 3-day TSP. Isolates from the 10—day
TSP presented a somewhat d i f ferent  picture than the 3—day analyses.
E. hafniae and S. liguefaciens were isolated most often followed by
Pseudomonas fluoreacena grp., E. ccli and C. freundii. In one sample,
S. enteriditis ser. worthington was isolated (same lot as the 3—day
isolate). One isolate of Yersinia enterocolitica was found in the
10—day TSP.

Fewer types of organisms were isolated from SGB than GB. After
3 days’ storage E. coil was the predominant organism isolated followed

ii 
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by K. pneumoniae, E. cloacae, A. calcoaceticus var. anitratum, C.
freundii, Pseudomonas ap., and B. hafniae; A. hinshawii (S. arizonae)
was isolated from 1 sample. After 10 days’ refrigeration there were
even fewer species of organisms found , however , substantial increases
in the occurrence of some species were observed. E. coil remained the
predominant isolate with E. hafniae, A. calcoaceticus var. anitratum,
K. pneumoniae, C. freundii, E. cloacae, S. liguefaciens, Pseudomonas
sp., A. hydrophila and P. vulgaris following in order of occurrence.

Gram—positive organisms isolated from GB, TSP and SGB are shown
in Table ii. The most frequent isolates from GB at 3 days’ storage
were Ciostridium perfringens, Str~ptococcus faecaiis var. liquefaciens,
Staphylococcus epidermidis, Staphylococcus aureus, and Bacillus cereus.
After 10 days’ storage at 4 C there was an overall reduction in the
number of gram—positive isolates. C. perfringens remained the predomi-
nant organism with 73% of the samples positive. The incidence of S.
aureus and S. faeca]is increased while the incidence of the majority
of other isolates decreased.

The 3—day TSP produced few gram—positive isolates with Bacillus
sp., B. cereus and C. perfringens being isolated most f requently.
Following the 10—day storage period the percent of samples positive
for C. perfringens, B. cereus, and S. faecalis var. liguefaciens was
reduced. The percent recovery of all other gram—positive organisms
was increased.

The 3—day 5GB contained the largest variety of isolates and in
most cases the highest number of positive samples for all products
tested. C. p~rfringens remained as the most frequently isolated or-
ganism (96.8% positive). Micrococcus ap., S. epidermidis, B. cereuc,
diphtheroids , S. faecalis var. liquefaciens, and S. aureus were all
present in at least 50% of the samples.

In the 10—day SCE the previous pattern of isolates was found with
few exceptions. However, B. cereus, diphtheroids and the S. aureus
isolations were notably reduced. Several Streptococcus sp. and Bacillus
sp. showed a marked increase in occurrence.

The percent recovery of C. perfringens after using various isolation
procedures is presented in Table 12. C. perfringens was recovered
by at least one of the nine isolation procedures from 68% of all units
anLdyzed. It was found in only 40% of the units with the use of the
SP~ agar pour plate procedure. C. perfrlngens counts obtained directly
on SPS agar pour plates ranged from <30/g to >l03/g. Only one unit
wa~ found to be positive by all eight enrichment isolation procedures
. 1 1  the SPS agar pour plate method . C. perfringens was isolated from

of all units when samples were blended and from 59% of all units

~4,en samples were not olended. h owever, it was isolated concurrently
by both blended and unbiended methods from 51% of all units analyzed.

rhe isolation percentages by method for all food categories from
unbiended samples incubated and/or heat shocked at 37, 46, 75 and 95 C
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were 47, 48, 9 and 5%, respectively. Similarly isolations from blended
samples treated at the temperatures stated above were obtained from
44 , 46, 8 and 1% of the units, respectively. When the data from blended
and unbiended isolation methods were grouped, C. perfringens was isolated
from samples incubated and/or heat shocked at 37, 46, 75 and 95 C from
58, 56 , 14 and 6% of the units, respectively.

Friedman ’s two—way analysis of variance with multiple comparisons
based upon rank sums was applied to the sample means (46). This test
showed there was no difference in isolation efficiency at the 5% level
between the blended and unbiended samples incubated at 46 C and unbiended
at 37 C. These methods were significantly superior to all other methods.
The blended samples incubated at 37 C were the second moat efficient
method followed by the SPS agar pour plate method. Both of these methods
were significantly different from all other recovery methods. Recoveries
from blended and unblended samples heat shocked at 75 C were not statisti-
cally different at the 57. level. In addition, isolation from samples
blended and heat shocked at 75 C was not significantly different from
unblended samples heat shocked at 95 C. Isolation from blended samples
heat shocked at 95 C was significantly lower than all other isolation
methods. From samples heat shocked at 75 C, only 2 units yielded iso—
lates not also isolated at 37 or 46 C. Heat shocking at 95 C yielded
no additional isolates.

C. perfringens was isolated from 97 and 73% of GB, 26 and 20%
of TSP, and 97 and 90% of SGB units after storage for 3 and 10 days,
respectively. Overall, C. perfringens was isolated from 85, 23 and
94Z of the GB, TSP and SGB units, respectively.

There were no enteroviruses detected in the G~ and TSP samples
tested in this s~udy. Evaluation of the enterovirus detection method
showed that viral concentrations >2.4 PFIJ/gm could be detected in ground
beef.

DISCUSS ION

The microbial quality of raw ground beef has been well documented.
In a recent report by Foster et al. (21), studies of the microbial
quality of raw ground beef for the past 63 years were tabulated. Aithougn
numerous reports pertaining to the microbial quality of raw ground
beef are available, few studies have investigated the microbial quality
of soy protein extended ground beef (SGB) (9,11,22—24).

The addition of textured soy protein (TSP) appears to have no
effect on the total microbial load of regular ground beef (GB). Statis-
tical analysis of the data in Table 1 shows that there wag no significant
difference in the APCs from GB and SGB at either 3 or 10 days’ storage.
However, a significant difference existed between 3—day APCs and 10—day
AI’Cs for both products. This indicates that the addition of TSP has
no effect on the APC even after a 10—day storage period. This same
result was found in the analyses of the PPC (Tables 2 and 3). Comparison
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of the APC and PPC data by the Wilcoxon test (46) indicated that the
PPCs were significantly higher than the APCa in all but two cases.
This indicates that the predominant microbial flora in raw beef products
is psychrotrophic in nature and that current incubation temperatures
(i.e., 30, 32 and 35 C) for testing raw meat products are questionable.
This point is supported by Goepfert (47), Weathoff and Feldatein (20)
and Foster et aX. (48).

The APCs for products stored at 4 C in this study were in agree-
ment with the findings of Judge et al. (9) and Craven and Mercuri (22).
Analysis of the 3— and 10—day APC data in this study agrees with the
findings of Judge et a].. (9) who found significant increases in plate
counts in soy protein extended ground beef after 7 days’ storage at
4 C. Additionally, they reported significant differences in plate
counts initially and no significant difference in plate counts after
7 days’ storage when comparing soy extended and regular ground beef .
Craven and Mercuri (22) showed that the APC increased faster in beef
patties extended with textured soy protein than in regular ground beef
patties. Also they found that the counts increased over storage time
for all samples. Craven and Mercuri (22) found 2.5 to 3 log10 increases
in the APC for hydrated textured soy protein over an 11—day storage
period at 4 C.

~\s previously cited , the State of Oregon has revoked its APC standard
of S x 106/g for ground beef. Although this standard is no longer
in effect it will be retained as a guideline for use by state regulatory
agencies involved in the sanitary inspection of retail meat stores.
This guideline includes all raw meat products including soy protein
extended ground beef. Comparing the APC data to the Oregon guideline,
we found that 96.8% of the GB and 90.3% of the 5GB samples were in com-
pliance after the 3—day storage time (Table 1). Comparison of the
PPC data showed that 93.6% of the GB and 87.1% of the 5GB samples would
comply after the 3—day storage time (Table 3). After 10 days’ storage
the percent of samples which comply with the Oregon guideline was
dramatically reduced (Tables 1 and 3). This shows that ground meat
products can be produced in compliance with what some consider an ex-
tremely rigid guideline, however, as expected these percentages are
reduced with increased storage time. At this time the use of microbio-
logical standards, with all their legal and enforcement complications,
to ensure the quality of various food items seems questionable. Alter-
natively, the use of microbiological guidelines coupled with increased
sanitary inspection and laboratory testing, and cooperation with the
industry could result in a product of improved microbial, quality and
longer shelf—life.

The coliform analyses presented in Tables 4 and 5 show distri-
butions similar to those previously reported for ground beef (20,21,47).
Statistical analyses showed that no significant differences in counts
existed when comparing ground beef with or without soy protein. These

47. Goepfert , J.M., J Milk Food Technol. 39:175, 1976
48. Foster, J.F. et al, J Food Protect. 40:300, 1977
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results are in conflict with the find~r~,:~ ~~4 Craven and Mercuri (22)
who reported that coliforn counts incr s~~ with the addition of soy
protein in beef patties. Only in the c:~. f raw ground beef withouc
soy protein did the coliforin count inc~ea•~ significantly during re-
frigerated storage.

Statistical comparison of the coliform plate and MPN procedures
showed that the most probable number procedure yielded significantly
higher counts for all products except the 3—day TSP. Since the manu-
facturing steps necessary to produce TSP include high pressure heat
extrusion, the result should be a product with a low bacterial load .
Therefore, the fact that no significant difference existed between
the MPN and plate determinations for the 3—day TSP was not unexpected .

Currently, eight states have microbial guidelines based upon coli—
form counts (49). These guidelines range from 1 x 102 to 1 x io~ or-
ganisms per gram. Fowler et al. (50) recently reported that a coliform
plate count limit of 1 x l04/g for ground beef appears to be feasible.
This recoimnendation was based upon the analyses of 1856 samples of
ground beef. Comparing the data from this study to the limit of
1 x l04/g, 100% of the GB and SGB samples after the 3—day storage t ine
were in compliance, using the coliform plate method (Table 4). However ,
when ut i l iz ing the most probable number procedure it was found t ha t
only 90.3% of the GB and 96.8% of the SGB samples would comply with
the limit of 1 x l0~ coliforms per gram. The percent of samples in
compliance was reduced after the 10—day storage time. This finding
re—emphasizes the point that ground beef is a product of limited shelf—
life and that improved sanitary conditions during processing which
favor lower microbial populations would be beneficial to both the consumer
and producer.

The H. coli counts were determined by both the plate and MPN pro-
cedures. The results of the E . coli anal yses , as determined by both
procedures, indicated that the addition of TSP had no effect on the E.
coil count. Comparisons of the different procedures indicated that
the MPN method gave higher counts but these counts were not signifi-
cantly higher.

There are eleven states that have microbiological guidelines for
E. coil in ground beef. These guidelines range from 0 to 1 x 103 organisms
per gram . The majority of the states use the value of 50 E. coil per
gram as their guideline. Comparing the E. coli plate count data to
this guideline, 64.5% of the GB and 48. 4% of the SGB samp les would
be ~cceptab1e after the 3—day storage time. These percentage~ changed
very little after an additional 7 days ’ storage. Comparison of the
E. coil MPN data was quite different , wIth 74.2% of the GB and 35.5%
of the SGB samples in compliance after the 3—day storage time. The
10—day storage data showed 66.7% of the GB and 46.7% of the SCB samples

49. Wehr, H . M . ,  37th Annual Meeting, Institute of Food Technologists, 1977
50. Fowler, J.L. et ril, J Food Protect. 40(3):l66, 1977
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having E. coli counts of 50 or less. The wide difference in the 3—day
values of GB and SGB was probably due to the dilution of the GB with
TSP. Only 8.2% of all TSP samples tested contained E. coil and 100%
of the samples tested by the MPN method had values less than 50/g at
both 3 and 10 days’ storage (Table 7).

S. aureus as determined by the MPN method was found in limited
numbers. Less than 7% of all the samples tested had SMPN counts in
excess of 150/g. The recovery of S. aureus in low numbers from ground
beef is in concurrence with the findings of a number of other investi-
gators (11,19,21,51). Currently , eight states have guidelines pertaining
to the numbers of S. aureus allowable in ground beef. These limits
range from 0 to 2.5 x 102 S. aureus organisms per gram. The samples
tested in this study compared favorably to these guidelines. Although
S. aureus is recognized as a potential food poisoning organism, to
date there have been no reported cases of S. aureus food poisoning
from ground beef. This could be attributed to the fact that this organism ’s
ability to compete with the microbial flora of ground beef is questionable
(19,52). However, S. aureus is a potential, hazard and should be handled
in a manner which will minimize the possibility of the growth of this
organism.

The fecal streptococci determinations indicated that the addition
of TSP to GB and/or refrigerated storage did not effect an increase
in this group of organisms.

A review of the literature revealed only one report where specific
organisms from ground beef and soy e~ctended ground beef were isolated
(22). In both ground beef patties and soy extended ground beef patties,
Serratia and Enterobacter were the predominant genera reported. Gram—
positive organisms were not identified. In this study a more complete
investigation of specific organisms present in GB, TSP and SGB was
performed. F.. coli was the predominant isolate found in GB and SGB
at the 3—day and 10—day sampling periods. Specific organisms of public
health significance which were isolated include S. enteriditis ser.
worthington, F.. coli, K. p~eumoniae and A. hinshawii. F.. hafniae and
S. liguefaciens showed the largest increase in the percent of samples
positive after 10 days’ storage at 4 C. E. cloacae and K. pneumouiae
showed the largest decrease in percent of samples positive after 10 days’
storage at 4 C. There was no indication that the addition of soy protein
to the ground beef had any stimulatory effect upon any one organism
or group of organisms. However, it must be noted that this cannot
be directly shown from these data since all organisms present in each
sample were not identified, only morphologically different organisms
were examined. Overall the SGB contained fewer species of organisms
than the GB. This might be due to the extension of the product with
TSP. The TSP contained few species of gram-negative organisms with

51. Emswiler, B.S. et al, Appl Environ Microbiol. 31:826, 1976
52. Goepfert, .J.M. and Kim, ILU., J Milk Food Technol. 38:449, 1975
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many samples yielding no isolates. Since the SGB in this study con-
tained 202 TSP by weight, the result would be a product with a re—
duced microbial load. The fact that fewer species of gram—negative or-
ganisms were present in the SGB after 10 days’ storage at 4 C suggests
that either the product was not a favorable growth medium or that they
were overgrown by other microorganisms adaptable to cold storage and
able to utilize available nutrients.

In contrast , the gram—negative isolation procedures which showed
that fewer organisms were present in the SGB than the GB, the gram—
positive isolations showed the opposite (Table 11). Overall, SGB yielded
a larger variety of gram—positive organisms than either of its two corn—
ponents, which further indicates that soy protein when combined with
ground beef offers some form of protection to organisms normally sus-
ceptible to refrigerated storage. C. perfringens was the predominant
isolate found in the beef products, while Bacillus sp. predominated
in the TSP. The presence of C. perfringens in ground meat products
in low numbers has been well documented (51,53,54). Therefore, the
hi~o recovery rates of this organism were unexpected. Studies by Schroder
and Busta (23,24) and Kokoczka and Stevenson (55) have indicated that
soy protein extension of ground beef products has variable effects
on the growth of C. perfringens. Further studies of the chara~~eristics
of C. perfringeng have shown that this organism has limited ability
to survive refrigerated storage (56,57 ,58). The results of this study
also indicate that the survival of C. perfringens is reduced with re-
frigerated storage. However, a reduction of 23.5% in the frequency
of positive samples was found in GB while only a 6.8% reduction was
shown in SGB after 10 days’ refrigerated storage. Additionally, a
reduction of 5.8% was noted in the TSP after the same storage period .
This finding could indicate that the addition of soy protein provides
some protection for C. perfringens during refrigerated storage. If
this is the case, food handlers should be aware of the extended poten-
tial of these food products to cause food poisoning.

Generally a low level of C. perfringens was found in all products
as would be expected from refrigerated meat products. The need for
heat shocking during isolation appears to be unnecessary. The use
of enrichment incubation temperatures of 46 C for either blended or
unblended samples and 37 C for unbiended samples were most effective
in the recovery of C. perfringens from minimally contaminated foods.

53. Ladiges, W.C. et al, J Milk Food Technol. 37:622 , 1971.
54. U.S. Dept of Health , Education, and Welfare, Public ‘Iealth Service.

Morbidity and Mortality. 24:229, 1975
55. Kokoczka , P. J. and Stevenson , K.E.  J Food S d .  41:1360 , 1976
56. Fruin, J.T. Ph.D. Thesis, Purdue Univ., West Lafayette, IN , 1974
57. Woodburn, M. and Kim, C.H. Appl Microbiol. 14:914, 1966
58. Strong, D.H. and Ripp, N.M. Appl Microbiol. 15:1172, 1967
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Few isolations of enteroviruses from foods have been reported.
However, Sullivan et al. (28) reported isolation enterovirusea from
ground beef. The fact that no enteroviruses we re isolated in our study
could be attributed to the small sample size utilized or ideally to
the absence of enteroviruses in the product. Evaluation of the entero—
virus screening method used in this study showed that viruses could
be detected in concentrations of >2.4 PFU/gm (Table 13).

RECOMMENDATIONS AND CONCLUSIONS

1. The addition of texture ’ soy protein appears to have no effect on
the total microbial load of regular ground beef.
2. The coliform most probable number method produced si giificantly
higher counts than the plate method.
3. The microf iota of the products tested appears to be psychrotro—
phic in nature because the PPCs were significapt3 y higher than the
APCs.
4. The predominant gram-negative isolate of GB and SGB was Escheri—

F chia coli yet few gram—negative organisms were found in TSP.
5. The predominant gram—positive isolate from GB and SGB was
Clostridium perfringens while the genus Bacillus was most frequently
found in the TSP.
6. The use of TSP as an extender in GB appeared to have a cryoprotec—
tive effect upon C. perfringens, however, additional investigations
are necessary to show a direct effect.
7. Although potentially pathogenic organisms were isolated from SGd ,
this product is no more or less hazardous than GB, if properly handled .
8. Additional studies to evaluate the effect of TSP on specific food—
borne pathogenic organisms are warranted.
9. Evaluation of currently accepted incubation times and tempera—
tures for meat analyses is needed.

18
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TABLE 2: Friedman two—way analysis of variance with multiple comparisons for
ground beef (GB), textured soy protein (TSP) and TSP extended ground
beef (SGB) after 3 days’ and 10 days’ storage*

Aerobic Plate Count —

£SP_ 3** GB—3 SGB—3 TSP—b GB—b SGB—lO

Psycurotrophjc Plate Count —

TSP—3 GB—3 SGB—3 TSP— b Gb—b SGB— 10

t olitorm Plate Count —

TSP—3 TSP—b Gb—3 SGB—3 SGB—lO GB—lO

Calif orm MPN Count —

TSP—3 TSP—lu GB—3 SGB—3 SGB—lO GB—b

k~. coli Plate Count —

TSP— lU TSP—) GB—b GB—3 SGB—lO SGB—3

~.. coil MPN Count —

TSP—l U T .bP—3 GB—lO GB—3 SGB—lO SGB—3

S. aureus MPN Count —

TSP—3 TSP—lO GB—3 GB—b SGB—lO SGB—3

Fecal. streptococci Count —

TSP—lu TSP—3 GB—b GB—3 SGB—lO SGB—3

* Mean counts are ranked from lowest to highest (left to right).

** Products underscored by the same line are not significantly different at
the .05 level.

25

/

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— 4__ ~~~~—~~~~ -—~~~~.—~ •—— - —



~ - --~ - - - - - - —~~~~~~~~--

4-I
a)
0)
.0 ~~ I C’.4

~ I P s e n P s 0 P s 0
0 Cii >-J 04 . 0’.
C CO to U 40~~~ ‘.0 0 ‘.0 00 0 -4 e ’ 4 C O 0 % 0  0
0 0 ‘—4 Ia
I-a Z 0
00 0 .-4 CO N

0 o I N (‘4 Ps en ii ’. —4 0 .
I -4 (‘4 ‘.0 00

O V.~-o
0 0
0 U)
4.’ 0

— 4 z I i’4 c’4 —4 00 0 en
O L4 I 04 • . . . .

H I U N . 4 P s  ‘.0 0 3’.
04 >4 >.,I m-.0 00 0’. 0

U) (0 ~ 4 0
H 0 4.1

-o (0 c~ l .-4 .-l
o I—a o I 0 0% 00 e-~ .-i .—i .
CO I —4 en in 40

0.
Cl’.
H

C
-‘-4 I ‘fi in CO N .—l 0 Ps 0 00 . 4  0 ‘—4
O I 04 • • . . . 
‘a Z 1-I U en 0 en Ps -0 ‘-4 -4 C~4 ‘i C.’ 0 3’
o .-4 ~~4 —4 N (“4 ii’. ‘.0 00 0’ 0
I-a U) 0 -4 0
0. H i-a

0 0ci~ .-4 0’. ‘-4
0 04 o I —4 N .-4 —4 N N 40 en ‘.0 (“4 N 0’. .0, I N N

-o 0
a) (0
I-’
o 0
a.’ U) N -.t 0’ .-4 en In 00 0

04 . . . • . • . • N.
O ~3 U -0 I— ifi Ps 0 en 40
‘a H >-J (s I- 0 0 0 0  0’. 0’. 0’ 0 00

>4 (0 —4
- U) 0 0

(4.1 4-4 1.’
0 en Ps
O 01 en —4 N —4 . 4  ‘-I .-4 .—4 .—l 0
.0 N en v c—

-o
C a)
0
0 0
I-a (V
00

I-a I 0 r n 0 e n 0 r~- 0  .—i I.’
C I 0.. .

(l.a >-.I U O e n O r n o’ . oO 0’ 5 Ui
CV -4 —4 -0 40 0’ 0% 0 0 0

Ci’. 0 .4 0 U ‘-4
‘a 1.4 0.
0 0 .0 ~0 —4 Ps 0 (0
o Ci. o I en ‘.400 r-. CO N —4 0 . . to So ~ I en Ps 0

U) 4-a
a) 00 0 0
4.’ .4
‘0 0 .0 0

‘a
0. 1 . 0  N O 3 e n O N’ 0 00 0 -0 (0

0 I 04 • • • • • . • . • ~ ‘a(J ~4 I U en In N — ~ ‘. ‘0 0 00 0
---4 0 N en 15 Is 0’. 0’. 0 Ci, ~(V ‘—4 0 0 u
0. 0 ‘a .-4 I-a
0 0.

(“ 4 ~~ -~~ S
4.1 (0 1 ~.4 Ps N (‘.1 ‘0 .4  .—4 ,-.4 . . to
0 0I ~~4 en en in a a,
I-a ). a. ’

-~~ 4-’ -‘-Io 0 a. ’ 5
(0 0

0, 14 ‘-4 U
04 o o l  Cl,

‘a 011 0 P s0 P s 3 P s 0 P s 0 P s 0 N .D H .0 5 ‘a-a
C, C . I I • . 0 0 0

14 (“4 (4’. ..7 .t In ‘4 .0 .0 Ps Ps 00 00 3’. Z S C.)
-~ 0 Z 0

0 0 0 0 0 00 0 0 0 0 0 0  U I ‘-4
-a.)  0’a ‘ a I a’ a I a’ a ’ a ’ a 4 . 144 4J 4.4 4J 1J .4 U) U I
-~ -40 Ps 0 ~.)00 0  . 0 0 0 0 0 0 0 0 . 4 0 0 . . 4 0 0 4 0 0  • ~~ ~~ L)

0 0  “l • I I . 0 %  0 C 1.1
-~ -3 C.) VI N~~~ en -~~ ‘0” 4  In ‘.0 ‘0 Ps N. 0 0 0 0  A 4-4 ~~ (0 .0 U

26

~

---

~

-

~ 

- - . - - --- —-
~~~~~



- - - - ~~~- ---~~~~~~~~~~~~~~ —~~~~~~----~~~~~~~~~~~-- - ---
---

~~
---

~ 
- -—-

~~~~~~~
-
~~~~

Ii.. I
CU I Ps 0 0  en en Ps 0 0
U) >.~ A. • • l I t . .

‘4-’ 00 CO U ‘0 0 0  en en ~~4) 0
O 0 .-4 0
.0 Z 0 i-a

~~~ .- ~ ‘.0a. -o 0 N -4 en 0 en Ps 0 0
C (4 -4 en V N
0 U
0
1.. 0
00~~~~~

z I N P s 0 0’ . P s0 0 0
a) U) I 0. • • . • . ..  0’-o 4-4 1 C.) en 0’ 0’. 0 04 00
0 >4 ~~ N N . 0 0 0 % 0  en
O CU (0
4.’ 0 0
X 04 1.’
o u’. en

F-a 0 -4 N ..oen en in .-~ 0-4 en V N
Cl)
H

0

I-.
0. I en N. s.
Cl, I 04 . . • I N
4—a Z >—4 C.) en ‘0 ‘.0 0

‘-4 (0 00 00 0’ 0 en
Ci) 0

C H 0.4 0 0 ‘a4) (4 -4
a-a 0.. 0 U”. .4 en ‘—4 0 0 •
0 N en V 04-a )-.
0. 0

La,
>‘0 0

U~ I en 4 00
0. I 04 • • • en

0 0 I U 0 e n o
O 4-4 >‘.J C’. 0 % 0  N4_a >4 (0 1~4
O U) 0 0
‘a 4-4 ‘aen .44) 01 00 ~4N ~4 0a-i ‘-i en V 0

0)O 004) 0.0 to
Ii

1 0 e n - O O e n P s  e n o
O I 0-. • . • a-’.o >~ U 0 e n O O c n 40 e no  • 0 toIV .-4 . .4en In in Ps 0’. 0 in 0 0)
00 0 -4 0 ‘-40 0.
4-. 0 ‘a .0 5o —4 00 U to

‘a-a Ca.. 01 cn ‘-4 (F’. 40 ‘-4 Ps in N 0 0 • to a,I en V NI,) U) 9-a
‘a 00 0 0C .4
o 0 -0 0)o Z 1.’ 00o 0 .0 -4 tt’. ‘.0 .-4 en 0 .,.4 (00 0-. . IF ’. ~~ ‘aO o~ U ‘.0 It’. ~~4 N- 00  • C
‘a U .-4 en ‘1’. 00 0’. 0 c4’. 5 4)V 10 —4 0) U0 0 ‘—4 4-a04 1.’ 0. 0)en 00 5 0.o to i U’4 ‘0 I n  .-4 4 en .-4 0 • to4-. 04 .-4 en v —4 a a) too ~~. ‘a(44 (I-a .4 5.4 0 ‘a S‘—4 (0 0

I-a .-4 UC.) 4) 0) 1 (1’. 0) 5i-a o(0 0 P s O r-s3 r . . O r- 1- .0 5(0(0 ‘. 0 0 0.-4 (0 N. N V-l en V4’ Z S U
• 0 00 0 0 0 C . , 0 0 0 0  U I ‘-4CU 0’a ‘ a I a ’ a 4 J’a iJ a.i iJ .4 Vi) U 4 000 N. 

~4 U z 0.00 0 0 0  ‘ a 0 0 r 400 ,-4 5 .-4 00 r.4 • 0 C.).38 ? o o N ~~~~~~~~~ 4-4 (0 0 U

27

- . - 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

- --—--——aa -~~a r-



~~~~~

‘ —-- 
— - --- - --------=:-:---- - - - — -  —--

~~~
- -

~ 
— ---------- — - —

~~~
--.------ -

~ 
—

Ca.. I e
U-) I I—’. e nr s o 0
l.a.) 4,l A. • • • ‘0
00 40 U en e n 4 0 0 0

0 .—4NIn 0 0
0 ‘-4 ‘a0
.3 ..4 40 N.o o I —~ en —~ N. If’. 0 •
(4 I - en .~4 en

‘a
0. 0

U)
H 0

z I N 0’. Ps 0 00  N
IL) I 0. . . . . • .

C H I U en N 0 00 4 0  o -o
—4 >4 >,& .- 4 i n 0 0 0’0
O U) 10 —4 0
i-a 0 ‘ao 0.
s-a ~~ en ‘.0 00
0. 4—a :31 ‘—4 en —* ts in .—4 .—4 •

en .-4 P-I

a,

-o
0)
l.a

I ~~ e n o  P s O  0
I 0-. • . . . . . ..

~~
.

45 Z -4 U ‘0 en 0 ‘00 0
a. ’ ~ 4 10 ‘.0 C.’. 00 000’. 0 -4’

U) 0 -4
— 4-a 0

‘I-a 0 0 4.’
4) (4 .-4 0’.
0) 0-. 04 0 N N N ‘—4 en 0 0 •
.0 I N en V 0
-

~ 0
C
S
0 0

~ I — ien in IsO
00 (4 I 0-. . • • • I  —4’

o I U ~~ en ‘.00
14 4-.. ~~~ 00 0’. 0’ 0’. 0 eno -4 iO

‘a-a Vi) 0 0
4-4 I. ’

a en en
i-a ol Ps . 4  I.4 .—4 .—4 .-4 0
(0 I N  en V 0

U 4)
00

‘a 0
z 10

I-’
e n r - 0 0 0 O  ‘aI 0.. • • • . • . 0 (0

4_a PJ U ~~~‘000 0 0  •
0) ‘a-a (0 N en 4 00  ‘.0 0 4)
. 0 0 1  0 I-I U ‘.4
S O  0 0.
0 . 0  0 ‘a .0
Z .-4 Ps U

o ta.. o I .—4 -4 -~~ en 0’. N 0 0 • to S
0 ) 0 1  U) I ,-~ en V en 0)

‘—4 0 U) ‘44
. 00  00 (0 0

VO l.4 .4
.0 00  0 .0 4)
0 z ‘a 00
4_a :3 .0 C.-) Ps 40 en Is ~I en 0 .4 IV
0 . 4 5  0 4 P.. • • • • • . • • N. a-a
(4 I C) en 0’ N C’.) Ps .4’ 0 0 • C

a. ’ (0 0 D’.I N en ‘.0 Ps 0% 0 -4’ 5 4)
5 4 )  (V ,-4 0) U
O a.a 0 0 .-4 4-a

‘a 0.
01 en in

O IV I .4 N ‘4’ en .-4 c-i in en ~ I 0 • (0
1 4 0 4  04 .-4 en V C”) 5 0) 5
0 ( 0  > ‘a,I_4 4_a ‘44 .4 (0
.4 0 4.1 0

tO 0
0 0  0 l.a 4 U

4)4 0 0  Cl’. 4) ~0 0 I n  4-4 .0 5 9-a
(0 0 0~ 0 .-4 .7’. .-a 0 O 0(0 ‘—4 N -4’ In -0 .-4 Z S U

in -.040,-I  0 0
P.. 0 0 0 1 . 1 0 U I -4

U) Z ’ a  ‘ a O~~~~~O ’ a ’ a  0 .4 00 CI I 00
.4 (0 1.1 1.1 1.’ 0 0  4 U Z A.
00 0 ‘0 0 0~~~~,-4 4-4 Z 4 3 U

0 ~~ • 0 en N -.0 en ,-4 0 -4 Ci)
C) V I e nN - 4 ’Ps ,-I in .--4 A 4-4 (4 (0 .0 0

26 

—-- ------ ~~- - -  - . .- -- --~~
• --~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~~~~~~~~~~~-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~--- - -~~~

o C’ I
C CU I N. Ps en N. N. 0 Ps
O Ia) 4-4 A. . . . • • •o 00 (0 U ‘0 ‘.om ‘.0 ‘.00 en
I-a 0 -o i n 0 0 0 0 0’ 0
00 0 .-4 0

Z 0 1.’ HO 0 -4 N
O 0 01 -.7 en 00 ‘—4 en .—4 0 0 •
o (4 I —4 en V .4
(0 U
4)
‘a 0
X U)

0
Z I 0 .4’ 00 - * 0 ’ 0 0 0

0-. CU I 0. • . • . • • • 00
H I U 0’. 00 —o c. en ~0 04-. ‘4 ~ J N ‘0 In Ps 00 0’ 0 en
:4.) (0

0 0 0
(0 0-. a-a(0 Cl’. en I-.

F-a oI a’, ..ONN.C’.l-4 .-4 —4 0 H‘a I en v .~—s
0-.
:1)
H

C
‘-4
4)
‘a I en
o I 0-. • • .  N.
l.a Z >.I U en ‘ .00 •
0. s-a (0 0’. 0 ’O

0 0 0  ..-4
4-. H 0o 0 0 1.’
(0 (4 ‘-4 I—I

0-. ol ~~ .—4 .—I 0 0
N en V 0

O 4--’
~-a 0
O Cd)
1.’
>4 0
O U) I ‘.0 0
a-.’ (4 I A .  • • en

:3 I U tn 0
- H 4-4 0’. 0 N

(1-a >4 (0 .4
O 00 0 0
41 4-4 1.’

en I-I:31 0’ N ~-4 0
0 I N  en V 0

S
3 0)
I-a 00
00 (0

(0
1. l.a

I 0 c n oe n N .0  ‘aI 0-. • • • a I C.—. (0
a, 4-J U 0 e no e n ’ . 00 • a,
‘a (0 40 ‘ 0 P s  0 00 0  0 en 0 45
O 0 ‘-4 U .4
0 0 0.
0 0 a-a .0 5
U ‘—4 0% U IV

00 ‘—4 N -4’ —4 .4. 0 0 • (0 5
O ~ I - 4  en V 0
‘a 00
14 00 (0 0

1-4 -14
0. 0 .0 4)

Z ‘a 00
‘.4 0 1 . 0  0’ i n - 4 40 0 .4 40

0 I 0-. • • • a • C’) ~ ‘a0 (4 I U -4 ‘ - 0 N . e n  0 • (0
U ~.‘.l -4’ ‘.0 1% 0’ 0 en 4)

IV .4 01 0
(V 0 0 ‘-4 Ia
.4 i-i 0. 01

en .-s a o.o IV I tn N. ‘0 it’. C’-) .-4 0 • to-1-4 01 .4 I~) V .4 5 4) 5
4-. > ‘a4) ‘4-4 ~-4 (0 -

~~~0 .4-I 0 1-a S0 4 )  IV 0
CO O 1. ‘—4 U
00.0 w w l  Cl’. 0) 0

1.’ 0(0 0 N. 0 Ps 0 Ps 0 (-4 .0 5 ia-a
40 (0 . . • • . • • 4—4 5 5 0

Ps -4 . 4  c-I C.’) en en -t Z S U
‘0 A . X  • 0 Z -0

0 0 0 0 0 0 0 0  U I —4
La) 01. ’ 4J ’a i-I ’a 4J IJ ’a .4 00 U I 00
4 .-4 (0 0 4 U Z P.

000 ‘a00.-400,-4 aQ ,-4 00 4- Z .4 0 U
-‘4 0 0  0 • • • • • • •  0 .4 U)

. 3 U  V 0 0 . — 4 . - I N N m e n  I-. ~~ 
(0 .3 U

29



~ 

~
- -

~—-~~~~~
-
~~~ ~~~~

- -
~~~
-

~~~~~~~~~
- - - —

~~~~
- - 

C’ I
U) I N. 0 Is Ps 0 0  en 0 -*ta_I 4-4 A. • • • • I S S • I

‘a 00 tO U ‘ 0 0 4 0 4 00 0  en en
0. 0
Cl) 0 ~—4 0
H Z 0 ‘a
-
~~~ :3 ‘-4 0’.

0 01 N .4 In ‘.0 Ps en -4. N 0 0
en V —4

C,

‘a 0
0 00
Ia 0
0. z I N —4 ‘.0 In ‘—4 —t en 0

LU I A. • • • • • • • . N.
4--. C—. I U en ‘.0 N In 00 Ps 0 0 •
0 >4 4-4 .-4 c-i en Ifl Ps 0’. 0 en
a, CU IV 1-4

0 0
‘0 04 4.’
4) Cl) en .4
I-a 4-4 I ~4 -4’ N -.4’ Ps .0 -~~ en —4 0
o I en V c—i
1..’
>4
0
‘a

‘4-I
4,
o 1 en ,‘— o
.0 I A. • • •  ‘0z ~4 U en ‘.00
‘0 ‘—4 IV 0’ 040 ‘-4
(0 i_I 0 u-I
O C-. 0
o 0 0 ‘a
l.a (4 .4
00 0.. : 3 1 0 0  .—4 -4 0 0

I N en V 0
Ia 4-..
0 0
‘.44

CO 0
‘a ~ I en00 0
C t~ I 0.. • • .  -4’O ~) I U 0 0 0
0 H 4--J 0 4 0 40  .—I
o >4 IV —I

U) 0 0
‘a 4-4 ‘aZ en .4

:31 0 0N .—4 u—I 0
Z I N  en V 0

I-a 0
o 00
.3 (0
O (0
S I.
z

I 0 0 0 P se n P s e nO 1.’
4) I 0.i I S S • • • • N (0

‘—I 4-~1 C) 0 0 04 0  en ‘.0 en a • S.3 .1-a I e n i n 4 0 4 0 0 00 0 0 4 0  en 0 44
( 0 0 )  0 u-I C) .4
.0 4 )  0 0.
0 .0 0 ‘a 0 40
4-. i-I en U to
0. -5 La. 01 ~~~~ en N In .4 c-I c-a 0 0 • to S

(0 I en V .-4 41
U) 14.4

(0 0
3 4 _ a  -I-I

~~~00 0 .0 0)
Z 1.’ 00

1 . 0  0 ’ 4 0 0 ’ r — i 0 ’ 0  .~4 (0
CV I P-u I • • • • I  Ps 1.’

0’1 ~~ I U N.-4 0 - . te n o  • C
U 4-’iI — I I n N .P s 0 00 N 5 44

0) 10 ‘-4 0) U
0 0 .4 l.a

‘a 0. 0)
en en 5 0.

Cd to I —4’ N 40 ,-I en IF’. .4 0 • IV
01 .-4 en V i-I 5 0) 5

4- ‘ai4.a ‘.4
.0 0 ‘aIV 0
:0 0  0 4-a ‘-4 U
. 4(0 441 00  Cl) 44

0(0 O0 In 4-4 .0 ‘a-iO 0’. 04 0 . 40’ ‘-~ 40 0
S C)

5 - 4 4 0  0 Z 0
0 0 01 . 1  U I u-I

~~ 
U~~ I 00

O ‘.0 OO8 4~4 Z -4 U
-
~ 0 en • O e n C’ - I’.O en e-i 0 .4 00

U V le nN .4 Ps u-I IFb .4 4-4 00 IV .0 U

30



---— —~~~- - :-~~~~

‘a
P.
ti) ra. IF-. ti_I I O C n N .0 P s 0  -t

LU P-I 0-. • • • • • •
00 IV U o e n-.oo’.o e N

(0 0 . — I e n -.0 00 0..0
.r4 0 -4 0
4) Z 0 ‘a
‘a - 4 en
o 0 ~ I en r-. 0 -4. in . 0 0

I —I en V ,-4

4--. 0
0 00
5 0

Z I ‘n O .0 . 4 . 0 00
0 00 1 0.. • • • • • • Ps
0) 4-4 I U 400’ .’-4 r-, .4 0 O
l.a >4 4-4 N In Ps 0-. 0 N
0 Cii IV u-I
4.1 0 0
>0 A. ‘a4) U’. en -~~
‘a 4-4 0 c-i Ps Ps 00 ‘.0 .—4 .—I 0 —

en V u-I

‘1.4
0
0
.0

‘0
(0
o I en~~~~ o0 I A .  • • -  -*4.. Z 4-4 U en ’ .o o
00 s-I 40 0’0’.0

Cii 0 .4
14 4-4 0
0 0 0 ‘a
‘4.4 (4 -4 .4

A. I 00.4.4 0 0
C’) en V 0

‘a 4-4
0 0
0 (0
0
U 0

tsi I 0 00
‘a 00 I A. • •  ‘0Z 0 I C )  4 00
0.. 5-i P--i 0 40  0
z >4 IV u-I
-
~~~ Cii 0 0

4-4 ‘a
I. en N01 0. 4  .4 0 0

I en en V

Z 
- 

01
00

0 (0
.4 to
.0 Ii

I o e n o o e n P s o  a-.’o I 0-. • • — • • a I -.4’ (0
4-I 4-I U O e n o O e n -.c o • S
A. ~a-a IV N 4 0 0 0 0 4 0 4 0 4 0  en 0 4)

0 0 u-I U u—I
1.10) 0 0.

0 ‘a .0 5o 0 U to
Cia ~~ I 40 en In en ‘-4 ~~~.—I 0 0 • (0 5

(0 00 I .4 en V u-I 41c o o  ~~0 0  ~~ (0 0
0 1 4  .4
l.a Ob 0 .0 41
0 Z

0 I.~ “.en a ’ - .N.-.oo ‘.4 (0

~ I b 4-
0 (0 U 4--I m 4 0 N . 0 0 0 4 0  c-I a’. 4)
U ‘ 0o x  I.’ 0.
V o l  en 0’. 400 IV I ‘-4 00 en tn -.4’ N u-I 0 • 14

~~ l ~4 en v 0 a) 4) a,(0 4-
-04-. ‘4-4 .4 (0

o i-a 5
to o

‘a~~~ 0 Ia u—I U
0 Cl) 0) 0

o ’ n  4-4 .0 40 is-
O 0’. 0 4 0 0’  s-I 40 o

Z (I s-I N -4’ in -t z S U
33 -. t40P.4 0 0 Z 0

Z 0 0 ’ a  U I i—I
(4 ‘a ‘ a 3~~~~~~~~ ’a .4 00 U I 00

(0 1-a 1-a ’a 0 .4 U Z A.
5 ‘.0 0 0  5-4 Z .4 0 U-

~~ Q e n. O e n c- i ’ . oc--i 0 -4 Cii4-4 U VI en c-i -.4’ Is ,-4 ,--I 4-4 00 X to .0 U

~ 

-~~~- - --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -~~ - - - -- - - -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~



.4-’
0 ~~ I
41 Vii I O N .  0 00  -.7
.0 Va_I >4 A. a • • • a

33 IV U 0.0 0 0 0  en
‘0 0 u-I u-’I 0 0 0 40
(0 0 .4 0
S Z 0 ia
o ~ ‘—4 u—I
4-a 0 ol en in en en en 0 0 •

I .4 en V c-i
C,

4, 0
‘0 00
(0 0
0 Z I N rs~~~~cV4 C~
‘a ta-I I 0.. • a a • . en
>4 H I C) en ‘.o — i ’ 0 0
4) >4 4-4 en ’ .o o’. O en

00 40 u-I
04 0 0
Cl) 04 4.’
4—u u en .4

4—a ~~ I u—I en “I 00 en ‘—4 0 a
‘0 I u-I en V N

‘a
P.
(0
H
-a-

I ON .. - 4  0
C I P. • . .  • 0

-1-4 Z >,I U 0.0 40 0 •
01 .-4 to 0404.4 0 en
i-i tad 0 u-I
0 H 0
l.a 0 0 ‘a
0. Cr~ .4 C’)

0-. ol N . N —4 ’  ‘—I 0 0 •
i N  en V 0

o
CO

3
a en 00 0

3 ~4 I A. • .  • C’)
~ J ~ D 

~ U 0 4 0  0 •
>4 H P-u 0’.O’ 0 c-i
41 to u--I
a-. ’ 0 0

‘a
— en N

ii. . ol 00 c-i u—I .—I 0 •
01 I N  en V 0
2

0
‘0 00
0
So 14
I-a
00 I o O i — e n 0  ‘a

I P.. • . • . •  0 (0
I-a 4--J U o o- . c e no  • S S
0 IV u—I c-i ‘. 0 0 40  en 0 41

4-1 0 p.4 C) u-I
0 0.

5 0 ‘a .0
1.1 u--I 00 0
(0 i.. ol en en -~ - 00 1—I 0 0 • to s
S I u—I en V u-I 0)
-, -~ ‘4.4
U U (0 0

.4
‘-I .0 4)
U 1.1 00

~ I .o c-i 04~~~ 04 -.0 0 -~I to
-
~~ I 0-. • • a a • • en ~ ‘a

I U enu- I.-s e n e n O  • C
- -) >4 -4. In 0 0 0 40 en 5 4)

(4 u-I 0) 0
0 0 u-I 14

‘a 0.
en 0

to I u—I C-i en 0 en N u-I 0
01 .4 u-I 4f l V N IV 4) IV

p_I 1-44 ~1-4 (0
11-t 0 ‘a 5

IV 0
3 I-a u—I U

ta-a o o l  01 5
‘a c m  0 P s 0 P s  4-4 .0 40 ‘4-1
(0 (0 a . ..  I-I 40 5 0

p-I to N .e —l c - --I e n e n  Z 0 U
0 4 ( 4  • :3 Z 0

u--I 0 0 0 0  U I u-I
‘a i J a-a l.’ .4 00 U I 00

00 3  i~~ 00 u-4 00 u-4 ~~ 0 Q

‘.~8 ? o u 4 c’.~ c~~~ ~~ .0 1)

32 

- —~~ . - . ~—.—-—-—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~..._._ ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ ~-~~~ — --— ~~- - - - --- ~~~~~~~~ - - ~~~~~~~~~~

tA-a

00 I I’— 0 N. 0 en en N. 0 en N. N. o
4--I A. . 1 . 1 1 1 1  • I  I I . .  u . 5  1 1 . 1  • . 1 1  • I  . 1  I

0 (0 -.0 0 ‘-0 0 en en ’ .o  0 ~~~‘0 -.0 0
0 -~~ u-I en en -.00’ .  en u-I u-I N

-~~ 0 0
41 (4 —4 :31 - 4- 0 e n0 0 0 0~~- - I O O 0 0 % 0 % 0 0 u- - I O 0 O e n 0u - IN O 0 I n 0’ . 0 0 0

C) I u-I u-I N

0 0
00

>0 0 I 04 In c-- N en c-i .7 0’ 0 ‘.0 N N in in N 0 in
41 Z I 0. — I  • . — I  I — I l  • • ~~~~~~• • •  1 1 . 1  • • I  • • I  — I l

- - 00 >4 u-I -.0 0’ en N en 00 N 0 u-I en en ‘. 040  en a-. ‘0P. H 14 -4’ en -.7 --I 0 in N
Cl) u--I

en ~~I en O N  en . 40 0 0 0 0_ I  in 4’ . 4 4 0 . 40 0. 40  N N 0 u-I 0% O N  0 0
‘0 04 I - u-I .4 m u- I

‘a
0. Z

s- I en N. en 0 en en N. 0 en en en r—. en en en N. en en
4—. Cii 4--I 0-. — 1 . 1 1 . 1 . 1  I • . • . . I  . 1 1 . — a l l  • • • • I

4-4 14 en -.0 en 0 en e n — o o en en en —0 en en en- .0 en en
0 0 u I  . 4 . 4  u—I .4 -

(0 U
-u-I 0. 0
0 .- -I ~iI u-I 0 N 0 0  u-I 0 en 0 0 u—I u—I in en u-I 0 . 40  0.4  N —I’ 0 0  —I u—I I n _ I  u—I I—I
‘a 4--. I0 0 -
4-. cn
0. ‘a0 I N. in N. N In in N. N in N N N in U
4--. (4 I 0-. . 1 . 1 1 1 1 . 1 1  •~~~~~~~~ • I  I l l — I  • I  • I  • — • I  I S
o ~~ 4--.’ 0% .0 04 en ‘.o ’.o a-. en ‘.0 en en en- .o ‘0Co ~~ 1-0 0

H 0 4-a
‘0 >4 0.
0 00 en e n0 N 0 0 0 0 e n 0 0 . - IN N e n0 0 0 0 - - I0 C - 1 0 u- 4O u--I .-I c - i 00
14 4-4 .0
O (4
i-a 4.’
x 4--.
0 u--4
a.’ I en en 0 en en en en 0 Ps N. en en en en en r— en en en en c4

4-4 fl- • a — •~~~ . . • I I I • • — I • — • I • • I • a • . •• to en en 0 en en en en 0 ‘.0 ‘.0 en en en en en ‘.c en en en en
‘i-i 0 en u—I -4’ - 4 4 0  00 s-I en
41 -
0 00 0 >4.0 Cii u-I I 0 _ I e n_ I Ou - I . 4 e n 0 0 0N O 4 0 -.70 .4u- - Iu--I 0 s - I N O . 4 u- 4u - - I000  0

-

~ 

~~ I .4 .4 u — I N N  .4 ‘0

o D I U in -4 N N u—I N C-I in 04 0 4 4 0  in N u-I in N. N c-_I Is ((5 41
I.-. 

~~ I 0. — I  • — . 1 1  — • . 4  . . — . 1  • — • . •  I • — I  a l l  u—I
00 4-4 in 0-. en en 00 en en .4- N en N -.0 en ~~~~~~~~ en en 0% ‘.0

C, c4 en u--4 in ‘.0.4 (0 c-I u--I -a-. 40
40 0 0 CO
o 4-.
4-. en .0 I . 40  40 u-I u-I 00  ~~ u- —I 0 0 . 7 . 0  N. 0 N u-I in N en u-I 0 —I c-n 0 c-I 0 0 0. (0

‘4-4 ~3I u I  u-I N N CO
u_I 00

‘0o U 0
4.1 40 .4
(5 0 i-a .0

u 1.1 4- U
0 to CI u-1 14

Ia Ol CO 4)
14 4.1 C

041 < 1 4
14 (0 (0

U’. IV -‘I 40 ’4-4
40 .0 0
CI) I 4.1 4-. 0) 4-.4 I-a 4-. ‘4-4 4- .1-4
(0 (4 0 -u-I ‘a(5 4- 4- ‘a .4
00 • I-i -u-I Co
4-. 0) sI 0. • to co 0o ~~a,I SI l.a 4-u 0 0.

4-. 00 41 tO 0.

oilto .
~~ a, .

~~ ~~ u-~(0 0 1 (41 .(0ICO -u-I ( 0 1 0 1 4 ) 0  IVI’0 O IU V . 4  1.1(0 4-1 0. (0
00.0 0 Slu-Il 015.4 0 1 4 0 1 (4  to .41.4 C I a )  S . C  . 4 4 1  5 . 4  0) 40 (0
(I) U 0141 4-1 C o ’ 0  0(0 01 0 . 4  CI U ‘u-Il 0 41 tol ~~ (0. -4 4) to tn

.-I u--II.0I -u-I 4JI$-a (0 0 . 4 1 1 4( 0  O I O C I )  0(IIa I40’0I . 4 U W 0  .4 0)
I C  ( 0 4 - 101 .4 4 1 0  14 0410 4.4.440I’a-,l -u -II10I5 00 U -u - 4I 4.. I O U U  U as-
4 0 5  U N I O I . ) E 4 - 4 1 a 4 1 0 4 1. . I I V _ I S I_ Iu--I uu.4 I - I I 1 4 0 0 . 4’ a j a 4 )’ 4 . 4 5 0  0 ’4-4 0
1 40  l . 4 I 0 . t o S . 4 1 4 0 . t o( 0 I U u ( 0 Q 0 I 0 . 4 C I 1 4I Q Iu - 4 _ I ( 4 0 I 0 . ’ a 4 1 4 1 I a  0 .0
14 4 - ’  1 4 1 4 ’ 0 I C O ( 0 - ’ 141 4-I U) U ( 0 I 4 0 . o t o I t o I ( 4 ’ e - . 1-l.4 9 0 4 5 ( 0 O U O I  CO ‘a

4 ) 4 1 4 - - i  (0 4-I 1 4 1 4 4 i1. 04 ( 4 0 ( 0 0 ( 0  0 I a ’ a  ha (0‘ a ’ a C I S I ( 0 o s I a I a o l 4 ) o J w ( 0  t o 1 4 I a u - I 0) 0 ) 0 ) S a , S  . u ( 4 ( 0  ‘0 4) 4)
U 0  4 ) I . 4 ’ a W 4 ) 0 ’ a i J ’ a ’ a . 4 t o — 4- u 4 0 5 1 4 ( 0 ( 4 I V 1 4 ( 0 t o _ I 4 0 4 1  (0 .0 U

--  U’. I V a , C I . C U ’ a ’ a i J U 0 0 0 . C.4 u - - I a E 4 - .4 to 40(0 >~ . 0 . 0( 0 0 ) 1  ( S U U U ( 4 1 4 14 (O U u-I 4) 0 0 0 0 0 0 u . . I I V t o t o  5 4)
—4 Cl)  0 0 C 0 4 1 1 4 . 0 t o t o t o 0.0.0 .0 .4 4 ) 1 4 C O 1 0 C o 4 1 5 5 4 0 5 4 0 4 ) _ I u u . I’ul CO Z 0.

I—I ‘ a 4 0 0 .4 ( 0 O . 0 . 0 . 0 0 0 0 0 M . 4 5 0 5 5 0 0 0 0 0 0( 0 ’ a ’ a ( 0  S
-~~ Z 4 ) 0 4 0 u - I O H 0 0 0 1 4 1 4 1 4 1 4O I a ) 4 1 4 1 4 14 1 0 ’ 0 ’ 0 ’ 0 ’ 0 ’ 0 O I V t o -u 4  (0 I

-4 ( 0 1 4 0 4 0 1 4 0 1 4 1 4  4-a 4 1 4 ) 4 ) 0 . 0 . 0  ‘a ‘ a ’ a  ‘a 0 0 3 0 0 0 5 1 4 1 4 0)  41
C.) -u4 . ( 0 1 4U . p I I a ’ a ’ a ’ a ’ a ’ a ’ a ’ a U 4 1 c 0 0 0 0 0 0 4 1 4 1 4 1 4 )_ I 4 - a I a I a  C.) A.
(4 C J U O l u-1 4-I .(0 -r1 u-I -u4 (0

H 0 -.C 4 - 4 < UU U U  Cii 0 0 4 - 4 A . A . A . A . O a P . 0 4 A .A . P . ( 0 U t f l>-u (4 .0 U

33 

- --



— _ _ _

00 I en en 0 0 en 0 0  en N. en en en N. 0 en N. N.
4--I A. • I . 1  • • a ~ . — I  a . I . a — • •

0 IV en en 0 0 en 0 0 cn —o en en en~~ 0 en -.0.0
Z 0 In 04 -4’ In .4’ In c-i In N en
:3O 0

‘0 (4 .4 01 _ I 4 0 I sO N u - I i nc - i % ON O u -u - 1 0N . P s 4 0 , - IN -I
4) CD I .4 c-i .4 .4.4u-I .4 .4

~6) 00
i-a o I 00 00 (u -4 40 .4 N c-i N Ps CO N N u-I 0
>4 Z I 0. • • • I  • I • • • • • I I a • • • • •
41 00 4-4 .j’ I n 4 0  -4’ u-I u-I 00 en en en 0 0 . 7  en en -.0 0%

4-4 40 in -4 ’ 04 in ‘-0 in in en ii~ u-I c-i
0. 0
U)
H en 0! N..4 00.0004 ‘ . 0 0 0_ I _ I  0 0_ I  N O  u-I .4 in 0’0. I _I .4 en .4 . 4 . 4 . 4  u-I_ I
-~ Cl)
(0 4-4
14

‘a z I
0. — I 0 en o en 0 0 0  Ps en en en en en en 0 0
Cl) Cii 4-uI P-a • • • e •~~ • — .1  I • I . . — a •
H 1-4 40 O e n O e n O  Oo- .Om en e n c n e n e n o o
— 0 .4 Ps N N en u-I N .4 .4_ I

(0 Pa 0
.4 u--I 01 en c-i ‘ . 0 . 4 4 00 0 4  en ( 0 . 4 0 0 . 4 0_ I  .7_ I.—I en en
~ 4-—’ I N
4~1 (0

Cl)

0. o I C O P s  00 s-I 04 Ps 0% in .4’ in N
00 I A .  — a u  . 1  • • . I I I I I  • • • ~~~ . 1

4--I ‘4 N. 1(5 ‘.0 N 04 N ‘-00440 en
0 ~~ IV In ‘.0 C-i  .4 u-I u—I u-I
a) H 0
-(0 en 3I Ps . 4 ( 00  in 0 -4’ m.7  00000 N -.0 N 0-4 0
61 4-4 I u—I c-i
4-.
S
1~
>44) I en en en r. r—. 0 0  Is en Ps en en en
‘a 4--I 0. I • • • • • — — — 1 1 1 1  • ‘ I I  a

to en en en ‘.0 ‘-0 00.0 en -.o en en en
— 0 —4’ Ps en 1(5 en In en —~~ N

1-s-
o) ~ 0
4) -ii u—I 01 0 en C-I _I u-I C-i In 0% N. 0 0 0 0  u-I u—I en 0 O s - I  N.

-~~ ~aLC I .4 N .4 .4 u-I .4
00

S ~ 1 .0 N N C O N  11% 04.7(0 N. sfl 1(5 In Ps 1-fl
0 ~~ 1 0. a a a a •~~~ • . — 4  I I I • •  • a 4 • —
4-. (0 4--I in in ‘.o en in . 4 0 0 0 0  0’. 1(5.7 -.0 0% In
00 ‘0 -7-4’ ~~ en .~~ -.t in en’ .o en 40

C) 0
40 40 uI
o en :31 -4- -40- 0 _ I _ I O m I n r ’ u . 0 0 0 0 e n_ I O N ( 0 e u - 5_I
ha I _ I_ I  en u-I _ I . 4 u - — 4  .4 N s-I

4_i 00
$4

‘0 04)
4-I
(4 5 U
-4 (0 (4
0 6) 0)
(1) .4

‘u-I C) Ia
to 0tO 1-4-I

(0 4) 41
‘0 0 41 4--

---4 4- -u-I
S rI rI ‘a.4 4.1 u

-u-I Su_i 0) • 5 0
0 sI S Ia 0 0.

‘ul l ) 40 0.
‘0! 40 4-- a)ni •ulI sl  u--I 0) 61

CI 11 01 ua-. m 1 4 5  01 u-I
i-U 411 40 Ial S! .u-I ,4 u4 .4  I nI .4 0.
- 4 - .’ 0 6 )0  u—4 $ 4 C O I _ I _ I 5 C O . 4  0.

~~~ ~IV~VI~L ! ~CO )a~~g ~~ 
U ’ 0  ‘a-a ”-u _I I~ ‘~~ 0

41 ~ 4.u-I -~~~.~~~~~0 0 ) a ) 0 ) 4 0 4 0 4 0 a ) a , a ) a , 0 $  1.4
C, Ia u 44 0) 4-4 U 0 5 0 5 5 5 5( 0 5 5 5 5  14 (0

4 1 0 . I V 4 1’ 0 . C 1 4 0 0 0 0 0 0 0 0 0U U U U  0) 4)
C I 0 ) i I J -4 4 - I 5 0 0 0 0 0 0 0 U U 0 0 0 0  .0 U

-- Cl) -_I 00 0 0 C 1U 0 0 0 0 0 0 0 0 4 .I 0 O  40 4-.-‘ ~~ C O a , 3 r_I Ia , - I 0 0 0 0 0 0 Q 0 0 0Q Q O U  0 4)
U’. S S 4 J) 40 4 ) 0 u 4 _ I  0 0 0 0 0 0 0 00 0 0  Z Pa
s-I -4 -4 1-. 0 ) 5 4  U F 44 4J 4J 4J 4 J ’ a ’ a ’ a ’ a I JIJ

~~ ~~~,4 4 Of . 0
41 4 ) 4 1 4 1 4 1 4 ) 41 

I
C) ~) V ) 14I0.~~ V 1 4 1 4 1 4 I a 1 4 1 4 1 4 1 4 1 4 1 4 1 4I 4 1 4  0 0.
00
0 0 0 I 0 0 U I~~~~M Z 0 0~~~~ C O t 1 4 tfl tI3 t f l 0 0 C F)Cl) Cl) U) Cfl IV .0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

______ 

~~~

. . . _ _-•-~- 
_ _ _ _

TARLE 12: Th e  percent recovery of Clostridium perfringens from ground beef,
textured soy protein (TSP) and TSP extended ground beef using

H; different isolation procedures

Unblended Sample Blended Sample

Incubation/Meat Shock Incubation/i-teat Shock SPS Agar
Temperature in Fluid Temperature in Fluid Pour
Thioglycollate Media Thioglycollate Media Plates

FOOD ITEM 37C 46C 75C 95C 37C 46C 75C 95C 37C

Ground Reef
3—Day 65 71 13 3 61 65 16 3 45

Ground Reef
10—Day 53 53 13 3 47 43 13 0 33

TSP 3—Day 13 10 3 6 13 6 0 0 0

TSP 10—Day 3 10 0 0 10 10 3 0 0

Ground Reef
+ TSP
3—Da y 77 81 10 10 68 84 10 3 84

Ground Reef
+ TSP
10—Day 70 60 13 10 63 70 6 0 77

Mean 47a 48a 9
c 

5
d 44a 46a 8cd 1e

Mean values for each treatment followed by the same letter are not significantly
different at te~e 5Z level of significance (46) .
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TAbLE 13: Poliovirus type 1 recovery from laboratory contaminated ground beef

Total Virus Virus Volume of Virus
Sample Input Detected Concentrate Recovery Sensitivity
No. (PFU) (PFIJ/O.l ml) (ml) (Z) (PFU/gm)

1 2.7 x ~~~ 5.7 x 10~ 1.3 27 1.9

2 3.4 x io5 4.3 x 1O~ 3.4 42 3.2

3 3.4 x io2 5.0 x 100 3.2 47 2.7

4 6.8 x 101 2.0 x 100 2.6 76 1.4

5 3.4 x 10~ 0.5 x 100 
- 

2.2 32 2.7

Mean 45 2.4
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GLOSSARY OF ABEREVIATIONS

AOAC — Association of Official Analytical Chemists
APC — Aerobic plate count
RAM — bacteriological Analytical Manual
BPS — bovine Fetal Serum
BT—8 — Bovine Turbinate cell line
GMM — Cooked Meat Media
CMPN — Coliform Most Probable Number
CPC — Coliform Plate Count
CPE — Cytopathic Effect
EMPN — Eachetichia coli Most Probable Number
EPC — E. coli Plate Count
FTh — F1u~d Thioglycol1ate Medium
FSC — Fecal streptococci count
GB — Ground Beef tested in this study
i-LI — Heat Inactivated
MS — Horse Serum
LVEY — Liver Veal Egg Yolk
MEN — Eagle’s minimum essential medium with Earle ’s salts
IIPN — Most Probable Number
PFU — Plaque forming unit
POL— 1 — Poliovirus type 1
PPC — Psychrotrophic Plate Count
SGR — Textured soy protein extended ground beef tested in this study
SMPN — Staphylococcus aureus Most Probable Number
SPS — Sulfite polymyxin sulfadiazine
TPEY — Tellurite polymyxin egg yolk
TSP — Textured soy protein tested in this study
Vero — African green monkey kidney cell line
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