Production of off-flavours
——————> Rancid flavour

= —> Warmed over flavour

Putrid flavour <<

Sour flavour <<

Loss of nutrients <<

Production of toxics <<

Changes of texture <<

S8y deterioration of foods during storage.
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0 (g

cherry-red

brown
: MbFe(I)O,

violet
/_\MbFe(I[I)

MbFe(Il)

Fig. 2. The different forms of myoglobin of relevance for meat colour is found
at different oxygen partial pressures in meat.*” Metmyoglobin is formed
at intermediate oxygen pressure at a distance x from the product surface,
which depends on oxygen partial pressure at the surface, P, the rate 0

oxygen consumption by the tissue, A, and the diffusion constant, D: X

= V(2p,D/A)
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MbFe(I1)O,
Red

MbFe(li)
Violet

MbFe(lll)

Brown

Yo(H*+ NAD)

Fig. 3. Color cycle of raw meat.
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02
Ho0 05~ "<
2 H202

MbFel0, S _MbFdY=0

red

brown Mb Fe]]1

0, violet
MbFe' %"% MbFe™

red LOO + LOOH
(NAD" (NADH)

colour cycle peroxidation cycle

Fig. 4. Pseudo peroxidase cycle of myoglobins is linked to color cycle of med
LH is a lipid and LOOH is a lipid peroxide.
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A7) autoxidation - Hypervalent iron

) :::{acid catalysis ®\ / ’@/MbFearo

0, depletion H202

Autoreduction ~ NADH lipid oxidation

reduction nitiation
catalase

otic acid bacteria
‘microaerophilic

5. Interaction between lactic acid bacteria growth and pigment catalyzed

 lipid oxidation in meat.




40th ICoMST 1994, The Hague, Netherlands

Pigment (%)
A

Time

Fig. 6. The relative concentration of red oxymyoglobin, brown metmyo

|
|

and purple myoglobin in vacuum-packed meat.
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MbFe(INO
Pink

MbFe(lINO

MbFe(lll)

Brown

Fig. 7. The color cycle of cured meat may be observed when vacuum-packed

b ham is exposed to fluorescent light.
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ox
MbFe(IDNO
red Pink
H,0,
MbFe(lI)NO

NO,

MbFe(lll)

Brown

red

Fig. 8. The color cycle of cured meat is linked to the antioxidant activity of the

nitric oxide free radical.
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o) 2 4 6 8 10 12 14
time (weeks)
Effect of temperature and salt on growth of L. curvatus in vacuum-packaged
Bologna-type sausage with no added lactate and 60 mg/kg nitrite: v, 15°C and
1% salt; ®, 15°C and 2% salt; a, 0°C and 1% salt; ¢, 0°C and 2% salt.
9
(@)
3
3]
o)
e

2 L 1 1 L
o 5 10 15 20

time (weeks)

25 30

Effect of nitrite and lactate on growth of L. curvatus in vacuum-packaged

Bologna-type sausage with 2% NaCl and a storage temperature of 3°C: v, 0%
sodium lactate (NalL) and 30 mg/kg NaNO,; ®, 0% NaL and 60 mg/kg NaNO,; a
3% NaL and 30 mg/kg NaNO,; 4, 3% NaL and 60 mg/kg NaNO,.
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Figure 3

Figure 4

0.60

050

040

030 r

SQRT (mhu)

0.00 a ;
265 270 275 280 285 290 295

temperature (K)

Relationship between the square root of the growth rate and the temperature for L.
curvatus growing in vacuum-packaged Bologna-type sausage with 1% salt, 60 mg/kg
nitrite and: v, 0% sodium lactate (NaL); ™, 1% Nal; a, 2% NalL; ¢, 3% NalL.

6.50
6.05
5860
5.15
4.70
4.25

In (lambda)

3.80
335 -
290
245

2-00 1 1 1 i
270 275 280 285 290 2956

temperature (K)

Relationship between the logarithm of the lag time and the temperature for L. curvatds _
growing in vacuum-packaged Bologna-type sausage with 1% salt, 60 ppm nitrite and: ™
0% sodium lactate (NalL); ®, 1% NaL; a, 2% NalL; ¢, 3% NaL.
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Predicted growth of L. curvatus in vacuum-packaged Bologna-type sausage as
affected by different storage temperatures during an imaginary distribution

process
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Figure 4 : Second-order regression beff

Figure 3 : Second-order regression between _
bacterial count and absorbance at 6001
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Figure 5 : First-order regression between
bacterial count and "a" value



Figure 1 - Aerobic plate counts of PVC packaged steaks at 3 days of retail display after vacuum storage at
either -1.1° or 2°C. (C = control, CA = sprayed with lactic acid post-storage, Aa and Aw = sprayed with
lactic acid pre-storage, AW = sprayed with lactic acid pre-storage and water post-storage, AA = sprayed with
lactic acid pre- and post-storage)
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g, liquefaciens (culture 1)

90|

60
®
°

°
30 3

g %
10 20 30 40
Temperature (C) Temperature (C)

] 1b Growth of Serratia quuéfaciens in BHIYE broth.

E. aerogenes (culture 33) E. aerogenes (culture 34)
oD

80+ 80
80 - 60

[ ]
B 40 S
o
20+ 20 &8

ot o

10 20 30 40 10 20 30 40
1 Temperature (C) Temperature (C)
. Growth of Enterobacter aerogenes in BHIYE broth.




40™ ICOMST 1994, The Hague, Netherlands

LOG(cfu) a. Effect of CO2 on S.quufacierl_s at Q.

D, @ A 1O N ® ©

-

TIME (Days)
0% +10% *20% £-30%

LOG(cfu)  b. Effect of CO2 on S.liquefaciens at 4

N, w b~ OO N O ©

| | | | | 1

©o 5 10 15 20 25 30 35 40
TIME (Days)

X 0% +10% 420% ©30%
Fig 2. Growth of Serratia in VP with CO2

v
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TOTAL COUNT

GRAM NEGATIVES

|
6

1. Growth of bacteria on vacuum-packaged pork of
1 6.2 to 6.6 stored at 0°C, [ and -1°C, @.
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SENSORY
RATING

WEEKS

-20°C,[Jand -1°C, . sk P <0.05; %k P <0.01;

kkk P<0.001.

FIG 2. Taste panel assessment of pork stored at
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Listeria monocytogenes Counts (log CFU/g)

Control

Sodium acetate

Sodium lactate

Potassium
sorbate

3.46 £ 0.22
5.75 £ 0.14
8.29 + 1.41
7.29 £ 0.00
7.58 £ 0.06
7.25 £ 7.40
8.28 £ 0.13

3.33 £ 0.08
3.84 £ 0.08
4.86 + 0.36
5.01 £ 0.34
4.93 + 0.46
6.32 = 0.04
6.45 £ 0.04

3.35 £ 0.06
5.32 £ 0.33
7.07 £ 0.46
8.14 £ 1.34
5.80 = 0.30
8.56 £ 1.03
5.07 £ 3.69

3.14 £ 0.18
3.33 £0.03
3.25 £ 0.07
3.08 £ 0.13
3.22 £ 0.05
3.11 £ 0.14
4.82 + 3.10

Listeria monocytogenes Counts (log CFU/g)

Control

Sodium acetate

Sodium lactate

Potassium
sorbate

2.93 +£0.05
5.58 £ 0.08
7.42 £ 0.25
6.83 £ 0.19
7.17 = 0.00
7.91 £ 0.65
8.10 £ 0.23

2.93 +0.08
3.11 £ 0.20
3.71 £0.16
4.08 + 0.45
4.55 £ 0.11
5.40 £ 1.12
6.23 + 1.64

2.81 £ 0.26
5.27 + 0.49
6.92 + 0.38
6.05 = 1.74
6.89 £ 0.57
8.26 £ 0.01
8.01 £ 0.67

2.75 £ 0.24
3.00 £ 0.10
2.89 £ 0.11
2.65 £ 0.07
2.45 + 0.39
3.12 + 0.04
1.78 £ 0.43

ble

' Days of
_1age (4°C)

Total Aerobic Mesophilic Plate Counts (log CFU/g)

Control

Sodium acetate

Sodium lactate

Potassium
sorbate

0

7
14
21
28
42
56

4.51 £ 0.12
7.29 + 0.00
8.67 + 0.71
9.29 + 0.00
9.29 £ 0.00
9.27 £ 0.47
9.19 £ 0.18

4.44 + 0.37
5.13 £ 0.41
6.02 = 0.07
6.79 + 1.05
6.51 = 0.99
7.49 £ 0.11
7.00 = 0.20

4.30 + 0.81
6.71 £ 0.74
8.10 £ 0.02
8.99 £ 0.35
8.61 + 0.07
8.94 + 0.49
6.09 + 3.66

412 £ 0.15
3.81 = 0.08
3.72 £ 0.01
3.98 £ 0.16
3.83 £ 0.20
3.84 £ 0.35
428 +1.43
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Table 4
Total Aerobic Mesophilic Plate Counts (log CFU/g)
Days of Pots |z
storage (4°C) Control Sodium acetate Sodium lactate :
0 3.42 +£0.19 3.55 + 0.17 4.58 +0.28 3.94 4
7 6.64 + 0.92 4.19 £ 0.70 5.63 +£0.42 3.81 %
14 8.53 + 1.54 4.82 +1.02 8.10 + 0.05 3.25 44
21 9.29 + 0.00 5.90 + 0.20 8.28 + 0.02 4.10 £
28 7.19 £2.12 5.87 £ 0.27 8.60 + 0.09 3.11 £
42 9.66 + 0.00 597 £ 0.12 8.59 % 0.01 3.37 £
56 8.87 + 0.35 7.42 + 0.44 8.86 + 0.61 3.94 £ 1
Table 5
Product pH
Days of Potassiu
storage (4°C) Control Sodium acetate Sodium lactate sorbafg
0 6.79 + 0.01 6.76 + 0.02 6.77 + 0.00 6.82 + 04
7 6.67 + 0.01 6.73 + 0.01 6.86 + 0.10 6.75 =08
14 6.28 + 0.01 6.43 + 0.02 6.35 + 0.00 6.48 = 0d
21 5.80 + 0.02 6.38 + 0.02 6.01 £ 0.10 6.48 = O
28 5.20 + 0.03 6.49 + 0.00 5.64 + 0.01 6.52 £ 08
42 5.19 +0.10 6.47 + 0.02 5.67 + 0.01 6.50 £ 04
56 5.14 + 0.04 6.58 + 0.01 5.53 +0.15 6.60 £ 04
Table 6
Product pH )
Days of Potassi'
storage (4°C) Control Sodium acetate Sodium lactate sorbaié
0 6.83 % 0.01 6.85 % 0.00 6.83 + 0.01 6.89 £ : f.
7 6.68 + 0.01 6.72 + 0.01 6.68 + 0.02 6.78 £ ;
14 6.32 + 0.04 6.42 + 0.03 6.37 + 0.00 6.45 £ ]
21 571 + 0.06 6.47 + 0.01 6.33 + 0.05 599 % ol
28 5.25 £ 0.03 6.43 % 0.04 5.62 + 0.04 6.45 =
42 531 + 0.07 6.45 % 0.02 5.67 +0.03 6.52 % o0
56 5.07 + 0.13 6.54 + 0.01 5.54 + 0.02 6.65 2
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17e¢ 1. COLOR CHANGES DURING STORAGE

e

Days of Storage at 0°C .

eatment 4 8 10

Reddish Brown Light
Brown Brown

Red Deep Deep
- Red Red

Red Deep Brown
Red

Brown Reddish
Brown
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TABLE 2. NON-LINEAR REGRESSION RESULTS

a SST SSE A B c |
CONTROL 10.49 187.50 14.58 234.04 24.14 -112.71775 -0.49465
MA TREATMENT 18.54 73.34 49.42 121.70 167.17 0.00001 -0.00178
MA +1.2% L.A. 17.58 205.69 70.65 1.73 -0.16 3.05746 -0.69898
MA +3.0% L.A. 14.88 413.61 265.11 2.10 42.79 0.00001 0.00028

a, AVERAGES OF OBSERVED VALUES

SSE, SUM OF SQUARES OF ERRORS

SST, SUM OF TOTALS, SQUARED

A,B,C,D AND E ARE ESTIMATED PARMETERS
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CONTROL TREATMENT

TREATMENT WITH MA

Bss

TREATMENT WITH MA+1.2% L.A.

. 25
3 20 9
15 - .-ﬁ\‘ﬁ_e——js 5
> 10 L
ST(/“\“
0+ : ;
0 2 4

TREATMENT WITH MA+3.0% L.A.

8 30
2
4 m4.8
e 0 ; ; ;

0 2 4 .6
DAYS OF STORAGE

‘ OBSERVED —®—— PREDICTED

iy
SURE T Preficted and Observed 'a' Values with Respect to Time.
(Numbers next to observations are pH levels.)
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Table 1. Properties of beef with postmortem fabrication .
M

packaging system, and display time.

Postmortem L a b Weie

time, hr —pH value value value PPC TBARS -.g
% 5.69° 28.36° 13.88" 6.38° 3.75°§ 0.53

48 5.54®> 30.20° 14.03* 7.60° 4.06° 0.55

96 5.51° 31.44* 12.27° 8.20° 4.76* 0.55

s.e.m. 0.02 0.34 0.36 0.12 0.06 0.03

Package system
VP-PVC 5.60 29.38" 14.12* 7.38 4.38* 0.57

80% 0,:20% CO, 5.58 30.68° 13.18% 7.46 4.12° 0.51

60% 0,:40% CO, 5.57 29.94% 12.88® 7.34 4.07° 0.54

s.e.m. 0.02 0.34 0.36 0.12 0.06 0.03
Display, hr

0 5.60 28.96° 10.07° 6.31° 4.90° 0.46°
12 5.54 31.15* 16.79* 9.04* 5.33* 0.74°
24 5.55 32.00° 16.14* 8.97* 5.26° 0.80
s.e.m. 0.03 0.44 0.47 0.16 0.07 0.04

least squares means in a column for the same main effect Wi®

same superscripts are not different (p<0.05).
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3) during storage in air or MAP at 3+1°C.

obic plate count(APC), total Enterobacteriaceae(Ent) and behaviour of

spp.(CamP)’ L. monocytogenes(List), S. typhimurium(Salm) and Y. enterocolitica(Yers)

No. of organisms in average log,, CFU or MPN/cm? * s.e. .
!
I Day 0 Day 2 Day4 - Day7 Day 9 Day 11
Air 500£0.10 4.96x0.03 541030 7.99+0.15 8.92+0.22 8.61+0.74
AP 5.00+0.10 4.86+0.02 4.81£0.05 4.82+0.15 504+0.15 4.77+0.10
;Ir 396+£0.11 4352007 4.70+025 5.05+0.79 537+0.69 5.81+0.81
AP 396+0.11 4.26+0.06 437+0.08 425+0.12 4.02+024 3.64+0.03
Adr 6.36+0.14  556*0.32 4.65+041 3.71£081 334+0.74 2.22+1.00
AP 636+0.14 4.91+030 226+0.74 194087 0.86+026 0.78+0.19

4.62+0.10  4.65+030 4.60+029 4.55+0.12 428+0.18 4.11+1.18
MAP 4624010 4432020 4.88+029 4.66+0.12 4.51£0.07 4.33+025
Alr 443+0.00 4.29+033 4.76+0.19 433+029 4.08+0.00 4.17+0.33
AP 443+0.00 4.44+033 489010 4.68 i 032 4432020 4.45+0.22
\ir 289£0.13  333x025 4.04x032 3.58+0.51 4.58+0.61 3.47+0.88
AP 289013  320+0.12 3.68%x025 3.39%039 2.60+040 2.56+0.48

'N-...____‘-__‘_-_-__
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Table 1 : Mean counts at 28 days (log,,cfu/g) for Y.enterocolitica on
lamb pieces packaged in different gas atmospheres and stored at 5 ang
0°C.

Gas Atmosphere Storage Temperature(°C)
5 0

80% 0O,/20% CO, 6.84 1.16

Vacuum Pack 8.11 5.88

50% CO,/50% N, 8.52 3.86

100% CO, 5.56 1.56

Standard error of difference between means = 1.17
Degrees of freedom = 27

Table 2 : Mean counts at 28 days (log,,cfu/g) for Y.enterocolitica on
minced lamb packaged in different gas atmospheres and stored at5 and
0°C.

Gas Atmosphere Storage Temperature(°C)
5 0

80% 0O,/20% CO, 2.40 0.78

Vacuum Pack 6.50 2.68

50% CO,/50% N, 5.25 1.29

100% CO, 1.056 0.00

Standard error of difference between means = 1.17
Degrees of freedom = 27
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3 : Mean counts at 28 days (log,,cfu/g) for Y.enterocolitica on
[ "i'e.ces and mince packaged in different gas atmospheres and
] t .[. at 5°C.

Atmosphere

3% 0,/20% CO,
wum Pack
,/50% N,
0,
5 comparing pieces versus mince for the same gas atmosphere,
dard error of difference between means = 1.34.

hen comparing gas atmospheres for pieces or mince, standard error of
flerence between means = 1.17

rees of freedom = 27

)le 4 : Mean counts at 28 days (log,,cfu/g) for Y.enterocolitica on
b pieces and mince packaged in different gas atmospheres and
red at 0°C.

 Atmosphere Pieces Mince
#%0,/20% CO, 1.16 0.78
M Pack 5.88 2.68
C0,/50% N, 3.86 1.29
W% CO, © 1.56 0.00

"I Comparing pieces versus mince for the same gas atmosphere,
clar .
"=i4 €rror of difference between means = 1.34.

e O TIPAMNG gas atmospheres for pieces or mince, standard error of
'SNCe between means = 1.17

188S of freedom = 27
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Fig 1. Growth of Y.enterocolitica on minced lamb packaqg
12 gair and stored at 5 and 0°C. 8
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N
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Fig 2. Growth of Total count bacteria in Vienna Sausage
during storage at 5C
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Fig 4. Growth of lactic acid bacteria in Vienna Sausage
during storage at 5C
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Table 1. Changes of Nitroso-hematin value in Vienna
Sausage during storage at 5C (n=3)

" day 0.5 6 12
Pac. method

Vacuum Packaging | 62.9 55.4 843
02 Scavenger 56.3 65.5 78.8

Packaging
O3 Packaging 56.5 60.1 | 71.6
02 Scavenger & 62.1 62.4 68.4
O3 Packaging

Table 2. Changes of TBARS Value in Vienna Sausage
during storage at 5°C (n=3)

day 0.5 6 12
Pac. method

Vacuum Packaging | 0.030 0.020 0.025
02 Scavenger 0.033 0.022 0.021

Packaging
O3 Packaging 0.039 0.026 0.025
02 Scavenger & 0.031 0.027 0.018
| O3 Packaging

Table 3. Changes of pH value in Vienna Sausage
during storage at 5C (n=3)

day 0.5 6 12
| Pac. method

Vacuum Packaging | 6.02 5.97
02 Scavenger 6.02 5.98
Packaging
O3 Packaging 5.98 6.03
02 Scavenger & 5.95 5.96
O3 Packaging
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Figure 1. Temperature profile of cooking and chilling of experimental products.
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Surface layer Core

H-value pH-value

<55 5.5-59 >6.0 Mixture <5.5 5559 >6.0 Mixture
3?23 6.6 7.28 7.4 7.2 6.6* 7.2 1.4
0.5 0.6 0.6 0.6 0.5 0.6 0.6 0.6
2.0 3.0° 2 1.8 2.1° 2.4° 19> 2.7%
1.0 1.2 0.5 0.6 0.9 0.5 0.5 0.4
3.3 3.6 3.6% 2.5% 1.0°A 2.4°AB 3.3’AB 3.9°B
1.9 0.6 0.5 1.6 0.0 1.2 1.6 1.4
570 4.6 43° 4.6* 3.4° 4.2%® 2.8 2.9
0.8 P 0.3 1.4 2.4 1.8 0.6 0.2
6.4°A 6.1°AB 5.1°AB 4.6"B 3.4 R 3.4° 1.5
0.5 0.6 1.2 04 0.6 2.1 1.5 0.9

ard deviation of mean
within the horizontal line not followed by the same capital letter are
antly different (p <0.05). If there are no letters after the means listed,
are no differences among them.
s within the vertical line not followed by the same small letter are
santly different (p=0.05). If there are no letters after the means listed,
hiere are no differences among them.

fie results of the surface layer and the centre of the products are calculated
parately .

{

)
0 '|_._:'r!l| I

Total count of aerobically growing bacteria (log colony forming units/g = cfu/ g; plate
- tount agar) in cooked meat products made from coarsely ground meat before and after

~ cooking (0) and during storing for 6 weeks at 6°C.
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Storage pH-value of meat raw-material
time, <5.5 5.5-5.9 >6.0 <5.5+>60
weeks 1:1
N=4 N=4 N=4 N=3
2 P 0 0 0 . 0 1
2 S 0 0 0 0
4 P 1 1 1 1
4 S 0 0 0 0
5 P 3 3 3 3
5 S 1 2 2 1
6 P 4 4 4 3
6 S 3 3 4 2

6°C.
Experimen- pH-value of meat raw-material
tal series <5.5 5-5.9 >6.0 <5.5+>6.0
1:1

I 5/9 8/9 8/9 7/9 18
II 3/10 10/10 9/10 - M
1 177 7/7 6/7 5/7 i
v 5/7 7/7 717 51
Total 14/33 *32/33 *30/33 *17/23

* significantly not-spoiled in paired test comparison (p<0.05)

Table 3. The number of "not-spoiled" evaluations on experimental products in different

mental series after storing for 6 weeks at 6°C ("not-spoiled evaluations/tot2

of evaluations).

1 ol
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:]"ﬂ ]

. prfect of 0% (A), 2.4% (B) and 4.8% of NaL in the heating
"¢ BHI) and 0% (circles), 2.4% (squares) and 4.8%

rles) NaL in the recovery agar on the number of surviving
ocvtogenes cells heated at 60C for up to 30 min. Fig.1D:

. to heating and recovery of the bacterium in the presence
e same level of NaL.

;c-m,B,C,D): Same conditions as in fig.1 but for E.coli.

, (A,B,C,D): Same conditions as in fig.1l but for Salmonella.
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.1, Effect of Lactic Acid on the Growth of Spoilage Bacteria on Pork

Log CFU/cm?
Lean

Fat

Storage Time

(days) Water Acid Water Acid

jehothrix
4.25 2.97 4.31 1.16

6.00 1.92 6.59 <1.00
15 9.05 <1.00 8.12 <1.00

rmosphacta

it discs were immersed in water or 3% lactic acid at 55°C.
g Colony forming units/cm? (CFU/cm?) were determined after each interval

erobic storage at 4°C.

dare means of 5 replicates.
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Table 2. Effect of Lactic Acid on the Growth of Cold Tolerant Pathogeng g

Pork
Log CFU/cm?®
Storage Time Lean ' Fat
Bacteria (days) Water Acid Water Aci'
Listeria
monocytogenes 0 5.32 4.22 5.25 2.31
4 5.41 3.81 640  <1.00
15 5.24 3.63 8.05 <1.00
Yersinia )
enterocolitica 0 4.94 4.21 4.81 2.93
4.63 3.37 6.48 1.06
15 6.26 1.38 7.99 <1.00
Aeromonas
hydrophila 0 4.65 <1.00 5.00 <1.00
2.00 <1.00 538 <1.00
15 1.06 <1.00 4.43 <1.000

Meat discs were immersed in water or 3% lactic acid at 55°C.

Log colony forming units/cm* (CFU/cm?) were determined after each interval

of aerobic storage at 4°C.

Data are means of 5 replicates.
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e 3, Effect of Lactic Acid on Pork pH

pH

Acid Water

5.64 4.72 6.58
5.65 5.34 6.63
5.70 5.24 6.56

at discs were immersed in water or 3% lactic acid at 55°C.
rface pH was measured after each interval of aerobic storage at 4%,

ata are means of 5 replicates.
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Table 4. Effect of Lactic Acid on Pork Lean Colour Reflectance

Reflectance Value

Storage Time L* a* o

(days) " Water Acid Water Acid Water Acid

55.02 56.80 6.68 7.60 5.50 5.76
4 53.38 58.70 5.44 5.30 6.58 778
15 46.42 54.00 4.36 3.18 7.16 8.68

Meat discs were immersed in water or 3% lactic acid at 55°C.
CIE L* (dark to light) a* (green-red) b* (blue-yellow) surface reflectance

values were measured after each interval of aerobic storage at 4°C.

Data are means of 5 replicates.
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Captions for Tables

Effect of lactic acid on the growth of spoilage bacteria on pork.
Effect of lactic acid on the growth of cold tolerant pathogens on pork.
Effect of lactic acid on pork pH.

Effect of lactic acid on pork lean colour reﬂectﬁnce.




Table (1) Effect of benzoic acid on fungi assaciated with beef carcasses*
S
NT T 5
O
Fungi C 3C $F C $C SF $DC %
Acremonium strictum W. Gams 16 1.4 17.5 9 1 8.8 0.8 (_|D
Alternaria 12 1.0 7.5 3 0.3 2.5 0.3 -
A. Alternata ( Fr.) keissler 11 0.9 7.5 3 0.3 2.5 0.6 8
A. tenuissima ( Kunze ex Press). Wiltshire 1 0.1 1.3 - - - - e
Aspergillus 1054 89.9 56.3 803 85.5 56.3 68.5 “_'
A. alutaceus Berk. & curt. 1 0.1 1.3 3 0.3 1.3 0.3 =5
A. egyptiacus Moubasher & Moustafa 1 0.1 1.3 2 0.2 2.5 0.2 ®
A. flavus Link 642 54.7 27.5 515 54.9 21.3 43.9 -
A. flavus var. columnaris Raper & Fennell 12 1.0 2.5 = - . - g
A. melleus Yukawa 1 0.1 1.3 - - = - c
A. niger van Tieghem 384 32.7 46.3 263 28.0 50 22.4 o
A. oryzae ( Ahlburg ) Cohn 1 0.1 1.3 - - = = pd
A. sydowii ( Bainier & Sartory) Thom & Church 3 0.3 1. 7 0.8 7.5 0.6 @
Cladosporium 30 2.6 22.5 39 4.2 27.5 3.3 =3
C. cladosporioides ( Fres.) de Vries 11 0.9 8.8 15 1.6 12.5 1.3 o
C. sphaerospermum Penzig 19 1.3 15 24 2.6 16.3 2.1 )
Emericella nidulans ( Eidam) Vuillemin 3 0.3 3.8 6 0.6 5 0.5 3_
Epicoccum nigrum Link 2 0.2 2.5 3 0.3 1.3 0.3 )
Eurotium niveoglaucum ( Thom & Raper) Malloch & Cain 1 0.1 1.3 - = B =
Fennellia flavipes Wiley & Simmons 1 0.1 1.3 - - - -
Fusarium oxysporum Schlecht. 3 0.3 3.8 5 0.5 3.8 0.4
Gibberella 3 0. 3.8 1 0.1 1.3 0.1
G. Fujikuroi ( Sawada) Ito 2 0.2 2.5 1 0.1 1.3 0.1
G. intricans Wollenweber 1 0.1 1.3 - - - -
Isaria sp. 1 0.1 1.3 - - - =
Malbranchea sp. 2 0.2 2.5 = - = -
Microascus cinereus ( Emile - Weil & Gaudin) Curzi 1 0.1 1.3 - - - =
Nectri 17 1.5  11.3

_Broome




e

Q
o0 |
0Q
o0
|
(@]

%C %F %DC
Paecilomyces variotii Bainier 1 0.1 1.3 2 0.2 1.3 0.2
Penicillium 22 1.9 18.8 45 4.8 13.8 3.8
P. aurantiogriseum Dierckx 7 0.6 7.5 11 1.2 6.3 0.9
P. chrysogenum Thom 4 0.3 5 10 1.1 3.8 0.9
P. duclauxii Delacr. 1 0.1 1.3 2 0.2 2.5 0.2
P. islandicum Sopp 1 0.1 1.3 14 1.5 1.3 1.2
P. oxalicum Currie & Thom 1 0.1 1.3 1 0.1 1.3 0.1
P. pinophilum Hedgecock 2 0.2 2.5 = - - -
P. purpurogenum Stoll _ 6 0.5 1.3 7 0.8 2.5 0.6
Pleospora herbarum Rabenh. ex Ces. & de Not. 1 0.1 1.3 - - = =
Rhizopus stolonifer (Ehrenb.) Link il 0.1 1.3 - - - -
Torula herbarum (Pers.) Link 1 0.1 1.3 - - - -
Total fungi ” 1173 90 939 85 80.1
Total number of genera 20 11
Total number of species. 36+1 variety 22

*NT:non treated, T:treated with 0.7% benzoic acid, C:count per 80 samples, $F: percentage frequency
calculated per 80 samples, %DC: percentage decrease in count related to the non treated one.

spueiayiaN ‘enbeH oyl ‘661 LSNOI! u




Table 2: Effect of benzoic acid on yeast associated with beef carcasses.*

Yeast C %C %F C %C 3F 3DC
Candida albicans 53 20.2 27.5 43 17.6 16.3 16.3
Geotrichum candidum Link i 0.4 1.3 1 0.4 1.3 0.4
Trichosporon cuteanum

(de Beurm., Goug. & Vauch.) Ota 2 0.8 2.5 14 5.7 7.5 1.2
Unidentified yeasts 207 78.7 8.8 187 76.3 8.8 71.1
Total yeasts 263 100 37.5 245 100 30 93.2
Total bacteria 593 67.5 516 67.5 103.7

2
—H
|
spuejiaylaN ‘@nbeH syl ‘v661 LSWODI ;0

*Legend as in table (1).
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Figure 1 )
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Table 2
Resistance development of bacteria to QAC disinfectants
] The resistance of
Number | Increase in resistance The highest tolerated bacteria to '
of concentration of QAC disinfectants
disinfec- in "use concentration"
tant f
P. vulgaris | P. acruginosa |P. vulgaris |P. aeruginosa | P. vulgaris |P. aeruginosa. i
I 100 x 10x 0,09 0,09 No No
IT 30 x 10 x 0,03 0,13 No No |
{
I 100 x 4x 0,13 0,04 Yes No |
v 60x | 17x | 004 | 0,11 No Yes |
v 20x | 22x | 002 | 018 | No Yes |
VI | 360x | 31x | 0,60 0,10 Yes No |
Vi1 375 x 17 x 0,72 0,62 Yes Yes -i
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Co

oteristics of disinfectants

Composition

Number of

1 18 .' Bctallt

Aldehyde

Glutaraldehyde | Glyoxal

Sequestrant

Sequion 40 Na 32

EDTA

Phosphates

VI

Sequion 40 Na 32

i A

W - didecy] dimethy] ammonium chloride

B = dodecyl dihydroxyethyl béﬁzyl ammonium chloride

- octyl dimethyl benzyl ammonium chloride,
diisobutyl phenoxyethoxy ethyl dimethy! benzyl ammonium chloride,
diisobuty] cresoxyethoxyethyl dimethyl benzyl ammonium chloride
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Figure 3

Increase in resistance of bacteria to disinfectant VII

A - "use concentration" according to DGHM

B - "use concentration" according to modified AOAC test
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RS

log CFU/mI

e
30 35

days

-o-Control ®Bac+ &L+ 4BaclL

1.

Evolution of different preservatives treatments in

Sauces. Control: sauce + E. faecalis, Bac+:

sauce + E.

€ +* BCE, L+: sauce + E. faecalis + 1% sodium lactate,

s ) )
8UCe + E. faecalis + BCE + 1% sodium lactate.
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Table 1 Mean TBA values for lamb products during storage (N=3, Overal] gy
deviation = 0.08 ). Stang

Treatment 0 Days 15 Days 30 Days 45 Days 65 Day
2°C VP 1.95 1.89 2.19 2.20 3.58
30°C VP 1.95 1.82 1.90 1.31 1.08.

30°C Air 1.95 4.10 415 4.59 4.04

Table 2 Analysis of variance of sensory evaluation data for lamb products g
storage (N =10; *** P <0.001; ** P <0.01; * P <0.05; N/S P > (,08)

Variable Treatment Days of Storage Interaction;
0 14 28 42 56 70

Darkness 2°C VP 354 518 514 537 514 531 Treat 0.95
30°C VP 343 314 287 359 325 358 TxD 2.34
30°C Air 348 298 193 253 144 167 Day 1.35

Redness 2°C VP 182 219 211 214 201 255 Treat 0.5:5
30°C VP 18.1 14.5 14.7 17.0 170 . 16.0 TxD 1.59
30°C Air 17.7 14.9 13.0 14.0 10,1 135 Day 0.92

Brownness 2°C VP 341 441 456 476 405 4438 Treat 0.97
30°C VP 336 287 297 314 325 336 TxD 2.38
30°C Air 340  28.0 188 233 16.7 216 Day 1.37

Glossiness 2°C VP 315 355 321 20.1 36.0 364 Treat 1.05
30°C VP 345 235 291 250 266 335 TxD 2.56

30°C Air 295 230 240 242 163 258 Day 148

Graininess ~ 2°CVP 347 269 258 171 176 235 Treat 109
30°C VP 360 284 276 178 160 161 TxD 267
30°C Air 31.8 566 708 747 693 728 Day 1.54

Fatty Odour ~ 2°C VP 410 364 375 365 360 427 Treat 123
30°C VP 438 553 441 366 443 441 TxD 30

30°C Air 359 482 395 520 408 467 Day 1767

Rancid 2°CVP 294 341 292 284 289 341 Treat 13
Odour 30°CVP 317 375 320 303 341 385 TxD 27
30°C Air 275 382 325 378 332 468 Day 1.6
Rawlamb  2°CVP 327 288 324 306 316 378  Treat 1-°§
Odour 3°CVP 297 350 33.6 345 387 363 TxD 2-52;
30°C Air 321 350 289 419 345 402 Day 1
Spoilt Meat  2°CVP 285 280 265 289 263 321  Treat ;gg

Odour 30°C VP 27.5 345 30.1 30.3 31.1 36.0 TxD

30°CAir 321 381 299 322 308 467 Day 150
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Figure 5. Absorption spectra of metmyoglobin-containing BHI
broth inoculated with enterococci. Control contained sterile BHI

broth in place of cultures. (from Arihara et al., 1994a)
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o
o

Absorbance

Wavelength (nm)

Figure 4. Absorption spectra of metmyoglobin-
containing MRS broth inoculated with L. fermentum
JCM1173. Control contained MRS broth in place of
culture. (from Arihara et al., 1993a)
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\ JCM1173

O
(9)]
T

Absorbance

Wavelength (nm)

Figure 3. Absorption spectra of metmyoglobin
solution in dialysis tubing in 0.2% glucose-containing
MRS broth inoculated with L. fermentum JCM1173.
Control was incubated without the addition of L.
fermentum. (from Arihara et al., 1993a)
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Test Strains

f

Stab into Metmyoglobin-Containing Agar
Plates (Trypto-Soya(TS) or MRS Agar)

Incubate for 1-2 days
at 30°C under Aerobic Conditions
(Environmental Isolates)
or
at 37°C under Anaerobic Conditions
(Lactic Acid Bacteria)

Observe for Color Changes around Stab

Retain Strains Generating Bright Red Color(s)

Figure 2. Characterization of myoglobin derivatives.
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K3

A. Conversion by Cultures . B. Conversion by Culture Filtrates
Overnight Culture Overnigr'lt Culture
Inoculate Metmyoglobin-Containing Remove Cells by Centrifugation
Broth (TS or MRS) and Fitration
. f
Incubate at 30°C or 37°C for 24 h Add Cell-Free Culture Filtrate to

Remove Cells by Centrifugation Metmyoglobin-Containing Phosphate Buffer

Al EIERton Incubate at 30°C for 24 h
Supernatant

Measurement of Visible Spectra

Figure 1. Screening bacteria for metmyoglobin conversion activity.
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Growth of enterococci with metmyoglobin reduction
activity in metmyoglobin-containing BHI broth during incubation.
(from Arihara et al., 1994b)

e

Optical density at 650 nm

Enterococcus‘ strains
0* 0.5 1.0 1.5 2.0 2.5 3.0 12.0
E. faecalis JBL1048 0 0.01 0.03 0.03 0.04 0.07 0.14 1.61
JBL1055 0 0.03 0.05 0.05 0.05 0.06 0.13 1.54
JBL1057 0 0.01 0.01 0.02 0.02 0.02 0.05 1.38
E. gallinarum JBL1046 0 0.00 0.02 0.02 0.03 0.04 0.09 0.95
E. mundtii JBL1069 0 0.02 0.03 0.04 0.08 0.19 0.38 1.38

a Time (in hours) after addition of enterococci to metmyoglobin-
With the exception of JBL1069, met-

containing BHI broth.
myoglobin reduction was accomplished within 2.5 h (Figure 5).
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Table 1

Number of micro-organisms per gram inomeat and meat products
(surface plating, 3 day incubation at 25 C)

L Meat Number of micro-organisms
Sample and per gram ”
number | meat products Medium

PCA TGE-agar | APT-agar
1  |Beef meat 20x103 | 2,6x103 | 2,0x103
2 |Pork meat 16x103 | 1,5x103 | 1,7x103
3 |Pork-loin 23x105 | 32x105 | 24x103
4  |Pork meat 14x104 | 1,5x10% | 1,1 x104
5  |Back fat 25x107 | 2,4x107 | 2,3x107
6 |Back fat 24x107 | 22x107 | 1,8x107
7 |Back fat 24x107 | 24x107 | 1,9x107
8 |Back fat 26x107 | 24x107 | 23 x107
9 |Back fat 23x107 | 2,7x107 | 2,2x107
10 |Minced meat 12x107 | 1.8x107 | 1,8x107
11 |Hamburger meat | 2,6x105 | 28x105 | 2.3x10°
12 |Canned ham 1,1x10% | 1,1x104 | 85x103
13 |Canned ham 1,1x104 | 1,1x10% | 9,5x103
14 |Canned ham 1.0x104 | 1,1x10% | 9,6x103
15 |Canned ham 86x103 | 1,1x104 | 9,7x103
16 |Canned ham 12x104 | 1,1x104 | 94x103
17 |Minced ham 85x103 | 1,4x10% | 7,7x103
18 |Chicken sausage | 9.5x 103 | 1,4x10% | 1,3 x 104
19 |Cooked sausage 21x103 | 40x103 | 3,5x103
20 |Mortadel 1,9%x103 | 52x103 | 3,7x103 |
21 |Salami | 22x10% | 39x108 | 34x10%
22  |Salami 24x108 | 25x108 | 2,7x108
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Table 2

Explanation to codes' numbers to figure 1

—

Technique of

plating

Time of incubation
(days)
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Figure 1
Percentage increase of cfu/g in relation to 3 days of incubation
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Figure 4: Improvement of the PCR signals with IMS
after 20-hours enrichment of artificially contaminated
meat samples. The internal control in this experiment
was omitted. Row 1: PCR results without IMS.

Row 2: PCR results after IMS. N = negative control,
P = positive control, M = molecular weight marker.
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day 1 sample sample sample
}
12.00 _
pre-enrichment pre-enrichment pre-enrichment
(4 hours) (4 hours) . (16 hours)
selective enrichment  selective enrichment
(16 hours) (16 hours)
day 2 pretreatment + PCR IMS selective enrichm‘
(8.00) (4 hours) (1 hour) (24 hours) ¢
PCR
(4 hours)
day 3 pretreatment + PCH
(4 hours)
total 24 hours 25 hours 44 hours

Figure 3: Time-schedule for the developed (IMS-)PCR methods.
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e high low no technical
AT contamination contamination contamination failure

-f—Internal control

af— Salmonsila DNA

2: Interpretation of the PCR results.

]
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sample
pre-enrichment enrichment
and/or
IMS
PCR

\

identified sample

Y
selective enrichment —i

PCR

v

identified sample

Y
isolation

l

identification
\

identified sample

E;I
Figure 1: Implementation of PCR techniques for routine detection of Sa/mO”e”a
food samples.
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:"iation level 24-hours PCR IMS-PCR

fu ; ++++
-~ minced bovine meat ]

(1;3)

8 cfu/ : ++++
g minced bovine meat et
. +++

(3/3)

'-:':f.'“ u/ ) ++++
5 g minced bovine meat 4
' ++ ++++

(2/3) (3/3)

le 1: Detection levels for the 24-hours PCR method and the IMS-PCR method.
samples were investigated per inoculation level (Most Probable Number

nique).
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Table 1: PCR results of human fecal E. coli isolateg =
isolates from raw meats, both belonging to serotype 01'
Represented is the number of positive strains for SLT 1T,
IT and eae gene sequences.

Source n? SLTI SLTII SLTI & SLTII eqe
human 53 0 48 5 53
meat 6 0 0 . 0 0

2. number of strains tested

Table 2: Isolation of SLTEC from raw beef products using selective enrichme
in mTSB+A (20-24 h,37°c, 100 rpm) followed by PCR.

Meat product _ Number of SLTEC-positive samples
n? m® SLTI SLTII SLTI&SLTI

ground meat from beef(50%)/pork(50%) 88 16 1 10 5

ground meat from beef(100%) 48 8 4 4

chopped raw beef 17 1 1

raw beef products, other than ground meat 27 4 2 2
180 29 1 17 11

4. humber of samples tested; b: number of sainples positive for SLTEC
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s 1; ELISA of 335 pooled samples of chicken sera with various antigens

Lps® st Flagella Flagella®
0:1,9,12 0:1,4,[51,9,12 H:g,m:- H:ize,n, 25

97 (297)" 103 (36%) 165 (497) 137 (412)
238 (710)" 184 (64%) 170 (51%) 198 (59%)

> 287 of the 335 samples tested, e lipopolysaccharide isolated from S. enteritidis was used
f g mixture of lipopolysaccharide from S. typhimurium and S. panams, $ flagellar
rom S. godesberg, and * flagellar antigen isolated from S. bergezm.

ble 2: H-antigen specificity” of the anti-flagellar Monoclonal antibodies

B-serotype” MabZ Mab3 Mab5 Mab8 MablO Mabl6é Mabl8

£,g,8:[1,2]
£,g:01,2)

f,g:-
[£],g,m,[p]:[1,7)

'
gym:-
m,te-

i:1,2

X
€cognition of the listed strains was assayed on Western-blots that contained total
3 Protein, +4: flagellar protein is recognized by the Mab, -: no recognition.
I8Toryne according to Rauffman-White.

3
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12e3
ss-11 —

8s8-28 —
ss5-23

kp-2

sp4 (]

Figure 1. Location of recombinant-flagellin expression proteins. A: schematic representation of
the 1479 bp flagelin encoding PCR product. The location of the restriction endonuclease sita_:
used in the construction of the recombinant-flagellin expression clones is indicated. B: Tho
Jocation of the encoded flagellin. The conserved (gray) and the variable area (white) as based on
amino acid alignments are indicated. C: Relative location of the expression products encoded by
the recombinant-DNA clones. The reaction of these expression products with the E-type g,
spacific antibodies is indieated: white = negative, black = positive. ]

Table 3: Antibody recognition of recombinant-flagellin proteins

Anti-serum” Recombinant clone

12E3 §S-11 S§§-28 $8-23 KP-2 SP-4
Mab 2 + - - + + -
Mab 3 + - - + + -
Mab 5 + - - + + -
Mab 8 + - - + + -
Mab 10 + - - - - -
Mab 16 + + - - - -
Mab 18 + - - - - =
a~Z,m + - - + + -
a-g,Mm, & + - - + + -
o-m,t + - - + + -

P

* Mab: wmonoclonal antibody; «-g,m, «-g,m,s, and o-m,t: H-type g,m, g,m,s and m,t SP“if

polyclonal antibodies, respectively.




| Reactivity of SS-23 protein with H-type specific polyclonal antibodies

Reactivity” Antiserum Reactivity"

anti-m
anti-m,t
antl-p
anti-r
anti-s
anti-t
anti-q
anti-u
anti-v
anti-x,zl6
anti-z
anti-l-complex
~ anti-2
anti-5
anti-6
anti-7

R

tive; =: very weak positive; and -: negative in ELISA. The weak positive reactiom (=) is
t due to true recognition of the antigen by the antiserwm, but more likely a result of

plete absorbtion of the anti-g antibodies that were present in the unabsorbed sera that
£o produce these H-type specific antisera.

5: §S-23 flagella-ELISA? of sera and eggs

sed for Serum Egg yolk
Week 1 Week 2

*

gellar fragment expressed by clome SS-23 was used as antigen, sera and eggs were from

::::d chickens. Serum was collected two weeks post infection, eggs at one and two weeks

Ve, and - negative antibody titre.
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Table 1. Results of klnmunomagnetic Separation’ for Y. enterocolitica in minced meat.

1
Buffer? Minced meat Microflora® Y. entero- Recovery on Nutriént Agar® (s

homogenate  (cfu/ml) colitica*

(cfu/ml)
Y. enterocolitica competi

flora
1ml - - 1.1x10° 99.1+6.7 -

: 1 ml A° 6.0x10" - : 0.3+04
s 1 ml A° 6.0x10" 1.1x10° 44.3+3.8 0.6+08
- 1 mi B 5.2x10° a " 0.3+0.0
- 1 mi B° 5.2x10° 1.1x10° 50.0+2.3 0.304

: 10" IMP were incubated for 20 min at room temperature with 1 ml buffer or minced meat |
homogenate

%: PBS-0.1% casein

: Microflora present in the minced meat

* Y. enterocolitica is added

: resuits from duplicate samples

: 10 g of the 2 samples A and B is homogenized in 90 ml of peptone-saline solution
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ire 2. Development of a new detection method for Y. enterocolitica




40t ICoMST 1994, The Hague, Netherlands S-ll e

YE.
| 1000 conductance change [uS]
I' CE,
| 800 N
: AH,
eccor 4
SM.
400 S
mm
200 ———
EA.
0 N
80 PsFI.

time [h]

Figure 1. Conductance curve of pure cultures of Y. enterocolitica, Citrobacter freundr, Aer0li8
hydrophila, Serratia marcescens, Enterobacter agglomerans and Pseudornonas fluorescens &

naturally contaminated minced meat (mm).
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Contamination levels (log colony forming units) of five types of
pacteria on pork loins at four sampling sites] during fabrication of pork

carcasses.
Psychrotrophs Coliforms Aerobic
Mesophiles

2.55b 1.12¢ 2.94b.c
2.48b 1.53ab 2.79¢
3.062 1.882 3.392
2.874 1.27b.c 3.15a,b

,-,%;, oo sites: 1 - chilled carcasses, immediately prior to cutting; 2 - pork loins after being
“* nulled from carcasses; 3 - pork loins immediately prior to trimming and deboning; and
4 - boneless loins at the point of vacuum packaging.

eMeans with the same superscript in the same column are not significantly different (P>0.05).

ble 2. Contamination levels (log colony forming units) of five types of
bacteria on pork loins, pH values, and levels of purge after 4 weeks of
vacuum-packaged storage. :

BSychrotrophs _ Coliforms Acrobic  Anacrobes  Lactics pH  purge (ml)
_ Mesophiles

"'_Ia_ 59 3.43 6.59 6.44 4.42 5.61 2.84

T
b
|

ble 3. Contamination levels (log colony forming units/cm2) of three types of
bacteria on contact surfaces, on the cutting line, of three midwestern

pork packing plants.

— Mesophilic

14Ces Psychrotrophs Coliforms Aerobes

N saddles 1.81a 1.402 2.458
‘ gloves 1.73a 1.162 2.67a
_’1"" :;ital conveyor 1.704 1.213 2.124
‘% conveyor 1.632 1.162 2.492
y ) gloves 1.602 1.032 2.842
(e between floors 1.55* 1.13* 1.96*
knives 1.412 0.778b 2.458

30t boning knives 0.90* 0.54* 1.72*

W knives 0.40b 0.20b 1.05b

O Mears
-mans 1N a column with different letters are significantly (P>0.05) different.
. I only one of the three plants, therefore not included in statistical analysis.
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Table 4. Contamination levels (log colony forming units/cm?2) of three ¢
| bacteria on contact surfaces, on the fabrication or boning Jipa
| three midwestern pork packing plants. g

f Contact

| Surfaces Psychrotrophs Coliforms

' Straight boning knives 2.872 1.758

. Main metal conveyor 2.82a,b 1.363:b
Cotton gloves 2.64* 1,37*

| Cutting boards 2.62* 0.49*

' Mesh gloves 2.573,b 1.468,D

I Rubber gloves 2.23b 1.14b.d

I Loin saddles 2.20* 1.36*

| Wizard knives 1.5¢ 0.65¢.d
Stainless steel tanks 1.07* 0.73*

a,b,C,dMeans in a column with different letters are significantly (P>0.05) different,
* Data from only one of the three plants, therefore not included in statistical analysis,

Table 5. Contamination levels (Iog colony forming units/cm2) of three fy
bacteria on pork loins, in three midwestern pork packing plants

Meat Meso g_:Ji:'
Surfaces Psychrotrophs Coliforms Aerol
Loins, before boning 1.524 0.52a
Loins, after boning 1.534 0.572 1,838
Loins, after trimming, __
before packaging 1.13b 0.294

a,0 Means in a column with different letters are significantly (P>0.05) different. _
* Data from only one of the three plants, therefore not included in statistical analysis.
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i |Co

"1 Slaughtering and Dressing methods of slaughterhouses in Japan

The number of
slaughtered
per day

Source of

'i?%ughtering and Dressing
012 slaughterhouse

Evisceration Slaughter operation

USDA-registered

Before skin
removal

Conventional

After skin
removal

Conventional

Before skin
removal

Conventional

After skin
removal

Conventional




40" ICOMST 1994, The Hague, Netherlands

Table 2 Aerobic bacteria contamination( winter and summer season ) on
I carcasses at final processing step in the slaughterhouse

, Number Part of carcasses Thoractic Average ota
| Slaughterhouse of Flank Brisket Neck cavitiy Gs
B Samples Win. Sum  Win Sum  Win Sum  Win Sum  Win Sun  pojm
| 0
! 1. G 60 0.520.8 0.6 .0 0.7 L3 02 0.1 0.5 0.8
M 2. MY 30 2.2 NT® 2.3 NI 17 N 1.5 N L9 N
‘_ 3. K 55 23 23 21 21 1.9 L6 0.4 06 L7 L7
e T R 2
||| Average L6 1.6 L7 L6 1.4 L5 0.7 0.4 1.4 1.3
it 4. H 60 40 3.4 3.8 3.4 3.0 3.3 3.4 23 3.5 3.1

b 5. 1 60 42 3.5 3.6 3.6 3.3 33 2.2 2.2 3.3 3.1
‘I 6. S 60 3.1 29 3.2 28 3.4 35 25 26 31 3.0

| 7. N 60 21 22 24 24 L9 21 0.7 L7 1.8 2.1
| 8. KA 50 29 31 29 35 25 31 L6 2.4 25 3.0

' 9. M 50 21 2.2 25 28 2.4 26 1.5 L4 2.1 2.2

‘ 10.Y 45 3.1 39 32 42 29 39 3.5 4.3 3.2 4.1
| 11. SG 40 29 40 3.0 3.9 3.6 41 21 27 2.9 3.7
(I 12. A 25 30 3.4 1.9 3.0 2.3 2.8 1.6 1.8 2.2 2.7
i 13.SS 45 3.6 3.2 32 31 31 34 1§ 55 2.9 3.8
| 14. NR 60 3.6 44 3.6 47 3.1 40 28 3.2 3.3 41

_______________________________________________________________________________________________________ |
Average 3.2 3.3 3.0 3.4 29 3.3 2.2 27 2.8 3.2

Slaughterhouse No.1~3: USDA-registered slaughterhouse

1> Evaluation points: Average of data in winter and summer season,
2> Average of total aerobic bacteria counts(logio, cm?2

3> NT: Not tested
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| Coliform bacteria contamination( winter and summer season ) on
“ %arcasses at final processing step in the slaughterhouse

Number Part of carcasses Thoractic Average Total average
o of Flank Brisket Neck cavitiy evaluation
" Samples Win. Sum.  Win. Sum.  Win. Sum. ; ! points?’

60 . 0220, 0
.3 NT®

oo OoOHREROO OO W
= O = N S O ROl

0.8
0.4
0.0
0.0
0.3
0.0
0.1
0.0
0.0
0.3
1.5

Moo oRROoOooOD D
DO — O DN = O O N
1S SISECIOI S SECEE &
HFo OO~ OoOOOOO O
coococoocoooe o
OO k= DN OO O =W
—o oo oo
O OO i W O
TG G S IS E T
e GO kB PO T b DO
—o oo oo Se O
DD s o a0 © DN Ot

No.lhvS: USDA-registered slaughterhouses
N points: Average of data in winter and summer season

£ Coliform counts(logso, cm?)
ested
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Table 4 Sanitary evaluation in slaughterhouse based oj
Total Aerobic Bacteria Counts of beef carcasses

Slaughterhouse G MY K H I S N KA M Y SG A g3
Evaluation Point 0.7 1.9 17 33 32 30119 272236332534 g
1. Effective livestock
washing
Yes 0.7 1.9 1.7 3.6
No 3.3 3.2 3.01.9 2.722 3.3 2.5 3,4 3.9

2. Dreesing order
1) Bleeding 6.7 1.9 1.7 1.9
after Hanging
2) Bleeding
before Hanging 3.2 2.72.2 363325
3) Bleeding
during Hanging 3.3 3.0 3.4

3. Rodding & Anus tying
YES 0.7 1.9 1.7

NO 3.3 3.2 3.01.9 2.72.23.8633253431
4. Contamination with
hide & skin
YES 1.9 3.3 3.0 2.7 2.2 3.6 3.3
NO 0.7 1.7 3.2 1.9 2.5 3.4

5. Inadequate water
washing of carcass

YES 0.7 1.9 1.7 2.7 2.2
NO 3.3 3.2 3.01.9 3.6 332534381
6. Hi-pressured water
pistol
YES 0.7 1.9 1.7 3.3 3.01.9 2.2 3.63.325 %
NO 3.2 2.7 3.4 3.6

7. Cleaning & sterilization
of utensils during operation
Yes 0.7 1.9 1.7 A
No 3.3 3.2 3.01.9 2722363325343

8. Cotton gloves
Yes 0.7 1.9 1.7 1.9 7
No 3.3 3.2 3.0 2722363325 343!

9. Carcasses contact
with floor & walls
Yes 0.7 1.9 1.7 2.7 3.7
No 3.3 3.2 3.01.9 2.2 3.6 3325 3. 40
10. Cleaning & sterilization
of utensils after operation
Yes 0.7 1.9 1.7 3.2 1.9 3.6 2.5 21
No 3.3 3.0 2.72.2 3.3 342
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4. Mean value and s.d. of the colony counts of Enterobacteriaceae and
Jobacter i the faeces of the pigs (in log c.f.u./g). The numbers of positive

)
< for campylobacter in 1 g are also mentioned per sampling day and farm.

Sampling  Enterobacter. “Campylobacter

day mean s.d. n mean s.d. n pos.1g

*11: the SPF-farm of the Central Veterinary Institute at Lelystad (NL)
=& Sma|| (non-SPF) testing farm with 5 porkers born under SPF-conditions
% a : .
Onventiona| (non-SPF) piggery repopulated 2.5 years ago with SPF-sows

883, 4 . ,
' and 5 tOp-breedmg farms without connections with SPF-breeding
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Table 1:
Air conditions (temperature and rel. humidity) in a poultry slaughter
room and air-chilling room at different locations (n = 20)

L

——

Location Temperature (°C) | Rel. Humiditﬂ"_/gL !
entry of the slaughter line 18.4-19.0 97.0 - 99.1_____‘ '
evisceration 18.2-18.8 93.6 - QGL
exit of the slaughter line 15.7-17.7 99.9 _
chilling room: -3.5--0.2 62.9-78.9

carcase enter chilling room

chilling room: -1.9-0.0 75.0.-81.5

carcase leave chilling room

Table 2:

Selected air parameters during air sampling with the
ANDERSEN-sampler in spray-chilling rooms and air-
chiIIing_; rooms of poultry processing plants

-spray chilling | air-chilling

air velocity (m/s) 0.9-12 0.9-12

rel. humidity (%) 93 - 96 98

sampling time(min.)

enterobacteriaceae 8 8
aerobic plate count 5 3
Table 3:

Temperatures in breasts and legs of randomly chosen poultry carcases
entering and leaving the air-chilling room (n = 50) -

Temperature °C

entering the leaving the

chilling room chilling room
] Sampling site: _breast 40 - 42 8.4 -89
leg 39 - 42 1.8-2.0
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STAGE NO.
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Figure 1:
Schematic diagram of the
ANDERSEN six-stage viable sampler
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12 - b

10 =

8 - : @ air-chilling
i |

' 4 spray-chilling

Enterobacteriaceae {cfu/m3)
o
|
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4 .
2 ~AmA esa LX) .
0
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. sampling
Figure 2:

enterobacteriaceae displayed as colony forming units(cfu)lm3 detected
with the ANDERSEN six-stage viable sampler in poultry spray-chilling
rooms (n = 10) and air-chilling rooms (n = 44).
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A |
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sampling

Figure 3:

Aerobic plate count (APC) displayed as colony forming units(cfu)lm3
detected with the ANDERSEN six-stage viable sampier in poultry spray-
chilling rooms (n = 10) and air-chilling rooms (n = 44).
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“istribution of total viable counts in raw pork.

% Samples

it
“ W L7
—-—') / il e 4

6 7 8 9 10
log cfu/g '

EUnrefrigerated [ Refrigerated

. Distribution of Enterobacteriaceae counts in
pork.
% Samples

% il m—
L 7 / / /| [ 7
4 5 6 7 8 9 10
log cfu/g

HUnrefrigerated @M Refrigerated
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Fig 3. Distribution of Enterobacteriaceae counts i
chorizo.
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% Samples
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Jble 1. Occurence of ochratoxin A-producing moulds in raw materials for dry sausage

Raw Mould species

P. chrysogenum

. material P. aurantiogriseum

Ground pork
* Ground beef
. Mixture of spices
& Additive 1
~ Additive 2
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Table 2. Occurence of ochratoxin A-producing moulds on sausage surface durjng
processing and storage Y

Mould species :
Sausages A. ochraceus P. aurantio- P. chryso- P. commip
driseum denum .

After filling . )
After smoking

10th day of tipening %

20th day of ripening

Sth day of storage

10th day of storage

15th day of storage
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able 3. Occurence of ochratoxin A-producing moulds in air in meat processing plant

Sausage Mould species
P. aurantiogriseum P. chrysogenum P. commune

I’\jng-house

5 oke-house
’pening-house
"10th day of ripening
§a201h day of ripening
Store-house

5th day of storage
10th day of storage
20h day of storage

+ + + + 4+
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Fig. 1

Effect of CTAB on growth of S. carlsbergensis in the absence of HT-2 toxip ¢ ¢
and in the presence of 10 pg of HT-2 toxin per ml (e) -
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Fig. 2

Effect of CTAB and ethanol on growth reduction caused by HT-2 toxin

el. growth

121
: —&—HT-2 toxin
—e—CTAB 1pg/ml
! : ——ethanol 5 % (V/V)

0.8 +

fn.a IS

04 +
0.2 +
0 1
L)
0 0,2 0,5 0,8 1,8 3 6 12 25 50

HT-2 toxin (pg/ml)
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Fig. 3

Influence of Triton on growth reduction caused by 10 pg of HT-2 toxin per

Rel. growth

1,4

1,2

0,8
0,6
0,4

0,2

Triton % (v/v)
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Fig. 4

Influence of incubation temperature on growth rate reduction
caused by HT-2 toxin at 10 pg/ml

Rel. growth rate

Temperature (°C)
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Table 1. Effect of vascular infusion of cold water on carcass and offy]

Trait Control Infused
Live weight, kg 97.7 94.2
Warm carcass weight, g kg™ 824 863
Chiller shrinkage, g kg™ 30.6 .28.9

~ Liver, gkg 16.5 24.7
Heart, g kg™ 3.5 49
Spleen, g kg 1.7 2.7
Lungs, trachea, tongue 19.6 24.5
gkg"

g kg of live weight

Table 2. Effect of vascular infusion of cold water on muscle temperature afig

Trait Control Infused
Longissimus

thoracis

Temp, °C:

45 min 39.6 37.8
3h 18.9 18.4
24h 1.8 1.8
pH

45 min 5.55 5.56
3h 5.54 5.57
24h 5.52 5.55
Semimembranosus

Temp, °C;

45 min 41.9 40.0
3h 27.6 26.6
24h 2.5 2.3
pH

45 min 5.69 5.70
3h 5.62 5.65
24h 5.62 5.65
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Table 3. Effect of vascular infusion of cold water on longissimus thoracis muscle quality

“Trait Control Infused Probability

“Colour score 1.33 1.50 0.586
Structure score 1.17 1.71 0.023
Minolta Meter:
L* 64.6 63.1 0.144
o 10.9 11.1 0.783
b 7.1 ‘ 6.4 0.207
Drip loss, mg g 51.8 58.8 0.256
Soluble protein, mg g™ 103.3 119.6 0.001
Moisture, mg g 754 763 0.045
Lipid, mg g 22.5 19.2 0.285
Shear, kg 7.76 7.62 0.823

Table 4. Effect of vascular infusion of cold water on semimembranosus muscle quality

Trait Control Infused Probability
- Colour score 2.17 2.07 0.794
Structure score 2.00 2.07 0.527
Minolta Meter:
L* 54.0 55.6 0.426
a* 14.0 13.9 0.929
b* 6.9 7.6 0.376
Drip loss, mg g 54.6 58.0 0.530
Soluble protein, mg g 144.5 143.6 0.921
Moisture, mg g’ 765 767 0.606
Lipid, mg ¢! 12.8 12.2 0.774
_Shear, kg 10.1 9.6 0.605






