




























































































































































































































































































































































































Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 106 -

correlations) found for both temperatures and all four treatments,
indicated that in almost all instances the pseudomonads were
responsible for variations in the psychrotrophic bacterial count.

Correlations involving V1 and V9, V2 and V8, and V2 and V9 were
mostly high in all analyses although values in excess of 0,9000
were not reached consistently. In addition, these three correla-
tions did not achieve a value of 0,9000 or larger in the analysis
of overall correlations (Table 4.6).

High correlations were also found between the Enterobacteriaceae
count (V3), the 'Enterobacteriaceae'’ count after 48 hours
('pseudomonads' or V4) and the cytochrome oxidase positive
fraction of the latter (V5). In the overall correlational
analysis (Table 4.6) r-values in excess of 0,9000 were obtained
for all of V3 and V4, V3 and V5 and V4 and V5. Similar values
were obtained for the separate correlational analyses at 0°C, 7°C
and TREAT 1. This observation indicated a relationship (maybe
metabolic interdependence) between Enterobacteriaceae and
pseudomonads involved in the Tow temperature spoilage process.
The Enterobacteriaceae appeared after 24 hours at 30°C (under V3).
The additional 24 hours' incubation of the V3 plates at room
temperature and counting of newly-grown colonies (V4) followed

by an oxidase test (V5) should theoretically have indicated
pseudomonads only, with a close correspondence between V4 and V5.
This interrelationship was operative at both temperatures (0°

and 7°C) only for TREAT 1, i.e., in samples packed aerobically
and containing no additive.

An interesting observation on the TREAT 1 correlational analysis
(Table 4.7) was a series of high values ( r = 0,9000) for the

V3 and V8 or V9 interactions. The same was observed for V4 and

V5 indicating a close link between Enterobacteriaceae count and
psychrotrophic bacterial count, as well as a correspondence between
the indirect pseudomonad enumeration procedures (V2, V4, V5 and
V9). The fact that this series of high correlations was only
observed for TREAT 1 samples indicated the overriding importance
of pseudomonads in the aerobic spoilage of raw minced beef at
refrigeration temperatures.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 107 -

Looking at the overall correlational analysis (Table 4.6), it

was noted that correlations between V7 (B. themmosphacta) and

all other variables were below the minimum threshold value for
inclusion. The same was observed for both temperatures and

the TREAT 2, 3 and 4 correlational analyses. For the TREAT 1
correlations of V7 only one value exceeded 0,9000. It was also
noted that the P-values associated with the V7 correlations were
in many instances< 0,05, making the significance of the correla-
tion coefficients doubtful. These results indicated that

B. themmosphacta was not associated with any of the other bacterial
groups to a significant degree, certainly not to the extent of its
growth being regulated actively by such associations.

A similar trend was noted for correlations of V6 (lactic acid
bacteria) with most of the other variables. The only correlational
analysis yielding several high correlations of V6 was that for
TREAT 1 (Table 4.7), none of which were above the value of 0,9000.
The general absence of significant correlations indicated lack of
assbciation of the Tlactic acid bacteria with the other bacterial
groups analysed except for V1. Several associations occurred

in TREAT 1 samples, which also yielded some higher correlations
for V7. This fact reinforced previous observations that high
correlations were found between most variables in TREAT 1 samples,
indicating considerable activity and association of the different
bacterial groups in an additive-free environment with adequate

supplies of oxygen.

Least significant difference values between treatments

Least significant differences (LSD) between treatments were
calculated for variables V1 to V11 (for calculation details

see Chapter 3, Section 14.3 ). Because of the excellent con-
formance of bacteriological results to the statistical model,
LSD-values were very small in microbiological terms, leading to
the establishment of a large number of statistically highly
significant differences. This fact tended to obscure important
trends and it was decided to judge differences according to
microbiological rather than statistical criteria.
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TABLE 4.6 CORRELATION COEFFICIENTS V1-9 X V1-9 OVER ALL TEMP , TREAT ,
STORE AND RUN (N = 221)
P-values for correlations are listed in bottom half of table

Arbitary threshold value chosen for significance: r = 0,7746
(r2= 0,6000)

V1 V2 V3 V4 V5 V6 V7 V8 V9
: * >

V1 0,8994|0,814710,772810,7286(0,824110,5580(0,9215{0,8694
V2 0,0001 0,7920(0,7920{0,7515{0,7261{0,6109{0,8816{0,8882
V3 0,0001}0,0001 0,916610,914810,6619{0,6556/0,8800{0,8436
V4 0,0001{0,0001{0,0001 0,903210,6110/0,76130,8252{0,8696
V5 0,0001{0,0001({0,000140,0001 0,532210,696410,7879{0,7790
V6 0,0001 0’0001_0,0001“0,0001 0,0001 0,404210,8338 10,7392
V7 0,0001 {0,0001 {0,0001 {0,0001 {0,0001 {0,0001 0,60591{0,7120
V8 0,6001 0,0001 {0,0001 {0,0001 }0,0001 {0,0001 {0,0001 0,9225
) 0,0001 |0,0001 |0,0001 j0,0001 j0,0001 }0,0001 j0,0001 |0,0001

Note: * Values > 0,8900 are printed in italics
**  Values € 0,7746 are underlined
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: -9 X Vi- 2 OVER A
TABLE4.7  CORRELATION COEFFICIENTS V1-9 X V1-9, TREAT 1 OVER ALL TABLE 4.5 CORRELATION GOEFFICIENTS V1-9 X V1-9, TREAT 2 OVER ALL

TEMP , STORE AND RUN (N = 54) SEBF. 5 STORE AND BON (N = 56)
P-values for correlations are listed in bottom half of table P-values for correlations are listed in bottom half of table
Arbitary threshold value chosen for significance: r = 0,8500 Arbitary threshold value chosen for significance: r = 0,8500
(= 0.1225) (o= 0.7225)
vi | ve | vl valuvs ve | vi | vs V9
Vi Jve fvalvalows Jve | v | vel vo P
= Vi 0,9231|0,83730,7787)0,7102{ 0,8392{ 04249 0, 9216{ 0, 9093
Vi 0,8490} 0,8683| 0,8678]0,8425 |0,80280,8104 [ 0,8582) 0, 8563
*
V2
vz |o,0001 0,9010{0,8733]0,86780,8174[0,8316 |0, 9199|0,8936 0001 0,735710,755310,6795)0,70410,289110,82110,8636
v3  |0,00010,0001 0,8678|0,87850,8112]0,2591 0, 9414|0, 8875
v3  |0,0001]0,0001 0,9441]0,9394]0,87370,8645|0, 9731 |0, 9453
va  [0,0001]0,0001 0, 0001 0,78320,7703[0,3023 |0,8441 [0,8900 ‘
va  |0,0001]0,0001]0,0001 0,90040,8685]0,91710, 93860, 9306 e
b=
(Vo)
vs  |0,0001}0,0001{0,0001]0,0001 0,8609)0,8272]0,9127]0,8729 vs  {0,0001{0,0001{0,0001|0,0001 0,5854 [0,0469 |0, 7806 [0, 7265 ,
ve [0,0001|0,0001]0,0001{0,0001|0,0001 0,8971/0,8673]0,8357 V6 10,0001 fo,0001 10,0001 J0,0001 |0, 0001 0,5117 10,8894 [0,8307
V70,0011 }0,0307 |0, 0538 [0,0236 |0, 7316 Jo, 0001 0,4077 |0, 3826
vz |0,0001]0,0001]0,0001]0,0001]0,0001]0,0001 0,8577|0,8566
v8  |0,0001]0,0001]0,00010,0001]0,00010,00010,0001 0,9646 V8 lo,0001 Jo,0001 Jo,0001 o,0001 [0,0001 fo,5001 fo, 0001 0,9283
v9  |0,0001}0,0001]0,0001|0,0001]0,0001{0,00010,0001 0,0001 V90,0001 0,0001 J0,0001 f0,0001 0,0001 f0,0001 P, 0001 P, 0001

1Z0Z ‘euolald Jo AjISIaAlun ‘uoieulIoul 0} sseooe uedo Jo poddns ul seoinieg Aleiqi Jo Juswieds(q ey Aq pesnibig

Note: * Values > 0,8900 are printed in italics
Note: *  Values > 0,8900 are printed in italics ** Values £ 0,8500 are underlined

** Values £ 0,8500 are underlined
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TABLE 4.9 CORRELATION COEFFICIENTS V1-9 X V1-9, TREAT 3 OVER ALL

TEMP , STORE AND RUN (N = 56)

P-values for correlations are listed in bottom half of table
Arbitary threshold value chosen for significance: r = 0,8500

TABLE4.10 CORRELATION COEFFICIENTS V1-V9 X V1-9, TREAT 4 OVER ALL

TEMP , STORE AND RUN (N = 55)
P-values for correlations are listed in bottom half of table

Arbitary threshold value chosen forsignificance: r = 0,8500

(r2= 0,7225)
Vi V2 V3 V4 V5 V6 V7 V8 V9
* *k
Vi 0,9366(0,6579(0,602710,5187{0,8875|0,1650{0,9350{0,9129
V2 0,0001 0,6336)0,5998| 0,4984]0,7764]0,1264]0,8334]0,8700
V3 0,0001{0,0001 0,7929{0,8102}0,5436]0,0405{0,6668{0,7019
V4 0,0001}0,0001}0,0001 0,7251]0,5445]0,2573]0,614410,7318
') 0,0001{0,0001{0,0001]0,0001 0,368110,2042(0,55830,5385
V6 0,0001{0,0001{0,0001{0,0001{0,0052 0,231110,88720,8496
V7 0,224210.3522 10,7673 10,0556 {0,1311 |0,0865 0,2231 10,2292
V8 0,0001 }0,0001 {0,0001 J0,0001 |0,0001 |0,0001 {0,0982 0,9134
V9 0,0001 j0,0001 {0,0001 |0,0001 {0,0001 |0,0001 {0,0893 |0,0001
Note: * Values > 0,8900 are printed in italics

*k

Values € 0,8500 are underlined

(r?= 0,7225)
Vi V2 V3 v4 V5 V6 v7 V8 V9
* *k
Vi 0,920410,8706(0,8999(0,8340{0,8531|0,77260,9665{0,8769
v2 ]0,0001 0,755510,8713]0,8094]0,80760,763610,9221)0,8978
v3 {0,0001}0,0001 0,8703)0,8542{0,7885(0,5662 10,8453 10,6847
v4 10,0001/0,0001]0,0001 0,8631 10,8590 )0,6326 {0,8725 {0,8323 '
=
v5 10,0001 }0,0001 }0,0001 |0,0001 0,7963 10,5398 |0,8054 |0,6922 !
V6 10,0001 }0,0001 }0,0001 }0,0001 }0,0001 0,7117 10,8424 |0,8503
v7 )0,0001 j0,0001 J0,0001 |0,0001 }0,0001 |0,0001 0,7601 |0,8338
vg  [0,0001 {0,0001 10,0001 f0,0001 {0,0001 j0,0001 [0,0001 0,9169
v9 [0,0001 (0,0001 {0,0001 p,0001 p,0001 p,0001 P,0001 p,0001
Note: * Values > 0,8900 are printed in italics

*k

Values < 0,8500 are underlined
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TABLE4.11 CORRELATION COEFFICIENTS V1-9 X V1-9, TEMP = 0°C OVER ALL
TREAT, STORE AND RUN (N = 111)

P-values for correlations are listed in bottom half of table

Arbitary threshold value chosen for significance: r = 0,8367

(r2= 0,7000)

TABLE 4.12 CORRELATION COEFFICIENTS V1-9 X V1-9, TEMP = 7°C OVER ALL

TREAT, STORE AND RUN (N = 110)
P-values for correlations are listed in bottom half of table

Arbitary threshold value chosen for significance: r = 0,8367
(r2= 0,7000)

Vi V2 V3 V4 V5 V6 v7 V8 V9
* o
Vi 0,934110,7963 10,7949 10,6908 [0,7824 {0,7180 |0, 9485 |0, 936
vz |o,0001 0,7614 10,7681 |0,6660 |0,6681 |0,7000 {0, 8953 {0,8721
v3  |0,0001 0,0001 0,9357 10,9194 10,4976 |0,7747 |0,8335 {0,8205
v4  [0,0001 {0,0001 [0,0001 0,8947 10,5557 10,8325 0,8214 [0,8514
Vs [0,0001 [0,0001 }0,0001 {0,0001 0,3408 0,7222 ,7248 p,6938
vé  10,0001{0,0001}0,00010,00010,0003 0,5107 10,7548 ]0,7278
v7  |0,0001}0,0001 {0,0001 {0,0001 {0,0001 |0,0001 0,7207 |0,8095
vg  [0,0001 {0,0001 J0,0001 f0,0001 {0,0001 |0,0001 {0,0001 0,9397
vo  [p,0001 p,0001 pp,0001 p,0001 P,0001 P,0001 P,0001 |0,0001
Note: * Values » 0,8900 are printed in italics

Vi V2 V3 V4 V5 V6 V7 V8 V9
* Kk
Vi 0,836940,773910,7003}0,6813]0,8098]0,4033}0,8721]0,8136
V2 0,0001 0,7495{0,770410,7486(0,6752]0,52810,8298 10,8828
*
V3 0,0001}0,0001 0,894210,882810,64710,5682|0,87750,8375
N
V4 0,0001{0,0001 j0,0001 0,897410,564810,6998 {0,7936 |0,8628
V5 0,0001 {0,0001 j0,0001 {0,0001 0,5012 10,6813 10,7725 10,8142 !
V6 0,0001 {0,0001.J0,0001 j0,0001 10,0001 0,2853 10,8374 10,6944
V7 0,0001 {0,0001 j0,0001 |0,0001 J0,0002 |0,0025 0,5051 10,6229
V8 10,0001 {0,0001 {0,0001 {0,0001 10,0001 |0,0001 0,0001 0,8942
V9 0,0001 0,0001 p,0001 p,0001 P,0001 p,0001 P,0001 P,0001
Note: * Values > 0,8900 are printed in italics

*k

Valuine € N Q2T auva undanlinad
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The following criteria were used for judgement:

(i) For V1 to V9, LSD values 3 1,000 were rated as highly
significant. This was based on a commonly employed
guideline stating that two microbiological values are
different only when they differ by one log number or
more.

(ii) For V10, LSD values 3 0,200 were rated as highly signifi-
cant. This rather small pH-difference was chosen
because of the fact that meat is a well-buffered system
and small pH changes tend to reflect considerable micro-
biological and physical changes.

(ii1) For V11, LSD values 2100 (mV) were rated as highly
significant, but because of the earlier-mentioned inherent
unreliability of the Eh measurements, results are only
presented but not discussed.

Data from the two runs of the study were separated for LSD
calculation but, with very few exceptions, correspondence between
the findings for both runs for each variable was excellent.
Results are presented in Tables 4.13 to 4.23. The results for
statistical calculations of LSD 5% and LSD 1% are given next to
each table. Differences judged as highly significant by the
criteria under (i) to (iii) above are printed in italics.

Many of the significant trends indicating differences between
treatments discovered in the graphical representations and
the correlational analyses were also shown up and reinforced
by the LSD calculations.

For V1 (TAPC) highly significant differences existed between

TREAT 1 and TREAT 3 as well as TREAT 4 for both runs (Table4.13).
For RUN NO. 1 only, a highly significant difference was found
between TREATS 2 and 4. These results indicated that both TREATS
3 and 4 achieved microbiologically significant reductions in total
aerobic plate count as compared to the untreated, aerobically
packed control (TREAT 1). Less importance was assigned to the
TREAT 2-TREAT 4 result as it was not consistent over both runs.
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For V2 (TAPC-ox.) the exact same trend to V1 was observed, this
time consistently over both runs (Table 4.14). It was noted that
also for the cytochrome oxidase fraction of the total aerobic
plate count TREATS 3 and 4 achieved significant reductions in
numbers. The fact that the same significance grouping of
treatments was found for V1 and V2 reinforced the fact that

these two variables were highly correlated and exhibited similar
responses to the different treatments.

A similar grouping effect to the one observed for V1 and V2 was
found for V3, V4 and V5, which differed from the V1-V2 grouping
by only one additional highly significant difference, namely
between TREATS 1 and 2 (Tables 4.15, 4.16 and 4.17). This trend
was consistent over both runs, indicating that for all of V3, V4
and V5, TREATS 2, 3 and 4 resulted in significant reductions of
bacterial numbers compared to TREAT 1. These results again
reinforced the already described high correlation between the
Enterobacteriaceae counts and counts of pseudomonads isolated
from the EC (V3) plates.

In addition to this, it was found that V8 and V9 displayed an
identical response to TREATS 2, 3 and 4 as did V3, V4 and V5
(Tables 4.20and 4.217). Again this fact underlined the finding
that the psychrotrophic spoilage population, and especially the
psychrotrophic pseudomonads, were highly correlated to the
pseudomonads isolated under V4 and V5 as well as to the
Enterobacteriaceae. The latter observation pointed to the
fact that the Enterobacteriaceae played a significant part in
psychrotrophic spoilage of the raw minced beef.

For V6 (LC), a different set of least significant differences

was found (Table 4.18). It appeared that only TREAT 4 resulted

in significant reductions in numbers of lactic acid bacteria,

when compared to TREATS 1, 2 and 3. This finding was also clearly
evident from the graphical representations of storage time effect
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on V6, where TREATS 1, 2 and 3 showed virtually identical
(statistically not significantly different) growth patterns
(Figure 4.6). In addition, the above findings reiterated
earlier observations that the responses of the lactic acid
bacteria in the entire study were not linked to any of the
other bacterial groups investigated.

For V7 (BTC) a large number of highly significant differences
were observed, some of which were not consistent over both runs
(Table 4.17). The differences consistent for both runs were
between TREAT 1 and TREATS 2 and 3 as well as between TREATS 3
and 4. In addition, significant differences were found between
TREATS 2 and 3 and between TREATS 2 and 4 for RUNS NO. 1 and NO. 2,
respectively. Linking the above findings to the graphical
representations of effect of storage time on V7, it was concluded
that differences between TREAT 3 (and possibly TREAT 2) and the
other treatments were the main underlying pattern. This fact
reinforced the pronounced inhibition on B. theamosphacta by the
vacuum packaging/ascorbic combination evident from the graphs
(Figure 4.7). This trend was also displayed by TREAT 2

(vacuum packaging only), but to a lesser extent. Again, the
least significant difference calculations indicated that

B. themmosphacta responses were not regulated to any significant
extent by the other bacterial groups under study.

It was impossible to draw detailed conclusions as to the relative
effectiveness of the treatments with regard to one another from

the numerical values of the differences in the LSD tables. This
was because of inconsistent patterns between runs for each variable.
It was decided that such assessments were best made by a detailed
study of the graphical representations (Section 4.2).

For V10, the observation made from the graphical representations
was reinforced by highly significant differences between TREAT 3
and the other treatments. This effect was attributed to the
addition of L(+) ascorbic acid to the raw minced beef under
TREAT 3. Also it was indicated by the LSD figures that
differences observed between pH's of TREATS 1, 2 and 3 were

not of major significance in a microbiological context.
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Generally speaking, the calculation of least significant
differences and the establishment of microbiologically
significant differences for result discussion, further served
to reinforce major trends that were observed in the other
analyses.
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TABLE 4.13 LEAST SIGNIFICANT DIFFERENCES IN TAPC (V1) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,2337
LSD1% = 0,2879

RUN NO.
LSDS% = 0,4076
LSD 0,5022

TREAT 1 |TREAT 2 |TREAT 3 |TREAT 4
TREAT 1 0,8764 1,0974 1,8658
TREAT 2 * * 0,2210 | 0,9895
TREAT 3 * * 0,7684
TREAT 4 * x * * * *
TREAT 1| TREAT 2 | TREAT 3| TREAT 4
TREAT 1 0,7379 11,2163 | 1,3025
TREAT 2 * * 0,4784 | 0,5646
TREAT 3 * *x * 0,0862
TREAT 4 * * * *x

Note:
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TABLE 4.14 LEAST SIGNIFICANT DIFFERENCES IN TAPC-ox.(V2) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF
(microbiologically highly significant differences are

printed in italics)

TREAT 1 | TREAT 2| TREAT 3 |TREAT 4 RUN NO. 1
TREAT 1 0,8396 | 17,1311 | 1,2219 | LSDsy = 0.1915
LSD1% = 0,2359
TREAT 2 | * * 0,2915 | 0,3823
TREAT 3 | * * * x 0,0908
TREAT 4 | * * * *
TREAT 1| TREAT 2| TREAT 3{ TREAT 4 RUN NO. 2
L5057 = 0,1372
TREAT 1 0,8835 { 1,481% | 1,0926 )
LSD17 = 0,1691
TREAT 2 * ok 0,5982 | 0,2091
TREAT 3 * * * * -0,3891
TREAT 4 * x * *
Note: LSD values are given as natural logarithms
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TABLE 4.15 LEAST SIGNIFICANT DIFFERENCES IN EC (V3) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,3409
LSD1% = 0,4200

RUN NO.
LSDS% = 0,2417
LSD,, = 0,2976

1%

TREAT 1 { TREAT 2 { TREAT 3 | TREAT 4
TREAT 1 1,7914 | 2,7242 y 2,3198
TREAT 2 | * * 0,9328 | 0,5284
TREAT 3 | * * * * -0,4044
TREAT 4 | * * * * *

TREAT 1 (TREAT 2 (TREAT 3 [TREAT 4
TREAT 1 1,3534 § 1,9192 } 1,9526
TREAT 2 | * = 0,5658 | 0,5992
TREAT 3 | * * * x 0,0334
TREAT 4 | * = * *
Note: LSD values are given as natural logarithms
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TABLE 4.16 LEAST SIGNIFICANT DIFFERENCES IN EC-48 (V4) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,3565
LSD1% = 0,4392

RUN NO.
LSDS% = 0,1988
LSD,, = 0,2449

1%

TREAT 1 [TREAT 2 |TREAT 3 [TREAT 4
TREAT 1 2,1356 | 2,9122 } 2,2083
TREAT 2 * * 0,7766 | 0,0727
TREAT 3 * * * x -0,7039
TREAT 4 * * * *

TREAT 1 [TREAT 2 | TREAT 3 |TREAT 4
TREAT 1 1,4748 | 72,0494 | 1,6536
TREAT 2 * * 0,5746 | 0,1788
TREAT 3 * * * * -0,3958
TREAT 4 * * * *
Note: LSD values are given as natural logarithms
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TABLE 4.17 LEAST SIGNIFICANT DIFFERENCES IN EC-48-0x. (V5) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,3336
LSD1% = 0,4110

RUN NO.
LSDS% = 0,1400
LsD,, = 0,1724

1%

TREAT 1 {TREAT 2 [ TREAT 3 | TREAT 4
TREAT 2,2672 2,3260 2,1623
TREAT * * 0,5588 {-0,1049
TREAT * x * * -0,6637
TREAT * * * *

TREAT 1 |TREAT 2 |TREAT 3 TREAT 4
TREAT 1,4668 2,0829 1,7411
TREAT * *x 0,6161 0,2742
TREAT * * * * -0,3418
WREAT * * * * * *

Note:

LSD values are given as natural logarithms
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TABLE 4.18 LEAST SIGNIFICANT DIFFERENCES IN LC (V6) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,1525
LSD1% = 0,1879

RUN NO.
LSD5% = 0,1600
Lsp,, = 0,1972

1%

TREAT 1 |TREAT 2 |TREAT 3 |TREAT 4
TREAT 1 -0,2433 |-0,1216 | 1,8433
TREAT 2 | * * 0,1217 | 2,0866
TREAT 3 1,9649
TREAT 4 | * * * * * *

TREAT 1 |TREAT 2 |TREAT 3 |TREAT 4
TREAT 1 0,1103 | 0,2529 | 17,2700
TREAT 2 0,1426 | 1,1597
TREAT 3 | * * 1,0171
TREAT 4 | * * * * *

Note: LSD values are given as natural logarithms
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TABLE 4,19 LEAST SIGNIFICANT DIFFERENCES IN BTC (V7) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.

RUN NO.
LSDS% = 0,3666
LSD1% = 0,4517
LSDS% = 0,1999
LSD,, = 0,2463

1%

TREAT 1 [TREAT 2 [TREAT 3 |TREAT 4
TREAT 1 2,2189 | 3,2118 1,7307
TREAT 2 * * .0,9929 | -0,4882
TREAT 3 * * * * -1,4811
TREAT 4 * * * * * *

TREAT 1 |TREAT 2 |TREAT 3 |TREAT 4
TREAT 1 2,1919 | 2,7590 0,9012
TREAT 2 * * 0,5671 | -1,2907
TREAT 3 * * * x -1,8578
TREAT 4 * * * * * *
Note: LSD values are given as natural logarithms
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TABLE 4.20 LEAST SIGNIFICANT DIFFERENCES IN PC (v8) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.

RUN NO.
LSD,, = 0,1894
LSD,, = 0,2333
LSD., = 0,1688
LSD,, = 0,2079

1%

TREAT 1 {TREAT 2 [TREAT 3 |{TREAT 4
TREAT 1 1,0363 | 1,2354 | 1,8196
TREAT 2 * * 0,1991 { 0,7833
TREAT 3 * x * 0,5842
TREAT 4 | * =* * % * %

HREAT 1 (TREAT 2 [TREAT 3 &REAT 4
TREAT 1 1,0218 | 1,5526 | 1,5294
TREAT 2 * * 0,5308 | 0,5076
TREAT 3 * * * * -0,0232
TREAT 4 | * = *
Note: LSD values are given as natural logarithms
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TABLE 4.21 LEAST SIGNIFICANT DIFFERENCES IN PC-ox, (V9) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(micfobio]ogica]]y highly significant differences are

printed in italics)

RUN NO.

RUN NO.
LSDS% = 0,1466
LSD1% = 0,1806
LSDs% = 0,1177
LSD,, =

1%

0,1450

TREAT 1 |TREAT 2 [TREAT 3 |TREAT 4
TREAT 1 1,3872 | 1,6934 | 1,2128
TREAT 2 * * 0,3062 |-0,1744
TREAT 3 * * * * -0,4806
TREAT 4 * * * * *

TREAT 1 |TREAT 2 |TREAT 3 |TREAT 4
TREAT 1 1,3535 | 1,8259 | 1,3446
TREAT 2 * * 0,4724 |-0,0089
TREAT 3 * * * * -0,4813
TREAT 4 * * * %
Note: LSD values are given as natural logarithms
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TABLE 4.22 LEAST SIGNIFICANT DIFFERENCES IN pH (V10) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 0,0829
LSD1% = 0,1022

RUN NO.
LSDS% = 00,0382
LSD,, = 0,0470

1%

TREAT 1 | TREAT 2 | TREAT 3 | TREAT 4
TREAT 0,1707 { 0,5596 | -0,0011
TREAT * * 0,3889 {-0,1718
TREAT * * * x -0,5607
TREAT * * * *

TREAT 1 |TREAT 2 |TREAT 3 {TREAT 4
TREAT 0,1414 { ¢, 4325 | 0,0264
TREAT * ok 0,4914 {-0,1150
TREAT * x * * -0,6064
TREAT * * ol
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TABLE 4.23 LEAST SIGNIFICANT DIFFERENCES IN Eh (V11) BETWEEN

TREATMENTS FOR SHELF LIFE EXTENSION OF MINCED BEEF

(microbiologically highly significant differences are

printed in italics)

RUN NO.
LSDS% = 32,2491
LSD1% = 39,7308

RUN NO.
LSDS% = 34,3412
LsD,, = 42,3083

1%

TREAT 1 | TREAT 2 | TREAT 3 | TREAT 4
TREAT 1 -157,32144195,8929( -46,9643
TREAT 2| * * -38,5715| 110, 3571
TREAT 3| * * * 148,9285
TREAT 4 | = * * * x

TREAT 1 | TREAT 2| TREAT 3| TREAT 4
TREAT 1 -42,7143}-377, 1428 -23,5714
TREAT 2 | = * -17,8571) 66,2857
TREAT 3 | * * 353,5714
TREAT 4 * * %
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4.5 Identification of representative spoi]ége isolates

Considerable difficulties were experienced with the
identification to species level of many spoilage isolates,
and in many cases only major characteristics were considered
in the identification process.

4.5.1 Psychrotrophic spoilage isolates

In view of the overwhelming role of psychrotrophic bacteria
in the spoilage of ground beef at refrigeration temperatures,
128 (one hundred and twenty eight) isolated colonies were
selected for identification from Standard 1 Nutrient Agar
plates representing the highest dilutions of psychrotrophic
counts (incubated at 7°C for 10 days).

A11 128 isolates with once exception were identified, although
in some cases identification to species level was impossible
within the constraints of the biochemical and other tests used.
This was particularly evident in the case of the Gram-negative
isolates with special reference to the large number of
pseudomonads.  Similar problems using minikit identification
systems were reported in the literature (Cox & Mercuri, 1978).

In addition, considerable difficulties were experienced with

the accurate identification of many psychrotrophic lactic

acid bacteria. Isolates number 60, 66, 81, 86, 87 and 115

were classified as Lactobacillus sp. (subgenus Betabacteriwn)
because of their short, rod-shaped morphology and their ability

to form carbon dioxide from glucose. However, none of these
isolates (except 115) were typical Betabacterium spp. as all
produced only the L(+) isomer of lactic acid. Isolate 115
closely resembled L. vaccinostercus although it was not

completely typical (Table 4.24),notably differing by several
carbohydrate fermentations (ribose, xylose, trehalose, cellobiose)
and the ability to grow at 15°C. Isolates 60, 66, 81 and 87 were
identical in their test patterns, whereas isolate 86 differed from
the former four by fermentation of galactose and ribose. This
group of four identical isolates was clearly different from both
isolate 115 and L. vaccinostercus.
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TABLE 4.24 COMPARATIVE CHARACTERISTICS OF LACTOBACILLUS VACCINOSTERCUS
AND ISOLATE 115

BIOCHEMICAL OR OTHER TEST L. VACCINOSTERCUS PSYCHROTROPHIC
ISOLATE NO. 115

LACTIC ACID ISOMER DL L(+)
DAP IN CELL WALL + +
GROWTH AT 15°C - +

GROWTH AT 45°C - -
SLIME FROM SUCROSE - -
ARGININE HYDROLYSIS + +

FERMENTATION OF:

ARABINOSE + +
RIBOSE + -
XYLOSE + -
MALTOSE + +
GALACTOSE + +
TREHALOSE - +
RAFFINOSE - -
MANNITOL - -
CELLOBIOSE - +
MELIBIOSE - =
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Source and identification details for all psychrotrophic isolates
are shown in Table A.3 (See Appendix). These results are
summarized in Table 4.25, showing the distribution of psychrotrophic
isolates over the four treatments. This summary shows that
pseudomonads featured most prominently overall amongst the 128
isolates, followed by lactobacilli, yeasts and Enterobacteriaceae,
in that order. Other Gram-positive isolates were only present in low
numbers.  When establishing the treatment type to isolate
identification relationships (Table 4.26) it was found that
pseudomonads featured most prominently in TREAT 1 samples,

although significant numbers were also recovered from TREAT 2

and TREAT 3 samples. This was not in keeping with general
literature reports indicating an almost total absence of
pseudomonads on vacuum-packed, minced beef (Grau & Macfarlane,
1980).  Few pseudomonads were isolated from TREAT 4 samples.

Lactobacillus isolates were expectedly most numerous on TREAT

2 and 3 samples (approximately equal proportions), with a
surprisingly large incidence (11,4%) on TREAT 4 samples. No
such isolates were found on TREAT 1 samples. All yeast isolates
were made from TREAT 4 samples, indicating a significant occurrence
of yeast in samples subjected to TREAT 4. This could be due

to a selective effect of sulphur dioxide (SOZ)’ by which develop-
ment of the yeast population was favoured. Earlier reports
indicated that yeasts were not uncommon in raw minced beef,
especially in conjunction with high total aerobic plate counts
(Jay & Margitic, 1981).

Enterobacteriaceae isolates were mostly uniformly distributed
over all treatments, except for a general absence in TREAT 3
samples, indicating a possible sensitivity to low pH values.
Most of the remaining Gram-negative isolates were confined to
TREAT 1 and 4 samples. This was evident from the Gram-positive
and Gram-negative summary figures in Table 4.26, indicating
almost total Gram-negative predominance in TREAT 1 samples,
approximately equal proportions in TREAT 2 and 3 samples and
approximately two thirds Gram-positive predominance in TREAT

4 samples. |
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TABLE 4.25

Distribution of psychrotrophic isolates according to treatments (% according to groups)

ISOLATE CLASSIFICATION NO. OF PERCENTAGE OF ISOLATES FROM: PERCENTAGE OF
. GROU_P- _==iSOLATES "IEEAT 1==J_"IISEI:\I= TREAT 3-" .==IREAT 4 el T?K\I;E?Efff
Pseudomonas spp. 58 70,7 12,1 12,1 5,2 45,3
Lactobacillus spp. 21 0 47,6 33,3 19,0 16,4
Yeasts 13 0 0 0 . 100 10,2
Entenobactenr spp. 9 22,2 55,6 0 22,2 7,0
Hagnia alvel 5 0 20 20 60 3,9
Coryneform group 4 0 25 25 50 3,1
Kurthia spp. 4 25 0 0 75 3,1
Achromobacter spp. 4 75 0 0 25 3,1
Acinetobacter spp. 3 0 33,3 ] I 66,7 2,3
Streptococeus spp. 2 0 0 100 0 1,6
Micrococeus Spp. 2 0 50 50 0 1,6
Aeromonas sp. 1 100 0 0 0 0,8
Yernsinia sp. 1 0 0 0 100 0,8
Unidentified 1 0 0 0 100 0,8
Gram-positive 47 2,1 25,5 23,4 48,9 36,7
Gram-negative 81 58,0 17,3 _"9,9 14,8 9313_5 =
Total I _;;8 37,5 l 20,3 14,8 27,3 100
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Distribution of psychrotrophic isolates over treatments (% according to groups)

Treatment
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The distribution of isolates over storage intervals is

summarized in Table 4.27.  Pseudomonads showed the highest
incidence over the first four days, with a substantial

presence up to day 17. Lactobacillus spp. only started to
predominate after seven days but decreased from day 7 up to

day 17. Yeasts showed a constant presence from day 3 to day

11, with a slight decrease to day 17. Entercbacter and Hagnia
showed gradual increases from day 3 to day 17, whereas the other
Enterobacteriaceae isolates predominated early in the storage
interval (up to day 4). The remaining Gram-positive isolates
predominated between days 7 and 11. Looking at the Gram-positive
and Gram-negative summary figures, it was evident that Gram-
negative isolates predominated up to day 4, followed by a marginal
Gram-positive predominance on days 7 and 11. Day 17 revealed

a definite Gram-negative predominance.

In addition, the distribution of psychrotrophic isolates over
temperature is summarized in Table 4.28. Not unexpectedly, a
higher percentage of pseudomonads were isolated at the lower
incubation temperature of 0°C (75:25), whereas slightly more
Lactobaciflus spp. and yeasts were found at the higher incubation
temperature (7°C) than at 0°C. Enterobacteriaceae were almost
evenly distributed between the two temperatures, but Hagnia spp.
were only isolated from samples incubated at 7°C. The Coryneform
group and Kurthia isolates were chiefly found in samples stored
at the lower temperature (0°C).

The summary figures show that Gram-positive isolates overall
displayed a marginal predominance at 7°C (47:53), but that the
Gram-negative isolates were most certainly more prevalent at
0°C (58:42). This finding agreed with numerous literature
reports stressing the highly nsychrotrophic nature of the meat
spoilage pseudomonads, although it was generally found that
Enterobacteriaceae were mostly marginally psychrotrophic
(Beebe, Vanderzant, Hanna, Carpenter & Smith, 1976).
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Distribution of psychrotrophic isolates over storage interval (% according to groups) for all treatments
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TABLE 4.28

Distribution of psychrotrophic isolates over temperature
(% according to groups)

Isolation temperature No. of
Isolate Group 0°C 7°C Total % isolates

sssssssssssssssssssdsssssssssssssqesssssssssssissssssssssyssssssssssay
Pseudomonas Spp. 72,4 - 27,6 100 58
Lactobacillus spp. 42,9 57,1 100 21
Yeast 38,5 61,5 100 13
Enterobactern spp. 44,4 55,6 100 9
Hagnia spp. 0 100 100 5
Coryneform gp. 75,0 25,0 100 4
Kurthia spp. 100 0 . 100 4
Achromobactern spp. 50 50 100 4
Acinetobacter spp. 66,7 33,3 100 3
Streptococcus spp. 0 100 100 2
Micrnococews spp. 50 50 100 2
Aeromonas sp. 100 0 100 ] 1
Yersinia sp. 100 0 . 100 1
Unidentified 0 100 100 1
Gram-positive 46,8 53,2 100 47
Gram-negative 64,2 35,8 100 81
Total _ 57,8 42,2 100 128
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In summary, it appeared that the identification of psychrotrophic
isolates reinforces results of many authors regarding the typical
psychrotrophic nature of meat spoilage pseudomonads, although
their occurrence in vacuum-packed samples was not in keeping with
literature reports. Similarly, the general occurrence of
Lactobacillus spp. onaerobically packed samples was an unusual
observation (according to results for plate counts; see Fig. 4.6,
V6 - graphs), although the predominance of the latter organisms
on vacuum packed samples as well as their appearance in the later
stages of the storage period was in keeping with results of
several authors. In addition, it appeared that although TREAT 4
led to a marked reduction in pseudomonad levels, it selectively
favoured development of rather exotic or uncommon microbial groups
(including yeasts), many of which were Gram-positive.

Lactic acid bacterial isolates

Special attention was devoted to the lactic acid bacteria because

of their reported antagonism against typical meat spoilage bacteria
(Roth & Clark, 1975; Collins-Thompson & Lopez, 1980). Representa-
tive colonies were isolated from Lactobacillus Selective Medium

and all 71 isolates were identified to species Tevel. In most
cases the identification was not clear-cut, and emphasis had to

be placed on major characteristics such as lactic acid isomer and
pentose fermentation. The identification procedure was made more
difficult by the fact that very little taxonomic detail was avail-
able on lactic acid bacteria prevalent in the spoilage of raw minced
beef and extensive use had to be made unpublished information
(Holzapfel, personal communication). Source and identification
details on the lactic acid bacterial isolates are listed in Table

A.4, (see Appendix).

An assessment of the overall distribution of isolates (Table 4.29)
revealed that three species were prevalent, namely L. saké (the
largest single proportion by a considerable margin), L. curvatus
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Distribution of lactic acid bacteria isolates according to treatments (% according to

TABLE 4.29

groups)

NO. OF PERCENTAGE OF ISOLATES FROM: PERCENTAGE OF

e e L souaTes Il TREAT 1] TREAT 2] TREAT 3 [TREAT 4_ | _ ToTAL IsoLATES |
Lactobacillus saké 24 12,5 45,8 37,5 4,2 33,8
Lactabdailﬁub cuwwvatus 16 18,8 56,3 18,8 6,3 22,5
Lactobacillus bavaricus 15 33,3 40,0 6,7 20 . 21,1
Lactobacillus alimentarius 7 0 14,3 71,4 14,3 9,9
Lactobacillus farciminis 3 0 0 66,7 33,3 4,2
Leuconostoc paramesentenoides 3 0 66,7 33,3 0 4,2
Lactobacillus sp. (subgenus Betabacterium) 1 0 0 0 100 1,4
Leuconostoe mesenteroides 1 0 100 0 0 1,4
Lactobacillus virnidescena 1 0 100 0 i 0 1.4

Total VAl 15,5 43,7 29,6 11,3 100

9t
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and L. bavaricus. L. alimentarius occurred in much smaller
numbers and the remaining isolates were made up of miscellaneous
Lactobacillus and Leuconostoc spp. in small numbers. The
distribution of lactic acid bacteria over the four treatments

is summarized in Table 4.30. These results indicate that despite
numerous literature reports to the contrary, Lactobacillus spp.
reached high numbers (> 106/gram) in aerobically packed samples
(TREAT 1 and TREAT 4). These results are supported by V6 counts
in Figure 4.6 .

This observation could possibly be explained by the fact that

all isolations were carried out on samples stored for 17 days,

but was nevertheless unusual in the Tight of the well-documented
microaerophilic nature of the lactobacilli. It was noticeable
that L. bavaricus showed the highest occurrence on TREAT 1 samples
in addition to considerable numbers on TREAT 4 samples, with a
greatly reduced incidence on TREAT 2 and 3 samples. This trend
was reversed for L. sake and L. cwwatus, both of which were more
prominent on TREAT 2 and 3 samples. Most of the other isolates
were found in TREAT 2 and 3 samples, although isolated occurrences
were recorded for TREAT 4 samples. The reason for larger numbers
of isolates on TREAT 4 samples could be their relative resistance
to SO2 (as compared with pseudomonads).

In summary, it was surprising to find considerable numbers of
lactic acid bacteria and especially Lactobacilfus spp. in the
aerobically packed samples. The fact that Lactobacillus bavaricus,
a relatively unknown organism, seemed to favour aerobic conditions
was most noteworthy. Also, the association of this organism with
meat was not reported before (Holzapfel, personal communication).

A similar, although less pronounced aerobic growth habit was
recorded for the other two major species identified, namely L. saké
and L. curwatus.
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TABLE 4.30

Distribution of lactic acid bacteria isolates over treatments (% according to groups)
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In addition, by overall proportions, L. saké was the most
prevalent spoilage isolate. This finding is supported by
results from Kagermeier (doctoral thesis, University of Munich,
1981), where the preponderance of L. saké, especially in meat
and meat products, was clearly documented.

Unidentified isolate No. 11 (Betabacterium sp.) corresponded

to previously described psychrotrophic isolates No. 60, 66, 81,
86, 87 and 115. This fact possibly reflects a major role of
this organism in psychrotrophic meat spoilage. Since most of
the isolates were made from TREAT 4, a relatively high resistance

to SO2 can be expected.
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CHAPTER 5

CONCLUSIONS

Several general conclusions can be drawn from the results regarding

effectiveness of treatments in prolonging the shelf life of raw minced

beef.

In addition, conclusions may be drawn on the prevalence and

activity of various groups of spoilage bacteria.

(a)

The results indicated that aerobic packaging and storage of even
moderately contaminated raw minced beef did not allow for any
inhibition of growth of spoilage microorganisms. Rapid micro-
biological, physical and sensory spoilage set in even at a lowered
storage temperature of 0°C, although shelf 1life at 0°C was much
improved over storage life at 7°C.

The two treatments employing vacuum packaging (TREATS 2 and 3)
resulted in overall improvements of shelf life, and in most
cases TREAT 3 produced superior results to TREAT 2.  Much of
this could have been related to the pH and Eh depression caused
by addition of ascorbic acid. A most noteworthy point on
TREAT 3 was its almost complete inhibition of B. thewmosphacta
growth, even at 7°C. This was a significant breakthrough in
the light of the fact that B. thewmosphacta was frequently in-
criminated to be a major meat spoilage organism.

The treatment with a commercial 'colour retainer' (TREAT 4)
produced significant increases in shelf 1ife of raw minced beef,
even at a higher storage temperature and in conjunction with
aerobic packaging. Microbiological results indicated, however,
that the initially pronounced inhibitory effect of TREAT 4
decreased considerably from four days of storage onwards. The
success of TREAT 4 was therefore limited to shorter storage
intervals, although a more permanent inhibition of the pseudomonads
over extended storage intervals was noted.
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(d) Overall, TREAT 4 and TREAT 3 were rated as approximately equally
successful in increasing raw minced beef shelf 1ife. Both
had disadvantages however: In TREAT 3, the vacuum packaging
combined with a lowered pH led to excessive destructurization
of the minced beef coupled to a considerable amount of purge,
both reducing the consumer appeal of the product. In TREAT 4,
the addition of colour stabilizing, antioxidant 'preservative'
compounds to raw minced beef is considered as undesirable from
a consumer point.of view and illegal in terms of current
legislation on raw minced beef additives. Furthermore,
Enterobacteriaceae were suppressed more successfully by TREAT 3,
especially at 0°C.

(e) The microbiological results on all treatments indicated that a
strong positive synergism existed between lowered storage
temperature and effectiveness of treatment. This finding re-
emphasized the vital importance of strict temperature control
in the improvement of raw minced beef shelf life, especially
in the case of products with high initial contamination levels.

(f) The importance of strict temperature control at a level around
0°C was emphasized by the isolation and identification of a
large number of psychrotrophic pseudomonads obviously involved in
proteolytic spoilage. In contrast to reported observations,
many of these pseudomonads persisted in the oxygen-depleted
environments of TREAT 2 and 3 samples.

(g) Similarly, a significant proportion of the lactic acid bacteria
isolates (mostly Lactobaciffus spp.) displayed distinct psychrotrophic
growth characteristics. In addition, the majority of these
isolates were apparently not significantly inhibited by aerobic
growth conditions. This finding contradicted numerous reports
describing microaerophilic conditions to favour these organisms.
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Enterobacteriaceae were also found to be involved in psychrotrophic
spoilage, although to a much lesser degree than the pseudomonads.
However, most of the Enterobacteriaceae isolates displayed a
somewhat marginal psychrotrophic habit when compared to the
pseudomonads. At 0°C, all treatments resulted in considerable
growth inhibition of the Enterobacteriaceae compared to the
controls (TREAT 1).

An almost perfect correlation between the total aerobic plate
count and the psychrotrophic count was noted for all treatments
at both storage temperatures. This finding allowed the con-
clusion that the time-consuming psychrotrophic count (10 days

at 7°C) could be replaced by a more rapid count (72 hours at 25°C)
with a minimal loss of precision in assessments of raw minced
beef shelf 1ife and general hygienic quality.

Similarly high correlations were found between the pseudomonad
fractions of the total aerobic and the psychrotrophic counts.

In addition, it was found that an extra 24 hour incubation of

the Enterobacteriaceae count at room temperature followed by an
oxidase test could be used as an approximate assessment of
psychrotrophic pseudomonad numbers.  Although this procedure
tended to underestimate numbers, the saving in time and materials
is significant.

Chemical techniques of assessing shelf life and degree of micro-
biological spoilage of raw minced beef yielded questionable
results throughout. It was therefore concluded that measurement
of pH, redox potential (Eh) and lactic acid concentrations are of
very limited use in shelf life assessments on raw minced beef.

Lactobacillus saké was found to be the most predominant re-
presentative among lactic acid bacteria isolates (33,8%),
followed by L. curvatus (22,5%), L. bavaricus (21,2%) and

L. alimentarius (9,9%). The association of L. bavaricus with
meat was not reported before.
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(m) Lactobaciflus spp. also constituted the second largest group
(16,4%) of the psychrotrophic isolates, although the
pseudomonads predominated (45,3%).
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TABLE A.1

SUMMARY OF TIMES TAKEN BY MICROBIAL COUNTS TO REACH CRITICAL LEVELS

(n.r. - not reached)

i
i STORAGE DAYS BEFORE REACHING LEVEL OF:
1}
i 6 i 7
VARIABLE |TREAT|TEMP i 107/gram i 10" /gram
I RUN 1] RUN 2| AVERAGE ! RUN 1 JRUN 2 | AVERAGE
; i
V1 1 0 I 4 3 3,5 I 5 5 5
TAPC | 700 1 12 2 2
i i
i |
2 i 6 7,5 0 8 |12 10
1,5 1.8 1 4,5 3,5
:: !
! I
3 | 0 tg |12 10 110 |15 12,5
i 2 2,5 I 4,5 4.5
h i
i —t
t i
4 14 12,5 ' n.r. |11 11+
1] 1
i 4 i 6 7 6,5
I N R R D D
__________ “—-—---g-----—ﬂ———_——T———-——“‘—_——-—_—-ﬁ-—-—-_-- ==zs=s=R========
1]
V2 1 i 5,5 58 I 10 8,5
- n it
TAPC 7 2 I 2,5
1l 1]
ox i i
1] 1
:: !
2 fn.r n.r n.r. hon.r. n.r n.r
1] "
) 4 4,5 "on.r. |11 11+
i h
It 1]
i il
i h
3 in.r n.r n.r. | n.r n.r n.r
il "
b5 n.r. 5+ P on.r. {n.r. n.r.
0] 1l
t i
: :
4 0 tn.or., 13 13+ hon.r. n.r. n.r.
it 1
70 6 7 6,5 I 16 n.r. 16+
] i
1] i
" il
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TABLE A.1 (cont.)

SUMMARY OF TIMES TAKEN BY MICROBIAL COUNTS TO REACH CRITICAL LEVELS
(n.r. - not reached)

[
|
i: STORAGE DAYS BEFORE REACHING LEVEL OF:
I
- i o
VARIABLE | TREAT| TEMP ii 106 Jqram ii 107 Jqram
ii RUN 1! RUN 2| AVERAGE ;; RUN 1] RUN 2| AVERAGE
v8 | 0 I 3,5 3 3,3 I 5 4 4,5
[} I
PC 7 11,5 1,5 1,5 U
n 0
i B
2 6,5 8 12 12 12
] 1]
h 2 "
i "
1§ it
0 H
3 0o I 8,5 9 8,8 " 12,5 |15 13,5
i n
o2 3 2,5 1 3 4 3,5
" "
n i
4 i 12 12 12 hon.r. |12 12+
n n
i 4 n9 7 8
1] 1"

_________ PR P R NN AU S S S
"""""""""""" By i --‘---—"'H""'-"-‘"'—-3"-“-"“
1) 1}

n 1

V9 1 i 5 5 i
- " 1]
PC " 2 2 " 4,5
ox " n
- i T
2 0 Ein.r. 11 11+ ﬁ n.r. | n.r. n.r.
tn.r. |11 11+ hn.r. |17 17+
" "
n n
] }]
3 gin r n.r n.r. E n.r n.r n.r
b9 11 10 no11 n.r. 11+
i h
H i
1] "
4 0 Ei15 12 13,5 ﬁ n.r. |n.r. n.r.
:‘;5 6 5,5 Hn.r. 11 11+
" It
1l It
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TABLE A.1 (cont.)

SUMMARY OF TIMES TAKEN BY MICROBIAL COUNTS TQ REACH CRITICAL LEVELS

(n.r. - not reached)

1]
[}
E "STORAGE DAYS BEFORE REACHING LEVEL OF:
1] 1] .
VARIABLE | TREAT| TEMP ! 10%/gram I 107 )gram
H RUN 1| RUN 2| AVERAGE ﬁ RUN 1 | RUN 2} AVERAGE
i n
i i
V3 1 0 L2 2 2 I s
- H 1)
EC 7 0o 1 1 neo2
- i n
il 1]
" ]
i
2 0 ﬁ 7 6,5 ﬁ n.r n.r. n.r
i 1 io4 3 3,5
i t
! !
3 ﬁ n.r. {13 13+ " n.r. |n.r n.r
1]
noo4 2 3 non.r. 6 6+
i H
H "
- zs
4 ﬁ 12 10 1" ﬁ n.r n.r n.r
7 H 1 2,5 E 11 9 10
[} i
4+t -t -t "-======= =================" eSS Sro=E=S==SIESTS=m====
== " i i T
] 1]
i i
V7 1 i 4,5 6 i 11 10
BTC i; 2 ,5 2,8 ii 13 8,8
n ]
i i
2 i i
non.r n.r n.r. uon.r n.r n.r
ﬁ 6,5 | n.r 6,5+ H n.r n.r n.r
[} 1]
h i
3 i h
ion.r n.r n.r. non.r n.r n.r
ﬁ n.r n.r n.r ﬁ n.r n.r n.r
il i}
; ii
4 0 ﬁ 14 9 11,5 ﬁ n.r. in.r. n.r.
7 ﬁ 6 3 4,5 ﬁ n.r. |11 11+
H I
i 1}
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TABLE A.1 (cont.)

SUMMARY OF TIMES TAKEN BY MICROBIAL COUNTS TO REACH CRITICAL LEVELS

(n.r. - not reached)

i
H
i STORAGE BEFORE REACHING LEVEL OF:
! 5 ! 7
VARIABLE | TREAT | TEMP ! 107 /gram ! 10" /gram
i_RUN 1| RUN 2| AVERAGE i RUN 1| RUN 2| AVERAGE
! !
v4 1 0 i 3 3 300 5,57 6,3
EC-48 7 0 1,5 | 1,5 1,5 1 3 4 3,5
j i=
:: ii
i "
2 i 8 non.r. | ner n.r
ﬁ 3 EE n.r n.r n.r
H 1]
! i
I h
t
3 0 I n.r n.r n.r. ii n.r n.r n.r
700 4 |1 7,5 i onor. | onr n.r
ii !
i [
4 i15 |15 15 i noe. | e n.r
i 5 5 I n.r. |15 15+
1] 1]
================:::::::ﬂ“&::::::::::::::=========:;‘b:============:======:==
] i
h t
Vs 1 i 3,5 | 2,5 30 7.5 6,5
EC-48 11,5 1,8 1 3 3
ox ; !
—' h i
2 ii n.r n.r n.r. Ei n.r n.r n.r
ﬁ 3 3 3 if n.r n.r n.r
1 1]
L o
i i
3 ﬁ n.r n.r n.r. EE n.r n.r n.r
7 ﬁ n.r 3,5 3,5+ EE n.r n.r n.r
sa ==
j |
4 ﬁ n.r n.r n.r. ii n.r n.r n.r
7 ﬁ 4 5 4,5 _Ei n.r n.r n.r
| j
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TABLE A.1 (cont.)
SUMMARY OF TIMES TAKEN BY MICROBIAL COUNTS TO REACH CRITICAL LEVELS

(n.r. - not reached)

h
i STORAGE DAYS BEFORE REACHING LEVEL OF:
: 10%/gram ] 107/
VARIABLE| TREAT| TEMP - gr ! gram
i RUN 1| RUN 2| AVERAGE 1 RUN 1 | RUN 2 | AVERAGE
I i
[t} 1}
V6 1 0 i 8,5 11 10 it 12 13,5 12,8
LC 7002 3 2,5 1 3 4 3,5
:i ii
I i
1] it
T i
2 0 n 8,5 | 12 10,5 12 n.r. 12+
it 2 3 2,5 I 2,5 | 4 3,3
i i
I l
1] 1}
" £}

3/ 0 o8 |12 10 12 |17 14,5
i 2 3,5 2,8 1 2,5 | 5,5 4
i i |
T m
I I

4 ntn.r n.r. n.r. tn.r n.r. n.r
7,5 7 7,3 112 |n.r 12+
1] n

I i !
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TABLE A.?2

(D+L) ~ LACTIC ACID CONCENTRATIONS

(CORRECTED.FOR BACKGROUND)

TREAT TEMP STORE D+L LACTIC ACID (mg/m¢ sample)

RUN NO. 1
(BACKGROUND 0,6274)

0,1988
1,5707
0,5832
0,1973
0,9455
1,2017
0,1326
-0,1414
0,8704
0,7025
1,0582
0,8461
0,0773
0,4043
-0,0066
0,5368
0,6296
0,9632
0,3027
1,7938
0,9808
0,1767
0,7422
0,5059
1,7982
2,8166
0,5125
1,0957
0,0287
0,7268

— — — —
N = N = N PO N = N =P WO - e, Nl 0N e e,y W NN -

O O N N N N N N YN O O 0O 0 O O O N NN N SN YN Y O 0 OO0 o o o
— —
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TABLEA.2 (cont.)

(D+L) - LACTIC ACID CONCENTRATIONS

(CORRECTED FOR BACKGROUND)

TREAT TEMP STORE D+L LACTIC ACID (mg/me sample)
RUN NO. 1

3 0 3 0,7953
3 0 4 0,9433
3 0 7 0,2342
3 0 1 1,1355
3 0 17 0,6186
3 7 1 0,0354
3 7 2 0,5810
3 7 3 0,7953
3 7 4 0,9433
3 7 7 0,2342
3 7 1 1,1355
3 7 17 0,6186
4 0 1 0,1745
4 0 2 0,6340
4 0 3 0,6097
4 0 4 1,2105
4 0 7 0,2894
4 0 1 0,5324
4 0 17 0,1568
4 7 1 -0,1105
4 7 2 0,5412
4 7 3 1,1973
4 7 4 1,1885
4 7 7 0,9742
4 7 11 0,7202
4 7 17 1,0723
- 0,4284

1,3210

2,2886 |
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TABLE A.2 (cont.)

(D+L) - LACTIC ACID CONCENTRATIONS

(CORRECTED FOR BACKGROUND)

TREAT

TEMP STORE D+L LACTIC ACID (mg/m& sample)

I N A R A A L) N AN B S e S e N e O e S R N R AN A T T R

N N N N N N N O OO O O 0 0 N NN YNSNYN YNYTYNToO OO OO0 oo

RUN NO. 2
(BACKGROUND 0,4352)

-0,1900
0,1723
1,6701
1,5574
1,5398
1,3498
0,3866
0,1348
0,2364
1,4381
1,7607
1,4580
0,2541
0,0994

-0,1878
0,1856
1,0560
1,4227
1,4470
1,5044
0,6384
0,1680
0,1458
1,4249
1,6767
1,5066
0,2784
0,3932

— —_— —_— e

N 2, N R W N NN N P WN N NN s, s, DWW N

P —
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TABLE A.2 (cont.)

(D+L) - LACTIC ACID CONCENTRATIONS
(CORRECTED FOR BACKGROUND)

TREAT TEMP STORE D+L LACTIC ACID (mg/m& sample)

RUN NO. 2

-0,0244
0,0597
1,2747
1,5221
1,6038
1,1090
0,5324
0,0022

-0,0111
1,4337
1,2990
1,5177
0,6428
0,3468
0,3093
0,0619
1,3873
1,6590
1,5420
0,7025
0,3888
0,0265
0,1480
1,5486
1,1222
1,5309
0,3269

-0,1922

— —
e e T N O R N N R e T Y % B 00 B R i N B~ % S N B B e T ~ S 7% T o e

NN N N N N N O O O O O 0O O NN NN NN YN O OO0 o oo
— —

A~ P PP Rl PR E R ReE PR REEeWWWWWWWWWWWW W W

- 0 -0,0530
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TABLE A.3 SOURCE ANDYIDENTIFICATION DETAILS -
PSYCHROTROPHIC ISOLATES

[SOLATE ISOLATED FROM DILUTION FACTOR
NO.  |TREAT|TEMP[STORE | (POWER OF TEN) IDENTIFICATION
1 1 0 1 3 Aeromonas hydrophila
2 1 0 1 4 Pseudomonas gLucrescens gp.
3 1 0 1 4 Pseudomonas gLucrescens gp.
4 2 0 1 4 Pseudomonas cepacia
5 3 0 1 4 Pseudomonas f§Lucrescens gp.
6 4 0 1 4 Achromobacten sp.
7 1 7 1 4 Achnomobactern sp.
8 1 7 1 4 Achrnomobacten xylosoxidans
9 3 7 1 4 Pseudomonas gLucrescens gp.
10 4 7 1 4 Pseudomonas 4Luorescens gp.
1" 4 7 1 4 Acinetobactern calcoaceticus
var. anitratus
12 1 7 2 6 Pseudomonas cepacia
13 1 7 2 6 Pseudomonas cepacia
14 1 0 2 4 Pseudomonas §Luornescens gp.
15 1 0 2 4 Pseudomonas fluorescens gp.
16 1 0 2 4 Pseudomonas gLuorescens gp.
17 2 0 2 4 Micrococeus sp.
18 2 0 2 4 Pseudomonas cepacia
19 4 0 2 4 Pseudomonas fLuorescens gp.
20 1 0 3 5 Pseudomonas fluorescens gp.
21 1 0 3 5 Pseudomonas aeruginosa
22 1 0 3 5 Pseudomonas fLluorescens gp.
23 1 0 3 5 Achnomobacter xylosoxidans
24 2 0 3 4 Pseudomonas aeruginoa
25 2 0 3 4 Pseudomonas fluorescens gp.
26 3 0| 3 4 Pseudomonas §luchescens gp.
27 4 0 3 5 Yernsinia sp.
28 4 7 3 4 Entenobactern cloacae
29 4 7 3 4 Yeast
30 4 7 3 4 Pseudomonas fLluorescens gp.
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TABLE A.3 (cont.) SOURCE AND IDENTIFICATION DETAILS -
PSYCHROTROPHIC ISOLATES

ISOLATE ISOLATED FROM DILUTION FACTOR IDENTIFICATION

NO. TREAT{ TEMP| STORE (POWER OF TEN)

K 1 7 3 6 Pseudomonas 4§Lucrescens gp.

32 1 7 3 6 Pseudomonas fLucrescens gp.

33 1 7 3 6 Pseudomonas fLuorescens gp.

34 1 7 3 6 Pseudomonas CDC VE-1

35 1 7 3 6 Pseudomonas aeruginosa

36 4 7 4 5 Yeast

37 4 7 4 5 Yeast

38 2 0 4 4 Acinetobactern calcoaceticus
var. Lwoggd.

39 3 0 4 4 Pseudomonas fgluorescens gp.

40 1 0 7 5 Pseudomonas 4Luorescens gp.

41 1 0 7 5 Pseudomonas fLuorescens gp.

42 1 0 7 5 Pseudomonas aeruginosa

43 1 0 7 5 Pseudomonas aeruginosa

44 1 0 7 5 Pseudomonas gLuocrescens gp.

45 1 0| 7 5 Pseudomonas §Lucrescensgp.

46 1 0 7 5 Pseudomonas fLuocrescens gp.

47 3 0 7 4 Pseudomonas §Lucrescens gp.

48 3 0 7 4 Isolate Tost

49 3 0 7 4 Lactobacillus sake

50 3 0 7 4 Pseudomonas paucimobilis

51 3 0 7 4 Pseudomonas CDC VE-1

52 1 7 7 6 Pseudomonas CDC VE-1

53 1 7 7 6 Pseudomonas gLluorescens gp.

54 1 7 7 6 Pseudomonas fgLluocrescens gp.

55 4 7 7 6 Yeast

56 4 7 7 6 Yeast

57 4 7 7 6 Yeast

58 4 7 7 6 Identification uncertain

59 2 7 7 7 IsoTate Tost

60 2 7 7 7 Lactobacillus sp. (subgenus
Betabacterium)
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TABLE A.3 (cont.) SOURCE AND IDENTIFICATION DETAILS -
PSYCHROTROPHIC ISOLATES

ISOLATE | ISOLATED FROM DILUTION FACTOR IDENTIFICATION
NO. TREAT |TEMP |[STORE | (POWER OF TEN)
61 2 7 7 7 [solate Tost
62 2 7 7 7 [solate lost
63 2 7 7 7 Enternobactern sp.
64 3 7 7 6 Streptococceus Lactis
65 3 7 7 6 Lactobacillus curvatus
66 3 7 7 6 Lactobacillus sp. (subgenus
Betabacterium)
67 3 7 7 6 Isolate Tost
68 3 7 7 6 Streptococcuws Lactis
69 3 7 7 6 Ha4nia alvel
70 2 0 7 5 Isolate Tost
A 2 0 7 5 Lactobacillus saké
72 2 0 7 5 Lactobacillus saké
73 2 0 7 5 Enterobacter agglomerans
74 2 0 7 5 Pseudomonas gluorescens gp.
75 4 0 7 4 Kurthia sp.
76 4 0 7 4 Kurnthia sp.
77 4 0 7 4 Coryneform gp.
78 4 0 7 4 Yeast
79 3 7 1 11 6 ) Mi{crococcus sp.
80 3 711 6 Coryneform/
, Propilonibacterium gp.
81 4 71N 6 Lactobacillus sp. (subgenus
Betabacterium)
82 4 711 6 Yeast
83 4 71 1 6 Lactobacillus yamanashiensis
84 2 71 11 7 Hagnia alvedl
85 2 7 1 11 7 Lactobacillus sake _
86 4 71 11 6 Lactobacillus sp. (subgenus
Betabacterium)
87 4 71 1 6 Lactobaciflus sp. (subgenus
Betabacterium)
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TABLE A.3 (cont.)  SOURCE AND IDENTIFICATION DETAILS -

PSYCHROTROPHIC ISOLATES

ISOLATE ISOLATED FROM | DILUTION FACTOR IDENTIFICATION
NO. TREAT |TEMP [STORE | (POWER OF TEN)
88 4 0] 1 5 Yeast
89 4 0 M 5 Yeast
90 4 0] " 5 Kurthia sp.
91 4 0 1 5 Yeast
92 4 0] 1 5 Coryneform gp.
93 4 0 N 5 Yeast
94 4 0 1 5 Acinetobacten sp.
95 1 71 1 6 Pseudomonas aeruginosa
96 1 71 " 6 Enterobactern aerogenesd
97 1 71 U 6 Pseudomonas fLuorescens gp.
98 2 0f 1 8 Enterobacten agglomerans
99 2 0] 1 8 Coryneform gp.
100 3 of N 7 Isolate lost
101 3 o M 7 Isolate Tost
102 1 o 1 8 Pseudomonas flucrescens gp.
103 1 0of N 8 Pseudomonas f§lucrescens gp.
104 1 o N 8 Pseudomonas fLucrescens gp.
105 1 0/ 1 8 Pseudomonas gLluorescens gp.
106 1 0f 1 8 Pseudomonas 4Luorescens gp.
107 1 of 11 8 Pseudomonas fluorescens gp.
108 100 1 8 Pseudomonas aeruginosa
109 1 0f M 8 Kurthia sp.
110 1 0] M 8 Pseudomonas gLluorescens gp.
"M 2 71 17 7 Entercbactern aerogenes
112 2 71 17 7 Pseudomonas fLuorescens gp.
113 1 Q| 17 8 Pseudomonas fLluocrescens gp.
114 1 o 17 8 Pseudomonas fluorescens gp.
115 2 0} 17 7 Lactobacillus sp. (subgenus
Betabacterium)
116 2 0y 17 7 Lactobacillus yamanashiensis
117 2 0y 17 7 Pseudomonas fluorescens gp.
118 2 o) 17 7 Enterobactern aerogenes
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TABLE A.3 (cont.)  SOURCE AND IDENTIFICATION DETAILS -
PSYCHROTROPHIC ISOLATES

ISOLATE ISOLATED FROM DILUTION FACTOR IDENTIFICATION

NO. TREAT | TEMP | STORE (POWER OF TEN)

119 1 0] 17 8 Pseudomonas fLuorescens gp.
120 1 0 17 8 Pseudomonas g§Luorescens gp.
121 1 01 17 8 Pseudomonas 4Lucrescens gp.
122 1 0 17 8 Entenrobactern sp.

123 1 0 17 . 8 Pseudomonas 4Luorescens gp.
124 4 7 (17 7 Hagnia alvedl

125 4 7117 7 Hagnia alvel

126 4 7117 7 Yeast

127 4 7117 7 Entenobactern cloacae

128 4 71 17 7 Hagnia alvel

Note: A1l lost isolates were both Gram-positive and catalase negative.
Microscopic examination showed all of them to be short rods in
short chains and/or pairs. This allowed the conclusion that all
eight lost isolates were lactic acid bacteria and probably
Lactobacillus species.
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TABLE A.4 SOURCE AND IDENTIFICATION DETAILS -
LACTIC ACID BACTERIA ISOLATES
ISOLATE ISOLATED FROM DILUTION FACTOR IDENTIFICATION

NO. TREAT | TEMP | STORE | (POWER OF TEN)

1 3 7 17 7 Lactobacillus atimentarius
2 3 7 17 7 Lactobacillus farcimindis

3 3 7 117 7 Lactobacillus abimentarius
4 3 7 17 7 Lactobacillus alimentarius
5 3 7 17 7 Lactobacillus saké

6 3 7 17 7 Lactobacillus farciminis

7 3 7 17 7 Leuconostoc paramesenteroides
8 3 7 17 7 Lactobacillus alimentarius
9 3 7 17 7 Lactobacillus saké

10 3 7 17 7 Lactobacillus bavaricus

11 4 0 17 4 Lactobacillus sp. (subgenus

Betabacterium)

12 2 0 17 6 Lactobacillus bavaricus
13 2 0 17 6 Lactobacillus bavaricus

14 2 0 17 6 Lactobacillus saké

15 2 0 17 6 Lactobacillus saké

16 2 0 17 6 Lactobacillus bavaricus

17 2 0 17 6 Lactobacillus curvatus

18 2 0 17 6 Lactobacillus curvatus

19 2 0 17 6 Lactobacillus bavaricus
2Q 1 0 17 6 Lactobacillus bavaricus
21 1 0 17 6 Lactobacillus bavaricus
22 1 0 17 6 Lactobacillus sake
23 1 0 17 6 Lactobacillus bavaricus
24 1 0 17 6 Lactobacllus bavaricus
25 1 0 17 6 Lactobacillus saké
26 1 0 17 6 Lactobacillus bavaricus
27 2 7| 17 7 Lactobacillus saké
28 2 7 17 7 Leuconostoc mesenteroddes
29 2 7 17 7 Lactobacillus alimentarius
30 2 7 17 7 Leuconostoe paramesenterodldes
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TABLE A.4 (cont.)
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SOURCE AND IDENTIFICATION DETAILS -

LACTIC ACID BACTERIA ISOLATES

ISOLATE

ISOLATED FROM

DILUTION FACTOR

IDENTIFICATION
NO. TREAT |TEMP | STORE | (POWER OF TEN) o '
31 2 7 17 7 Lactobacillus curvatis
32 2 7 17 7 Leuconostoc paramesenteroide.
33 2 7 17 7 Lactobacillus saké
34 2 7 17 7 Lactobacillus bavaricus
35 2 7 17 7 Lactobacillus viridescens

(subsp. minon)

36 4 7 17 7 Lactobacillus bavaricus
37 4 7 17 7 Lactobacillus garcimindis
38 4 7 17 7 Lactobacillus bavaricus
39 4 7 17 7 Lactobacillus curvatis
40 4 7 17 7 Lactobacillus alimentariuws
41 4 7 17 7 Lactobacillus bavaricws
42 4 7 17 7 Lactobacillus saké
43 3 0 17 6 Lactobacillus saké
44 3 0 17 6 Lactobacillus saké
45 3 0 17 6 Lactobacillus alimentariws
46 3 0 17 6 Lactobacillus saké
47 3 0 17 6 Lactobacillus curvatus
48 3 0 17 6 Lactobacillus saké
49 3 0 17 6 Lactobacills saké
50 3 7 17 8 Lactobacilluws curvatus
51 3 7 17 7 Lactobacillus saké
52 3 7 17 7 Lactobacillus curvats
53 3 7 17 7 Lactobacillus saké
54 2 7 17 7 Lactobacillus curvatus
55 2 7 17 7 Lactobacillus curvatus
56 2 7 17 7 Lactobacillus saké
57 2 7 17 7 Lactobacillus curvatus
58 2 7 17 7 Lactobacillus curvatus
59 2 0 17 6 Lactobacillus saké
60 2 0 17 6 Lactobacillus saké
61 2 0 17 6 Lactobacllus curvatus
62 2 0 17 6 Lactobacillus saké
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TABLE A.4 (cont.) SOURCE AND IDENTIFICATION DETAILS -
LACTIC ACID BACTERIA ISOLATES

ISOLATE ISOLATED FROM DILUTION FACTOR IDENTIFICATION

NO. TREAT | TEMP [STORE | (POWER OF TEN) -

63 2 0 | 17 6 Lactobacillus sake

64 2 0 17 6 Lactobacillus saké

65 2 0 17 6 Lactobacillus saké

66 2 0 17 6 Lactobacillus curvatus
67 1 7 117 7 Lactobacillus curvats
68 1 0 17 7 Lactobacillus curvatus
69 1 0 17 7 Lactobacillus saké

70 1 0 17 7 Lactobacillus curvatis
A 2 Q 17 6 Lactobacillus bavaricus
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