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NITRITES AND NITROSAMINES IN PROCESSED MEATS

EFF
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intey,

n 4 .

al temperatures (62.8°C, 68.3°C and 73.9°C) and processing holding
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after achieving internal temperatures (O and 15 minutes). To follow
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al changes, microbiological examinations were conducted on the meat
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» the uncooked emulsions and the finished cooked products. Other
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Long included yield, reflectance and a sensory panel rating for

Colop
s texbure, Juiciness, bologna flavor, off-flavor and general
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1%y. Initial contamination level was determined to be the most

Uﬂportam factor in producing a low microbial bologna product with de-
8ip
trable Quality attributes. An increase in internal cocking temperature
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educed the microbial numbers but also lowered the general quality of the
o

“okeq Product, A 15-minute holding time at the temperatures used was not
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Cclent to significantly alter the microbiological level of the
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NITRITES AND NITROSAMINES IN PROCESSED MEATS

EAN MEAT RESEARCH CONFERENCE (1974) 14
ult
PROCESSING All pork tissue was taken 80 hours post-mortem from the ham and Fh”w
area of one carcass for a given run and ground through a 6 mm hreaking P
One-half of this tissue was used for the preparation of the normal micr®
biological level meat block.

)F CONTAMINATION

ACTERISTIC

K
t hlo€

ong, The Ohio To produce the high level of contamination, one-half of the mea 1

he Ohio Agricultural was inoculated with 250 ml of 0.857 saline solution containing approximat®

» Ohio 44691 1.S.A 100,000 organisms per ml. The normal contamination sample was also mixe® |

NTRODUCTION with 250 ml of sterile saline solution. The inoculum was prepared by usi"

Pseudomonas putrefaciens (0SU #89), maintained on Bacto Nutrient Agar
(Difco #Bl), grown in Nutrient Broth (Difco #BC), centrifuged, and re-
suspended in 0.85% saline solution.

have focused atten-

stry to reduce microbi

aware that controls on the

4 . f Table
Batches of bologna were produced using the formulation shown in T&

and that continuous

FORMULA

tolerated. Two le 2. BOLOGN ION

number of microorganisms Ingredient Nuantity (gram
uce this number by pro- R RN R R e
# % iq Boneless Pork (257 fat) |
xs Ice
§ NaCl (salt)
Dextrose
interrelationship be White Pepper ‘ 7.5
temperatures, pro Ground Coriander [
ratures. he Sage L B,
Garlic Powder 1.n
Mace | 1.0
Sodium Nitrate n.s
Sodium Nitrite 0.4
ireatments = Sodium Erythrobate .7
aall 535 CHAR SOL (1iquid smoke) ‘l 4.0 (ml)
/) Tk 7 h , 9 . rertict
o’ The emulsion mixture was chopped approximately 2 minutes in a ve
F 1 Internal Pr - 62.8° 68. n°C ’ chopper with the temperature not exceeding 18°C. The emulsion was then
: i stuffed into presoaked 2 inch (Union Carbide fibrous, "Fasy Peel') holof™
3 a3 a casings to produce 2 two-pound sticks per batch. ol
$ s sinutes, 15 minutes The products were placed on smokehouse trees and cooked at an inter™
roce 8 = smokehouse temperature of 57°C for 30 minutes. The house temperature ¥8°
P PR S raised to 85°C and retained at that setting until the internal temperatV’®
containing the nor- was 10 degrees below the treatment temperature. At that time the smoke”

to that

house temperature was lowered to the desired temperature and held theré
for the remainder of the cooking cycle. The product was removed when “t{,
reached the treatment temperature or held at that temperature for an add*
tional 15 minutes according to the experimental design. In both cases fioy
s subjected to a 30-minute cold water shower prior to being P&
in a 3°C cooler for a 24-hour storage period.

tissue were typical
2 batches, in addition

microorganisms
initial

contamina-

product w

inal internal temper-

of each group 4 were removed from Microbial examinations of the meat block, uncooked emulsion, and 4

Eewpexature was xeached whereas finished cooked product were conducted using the standard pour plate tech
i 15 minutes. nique for the enumeration of microorganisms. Plates were prepared usinf 2
idual of cooked product was Tryptone Glucose Extract Agar (Difco) and duplicates at each dilution WeF
three nt incubation temper- incubated in each of 3 incubation temperatures. The 50°C and 37°C plat®®

sulting stick of bologn ne ¢ 6 hou’®
ulting stick of bologna were incubated for 48 hours and the 22°C plates were incubated for 96 N

or), panel evaluation (color, tex- The percent yield was calculated by dividing the 24 hours out of th®
vor, and general acceptability) and smokehouse weight by the uncooked emulsion weight. F

Reflectance was determined on a Bausch and Lomb spectronic 20 equif?

with a reflectance unit. The procedure used was similar to the techniqUf

The inoculation was effective in increasing the number of microor8a"
- 96Z) - #0d ¢ ot & reflectaics rablg caken ot fsms found at all 3 incubation temperatures. Due to the psychrophiliC s

£ nature of the inoculum organisms, the magnitude of the increase at the J
w5 x K theSuljective evalustion-of tha finishad incubation temperature was less than at lower incubation temperatures: Bl
Sroduct to 1 th 10 being desirable and 1 being When comparing the microbial counts from the fresh emulsion product ‘r
that of the initial meat block counts, the results indicate there was 2 ¢

ND DISCUSSION duction in counts at the lower incubation temperatures and an increaseé #

higher incubation temperature. The addition of salt and nitrite would

. 3 . v{ca n
ation and the microbiological in the lower incubation temperature resulte - Mr”(_uhrw [

probably expl

crobial coun fre smulsion mi b s b
robial mt, fre emulsion microbial the Pseudomonas p faciens inoculated samples. Preliminary work showé P
oun re wwn in Table 3 ———" &
SOk Wee s s i SAPLe that the spice mixture contained more than 10,000 organisms per gram At ‘g
0o ed’
50°C incubation temperature and their growth would account for the “,[r”((
odY

obtain at the 50°C incubation temperature. In the fresh emulsion Pr
the inoculated samples contained more microorganisms than the comparabl® T
normal samples. Although this difference was not as preat as in the in
meat block the difference in all cases did approach significance.

robiological counts were rm“"-“drl‘
and this reduction was of increased magnitude as the incubation temperdf’’
was lowered. When comparing normal vs. inoculated samples under all incY
bation temperatures, the inoculated samples had a significant increase it o
bacterial numbers indicating that initial load was one of the factors ‘!r[;‘_.‘
mining final bacterial count even in a cooked product. These cooked ML)
counts were slightly lower than the ones reported by Warnecke (1962, 19f
and Heiszler et al. (1974).

The data used to evaluate the microbiological growth relationshi
different incubati temperatures, are shown in Table 4.

After the bologna was cooked the m

ps at

Table 4. TION PLATES

ARE _INCUBATE!

RAW MEAT PRODUCTS (n=36)

icd
Log # incubated at 22°C= 1.71 + 0.87 (log # incubated at 37°C)  0.69
= 5.23 + 0.37 (log # incubated at 50°C) 0.25
Log # incubated 68 + (log # incubated at 22°C) 0. 69**
.98 + (log # incubated at 50°C) n.38*
Log # incubated .11 + (log # incubated at 22°c) n.25
52 + (log # incubated at 37°C) 0.38%
SALTED UNCOOKED ME S (n=36)
Log # incubated (log # incubated at 37°C) 0.57%
(log # incubated at 50°C) 0.70%*
the number of organisms per gram Log # incubated (log # incubated at 22°C) n'ry:l*«
05), * ficant (PL.05), (log # incubated at 50°C) 0.3758
3 Log # incubated (log # incubated at 22°C) 0.70%
(log # incubated at 37°C) 0.37*
and holding time removed
: (n=72) X
contamination level man block were (log # incubated at 37°C) 0.31%
eiser et al. (1971) reported = 2.11 + 0.28 (log # incubated at 50°C) n.21*
greater than 1,000,000 organ Log # incubated at 37°C= 2.08 + 0.15 (log # incubated at 22°C) ,’\.71':
etween 100,000 and = 2.04 + 0.20 (log # incubated at 50°C) n.30%
ecke (1962) re- L incubated at 50°C= 1.93 + 0.16 (log # incubated at 22°C) 0,213
to be between 10,000 and 10,000,000 = 1.26 + 0.44 (log # incubated at 37°C) 0. 30%

decreased as incubation tempera-
that the predom

/
i ~'Significance: * - P<.05, ** - P<.01
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a g
E ::sg:f¥£rT1crohiologicnl results when the evaluation plates are
th nulsiong ent temperatures can be made for raw meat products, un-
e inheren( and cooked emulsions using these prediction equations 1if
Problems of this type of comparisons are also considered.

t reg
Matery, 1 hag :Br;h has suggested that initial contamination of the raw
§r°d" even ;hs gnificant influence on the quality of the cooked emulsion
CEstroyed in th:"gh 2 large percentage of these initial organisms are
: angeg SRevirig cooking process. Microbiologically initiated quality
D:d heat regiﬂtng prior to cooking, and products of microbial metabolism
thig det. ant microorganisms have been suggested as the possible cause
bog, Teble 5 poration in quality.
%logna appeaPFeSents the effects of microbial contamination on cooked
Table i Tance, yield and palatability.
+ EFFE
HRA;:‘T\FSFM&LHVEL OF CONTAMINATION ON THE LEAST SQUARES
———=_TOR APPEARANCE, YIFLD, AND PANEL PALATABILITY EVALUATION-
Normal
&luat 4, Normal Contamination | Standard
Eflactan ~—~———___FLontamination | plus Inoculum Error Significancez/
Raty, £e
6
Yoy Omu/s70m,l  1.87 1.89 0.06 N.S.
“ 91.02 91.17 0.
My 31 N.S.
ane] 4 X 6.87 7.02 0.17 N.S.
Pay . EUTe Scored/ 7.39 7.14
aney b ¢ 0.11 *
Scored? iness 7.51 7.24 0.14 A.S
p’lnel ' .
By
Scored?°B"a Flavor 7.45 7.28 0.10 A.S
e .
“nel ofe_
SCDrE.Sj flavor 8.78 8.68 0.11 N.S
P3ns
Ane]
e Cenera)
~Ceptabyyy, 3/ 7.27 7.05 0.13 A.S
o S
Y T e ey TR ok S RIS CS LI SO TP

Rag
2/ "°t square means

~ Sgnyg
ica .
nce: N.S.-non-significant (P>.1), A.S.
(PL.1), * - gignificance (P<.0S)

8 1 to 10 hedonic scale (10 - desirable; 1 - unacceptable)

¥ - approaches significance

Py
n
L 8cores on

I
Coloyp "tia) cont

w"rn as measyy d&minatlon level had no significant influence on yield or
f*oceck et a1 ed by reflectance or panel. The color data agrees with
the Essln;“d“' (1966) ., They found that microbial contamination prior to

Not affect color development. The increased contamination of

Vhe, Matery
”Ac Panelal did produce a reduced rating for the inoculated samples
“ce° s ang REHCUWPared these for texture, juiciness, bologna flavor, off-
hxthhtion of nf?ral acceptability. All of these differences with the
Moy the Tesear ~flavor approached significance (P& .10). This again agrees
Obiq me(f,h of Warnecke et al. (1966) who reported that initial
in the raw material had a very detrimental effect on texture,
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flavor and over-all desirability of the end product.

As the least squares means for the product with final internal temper-
atures of 63°, 68°, and 74°C were compared, the microbiological counts
(22°C incubation) significantly (P< .05) decreased as the temperature in-
creased. This reduction was from log 3.07/g to log 2.74/g when 63°C internal
temperature was compared to 68°C and from 3.07/g to 2.53/g when 63°C was
The reduction in bacterial numbers agrees with that found
by Heiszler et al. (1972) who reported slight reductions in bacterial count
at 30°C incubation for 10°F increase in final cooking temperature. The
microbial counts were not significantly different when the plates were in-
cubated at the higher temperatures. This would suggest that final internal
cooking temperature can be used to reduce the microbial load of psychrophilic
organisms in a comminuted product.

Panel color (7.41, 6.30, 6.26), juiciness (8.12, 7.05, 6.69) and off-
flavor scores (9.17, 8.59, 8.50) all decreased significantly (P<.05,<.01
< .05, respectively) as initial temperature (63°, 68°, 74°C) was increased.
General acceptability decreased (7.78, 6.83, 7.07) significantly (P< .0N1)
from internal temperature of 63°C to 68°C but did not decrease from 68° to
74°C. Texture (7.46, 7.37, 7.15) and bologna flavor (7.85, 7.02, 7.01)
scores approached a significant (P<.10) reduction as temperature was in-
creased. The other comparisons were non-significant when compared on an
internal temperature basis. This would suggest that most of the major
indicators of product quality decrease as the internal temperature is in-
creased from 63 to 74°C. Protein denaturation with increasing temperature
would probably account for most of these reductions in panel scores as the
temperature was increased. General acceptability yielded a highly signi-
ficant correlation with panel color scores (0.58) and panel juiciness scores
(0.69) helping to explain the high general acceptability value at the 63°C
internal temperature point.

When the least squares means were compared for zero and 15 minutes
holding time at each temperature or combined over-all temperatures the only
significant (P <.05) difference was a reduction in yield (91.41%, 90.87%)
with the longer holding time. Fifteen minutes was chosen as the holding
time because it was suspected that this would be sufficient time to kill
most psychrophilic organisms and would be sufficiently short to be com-
patible with industry's continuous processing procedures. The results of
this experiment would indicate that 15 minutes at the temperatures used
was not long enough to have a significant effect on bacterial reduction.
This is also in agreement with Heiszler et al. (1972) who reported that
holding the final internal temperature for up to 30 minutes had no suffi-
cient effect on final microbial count.

CONCLUSIONS

compared to 74°C.

Initial contamination level was the most important factor evaluated in
producing a low microbial bologna product with desirable quality attributes.
An increase in internal cooking temperature will reduce the microbial num-
bers but will also lower the general quality of the cooked product. A
15-minute holding time at the temperatures used was not sufficient to
significantly alter the microbiological level of the finished product.






