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INTRODUCTION

In 1961 a system of converting pork slices to bacon by a process of immer-
Slon intg brine containing salt and nitrite was outlined by Barrett, Galbraith,
JI”]”‘“‘» Davies and Herschdoerfer at the 7th European Meeting of Meat
J“‘“'x“‘f‘ll Workers at Warsaw. (1). The slice cure process used by my Company
T bacon production employs a relatively weak brine (apj oroximately 2/3
“alturated) and organisms that can eventually spoil bacon will survive, if
0t actyally multiply, in it. As more and more pork rashers are passed through
\“‘ tank, contamination of the brine with these organisms increases. If
Ounts on 6 % salt agar are made on slice cure brine, the values steadils
I1se )
"acheq by the end of a day. Lactobacilli and various Gram positive cocci
L\\(J(]

4S production proceeds so that counts of about 100,000 per ml are often

ated with bacon spoilage account for most of the colonies found in such

legte . 3 . . :

'S. For this reason the brine used for the slice cure process was discarded
at 4

the end of a days production.

.H“ total cost of materials for making slice cure bacon brine in two fac-
[()]‘Il‘\
I .. ]
45 cheap a manner as possible.

Was about £ 15,000 per annum. The object was to salvage this brine

Possible Methods of Brine Salvage

| The problem was to destroy or remove spoilage bacteria and leave the
S0 1”)[ :

( materials unaltered. The cost of this operation should be significantly
°SS .

L 5 ; \ -
than the cost of a new brine. A number of methods were considered.

(a) Heat
3 He ting the brine to temperatures of 60° C or over would certainly dest-
]\ l]ll ‘

Wo,

1q 1. : - : ;
5 1 lhl\'«» to be cooled again fo its operating temperature and the heat
Oulq

poilage organisms, but would present several difficulties. The brine

Cause precipitation of the soluble protein which would have to be

Moy, .
'Ved in some wav.
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(b) Ultra Violet Radiation

Schoevers (2) used ultra violet light to clean a recirculating ham brine,
but found that filtering or centrifuging to remove debris was required as @
pre-treatment and that the presence of protein and blood absorbed the ra-
diation, thereby reducing the sterilising power.

(c) Use of Centrifuge
Experiments were made with an Alfa Laval centrifuge working at 1450
r.p.m. Although the flow rate was varied between 44 and 160 gallons Per
hour (200—727 litres per hour), the best reduction in bacterial numbers was
only 50 %. The efficiency of such a process would depend on the density
differences between the bacteria and the brine.

(d) Friltration
It was learnt that a small portable bacteriological filter supplied DY
Carlson Ford was in use in Ulster (3) for the express purpose of salvaging
traditional brines that were spoiling due to abnormal dilution or temperd-
ture fluctuation. Experiments were carried out with a small pilot scale Carl-
son filter which led to the installation of factory scale equipment.

Carlson Filter

The Carlson filter is basically a series of stainless steel mesh plates fitted
with inlet and outlet pipes so that the couplings are in parallel. Betwee
the plates can be fixed cellulose- asbestos filter sheets. It is also posfﬂ’]“;
with the use of special plates, for filter sheets of different porosity to be use®
in series, each series being coupled in parallel. The whole assembly has &
suitable mono pump, adjustable inlet and outlet valves, sight glasses, €
and can be mounted on wheels. ,

The flow of liquid through the filter depends on the surface area avail”
able for filtration. Thus, by experimentation with a 4-sheet 20 x 20 e
pilot plant (1600 sq.cm.s) it was possible to predict the likely throu%’mmT
through the 39 sheet 60 X 60 cm. equipment eventually installed.

Pilot Plant T ests p
Pilot plant testing was made on samples of brine taken from a curt
tank while in use. In Table 1 are given the results of seven tests:

ng




Table 1. Counts and Flow Rates of Brine through Pilot Filter

Test Grade of Sheet Plate Counts per ml. Time to filter

(Carlson-Ford Number) Before filter After filter 36 litres

1 No. 7 21,000 400 1414 mins.

N, 7 12,400 5,900 15% »

3 No. 3 28,000 3,040 4 »

4+ No. 3 14,000 1,600 31, »

5 3 followed by 8 «ovveeerereerreinnn.. 17,280 60 12 >

B e 5,040 210 16 »

7.3 TOOWEdT DN 8 ' i tines st s 72,000 19 16 »

T

he lower the number of the filter sheet the coarser the garde.

. The results obtained were of the order expected. The most effective
lflllr:ltiun was when two sheets, coarse and fine, were used in series. However,
l Out a 90 9, reduction in numbers could be obtained with a single coarse
Sheet and the rate of flow was four times as fast as the two sheet system.
. Experiments were made to test the bacterial contribution of the assembly
;t“"”- This was slight in comparison to the infection of the incoming brine,
_)Ut the plant could be effectively sanitized by pumping through it a warm
“Olution of benzalkonium chloride (active strength 600 p.p.m. quaternary

an »
MMonjum compound).

; When in use the rate of flow of brine through the filter remained almost
wnst;tm, th

| 1en fell rapidly as the pores clogged. In practice, it was found
lat :

4S soon as the flow rate had dropped to about 50 9, of the initial value,
BB Sxrae. T° : s = C

¢ was little point in proceeding further.

AS a result of the experiments with the pilot plant equipment, a full

2Cale oy s . . :
le €quipment was obtained and connected to a production tank.

£ Possible Modes of Operation
There were two possible modes of operating the factory plant:

( (a) (I) Pump the spent brine through the filter into a holding vessel,
clean the production tank, (III) pump the filtered brine back into the

dnk,
fi] °r (b) (1) Pump the spent brine from one end of the tank, through the
al I“Z (IT) allow the filtered brine to run straight back into the tank prefer-
DLy, . 1 N
«\"dt the opposite end.
- l]“‘ first method would give the most efficient bacterial reduction, but
uld

3 Tequire an extra vessel to hold 8000 litres. This method would mean,
B o o - -
8€neral rule, that filtration would have to be done at nights when the
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tank was not required for production. The second method could be carried

out at any time, even when pork was passing through the tank. Becaus¢
of limitations of space for a holding tank, the second method was chosen-

Experiences with the Factory Filter
The most serious practical difficulty with the full size production filte!
involved pieces of meat debris present in the brine. Not only did these ra”
pidly block up the filter sheets, but they also accumulated in the mesh
the plates. The latter point was doubly serious because not only did the

{
g Ol

debris present a bacterial hazard if it was not removed, but it spoilt the even

ness of the flow and had an abrasive action, so that in some instances holes
were produced in the filter sheets. Various expedients were tried, the one
that was completely successful was the fitting of an extra ’sieving tank
between the main tank and the filter. This tank 75 cm X 75 cm 40 cm
contained two sets of slots in which sieves could be fitted. The inlet an¢
f the

outlet pipes to the tank were near the bottom, on the broad faces o
tank. The sieve plates were of stainless steel, perforated with holes 0.17 cm
diameter, 15 per sq. cm. The outlet pipe also was fitted with a (‘\'lixltll‘i*'ill
sieve of the same material.

Carlson Ford recommended that we should not operate the plant aft¢
the differential pressure between the inlet and outlet sides of the filter reache
20 1bs p.sd. (1.41 Kg per sq. cm.) because of the danger of buckling the pla-
tes. In practice, it was found that when this value had been reached the 5"‘;\\'
rate was so low that filtration was virtually ineffectual. Table 2 shows e

flow rates and pressure differentials during a typical run. All the experime™**
with the factory plant involve the No. 3 (coarse) filter sheets.

Table 2. Flow Rates of Brine thvough Factory I[iltes
) hrs) /s Rai Loty hour) Pre
3850 0
145() 0
$250 3
e e s e e pl b Sl 55 3700 5
1/ 3700 8
Bkt LR W T P Y TR low, filter stopped 7
thotll
rs i - vl : 1.~ abot
[t can be seen from Table 2 that a tank load of brine would take @

2 hrs. to be turned over.




Bacteriological Effect
Results of one typical run with the filter are given in Table 3. In this
test the filter was stopped after 2 15 hours. Bacon was being produced while

the filter was operating.

Table 3. Bacterial Reductions in Brine passing through Factory Filtey

Plate Count per ml

Lime (hrs) Before filter After filter o/ Reduction

B T o myisinlais oo ors i w m at o o cmseon ke o eonimioraie e TR, 11,000 1,660 85

1'3, ........................................ 6,000 1,040 84

B o e fotien e e s s S e o i 5,400 640 88

e O O O TR S 4,000 500 88
\\

As would be expected, the counts both before and after filtering fell
Steadily during the run in spite of the contamination being washed off the
Pork being processed.

_ In another experiment a tank of brine was used for three days and nights
Withoyt being destroyed, the filter being used on four occasions during this
Perioq, (Table 4) In this and all subsequent work, no adverse effect on the

(l, : .
[Uality of the bacon was observed.

Table 4. Brvine Tank used for 3 days and 3 nights
~ . i
Plate Count per ml
/1{. 4
: Tim Before lter ] fte K
\\7\\
0700 hrs oovveeeeeeeeeeeee No filtration, no tests
N : 1 380,000 3500 99
Looo S ST et b s 1 20,400 130 99
New sheets immediately fitted
s R 2 10,400 2,400 88
. 1255 » Al Ry et v S s 2 1,080 15 08
3 e
BUILOT S | srsins hne st soess st 3 12,500
U920 3 70
00 & e, ‘ 2,200 100 95
< i
Thege results illustrate a number of points:
(@) When an untreated brine is used for more than a days production,
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the total count on brine becomes high. (380,000 per ml at beginning of Day
2).

(b) When a well used brine is first filtered, the filter clogs rapidly (1 e
hrs for first run on Day 2, compared with 2 %4 hrs for second run).

(c) The 9, reduction appears to be variable, being as high as 9 %o
This apparent variation may well be due in part to the inherent inaccuracies
of the ’Plate Count’. However, in none of the numerous tests carried out
has the apparent reduction been less than 84 %, and in the majority of tests
it has been 90 %, or over.

During the period covered by Table 4, particular attention was given
the bacteriological condition of the bacon produced. This, of course, was
not only influenced by the condition of the brine, but by the condition of
the original pork and by the subsequent operations after brining. The results

to

obtained are given in Table 5.

Table 5. Total Counts on Bacon treated in the tank in-
corporating filter

Day Time Plate Count per g.
Ly s v woes « slnd okl tibiey 0700 hrs. New brine
| ) S R L R N 2300 » LT, 1,000
APl TR (L UL TR R AT S 0530 » 17,000
2 Vivstof i brsemat ks 0830 » 20,000
B S . 0 e PP T I 2130 » 5,000
T I L Ty A 0130 » 12,000
s LEEae N IS A 0 o 0530 » 9,000
T O e e B 1700 » 24,000
33,000
23,000

The results were in the normal range of Plate Counts and were satisfactory.

Routine Operation

Carlson filters of the same type are in operation in two factories
cing Slice Cure Bacon. The filters are capable of holding 100 plates,
has never been found necessary to increase the capacities beyond the ¢ ¢
plates fitted. All the filtering operations are carried out during daytime 51”““)
by operators who have time also for other duties. Although there socmf ‘“v
obvious reason why regularly filtered brines should not be used ind«‘ﬁlﬂltlf\;
the tanks and ancilliary equipment must occasionally be cleaned and t.hl\’,.
can only be done when they are empty. In the absence of spare brine holdi®

p]‘()du’
put 1t

pl
M)
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(2)

Vessels a brine has to be discarded when a tank is emptied. Periodically the
brines in use must be checked for their chemical composition and additions
of strong solutions of the components are made as necessary.

~ In our experiments with the small pilot filter we had some limited success
N backflushing used sheets so that they could be reused. The increased
}’Olumv of brine that could be filtered as a result of backflushing was about
25 %- With the factor y equipment we were not so successful in backflus} 1ng,
€ven though we tried various solutions of detergents and brine as well as wa-
ter. In view of the very limited advantage that was to be gained by this
€Xtra operation we have not backflushed as a routine p1act1cc The net
Saving in materials per annum by use of the two filters is about £ 10,000. The
ost and installation of the two filters was about £6,200. The earliest ins-
tallation has been in use since the autumn of 1966 and so far there have
Y€en no major breakdowns or other problems.

The operation of the filter is comparatively simple, but some care must
be taken in fitting the sheets. As mentioned before, damage may be caused
Quring operation if the differential pressure exceeds 20 lbs. p.si. A safety
device can be fitted.
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