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Preface

The delightful taste and arcma of meat from cooked blue crabs have been
known for quite some time. Records indicate that markets for crabs were being
developed as carly as the 1800's. The blue crab meat is highly perishable,
which may account for the fact that crabmeat was almost unheard of ocutside the
coastal regions.

In the 1940's, J. V. Anzulovic and R. J. Reedy, both bactericlogists with
the U. §. Fish and Wildlife Service, published their findings in Fishery Mar-

ket News on a water-hath method of pasteurizing crabmeat in sealed metal con-
tainers. Later C. R. Fellers and S. C. Harris experimented with an improved
procedure which increased shelf life; and in the early 1950's, G. C. Byrd
patented a method of pasteurizing crabmeat in cans.

The pasteurization of crabmeat in scaled containers has come a long way
in its acceptance by processors and consumers alike. First produced by a few
inventive processors who realized its potential in smoothing out inventory
problems and expanding their marketing radius and thus marketing opportunities,
pasteurization is now thought by many to have been the industry's salvation.

As ‘would be expected of any procecss which offers the marketing flexibil-
ity, pastecurization is being used with increasing frequency in the crabmeat
processing industry. But many processors adopted the procedure without fully
understanding the basics of the total pasteurization process. Furthermore,
some processors have modified the process to fit their particular needs, con-
tributing to the confusion as to what constitutes an adequate pasteurization
process. Lack of understanding and careless processing habits have brought
the pasteurization industry to the attention of regulatory agencies. It is
the intent of this manual to introduce to the crabmeat pasteurization industry
good manufacturing and thermal processing methods which are currently practiced
by other segments of the food industry. It bchooves the industry to use this
manual to increase their understanding of the pasteurization process and im-
prove their procedures to comply with what will assuredly be stricter controls
in the futurc.

This manual discusses pasteurization as a total process of both heating

and cooling. All too often processors do not give full consideration to the
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second half of the process - cooling. The importance of can seam evaluation
also is discussed. This is an area which will undoubtedly be given greater
attention by processors and regulatory agencies in the future. Finally, the

importance of adequate documentation of the various processing parameters is

covered.
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Thermal Processing Principles
Bacteriological Aspects

The traditional pasteurization process that has been recommended (Tri-
State) and practiced by a fairly substantial portion of the industry entails
heating one pound (401 x 301 cans) containers of crabmeat to a temperature of
185°F at the cold point (slowest heating point} and holding for one minute.
The Tri-State recommendations then call for cooling of the product to a cold
point temperature of 100°F in SO minutes.

Inherent in these recommendations are the concepts of heating and cooling.
Looking closely at the process questions such as these may come to mind:

1) What is happening during the heating phase that extends the pro-

duct shelf life?

2)  Why heat to 185°F7 Would 190° F be better? Would 175° do the
same job?

3)  Why is the time one minute mentioned? Could the product be pro-
cessed for a shorter time period?

4 Could a processor choose to use a lower temperature but heat the
product for a longer time? Would advantage be gained or lost?

5) What is so important about cooling? Once the product has been
heated sufficiently to pasteurize, isn't cooling of only secondary
importance?

These are examples of just some of the questions processors have asked,
but unless an individual has some understanding of the principles of pas-
teurization, answers to these questions can be difficult.

Pastenrization is a term that is used to refer to a mild heating process.
By definition the term indicates that the product is not sterile but may con-
tinue to contain microorganisms (bacteria). Consequently, pasteurized pro-
ducts must be refrigerated continuously so that the surviving microorganisms
will not multiply too rapidly and thus shorten the product's anticipated shelf
life,

Sterilization refers to processes where severe heat treatments are used.
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By definition, the term indicates that virtually all microorganisms have been
destroyed and thus the product need not be refrigerated in order to achieve

the anticipated shelf life.

D-value.

When microorganisms are heated to a lethal temperature as during the
pastcurization of crabmeat, the death of most of the microorganisms can be
shown to follow a rather orderly manner of destruction. Figure I-1 shows a
hypothetical result of heating a species of microorganisms at 185°F. In this
example, one minute is required to reduce the number of surviving microorgan-
isms from 100 to 10, a 90% reduction. Similarly, one minute is required to

reduce the number of survivors from 1,000 to 100 per gram of food.

Definition of D-value: Decimal Reduction Time (D-value) is the time to
reduce the survivors by 90%.

In the example in Figure I-1 the D-value 1s one minute (D18g=l]; simply
stated, it means that at 185°F it took one minute to reduce the microbial pop-
ulation by 90%. The subscript after the D indicates the temperature at which

the D-value was determined.

Z-valuc.

To continue on with the example, additional studies could be made on
microbial inactivation at temperatures other than 185°F. Let us assume this
was done and the D value was 10 minutes. (Remember from our example that

170
the D was 1 minute.) These data could be summarized on a thermal resist-

ance iiivc as shown in Figure I-2. In Figure I-2, a change of one log cycle
{1 to 10} is equivalent to a 15°F change in processing temperature. The Z-
value can he obtained from this curve. As the graph indicates, if the process
temperature is raised ISOF, the processing time can be lowered one log cycle

(10 to 1 minute in this example} and still have an equivalent process.

Definition of Z-value: Number of degrees Fahrenheit required for the
thermal destruction curve to traverse on log
cycle.

Accordingly, the Z-value is an indication of the relative resistance of
microorganisms to thermal destruction., For example, an organism with a

Z-value of 10 is more sensitive to heat than an organism with a Z-value of 15,
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F-value.

The F-value is a term which is useful in describing the total heating

value of the process.

Definition of F-value: The equivalent, in minutes at a given tempera-
ture, of all heat considered, with respect to
its capacity to destroy spores or vegetative
cells of a particular organism.

The F-value for a process is the number of minutes required to kill a
known population of microorganisms in a given food under specific conditions.
In shelf stable (sterile) can food products, the F-value is usually set at 12
D-values to give a theoretical 12 log cycle reduction of the most heat-resist-
ant species of mesophilic spores in a can of food. 1In our crabmeat example,
1f we start out with 1,000,000 microorganisms of a species in the entire can
of crabmeat and a 12 D process was given, the initial 1,000,000 microorganisms
(106 microorganisms) would be reduced to a theoretical 10_6 microorganisms
per can, or one living microorganism in one million cans of product. In crab-
meat, however, we don't even come closc to approximating the 12 D process
given the more traditional shelf stable products. In the latter products, the
process times and temperatures are based on the heat resistance of "spores'.
Spores are the non-vegetative stages of certain bacterial genera which are
much more heat-resistant than the vegetative stage. Additionally, the process
is based on the most heat-resistant spore. Consequently, these processes are
usually given at temperatures in the 240 to 250°F range at specific times,
depending on the product, can size, and other variables.

While the F-value for the sterilization process of traditional foods
differs markedly from the F-value for the pasteurization process of crabmeat,
the thermal processing principles are the same. To further elaborate on the
concept of F-value, consider the following hypothetical example in crabmeat:
What does it mean when one pasteurized a 16 o0z. (401 x 301} can to a value of
Figs = 30.9 minutes? The symbols F%gs indicate that the reference tempera-
ture is 185°F (traditional pasteurization temperature), and the heat resist-
ance (or Z-value) of the microorganisms in question is 16. Most pastcuriza-
tion heating and cooling curves in 16 oz. cans look very similar to the exam-

ple in Figure 1-3. Note the shaded area under the curve. This is the portion

of total process (both heating and cooling) which is making a contribution to
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the destruction of microorganisms with a Z-value of 16 and below. Also, that

area under the curve is equivalent to 30.9% minutes of processing at 185°F.
16
185
considering Figure T-4. 1f it was possible to instantancously heat a 16 oz.

It may be easier to envision the concept of an F = 30.9 minutes by

401 x 301 can of crabmeat to a cold point temperaturc of 1850F, to hold that
temperature for a period of 30.9 minutes, and then to instantaneocusly cool the
product, the result would be a Figs of 30.9 minutes. Obviously, it would be
impossible to produce such a rapid heating and cooling effect. Nonetheless,
despite the slow heating and cooling phases, the lethal impact of the heat
begins at a temperature of approximately 111°F.  As the temperature increases
above llloF, the destructive contribution of the heat zlso increases. As the
internal temperature of the product approaches 1850F, the destructive impact
becomes maximal. Tven as the product cools microorganisms continue to get
destroyed. During the cooling phase, the heat that remains in the can is
contributing -- in decreasing proportions -- to the lethality of the process
until the temperature drops below 111°¢.  (The amount of lethality contributed
by the process at lllOF, however, is cxceedingly small -- it would take over

166 hours at 111°F to achieve an FJG of 1 minute.) The sum total of all the

185
heating effects of the process during heating and cooling is equivalent to

30.9 minutes at 185°F.

Effect of Container Size.

As mentioned earlier, crabmeat traditionally has been pasteurized at
185°F for 1 minute at the cold point and then cooled to 100°F within 50 min-
utes.  This process has been based on the pasteurization of 16 oz. of crabmeat
in 401 x 301 cans. The obvious question is: What would the effect be of
using this same processing paramcter on smaller cans® The answer to the
question is, quite simply, underprocessing. This, of course, assumes that the
traditional process in 16 oz. (401 x 301) cans is the reference process.
Figures 1-5 and [-6, representing the heating and cooling curves for 4 211 x 114
can and 8 oz. 307 x 206 can containers, respectively, demonstrate the problem.
Since the containers arc smaller, they do not require as much time to be
heated to 185°F at the cold point. Consequently, the total exposure of the
product to the lethal cffects of the heat is significantly reduced. Hence the

Figs values arc smaller than the 30.9 minutes required of the 16 oz. 401 x 301
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cans, The F}gs for the 8 and 4 oz. containers are 16.9 and 11.7 minutes, re-
spectively. Furthermore, 16 oz. of crabmeat in a can of dimensions other than
401 x 301, the can commonly used by industry, may alter the process values.
Figure I-7 shows an actual heating and cooling curve for 16 oz. crabmeat pack-
aged in 303 x 406 cans. The cans were heated to an internal temperature of
185°F for 1 minute. This resulted in an F}SS of 24.5 minutes.

In the cases just cited, in order to achieve processes equivalent to the
traditional cook in the smaller containers, the processor would need to heat
the products to cold point temperature of 185°F and hold for 14.0 minutes in
the 8 oz. cans, 19.2 minutes in the 4 oz. cans, 6.4 minutes in the non-stan-
dard 303 x 406 16 oz. can, and then begin the cooling phase. The end result
of these three processes would be an Figs of 30.9 minutes which would then be
equivalent to the reference process.

Let's turn the situation around, and assume a processor cooks an § oz.
can using the same time and temperature that he has always used for the stan-
dard 16 oz. cans. (We assume that the processor has had at one time or another
thermocouples inserted into his 16 oz. cans and thus knows how long he must
cook these cans to achieve 185°F for one minute at the cold point). In this
particular instance the processor is significantly overcooking the product.
Previous work done at Virginia Tech has shown that 8 oz. cans cooked using the
processing protocol for the traditional reference process in 16 oz. cans result
in Figs in the 8 oz. cans of 44.63 minutes. In other words, the smaller cans

were overprocessed by 13.73 minutes.

Process Variations between Plants.

If one were to survey the various plants pasteurizing crabmeat, and
document such factors as those listed below, one would undoubtedly find a
significant variation among plants,

13 size of tank,

2) size of steam lines entering tank,

3) boiler operating pressure (affects temperature of steam entering

tank),

4) loading of tank - number of cans,

3) temperature of water in pasteurizing tank,

6)  initial temperature of product, and

7)  method of cooling pasteurized product.
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The time-temperature relationship found to be true for one plant under its
specific operating conditions probably will not be true for another plant.

When the recommendation is made to one plant to cook its product for a speci-
fic period of time at the specified temperature in order to achieve an Figs of
31 minutes, that recommendation is good only for that plant. The difference
may not be significant, but it could well be significant too. Naturally, a
processor should want to know the specific heating and cooling profiles for his
operation, and this can onrly be done through the use of thermocouples and tem-

perature recorder.

Cooling.

All too frequently, the pasteurization process is regarded merely as the
heating of the crabmeat to the desired temperature for the appropriate length
of time. This, however, is a misconception which has proved costly to many
processors. Pastcurization is not only the heating of the product but also the
cooling of the product to temperatures at which the growth rate of surviving
microorganisms is reduced. Also, cven during the cooling phase the heat that
remains in the can contributes to the lethality (F-value) in decreasing pro-
portion until the temperature reaches 111°F.

Many different types of microorganisms grow in a wide range of tempera-
turcs., A temperature of 111°r may be hostile to some varieties of microorgan-
isms while it may be a comfortable growth temperature to other varieties. There-
forc, the assumption that microorganisms are slowly being destroyed at 111°F may
not always be correct. Fortunately, those microorganisms which would ordinarily
spoil crabmeat are very susceptible to destruction by the heat encountered in
the normal pasteurization process. Conversely, those organisms which do sur-
vive are typically those which grow well at elevated temperatures but not at
refrigerated temperatures - hence the importance of refrigeration after pas-
teurization.

This discussion points out the importance of cocoling. If the product has
been adequately heated but then is allowed to cool at a slow rate, the micro-
organisms that have survived the heating will start to multiply and thus
reduce the normal shelf life expectation of the product. Therefore, it is im-
perative that processors reduce the internal temperature of the product as

quickly as possible in order to get the product in the lower temperature regions

I-13



where the surviving micreoorganisms do not proliferate.

Tri-State recommends immersion of heated cans in an ice-water bath. Work
done by Virginia Tech's Seafood Processing Research Laboratory supports this
recommendation. Figure I-9 demonstrates the cooling curves in 16 oz. cans
using four different cooling conditions. As evident from the graph, cooling
in an ice-water bath is the most efficient method of cooling the product.

Tri-State previously recommended that the heated cans be cooled to 100°F
in an ice-water bath within 50 minutes of processing, then removed to refrig-
erated storage. The rationale for the recommendation was that some residual
heat was needed to evaporate the moisture from the cans to prevent rusting.
Rusting no longer is a problem with the vast majority of the cans being used
today. The problem of microbial growth is of much greater consequence. A
recommendation is now being considered that the heated cans remain in the ice-
water bath until the cold point temperature reaches 55°F within 180 minutes of
processing before being removed to refrigerated storage at 35°F.  This sugges-

tion is intended to improve both the quality of the product and product safety.

Clostridium botulinum Type E.

In any discussion of pasteurized crabmeat and its safety, the principal

consideration is the potential presence of Clostridium botulinum Type E toxin.

Although unlikely, the possibility of the toxin's presence does exist and
merits attention.

Some of the conditions that can contribute to the development of the
botulism toxin are:

1) general unsanitary conditions,

2] underprocessing,

3) defective can seams, and

4) inadequate refrigerated storage.
Clostridium 1s one of the genera of bacteria that form spores. During a pre-
vious discussion, it was mentioned that spores are morc heat-resistant than
vegetative cells. The pasteurization process (ISSOF for 1 minute in 16 oz.
cans} 1s adequate to destroy the spores of Type E in crabmeat. Work done at

Virginia Tech indicates an Fi§5 of about 31 minutes in 16 oz. cans. Work done
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by the FDA (Lynt ct al. 1977]1' indicated that D-value for one of the most
heat-resistant strains of C. botulinum of Type E spores is only 0.42 minutes.
Therefore, underprocessing is not much of a problem with C. botulinum Type E
spores.

The more likely source of problem is a combination of two factors, defec-
tive can seams and inadequate refrigerated storage. Even though the cans have
becn processed and any spores present destroyed, spores could potentially be
drawn into the cans through faulty seams as the pressure in the heated con-
tainers drops due to cooling, If the cans are stored for extended pericds at
temperatures above 38°F, the spores could germinate into vegetative cells and
produce toxin. Although chances of these events occurring are somewhat remote,
it is important to recognize the problem potential and handle the product ac-

cordingly.
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Table I-].

Temperature (°F) Temperature (°F)
Container Size (oz.) Container Size (oz.)

Time 21Ix114 307x206 303x406 401x301 Time 211x114 307x206 303x406 401%301
(min.) 4 oz, 8 oz, 16 oz, 16 oz. {min.) 4 oz. B oz. 16 oz. 16 oz.
! 50 48 49 48 49 162 162
2 54 51 135 177 164 164
3 57 52 52 58 53 166 166
4 63 54 1l 179 Le7
5 56 67 55 188 l69
() 74 59 71 57 101 181 190 169
7 61 74 59 171 171
8 78 60 88 182 172
9 9¢& 71 67 81 61 173 L7z
10 85 63 77 183 174 173
11 73 88 65 176 L75
12 117 84 91 66 69 184 175
13 80 94 67 177 176
14 97 69 62 185 178 177
15 135 98 a3 100 71 179 L7Y
17 93 105 72 56 179 178
18 149 I1L 109 73 180 179
l9 99 112 75 52 170 131 180
21 160 122 105 116 77 132 180
23 112 1232 78 48 157 181
24 167 133 124 79 182 131
25 117 126 a8l 145 183 181
27 173 142 122 130 83 183 182
29 128 134 84 134 182
30 L77 149 136 85 184 132
31 132 138 87 121 L84 183
33 130 L55 127 142 89 185 133
35 141 145 90 11z 134
36 183 161 146 91 L84
37 L44 L48 93 102 183 184
39 184 165 148 151 95 183 L35
41 151 153
42 182 169 155
43 154 156
45 175 172 157 158
47 160 160
48 156 175 161
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Table I-1 continued.

Time  211x114  307x200  303x406  401x301 Time 211x114  307x206  303x406 401x301
{fmin. ) 4 oz. 8 oz. 16 oz, 16 oz, {min.) 4 oz. 8 o0z, 16 oz. 16 oz.
96 Y4 185 147 70 93
97 : 180 184 149 67 90
99 a7 177 185 151 65 88
101 172 185 153 63 85
102 81 185 155 61 83
103 166 185 157 60 3
105 76 160 183 159 58 79
107 154 180 16l 56 77
108 71 178 163 55 75
109 148 175 165 53 73
111 67 142 171 167 52 71
113 136 166 169 51 70
114 63 163 171 50 68
115 . 131 161 173 49 67
117 60 125 155 175 65
119 120 150 177 64
120 57 147 179 62
121 116 145 181 6l
123 54 - 111 140 183 60
125 : 106 135 185 59
120 52 133 187 58
127 102 130 189 57
129 50 58 126 191 56
131 94 121 193 55
133 90 117 195 54
135 87 113 197 53
137 83 110 199 52
139 80 106 201 51
141 77 103
143 75 99
145 72 97
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Temperature Mcasurements

Thermocouples.

A thermocouple is a device for the measurement of temperature. Its oper-
ation is based on the observation that a small electric current will flow in a
closed circuit composed of two dissimilar metallic conductors when their junc-
tions are kept at different temperatures. The pair of conductors, or thermo-
couple elements, which constitutes the thermoelectric circuit, is called a
thermocouple. Simply stated, a thermocouple is a device which converts thermal
energy to electric energy. The amount of electric energy produced can be used
to measure temperature.

Of all the available temperature transducers, why use a thermocouple in a
particular application? There are numerous advantages to consider:

1] Physically, the thermocouple is inherently simple, being only two

wires joined together at the measuring end.

2} The thermocouple can be made large or small depending on the life

expectancy, drift, and response time requirements.

3) It may be flexible, rugged, and generally is easy to handle and

install.

4} It normally covers a wide range of temperatures and its output is

reasonably linear over portions of that range.

5} Unlike many temperature transducers, the thermocouple is not subject

to self-heating problems.

6) Usually, thermocouples of the same type are interchangeable within

specified limits of error.

7) Also, the materials are readily available at reasonable cost. The

cxpense in most cases is nominal.

The commonly used thermocouple types are identified by letter designa-
tions originally assigned by the Instrument Society of America (ISA) and

adopted as an American Standard in ASA €96.1-1864. Some of these are:

1} Type T - Copper (+) Constantan {-)

2) Type J - Iron (+) Constantan (-)

3) Type K - Originally Chromel* {(+) Alumel* (-}
4] Type E - Originally Chromel {+) Constantan [-)

*
Trademark - Hoskins Manufacturing Company
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6) Type S - Platinum/10% Rhodium (+) versus Platinum (-)
7) Type B - Platinum/30% Rhodium (+) versus Platinum/6% Rhodium (-)
Table 1 gives recommended maximum temperature limits for various gage sizes

of wire.

Table 1. Upper Temperature Limits (OF) for Protected Thermocouples
for Various Wire Sizes

Wire Size
Thermocouple No. 8 No. 14 No. 20 No. 24 No. 28
type (0.128 in) {0.064 in) (0.032 in) (0,020 in) (0,013 in)

J 1400 1100 900 700 700
E 1600 1200 1000 800 800
1 - 700 500 400 400
K 2300 2000 1800 1600 1600

R and S - - - 2700 -
B - - - 3100 -

General Application Data.

Type T -- These thermocouples are resistant to corrosion in moist atmo-—
spheres and are excellent for subzero temperature measurements. They have an
upper temperature limit of 700 F (371 C) and can be used in a vacuum and in
oxidizing, reducing, or inert atmospheres. This is the only thermocouple type
for which limits of error are guaranteed in the subzero temperature range.

Type J -~ These thermocouples are suitable for use in vacuum and in oxi-
dizing, reducing, or inert atmospheres, at temperatures up te 1400 F (760 C).
The rate of oxidation of the iron thermoelement is rapid above 1000 F (538 ),
however, and the use of heavy-gage wires is recommended when long life is re-
quired at the higher temperatures.

Bare thermocouples should not be used in sulfurous atmospheres above
1000 F (538 C).

This thermocouple is sometimes used for subzero temperatures, but the pos-
sible rusting and embrittlement of the iron wire under these conditions makes
its use less desirable than Type T for low temperature measurements. Limits
of error have not been established for Type J thermocouples at subzero temper-
atures.

Type X -— Type K thermocouples are recommended for continuous use in oxi-
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dizing or inert atmospheres at temperatures up to 2300 F (1260 C). Because
their oxidation resistance characteristics are hetter than those of other base
metal thermocouples, they find widest use at temperatures above 1000 F (538 C).
However, this thermocouple is suitable for temperature measurements as low as
-420 F (-250 C), although limits of error have been established only for the
temperature range 0 to 2300 F (-18 to 1260 C).

The Type K thermocouple may be used in hydrogen or cracked ammonia atmo-
spheres if the dewpoint is below -40 F (-40 C). lowever, they should not be
used in:

1} Atmospheres that are reducing or alternately oxidizing and reducing

unless suitably protected with protection tubes.

2} Sulfurous atmospheres unless properly protected. Sulfur will attack
both thermoelements and will cause rapid embrittlement and breakage
of the negative thermoelement wire through interangular corrosion.

3} Vacuum except for short time periods (preferential vaporization of
chromium from the positive clement will alter calibration).

4} Atmospheres that promote ''green-rot'' corrosion of the positive ther-
moelement. Such corrosion results from preferential oxidation of
chromium when the oxygen content of the atmosphere surrounding the
thermocouple is low and in a certain range. It can cause large nega-
tive errors in calibration and is most serious in the temperature
range 1500 to 1900 F (816 to 1038 ().

Green-rot corrosion frequently occurs when thermocouples are used in long
unventilated protecting tubes of small diameter. It can be minimized by in-
creasing the oxygen supply through the use of large diameter protecting tubes
or ventilated protecting tubes. Another approach is to decrease the oxygen
content below that which will promote preferential oxidation by inserting a
"getter" to absorb the oxygen in a sealed protection tube.

Type E -- Type E thermocouples are recommended for use over the tempera-
ture range of -420 to +1600 F (-250 to 871 C) in oxidizing or inert atmospheres.
In reducing atmospheres, alternately oxidizing and reducing atmospheres, mar-
ginally oxidizing atmospheres, and in vacuum they are subject to the same
limitations as Type K thermocouples.

These thermocouples are suitable for subzero temperature measurements
since they arc not subject to corrosion in atmospheres with high moisture

content.,
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However, limits of error for the subzeroc range have not been establighed.

Type E thermocouples develop the highest emf per degree of all the com-
monly used types and are often used primarily because of this feature.

Types R and 5 —— Type R and 5 thermocouples are recommended for continuous
use in oxidizing or inert atmospheres at temperatures up to 2550 F (1399 C);
intermittently up to 2700 F (1482 C).

They should not be used in reducing atmospheres, nor those containing me-
tallic or nonmetallic vapors, unless suitably protected with nonmetallic pro-
tecting tubes. They never should be inserted directly into a metallic primary
protecting tube.

Types R and S thermeocouples may be used in a vacuum for short periods of
time, but greater stability will be obtained by using Type B thermocouples for
such applications.

Continued use of Types R and 8 thermocouples at high temperatures causes
excessive grain growth which can result in mechanical failure of the platinum
element. It alsc renders the platinum susceptible to contamination which causes
negative drifts in calibration, that is, a reduction in the emf output of the
thermocouple.

Calibration changes also are caused by diffusion of rhodium from the alloy
wire into the platinum, er by veolatilization of rhodium from the alloy. All
of these effects tend to produce negative calibration shifts.

Type B -- Type B thermoccuples are recommended for continuous use in oxi-
dizing or inert atmospheres at temperatures up to 3100 F (1704 C). They are
also suitable for short term use in vacuum to this temperature.

They should not be used in reducing atmospheres, nor those containing me-
tallic or nomnmetallic vapors, unless suitably protected with nonmetallic pro-
tecting tubes. They should never be inserted directly into a metallic primary
protecting tube.

Under corresponding conditions of temperature and environment Type B ther-
mocouples will show less grain growth and less drift in ecalibration than Type R
or 5 thermocouples.

The limits of error for the common letter designated thermocouple types,
as listed in Table 2 are taken from ANSI Standard €96.1. Most manufacturers

supply thermocouples and thermoccuple wire to limits of error or better.
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Table 2. Uimits of Error for Thermocouples

Temperature Range Limits of Error

Type (OF) Standard Special
J 32 to 330 *4F +2F
530 te 1400 +3/47% +3/87
K 32 to 530 +4F +2F
530 to 2300 £3/4% +3/8%
R or s 37 to 1000 +5F +2 L/2F
LOOO to 2700 +1/2% *1/4%
T =300 to =75 - 17
-150 to =75 +2% 1%
-75 to 200 *1l 1/2F £3/4F
200 to 700 £3/47 *3/8%
E 32 to /00 +3F 2 1/4F
600 to 1600 +1/2% +3/8%
B 1600 to 3100 +1/2% -

Extension wires are inserted between the measuring junction and the reference
junction and have approximately the same thermeelectric properties as the ther-
mocouple wires with which they are used. The wires are normally available as
single or duplex, solid or stranded, insulated wires in sizes ranging from 14
to 20 B&S gage. A variety of insulations and protective coverings is available
in several combinations to suit the many types of environments encountered in
industrial service. Extension wires may be separated into two categories having
the following characteristics:

Categery 1 — Alleys substantially the same as used in the thermocouple.
This type of extension wire normally is used with base metal thermocouples.

Category 2 - Alloys differing from those used in the thermocouple. This
type of extension wire normally is used with noble metal thermocouples and with
sevaral of the nonstandardized thermocouples.

Several possible sources of error in temperature measurement accompany
the use of extension wires in thermocouple circuits. Most of the errors can
be avoided, however, by exercising proper precautions. One type of error arises
from the disparity between thermocouple and extension wire components. The dis-

parity results from the wvariations occurring among thermoelements lying within
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the standard limits of error for each type of thermocouple and extension wire.

For example, it is possible that an error as great as i8F could occur in
the Type K/KX & .J/JX thermocouplc-extension wire combinations, where the stan-
dard limits of error are *4F for the thermeocouple and the extension wires
treated as separate combinations. Such errors can be eliminated substantially
by selecting extension wires whose properties closely match that of the spe-
¢ific thermocouple, up to the maximum temperature of the thermocouple-exten-
sion wire junction.

A second source of error can arise if a temperature difference exists
between the two thermoclement-extension wire junctions. Lrrors of this type
are potentially greater in circuits employing extension wires of Category 2.

A third source of error lies in the presence of reversed polarity at the
thermocouple-extension wire junctions, or at the extension wire-instrument
junctions.

A fourth source of error concerns the use of connectors in the thermo-
couple assembly which has conductive characteristics which differ appreciably
from those of the thermocouple extension wires. The magnitude of errors of
this type can vary over a wide range depending on the materials involved and
the temperature difference spanned by the connector.

A complete thermocouple temperature sensing assembly usually consists of
the following:

1} Sensing element assembly basically composed of two dissimilar wires,

supported by an electrical insulator and joined at one end to form
a measuring junction

) Protection tube either metal or ccramic in construction and commonly

referrcd te as thermowells

3) Cennector

1) Misccllaneous hardware as for cxample; adaptor to join the protec-

tion tube to the head or thermocouple glands

Numerous variations in measuring junction are possible and the specific
application dictates the most desirable method.

1) Exposed a bare wire junction -- In this type of a junction the sheath
and insulating material arc removed to exposc the thermocouple wires. These

wires are joined to form a measuring junction which may be twist or butt-weld

type.
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a. fast response

b. exposed magnesia will not pick up meisture

C. not pressure tight

d. wires subject to mechanical damage

e. wires subject to environment and usually will have
a very short life

£. useful life shortened as a result of rapid calibration
drift

2) Grounded junction -- A closure is made by welding in an inert atmo-

spherc so that the two thermocouple wires become an integral part of the

sheath weld closure.

slower response than exposed wire

a
b.  pressure tight to above 100,000 psi

¢. wires protected from mechanical damage
d. wires not exposed to environment and will have a
longer 1life
3)  Ungrounded or isolated junction -- This type is similar to the

grounded junction except that the thermocouple wires are first made into a

Junction which is then insulated from the sheath and its closure.
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slower response than grounded hot junction

a.

b. pressure tight to above 100,000 psi

c. wires protected from mechanical damage

d. wires not exposed to environment and will have a
longer life

e. most expensive
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Recorders

One of the most universal functions of any scientific or engineering ac-
tivity is the gathering of data to provide answers to immediate questions or
information to be filed for future reference. Such data gathering may be
achieved in various ways, depending on the nature and quantity of the infor-
mation. One of the most prevalent of such data gathering methods is undoubt-
edly information recording.

Electrical recorders are available in a variety of sizes, speeds, sensi-
tivities and prices. They are also suitable for recording any signal which is
in, or can be converted to, electrical form. These recorders are found in
almost every fooed processing plant.

It 1s true that various curves which are now traced automatically with a
recorder can be plotted manually from point-by-point measurements, This pro-
cedure, however, is not only time-consuming but may cause valid bits of infor-
mation to be overlooked entirely, simply because the points were taken too far
apart.

Another factor favoring the use of recorders is the ability to pinpoint
faulty operation of the data-gathering system. Artifacts that might not be
observable at all in point-by-point observations will often be readily identi-
fiabic on a recording. Asymmetry of a peaked curve, as in a crab pasteuriza-
tion process, is only clearly evident in a recording.

Recorders can be characterized in many ways. They may be capable of
plotting one variable against another (X-Y recorders} or only against time
(Figure IT-1: Y-T or simply 'strip chart’® recorders}. They may be equipped to
plot a single variable or two or more simultaneously {one-, two-, or multiple-
pen recorders), or they may be designed to plot several variables consecutively
as a series of points. Some of the newer type recorders (Figure 1I-2) are digital
and capable of printing the variable(s) against other functions; as for exam-
ple, time.

Perhaps most fundamentally, recorders are classified by the kinds of
signals they will accept. Thus we have millivolt recorders, recording ammeters
and wattmeters, either ac or dc, and many others. Frequently, the scale is
designated in nonelectrical units, such as pH or degrees Fahrenheit, depending

on specific transducers. The dc millivelt or microampere recorder is the most

I1-9



versatile, since input circuiting can adapt it to almost any other application.
These are the recerders usually employed in the food industry to record temper-
atures of unit processing operations.

The electrical or electronic mechanism for positioning the pen may be of
varying degrees of complexity, from a simple moving-coil meter with its pointer
extended to hold a stylus or pen, to a self-halancing servo system. To increase
flexibility, peripheral circuits for zero suppression and range selection are
often included.

As all too well known to many users, the pen-and-ink system may bhe the
weakest link in an otherwise excellent recerder. To Increase the reliability
of this feature, designers have tried all sorts of devices for transferring
information from pen to page. The most common continues to he the capillary
pen delivering liquid ink. Also in use are ball point pens, heated styli, and
electrical recording through sensitized paper, each with many modifications.

In some instruments, writing is accomplished hy a moving light beam impinging
on phetographic paper.

Another classification is based on the form of the paper cmployved. This
may be supplied in continuous rolls or in separate sheets.  The paper may be
plain graph paper or it may be preprinted with coordinate scales for a parti-
cular instrumental application. Fan folded paper can often be substituted for
roll paper with perhaps greater convenience.

Another recent development is the use of programmable recorders. These
devices are highly flexible and can be adjusted for centinucus monitering or
placed in alarm modes. They also have the capability of being interfaced with
control or data handling peripheries on main processors. Recent technelogical

advances have made these instruments affordable to even small food proccssors.

r-2

Fig. II-1 Fig. II-
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Thermocouple Tnstallation

Since containers suitable for pasteurizing crab meat are available in a
varlety of shapes and sizes (Figure IT-3), it is important that all pasteuri-
zatlon temperature measurements be individually determined. The two con-
tainer types most commonly used for crah meat are of metal or polymer con-
struction (Figure II~-4). In order to record internal temperatures, various
type and size thermocouples are required (Figure II-5)., The use of an incor—
rect thermocouple will result in the development of erronecus processing times
and temperatures which can cause substantial product loss and perhaps illness.
If a processor is uncertain as to either the proper procedure or equipment
for monitoring and developing adequate thermal processes, professional advice
should be obtained or, perhaps more advisable, the responsibility should be
delegated to a qualified individual.

Thermocouples and their installation tools are available from a variety
of firms that serve the food processing industry, The equipment is simple

(Figure IT-6) and relatively inexpensive.

Procedures
Thermocouples can be easily installed if the following steps are fol~

lowed:

Step | Thermocouples should be installed in the geo-

{Figure II-7 and 8) metric ceater of the can since heat transfer
inside the can is accomplished through conduc-
tion rather than convection or radiation (See
Figure TT-8). This location ls easily deter-
mined in containers where the width or diameter
is uniform (as a can). However, it becomes
more difficult when a variable width container
(as the nestable polymer type) is used. The
diameter of the can will determine the length
of the thermocouple while the height determines
the Incation of the thermocouple insertion.

Both measurements are critical.
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Figure TT-4.

Figure TIT-3.
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Step 2
{Figure 1I-9)

Step 3
(Figure I1I1-10}

Step 4
(Figure 1I-11)

Step 5
{(Figure 11-12)

Step 6
(Figure II-13)

Step 7
(Figure II-14)

Once the proper measurements have been taken,

a hole is made with an awl in the container.

The awl is used on both metal and polymer type
containers., Care should be exercised in making
the hole since excessive pressure will bend or
damage the container,

After the pilot hole is made, a hole puller or
cutter is installed and slowly tightened with a
wrench., A round hole will be produced after the
cutter penetrates the container. During this
process, the metal container may develop a slight
deformation near the hole but this is expected,
Insert the receptacle from outside the container.
On the inside, install a gasket and receptacle
nut. Tighten the nut with the wrench, The re-
ceptacle should fit snug but over-tightening
should be avoided. Check the container since an
improper installation may cause a lecak, resulting
in improper temperature measurements,

The thermocouple rod is then installed with a
special tocl. It is important that all gaskets
be replaced periodically to prevent leakage.
Thermocouples should also be examined for physi-
cal defects as well as electric conductance. A
Volt-ohm meter is useful for the latter procedure,
A properly installed thermocouple may cause minor
deformation in the metél container and stress
marks in the polymer container. This is per-
fectly acceptahle and dces not interfere with

the measurements,

This cross-section depicts an acceptable non-

projecting plug-in thermocouple installation.

Figure II-15 provides a detailed description of a thermocouple assembly,

After the thermocouple has been 1nstalled, temperature measurements can

be made using the proper recorder and supporting equipment.
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Pasteurization Processing Fquipment and Controls

The cquipment used to pasteurize crabmeat is fairly simple in both design
and construction. Within the industry, however, the actual operations and
operation controls vary in degrece of sophistication. For cxamplc, most pro-
cessors employ a simple batch-type process using one tank to heat the product
and another tank to cool. A few processors have installed continuous pasteur-
izers that employ variable speed timing chains to move the baskets of crabmeat
through long tanks of hcatcd water.

Irrespective of processing technique, whether it be batch or continuous,
the fundamentals of process control are the same. Several states have adopted
the 'Iti-State recommendations regarding minimum pasteurization and control
cquipment rcquirements. Although the Food and lrug Administration does not
have a specific GMP (Cood Manufacturing Practice) guideline for the pasteur-
ized blue crab industry, indications are that the FDA considers these requirce-

ments to be basic to the processing of wholesome products.

Recording and Indicuting Thermometers.

Recording and indicating thermometcrs monitor the time-temperature rela-
tionship discussed earlier in this manual and are a crucial part of the equip-
ment. The indicating thermometer assesses the accuracy of the rccording ther-
mometer, Although the recording thermometer, once calibrated, is fairly accu-
ratc, 1t 1s important to verify its accuracy. The FDA requires the low acid
can food industry to use the mercury-in-glass {MIG) indicating thermometer.
Although no such requirement is made of the pasteurized crab industry, it
would be advisable for the industry to standardize its equipment and use MIG
thermometers. In addition, the low acid can food industry is required to
periodically assess the accuracy of the MIG thermometer with a standard refer-
ence thermometer.

The recording thermometers are used to document the processing profile of
cach batch of crabmeat pasteurized. They record water bath temperature and
time of processing. This record is important in providing information about
cach process and must be kept on file for future reference. The importance of

record keeping will he discussed in a separate section.
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The range and accuracy of both the recording thermometer and the clock
are important and should be standardized throughout the industry. This is
part of the Tri-State recommendations as recently revised by the National Blue
Crab Industries Association (NBCIA) Standards Committee and included in the

appendix.

Constant-Flow Stcam-Control Valve.

Most crabmeat pasteurization operations use steam as the source of heat
to raise the temperature of the water bath. A constant-flow steam-control
vialve 15 required in the operation. The use of the valve is absolutely essen-
tial in maintaining the desired water bath tempcrature. Without the valve,
temperature fluctuations will not be detected and may be too extreme for a

time-temperature based process.

Agitation of Water Bath to Maintain Uniform Temperature.

Uniform temperature throughout the water bath is crucial; without some
means of agitating the water, cold spots and hot spots may develop. Water can
be agitated with air injected into the bottom of the tank or by simply in-
Jjecting steam from the sides of the steam discharge spreader at the base of
the pasteurization tank. This results in the tangential release of steam and

a swirling effect of the water within the tank.

Pasteurization Tank Hook-lp.

An idealized pastcurization tank hook-up is demonstrated in Figure IIT-1.
Minor variations may cxist depending on the requirements of individual plants;
nenetheless, the fundamental elements of all operating plants should be the
same. It has become apparent in recent vears that many plants do have the
minimum required equipment but do not use it. For example, the recording
thermometer and clock is of little value as a process documentation record if

a chart is never installed or never changed.
Servicing of Equipment,

The old axiom, "If it's not broke, don't fix it", has a great deal of

merit., There is, howecver, another axiom which may not be quite as widely ac-
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cepted; "If it's working, is it really working?" As with most equipment, per-
lodic maintenance and calibration is necessary with the equipment used in the
pastcurization process. Manufacturers of the recording thermometers and
clocks suggest semi-annual servicing. Maintenance requirements of the indi-
vidual processors depend on the frequency of use and environmental conditions
in the arca of operation. Periodic servicing is necessary to insure that the

cquipment 1s working properly.

Thermometers in Refrigerated Storage Areas.

While refrigerated storage is not part of the actual pasteurization pro-
cess, the ultimate success of the process is contingent on proper refrigera-
tion of the pastcurized product., Therefore, it is appropriate to emphasize in
this section the importance of monitoring the temperature of refrigerated
storage areas. As is the case with the indicating thermometer in the pasteur-
ization process, all thermometers used to monitor refrigerated areas should be
mercury-in-glass (MIG) and should be periodically checked with a standard
reference thermometer. The industry must monitor these storage areas because
the storage temperature of pasteurized crabmeat is a critical factor in the

production of high quality product.
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Cooling and Storage of Pasteurized Crabmeat

The importance of cooling and storage of pasteurized crabmeat at proper
temperature was discussed in the eariier section on "Thermal Processing Prin-
¢iples”. Since the subject is important, additional discussion is presented
here.

The principal concern of any food processor should be product safety and
quality., Most processors are knowledgeable in the proper handling of fresh
product; they know that the product must be kept clean, cold, and moving in
order to have any sort of reasonable shelf life expectation. Furthermorc,
most processors are well aware of the role microorganisms play in the spoilage
of improperly handled fresh crabmecat. I[lowever, a lack of understanding exists
on the importance of proper handling of pasteurized crabmeat. This informa-
tion gap is found not only among processors but also throughout the product's
distribution channels; transporter, distributor, wholesaler, retailer and
cansumer. |

As discussed carlier, the heating of crabmeat to pasteurization tempera-
turcs destroys many of the microorganisms. Those organisms which do survive
usually grow quite well at clevated temperaturcs. Figure 1V-1 graphically
demonstrates the problem potential created by slow cooling of the pasteurized
product and subscquent temperature abuse during storage. Obviocusly, the
product should pass through the "Danger and Critical Zones" (Fig. IV-1) as
quickly as possible, The Tri-State recommendation merely states that, after
pastcurization, the crabmeat should be cooled to 106°F within 50 minutes of
processing, then moved to refrigerated storage. This recommendation is well
intended and, if practiced with proper vigilance, would more often than not
result in acceptable product. The problem, however, is that proper vigilance
is not always practiced and cooling short-cuts often are attempted. The
reason for thesc poor cooling practices has not been a lack of concern on the
part of the industry, but rather a tack of information.

Rapid cooling is important. As evidenced from a graph presented in a
previocus section and repeated here as Figure IV-2, the most practical method

of rapidly cooling pasteurized crabmeat is an ice-water bath. Contrary to the
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) oc F
Cleaning Waler Temperatures (-\
B82°C {1B0°F) or above

Water for cleaning equipment, flocrs,

walls, etc., must be a minimum of 82°C
{180 F) at point of contact,

82 180

Danger Zone

4° to 60°C {40° to 140°F)

Within this range, food-spoilage and
toed-poisoning bacteria grow rapidly.
Temperatures above 60 C {140 F} kidl
most bacteria; temperatures befow 4 C
{40°F) retard the growth of food-poi-
soning microorganisms. Theretore,
foods should pass through the Danger
Zone as rapidly as possibie.

Crifical Zone

47 to 38°C {40° to 100°F)

This is the growth range of most food-
poisoning bacteria.

Fresh Slorage Zone

~1%t0 4°C (30° to 40°F}

These temperaturas minimize the rate
of fcod spoilage. Ruie of thumb: for
every 6 C (10 F) rise in storage tem-
perature, shelf lite is reduced by half.

Freezing Temperatures

=1°to-3°C {27° to 30°F)

At these temperaturas, seafeodsfreeze,
and most of the water is converted into
ice.

Frozen Storage Temperatures

-18° to -29°C {0° to -20°F)

To mainiain quality, frozen seafoods
should be stored within ihis tempera-
ture range. Storage lite doubles for
every 6 'C (10 F) decrease in lempera-
ture.

Quick Frozen

=29°C {-20°F) or lower

This term denotes the use of iow tem-
peratures and rapid freezing rates.

Figure IV-1. Seafood handler's thermometer
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old Tri-State recommendation, the revised recommendation of the NBCIA Stan-
dards Committce allows the product to remain in the ice-water bath until the
cold point tempcrature reaches 55°F within 180 minutes of processing to allow
refrigerated storage at 35°F after processing. This method facilitates a much
faster passage through the "Danger and Critical" temperaturc zones.

Several years ago, the staff at Virginia Tech's Secafood Processing Re-
scarch Laboratory received a number of telephone calls from processors who had
problems with unusual numbers of swollen pasteurized crabmeat cans. The staff
found that the heating processes were in order and the can seams were intact
but that the method of can cooling was deficient in all cases. The processors
were giving the heated cans a brief exposure to ice-water coeling, then dump-
ing the cans in boxes (some with lids), and placing the boxes in refrigerated
storage. This practice in effect insulated the cans and protracted an already
slow cooling process. Hence, surviving microorganisms grew to substantial
numbers and produced gases, causing many of the cans to swell.

Proper refrigerated storage of pasteurized crabmeat is also important
with respect to both quality and safety. It relates to quality in that the
colder the temperature at which the product is stored, the longer the shelf

life. It relates to safety in that proliferation of Clostridium botulinum

: . 0.
fype I becomes a concern with extended storage at temperature above 38 F.

(Clostridium botulinum Type E discussed in Section T). Accordingly, pasteur-

ized crabmeat should be stored at a temperature of 35°F,

Looking at the potential distribution chain of pasteurized crabmeat, it
becomes apparcnt that the processor is but one facet in a multi-faceted mar-
keting channel. As with most aspects of 1ife, the more complicated it becomes,
the greater the opportunity for error. Moreover, if a problem occurs with the
product due to mishandling or neglect somewhere along the distribution chain,
the processor usually must take the ultimate responsibility, unless it can be
unequivocally documented as to which party is at fault. Therefore, it is im-
perative for the processor to periodically remind all members of his distri-
bution chain of the importance of proper refrigeration and handling of pastecur-

ized crabmeat.
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Discoloration in Pasteurized Crabmeat

Although substantial research has been devoted to the causes for dis-
coloration of pasteurized blue crabmeat, there has been no general agreement
on the chemical mechanism(s) involved. The most common discoloration is
called blueing although the actual color may range from blue to blue-gray to
black. This type of discoloration also occurs in several other crab species.

Some of these are the:

King Paralithodes camtschatica
Dungeness Cancer magister
Horse Hair Erimacrus isenbeckil

The blueing that occurs in pasteurized crab meat occurs during the heat
trcatment and intensifies during storage. It has been observed that meat
processcd above 190°F develops the off-color more readily than that produced
at 175°F. Consequently, many processors have adopted alternative processing
schedules to the previously rccommended 185°F process to reduce product re-
jection in the marketplace. These altcrnative processes were usually based
on personal judgment rather than thermobacteriological principles or studies.
While one problem may have been either eliminated or reduced in magnitude,
another may have been created. As the pasteurization temperatures are re-
duced from the recommended 185°F the processing times must be substantially
increased. Unfortunately, the magnitude of this increase must be obtained
from both thermocouple temperature profiles and mathematical computations.
Failure to determine an equivalent thermal process can result in product loss

and may present a health hazard.

Cause and Prevention of Blue Discoloratiom
The blue discoloration is believed to be caused by some constituent in
the crab blood. The following five specific mechanisms have been proposed

but the cause may not be mutually exclusive:

1. iron compounds

2. copper compounds

3. melanin

4. copper proteins or biuret complexes
5. hemocyanin compounds

Most investigators agree that copper is related to the blue discoloration

since the discoloration is inhibited by chemicals that react with copper.

Iv-5



The addition of 0.03-0.1% weak organic acid {as citric) has prevented
the formation of blue complex in Blue and Reck (Sand) crabs. Other additives
as Ethylenediaminetetraacetic Acid (EDTA) have alsc been effectively used.

It is also possible to use a combination of organic acid and additive. The
use of additives is not encouraged since today's consumers are looking for
food products which are 'matural” or '"contain no additives'. Also, the use
of additives would require additional quality assurance programs. The pos-
sibility exists that an additive may be found te be toxic, mutagenic, or
carcinogenic {cancer causing) at some future time. Any undesirable publicity
could cause consumer rejection of the product for an extended time period.

Recommendations to Minimize Discoloration:

1. All crab meat should be processed at internal temperatures lower
than 190°F.

2. Pasteurization water temperatures should not exceed a range of
192-195°F.

3. Pasteurized crab meat should be stored for reasonable time periods

and the "First-In - First-Out'' rule should be followed.

4. Cans should be stored in the top up position. The liquid pro-
duced in the can during thermal processing accelerates the dis-
coloration (blueing) process. If a can were stored in the inverted
position (top down}, a consumer opening the can in the usual manner

(top up) may reject the product.
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Can Scam Evaluation and Quality Control

In previous sections, problems associated with swollen and/or decomposed
cans of pasteurized crabmeat were attributed to inadequate heating, cooling,
or storage. A fourth potential problem area is defective can scams. During
the past few ycars, thcre have been several incidences of swollen cans and de-
composed crabmeat due to defective can scams. Although only recently recog-
nized as a potentially significant problem, defective can seams are not new to
the crabmeat industry.

The various state regulatory agencies, which have responsibility for the
crabmeat industry, have neither inspected can scams nor requircd processors to
inspect them. There are several reasons for this: first, the significance of
the problem was not reccognized; second, thc varicus agencies did not have
staff mombers trained in can seam evaluation; and third, the processing plants
did not have employees trained in can seam evaluation. Both industry and the
regulatory agencics are becoming aware of the problem, and are beginning to
train their personnel in can seam evaluation.

Unlike low-acid can foods, pasteurized crabmeat must be refrigerated.

And this is why the crabmeat industry has been cxempt from strict inspection,
process control, and record keeping requirements imposed on the low-acid can
food (LACF) industry. One requirement of the LACF industry, which may become
applicable to the pasteurized crabmeat industry in the futurc is the periodic
inspection and teardown of can seams,

What happens when a can seam is defective? Nothing may happen in some
cases or "leaks" may develop. Fven when leaks do not develop at first, this
is probably a temporary situation, unless the problem causing the defect Js
corrected. When lcaks occur, bacteria in the environment can be drawn into
the container through them and thus hasten spoilage of the product. The leaks
may be extremely small "micro leaks', but the bhacterial load introduced 1nto
the container by just one smail drop of water can be enough to cause major
contamination.

Alr or water droplets usually gain entry though these leaks, or micro
leaks, in the can seams during the cooling phase of the pasteurization pro-

cess. During the heating phase pressure within the containcer increases duce



to the expansion of gases. When the heated containers are immersed in cold
water, the rapid coeling causes the internal pressure to drop and, if there
are leaks in thec seams, may cause water to be sucked into the containers
threough the leaks.

Defective can seams create a problem for the industry and, in fact, they
have. What is in qucstion, however, is the extent of the problem. As men-
tioned ecarlier, very few processors in the pasteurized crabmeat industry know
how to evaluatc can seams. Although some of the major suppliers of pasteuri-
zation cans provide a can seam cvaluation service, discussions with company
officials indicate that only a portion of those buying cans make routine use
of the service. As a result, the NBCIA Standards Committee has recommended
that all companles pasteurlzing crabmeat have at least one employee who has
had training in can seam evaluation, and that the employec be respnonsible for
teardown examinations of a can every four hours of operation. The NBCTA atlso
recommends that a record be kept of these evaluations and filed for future

reference.

Can Coding.

The proper coding of cans is a significunt protection device not only for
the consumer but also for the processor. The more refined the coding system
the casier it is for the processor to locate and recall the product. According

-y . 1
to the llandbook of Product Recalls und Package Coding and Equipment , a pro-

duct code at a minimum should include:

a) Product c¢oding for easy identification and at frequent enough
intervals to kKeep the lots small.

b) Relating codes to processing records so that lots which may
need to be recalled for a process deviation may be identified
quickly and completely.

c) Keeping of raw product and quality control records in such a
way that the preduct in a batch of any one code can be identi-

fied with them.

1. Martin, Roy E., and Gail Pitts. 1982, Handbook of Product Recalls and
Package Coding and Equipment. National TFisheries Institute, Inc.,
Washington, D. C.

2, This requirement has little application to the pasteurized crab industry.
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It is to the processor's advantage to keep each lot small. If lots are
kept small in size, only the lots in question can be recalled instead of an
entire day's production. There are several coding systems and methods that
can be used according to the requirements of the plant, and the choice should

be left up to the individual processor.



Evaluation of Double Seams

Al Double Scam Defined.

The double seam consists of five thicknesses of plate (seven thicknesses
at the juncturc of the cond and side seam) interlocked or folded and presscd
firmly together. It is formed in two operations. A first operation roll
tucks the curled edge of the cover underneath the flange on the can body as
illustrated in Figure V-1. The seam is then completed by the second operation
roll which presses the folds of metal tightly together, squeezing the compound
lining into the spaces between the metal to effcct a hermetic seal. See
Figure V-2.

The names of the various parts of the double seam are shown in these
cross section views of first and second operation seams. The juncture of the

double seam and the side seam of the can is referred to as the crossover or

lap.
B. Visual Inspection of External Seam Formation.
1. Introduction

Visual inspection of the cans coming from the closing machine should he
should be examined carefully around the entire periphery to detect any seam
malformation or defects such as cut overs, cut scams, droops, lips, false seams,
spinners (skids), cracked plate, or any evidence of seam looseness. Rotating
the seam between the thumb and forefinger is very helpful in detecting certain
types of scam defects,

The frequency of thesc examinations will depend on the speed at which the
closing machine is operated. At a minimum, visual external seam inspection of
cans from each seaming head must be made at intervals of thirty minutes and
recorded.

2. Cut Over (Sharp Seam)

A cut over is a sharp fin of the cover formed over the top of the seaming
chuck flange during the seaming operation as illustrated in Figure V-3. This
condition usually occurs at the can body lap, but may occur all the way arocund
the end. A slight sharpness, best noted by running a finger around the inside
of the seam, is not indicative of a defective seam, but aggravation of this

sharp condition could result in a more serious cut over. A sever cut OVEr con-
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dition is dangerous with fracture likely to occur resulting in a cut through

cut over. Correction is mandatory when severe cut overs are encountered.

Possible Causes of Cut Overs:

1)

2)

3)

4)

5)

6)

7)
8)
9)

Incorrect vertical alignment of first operation seaming roll groove to
seaming chuck. Seaming chuck and first operation seaming roll groove
should be set to maintain .001' to .002' vertical running clearance
between top of chuck flange and lead-in angle of seaming roll groove, as
1llustrated in Figure V-4.

Vertical play of first operation seaming roll. Roll should revolve freely
but verticle play in excess of .002" should be avoided.

Vertical play in seaming head assembly.

Worn seaming chuck flange. Usually caused by first operation scaming roll
groove lead-in angle riding chuck flange. Not sufficient vertical running
clearance.

First or second operation seaming rolls set too tight. When either opera-
tion roll is set too tight, it can force the seam formation beyond the
ideal limits of the seaming roll groove profile and produce a cut over,
Worn seaming roll grooves, All first and sccond operation roll groove
profiles were developed to produce good seam formations and maximum wear
life of the groove. Incorrect setting of seaming rolls, even though the
scam formation produced is acceptable, should be avoided as it will reduce
the life of the roll grooves and hasten the development of seam defects.
Any seaming roll, when suspected of creating cut overs because of possible
worn groove conditions, should be replaced only after determining the roll
is set correcctiy.

Solid or semi-solid product trapped in seam.

Excess solder at can body lap.

Excessively long body hooks forcing toc much mctal into the seam often

results in sharpness all around the scam as well as at the crossover.

Cut Seam {Fracture).

A double seam, wherein the outer layer of the seam is fractured, as illus-

trated in Figure V-5, is known as a cut seam. Immediate correction must be

made when this condition exists.

Possible Causcs of Cut Seam:

1)
2)
3)

Scam too tight,
Excess solder at can body lap.

Defective end plate.



4) Excess sealing compound.

5) Long body hook.

4. Uroop.

A smooth projection of double seam below the bottom of a normal seam is
identified as a droop. While droops may occur at any point of the seam, they
usually are evident at the side seam lap. See Figure V-6. A slight droop at
the side seam lap or crossover may be considered normal because of additional
plate thicknesses incorporated in the scam structure.

A droop at the crossover e¢xceeding 1/2 the cover hook length should not
be toulerated and immediate correction is mandatory. Similarly, slight droops
in the seam at points away from the lap are undesirable and corrections should
be made to eliminate them.

Possiblce Causes of Droop:

See under "Lip".

5. Lip.

An irregularity in a double seam showing as a sharp "V" projection below
the normal seam, as illustrated in Figure V-6; is called a lip. This is some-
times referred to as a "V' droop. If lips are observed during the inspection
of double seams, the cause should be determined and corrections made.

Possible Causcs of Droops and Lips:

1) First operation scam too loosec.

2) Worn first operation roll groove.

3} Body hock too long.

4) Product trapped in seam.

5) Formation of can hody out of square.
6) Excess solder at can body lap.

7] Excessive amount or unequal distribution of end lining compound.

6. False Seam.

A false secam is a scam or portion of a seam which is entircly unheooked and
in which the folded cover hook is compressed against the folded body hook as in
Flgure V-7. This is a serious dcfect which will cause leakage, and if it is
repetitive must be corrected immediatcly. Sometimes the folded body hook does
not project below the seam and the false seam can then be detected only by very

¢lose inspection.
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Possihble ngges of False Scam:

1 Mushroomed can flange.

2) Bent can flange.

3) Damaged or bent cover curl.

4) Misassembly of can and cover.

5) Can not properly aligned at assembly.

&) Improperly filled can. Product extcnding over can flange.

7. Spinner (Slip, Skid, Dead Head).

An incompletely rolled finished seam, as illustrated in Figure V-8, is
known as a spinner, slip, skid, or dead head. Correction must be made immedi-
ately,

ossible Causes of Spinner:

1) Insufficient lifter pressure.

2) Improper end fit with chuck.

3) Worn scaming chuck.

4) Incorrect pin height setting. Chuck set too high in relation to 1ifter
plate.

5) Seaming rolls binding.

6) (il or grease on seaming chuck or lifter.

7) Excessive vertical play of seaming chuck spindle.

C. Cxternal Seam Measurements.

1. [ntroduction.

When the visual inspection of the external seam formation has been com-
pleted, the seam width, thickness, and countersink depth should be mcasured.
These measurements and complete internal seam inspectien should be made at
least once every four hours during production periods. Complete inspection of
the douhle seam should also be made on start-up, after a proleonged shut down,
after a severc closing machine jam, and aftcr a change in can size or body or
end material.

It is recommended that the width and thickness of the first operation seam
be checked at least every forty operating hours.

Seam measurements should be made on round cans at three points around the
periphery of the can, at least 1/2 inch away from the crossover. The highest
and lowest readings should be recorded.

Average dimensions derived from two or more individual measurcments should

net be used.
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A Micrometer, Gage 5420, especially made for measuring double seams is
shown in Figure V-9.

Care should he exercised that the micrometer is in proper adjustment.
When the micrometer is set at zero position, the zero graduation on the mov-
ahle barrel should match exactly with the Index Line on the stationary member,
If, for any reason, the zero adjustment is more than one half a space from the
Index Line at this setting, an adjustment should be made.
2. Scam Width (Height, Length).

To measure the scam width, hold the flat surface of the micrometer
against the can body as shown in Figure V-10.
3. Seam Thickness.

The thickness of the seam should be measurcd as illustrated in Figure Vv-11
below. When taking this measurement, balance the micrometer with the index

finger immediately above the seam until the anvil assumes the same angle as

the taper of the countersink.

b, Inspection of Internal Seam Formation.
1. Introduction.

Judging the quality of the double seam formation involves both visual in-
spection of the torn down scam as well as consideration of the dimensions of
the various purts of the scam. Allowances must be made for the variutions duc
to normal differences in plate thickness and temper as well as in sealing com-
pound weight and placement.

Internal secam evaluation and recording of seam measurements should be made
at a minimum of once cvery four hours. As indicated in the preceding chapter,
complete inspection of the double scam should always be made after rrolonged
shut downs, after severe closing machine jams, and after changes in can size
or body or cnd materials,

2. First Operation Seam Formation.

Figure V-12 shows thc appearance of a correct first operation scam in
cross scction away from the lap. It should be noticed that the cover hook
curves around against the inside of the body hook and the body hook is in con-
tact with the flange of the end. The seam should be rounded at the bottom and
in contact with the body of the can. Due to extra material in the seum at the
lap, however, the first operation seam will be somewhat tighter at this point
only and will show a slight flat at the bottom. This is indicated by the arrow

in Figure V-13,
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If the first operation seam is too tight, the bottom of the seam will be
slightly flattencd through its length, as shown by the arrow in Figure Vv-14.
If the seum is too loose, the cover hook will not be in contact with the can
body. This is shown by the arrow in Figure V-1i5.

Due to possible variations in end curl configuration, it may be necessary
to vary from the set up aim. The ideal thickness should be determined by sec-
tioning the seam so the portion of the cover hook relative to the body hook
may be noted as shown in Figures V-12 and V-13. The scam may be sectioned
either by filing radially across the scam or by use of a seam saw.

3. Second Operation Seam Formation,

The seccond operation roll groove flattens the seam and presscs the folds
together tightly enough to compress the compound and cause it to fill the
parts of the seam not occupied by metal. This is illustrated hy the solid
black area around the body and cover hooks which shows a well formed seam in
Figure v-16.

Excessive pressure does not produce a good seam and may even produce a
defective seam.  Extreme tightness of the sccond operation roll will stretch
the metal and cause an increase in the width and outside diameter of the seam,
This tightness is also likely to produce slippage between the hooks, commonly
called '"unhooking', especially if the first operation rolls are set toc lcose
or 1f they are worn heyond the limit. Therefore, a seam which is rolled too
tight is more likely to leak than onc made with proper pressure. Figure V-17
illustrates an incorrect second operation seam which could be partially un-
hocked at some points.

The degree of interlock of the cover hock and the body hook is known as
overlap, as i1llustrated in Figure V-16. The integrity of the double scam is
dependent in a large measure on the length of this overlap. Insufficient over-
lap may result in leakage, particularly at thc crossover, if the cover is dis-
torted duc to internal pressure during filled can processing or when the double
scam 1s disturbed due to rough handling.

4.  Tearing Down the Double Seam for Inspection.

The method preferred by most is to scparate the body and cover hook of
the finished seam in the following manner:

Use can opener WT 2437 to cut out center scection of cover approximately
3/8" from double seam as shown in Figure V-18.

Use Nippers, A 2632, and remove remainder of center of cover as shown in

Figure Vv-19,
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Cut through double seam about 1" from lap, as shown in Figure V-20.
Remove stripped part of cover by gently tapping with Nippers, taking care

not to distort can body hook. See Figure V-21,

5. Visual Inspection of Internal Seam Formation.

Visual inspection of the internal seam formation should include examina-
tion for such seam defects as insufficient cover hook tightness, lack of evi-
dence of a pressure ridge, jumped seam, excessive droop of the cover hook at
the crossover, and hody or end fractures.

a. Cover Hook Tightness {Wrinkle) Rating.

Seam tightness is judged primarily by the smoothness of the cover hook.
Percent tightness is cxpressed in terms of how far the waves or wrinkles ex-
tend from the edge toward the base of the cover hook. The percent tightness
1s determined by the largest wrinkles present.

Wrinkles or waves have three basic dimensions. Height, which is the dis-
tance the wrinkle extends from the top edge of the cover hook to where it
fades out towards the base; depth, which is the amount the wrinkle projects
out from the face of the cover hook; and length, which is the distance the
wrinkle extends around the top edge of the cover hook. Since a wrinkle or
wave is graded only by its height, it is important to note that a true loose-
ness wrinkle has height, depth, and length. Often the profile of an ironed
out first operation wave with no depth will show on the face of the cover hook
and this is incorrectly graded as a looseness wave.

When a wrinkle extends one fourth of the length of the cover hook, the
scam is rated 75% tight; when the wrinkle extends halfway, the seam is rated
50% tight; etc.

In hemming a straight edge of plate, no wrinkles are formed. On curved
edges, wrinkling increases as the radius of curvature decreases. For this
reason, different wrinkle ratings are specified for small diameter cans as
compared to large diameter cans,

In small round cans, 300 diameter and under, it is important to note that
ironcd out first operation folds should not be confused with true seam wrin-
kles. The ironed out folds will be apparent only in tightly rolled scams.

Excessive scaling compound will sometimes cause impressions on the face
of the cover hook, which cannot be ironed out. These should not be confused

with looscness wrinkles. The presence of an unusual amount of compound on the
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face of the cover hook is usually evidence of heavy compound.
A hcavy enamel coating on the cover hook may interfere with judging the

tightness. 1If this occurs, the cnamel may be removed to facilitate judgment.

Ijghﬁness (Wrinklc) Rating.

The tightness of a double scam is graded according to percentage figures
as illustratced below.

Figure V-22 shows the cover hook with 0 to 100% tightness, with the for-
mer "Wrinkle Number' shown below it.

An experienced double seam inspector can tell a pood deal about tightness
by the flatness of the cover hook; that is, there should not be a rounded
appearance te the cover hook. This observation can best be made on a cover
hook removed from a scam which has been sectioned with a scam saw. Sec Figure

V-23,

b. Pressurc Ridge.

The pressure ridge is formed on the inside of the can body in the doubice
scam ared as the result of the pressure applied by the seaming rolls during
the seaming opcration. The practice of visually inspecting this point in the
torn down can serves as an additional check on the tightness of the finished
scam. The pressure ridge should appear as an impression around the complete
inside periphery of the can body. An excessively deep pressure ridge should
he avoided, particularly on inside enameled cans. It should, however, be pro-
sent and visible.

Figure V-24 shows a cross-section of the finished double seam and a
cross-scction of a stripped seam which illustrates the pressurc ridge produced
in making a good commercial seam.

C. Crossover Droops.

The extra thickness of the lap of the side seam causes a normal slight
deformation of the cover hook at this point. Excessive droop at this point,
exceeding 1/2 the cover hook length, Figure V-25, roquires immediste correc-
tion. Sec "Possible Causes of Droops and Lips", page

d. Jumped Scam.

The most critical portion of the double seam is at the crossover; the
juncture with the side seam. The cover hook immediately to either side of the
crossover should be cxamined for looseness indicative of a jumped seam, Figurc
V-26. A jumped scam is a double scam which is not rolled tight enough adja-

cent to the crossover and is caused by jumping of the seaming rolls after
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passing over the lap. Thus, the location of a jumped seam wrinkle in relation
to the crossover will depend on the direction of rotation of the seaming rolis.

Possible Causes of Jumped Seam:

1) Operation of clesing machine at excessive speed.

2} Sluggish acting sccond operation seaming roll cushion spring.
3) Second operation seaming roll cushioning too wezk.

4) Breken cushion spring.

5) Cén lap too thick at double scam area.

0) Excessive external solder at can body lap.

E. Internal Scam Measurements.
1. Introduction.

The cans which have been previously measured for external seam dimensions,
torn down and visually inspected, should be measured for body hock length and
cover hook length., Optical projection and inspection of a cross-section of the
seam at one peoint cannot be substituted for measurement of the body and cover
hooks at several points around the seam. As indicated under "Lxternal Scam
Measurements'" measurements should be made at a minimum of three points around
the periphery of the hooks, at lcast 1/2 inch away from the crossover. The
highest and lowest readings should be recorded. Average dimensions, derived

from two or more individual measurements, should not be used.

2. Long Body Hooks.

Possible Causes of Long Body Hooks:

1) Excessive Lifter Pressure.
2) Incorrect pin height setting. Seaming chuck too low in rclation to
Lifter Plate.

3) Mushrcomed can flange.

3. Short Body Hooks.

Possible Causes of Short Body Hooks:

1] [nsufficient lifter pressurc.

2) Incorrect pin height setting. Seaming chuck set too high in relatien to
lifter.

3] First operation seaming roll set too tight.

1) Second operation seaming roll sct too locse.

5) Improperly formed can flange.

g, Long Cover Hooks,

V-19



i
i

FORMER WRINKLE NO. 0

{
0

Fig. V-27

TIGHTNESS [WRINKLE] RATING IN %

0 60

30

&

50

|
tli![[

NO. 1

if{({
wtfi{f]
i
afi((f
i
i

ND. 2

Flg. V-25

Fig. V-26

V-20

20 10 o %

LESS 50% WRINKLE = ND.J

b
Ul

L

Fig. V-28




Possible Causcs of Long Cover ilooks:

1)

5.

6.

First operation seaming rcll set too tight.

Mcasuring Bedy llook Length Using Gage 5420.
See ligure V-30.

Short Cover Hooks.

Possible Causes of Short Cover llooks:

1)
2}
3)
4}

7.

First operation seaming roll set too loose.
Cxcessive 1ifter pressure.
Worn first operation seaming roll groove,

Excessive countersink depth.

Measuring Cover Hook Length Using Gage 5420.
See Figure V-32.
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Can Handling

The condition of a metal can or glass food container is of concern both
when it is empty and when it is filled and sealed. In the casc of the empty
container the principal interest is the prevention of contamination with

extraneous material.

Empty Can Handling.

Tin and glass containers are usually purchased, although a fow of the
larger canners manufacturc their own cans. Glass containers are delivered
to the cannery in boxes or, less frequently, palletized. Cans are received
either loose, bagged, or palletized. Loose cans usually arrive at the cannery
in freight cars or trucks. The cans are transferred to the cannery on runways
which lead directly to the fillers or to a storage loft. The runways outside
the factory should be covered to prevent foreign objects from falling, being
thrown, or kicked into the open cans. Inside the factory the can runways
should be covered at any point where they pass under cat walks, dripping pipe
lines, unprotccted light fixtures, and so forth. Where the runways pass
through floors, a protective metal collar should be placed around the runways
at floor level te keep out floor dirt. When empty cans are stored in lofts,
the ticrs of cans closest to the floor should be protected with paper or card-
board to prevent objects from being kicked or swept into the cans. When cans
arc reccived bagged, carc should be exercised to prevent breaking of the bags
prior to use. Bags of cans should be opened only as needed and partial bags
should be covered until the next usc. Some canners use plastic covers for
this purpose. Where cans are bright palletized and fed automatically into
the can lines, cardhoard separators should he left over the top of the open
cans until they are fed into the distributory unit. Some canners also use¢
plastic covers for palletized cans waiting for use. At the end of the day's
opcration all cans beyond the can washer or inverter should be removed from
the can track. This prevents can contamination during the clean-up and shut-
down period.

Cans should be used for food and foced only. This must be a hard and

fast rule if product contamination is to be avoided. Occasionally, main-

V-23



tenance men use cans as containers for nails, bolts, electrical supplies, and
cleaning compounds, and workers on canning lines have been known to make them
repositories for watches, jewelry, and other personal belongings. In addi-
tion, cans have been used for measuring ingredients, oils, and other materials.
The possibility exists that these dirty cans may find their way into the
packing lines without being emptied or washed. In one case several dollars in

cash allegedly were found in a can with the product.

Container Washing.

Some, though not all, canners have units installed in the empty can
handling lines which are referred to as can washers. These are either com-
mercial or homemade and of various designs. Ali of them have their faults and
canners do not regard them as completcly satisfactory. Some state regulatory
agents have recommended steam injection of the empty container as a cleaning
procedure. Recently, the National Canners Association employed an experi-
mental procedure in an attempt te evaluate in the laboratory the efficiencies
of can washing methods. 1In brief, the procedure consisted of dying a mixed
contamination and adding a measured quantity of the dyed contamination to the
ciuns to be tested, The intensity of the dye is measured before and after the
c¢an washer as an index of contamination. The amount of reduction in the dye
15 a rough measurc of the efficiency of the washing procedure. The results
showed that there remeined only one living spore for each 100 grams of food.
The time to reduce the survivors by 90% is the Decimal reduction (D) value, or
D240 = 1 minute (Figure TI-2). The subscript after the D indicates the temp-
crature at which the D value was determined. Many factors affect the D value,
such as the specics of spore, and the kind of food the spore is suspended in.

To continue on with the example, additional studies could be made on
sporc inactivation at temperaturcs other than 240°F.  Let us assume this was
done and the D222 value was 10 minutes and also the D240 value was 1 minute,
Here we are interested in equivalent D values at other temperatures. A change
of onec log cycle (1 to 10) is equivalent to an 18°F change in processing
temperaturce.  The slope of this curve is called the z value. The z value for
spore death time typically ranges between 16 to 20°F.  z = 18°F indicatcs
that if a process is raised 180F, the processing time can be lowered one log

cycle (10 to 1 min. for this examplc) and still have an equivalent proccss.
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Under conditions of industrial practice, however, the process is modified to
take into consideration the characteristics of heat penetration into the in-
container product, and to integrate this data with the microbial thermal re-
sistance data to determine the actual sterilizing value of the new process.
The F value for a process is the number of minutes required to kill a known
population of microorganisms in a given food under specified conditions. This
F value is usually set at 12 D values to give a theoretical 12 log cycle
reduction of the most heat-resistant species of mesophilic spores in a can of
food. For example, 1f there were 10,000 spores of a species of spore in a can
of food and a 12 D process was given, the initial 10,000 spores (104 spores)
preliminary tests indicate that hot water is more efficient than cold watcr,
cold water morc efficient than steam, and steam morc efficient than air blast.
llowever, the steam had a tendency to paste the larger particles of contamina-
tion to the can rather than remove them. While the use of water at 170-180°F
under 684 to 70 pounds of nozzle pressurce will do a good cleaning job under
laboratory conditions, the commercial application of this presents serious
cconomic and engineering problems. Studies are under way to solve these prob-
lems, and our present suggestions are that all glass or mectal food containers
be at ieast inverted prior to filling with the food product.

In the casc of glass containers, suitable jar washers are available
especially for baby food jars. Alternate air blasts and vacuum have been used
successfully in cleaning glass containers. Glass containers also have the
advantage that they can be observed as they pass an inspection peint and

defects or extraneous material detected.
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Testing Cans

Seam Examination.

Good double seams are essential in insuring against spoilage from leakage
and the ingress of oxygen, which results in internal corrosion and product
deterioration. The best safeguards against improperly constructed double scams
are 1) regular inspections by a qualifiedlperson using approved methods, and
2} the operation of the closing machines without deviation from the instruc-
tions given by the can companies. When significant seam defects are noted,
closing machine adjustments should be made immediatelv.

The following is a recommended schedule for the cxamination of can scams:

(1) Visual Examination. During regular production runs, a constant watch

should be maintained for gross maladjustments such as deadheadé, cut-overs,
and other similar doubhle scam defects. Maintaining this constant check may

be accomplished in scveral ways, depending on the type of closing machine,
line speeds, and general equipment layout. Tt may best be performed by
training the closing machine operator to recognize irregularities by visual
examination. However, an adequate check program can be maintained through use
of other trained personnel.

The operator, can closure supervisor, or other qualified personnel should
visually examine, at intervals of not more than 30 minutes, the top seam of a
randomly selected can from each seaming station, and should record his obser-
vations, Additional visual seam inspections should be made immediztely after
4 can-jam in a closing machine, or after startup of a machine following a pro-
longed shutdown. All pertinent ohservations should be recorded. If irregular-
1tics are found, the action taken should be noted.

(2) Tear-Down Examination. Tear-down examinations should be made at a fre-

quency of at least 1 can per scaming station every 4 hours or cach major frac-
tion thercof. Such examinations should be made as soon as possible after
starting up following a shutdown, waiting only long cnough for the machine to
"warm-up". Cans for visual inspection should be taken during this warm-up per-
iod. The results of the tear-down examinations should be recorded.

(3) General Obscrvations. Following are some of the many factors which influ-

ence double scam quality:

V-27



(i) Condition of the seaming equipment -- whether or not the mechan
ical operation and adjustment of the closing machine give the
proper scam contours,

(1) can material -- variations in tinplate thickness, and

(i11) can size -- roll contours change with can size to accommodate
variations in plate thickness.

Other pertinent observations should be recorded, indicating the presence

or absence of such defects as cut-overs, dreops, ctc.

Essential and Optional Scam Measurements

(a) Optical System (use of seam scope or projector)

Required Optional
Body Hook Width, {length, height)
Overlap Cover hook
Tightness (observation for wrinkle) Countersink
Thickness

(b) Micrometer Measurement System

Required Optional
Cover ook Cverlap (by calculation)
Body Hook Countersink
Width (length, height) Thickness

Tightness (observation for wrinkle)

Regardless of whether or not a seam scope or seam projector is used, the
double seam should be torn down for examination. Tools required for seam exa-
minations are available from the can suppliers as wecll as from other sources.

Two measurements should be made for each double seam characteristic if a
scam scope or seam projector is used. I1f a micrometer is used, 3 measurcments
should be made at points approximately 120° apart, excluding the side scam.
The high and low measurements must fall within limits considered to be normal
for the conditions.

With regard to mecasurements, the canner should follow the working limits
recommended by the can supplier,

Overlap length can be calculated by the following formula (sec Fig, V-33):
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=~ THICKNESS —wm
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wiDTH

COUNTERSINK

|-

el

CAN BODY
COVER

First Opetation

Minimum Measurements

Width* (not essential if overlap is
measured optically)

Thickness (optiocnal)

Countersink (desirable but not

essential)

Body hook*

Cover hook* {required if micrometer
is used}

Overlap* {essential if optical system used)

Tightness* or wrinkle

* Essential Requirements

“— THICKNESS —ammy

BODY
HOOK

}

COUNTERSINK

WIDTH

'

PRESSURE RIDGE

Secomd Operation

Calculation of Overlap Length

Overlap length = CH + BH + T - W

Where

%k I-n
be

CH = cover hook
BH = body hook

T**= cover thickness, and

W = seam width

general practice 0.010 may
used for the tin plate
thickness.

Figure V-33. Double seam terminoclogy
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The theoretical overlap length = CH + BH + T - W
vhere CH
BH

cover hook
body hook

cover thickness, and

seam width (height, length)

Figure V-33 is a cutaway diagram of a double seam, showing the measure-
ments to be made and the terminology for the measurements. This should be
displayed in the plant area where seams are to be examined. The required
measurements are listed on the diagram and the formula for calculating the
overlap length is listed as well.

Our recommended forms are shown in figures V-34, V-35, V-36, and 37.
Thev meet FDA recordkeeping requirements and are avallable from the
Virginia Tech Sea Grant Program. Order blanks are contained in the back
of the manual. The forms can be adapted to meet the needs of individual

companies.

Stripping Seams.
Some examiners strip the entire seam, while others find it preferable
to leave about one inch of the double seam opposite the side seam undisturbed.
In the latter case, the cover is left hinged to the unstripped portion of
the double seam. This method of stripping has the following advantages:

(1) The coded top and the cover hook portion of the seam stay fixed to
the can, which assures accurate identification of the entire con-
tainer in case it is to be inspected by the can company servicemen
or interested cannery personnel,

(2} It permits measurement of both hooks four points apart (QOOJ, or
at three points (1200] apart, either of which is usually considered
satisfactory.

(3) It permits good visual inspection of the cover hook,

(4) It permits inspection and measurement of the undisturbed outside
portion of the double seam.

(5) It permits filing a notch through the undisturbed portion of the
double seam to see if can and cover hook are properly abutted.

The most convenient tools for stripping seams are:
(1} A can opener with a point on the end to pierce the center of the

cover and acts as a fulcrum, and having an adjustable slide cutter
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DOUBLE SEAM INSPECTION RECORD
Ttree Pigce Can
Alumicum Ends
Plant Can Code Line Numbe:

lasgactor Machine Perind
Product _PASTEURIZED CRABMEA! Date

HOUR

VISUAL

55

HOUR

THICKMESS

BOOY HOOK

COVER HOOK
g

OVERLAP

Bla(EiEkR[EE 2 B 52 = BE 2

Forms avazbie from:

B c B . . N - N S D A R R
STEELTEN CAN CORPORATION SE8 GRANT
1101 Todds Lane COOFERATIVE EXTENSION SERVICE
Baitimoce, MD 21237 Extension Division
Virginia Polytechnic Institute
p———4

and State Universily
Bilacksburg, Wi 24061

Figure V-34, Double seam inspection record - 3 piece can aluminum ends
{(front view)
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LENGTH
mE
HE

15 LB
LEAK
TEST

JMNCTURE

TIGHTNESS/WRINKLE
(WRINKLE DEPTH PERCENTALE)

WOUR _ CORRECTIVE ACTIOM TAKEN (Describe in Detail)

Figure V-35, Double scam inspection record - 3 piece can aluminum ends
(back view)
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DOUBLE SEAM INSPECTION RECORD

Three Piece Can

Tinplate Ends

Plant Can Code Line Number
Inspector __ Machine . Peigd _____
Product _PASTEURIZED CRABMEAT Datz

HOUR

VISUAL

[I:

THICKNESS

BODY HOOK

ls

COVER HOOK

RANGE

OVERLAP

sixlalelelelexz Ele(s ]z E ]

STEELTIN CAN CORPORATION
1101 Todds Lane
Baftimore, MO 21237

Figure V-36. Double seam inspection record - 3 piece can tinplate

{front view)

e

Foims available from:

Comtmand M Bach

1}'_33

SEA GRANT
CODPERATIVE EXTENSHW SERYICE
Extanzien Division
Yirginia Polytechme Inshtute

and State University
Blackshurg, YA 24081

ends



HOUR

CHT EWPE ) PR R SR Thow IR SRET

REE:

177
[ 7%
125
NE]
]
1]
NF]l ©

LENGTH

L]
[T
nr
1§
1%

A4
113
112
1
m
] o 3 e 3 5 X N

: : g i ]

RANGE : ‘ ,|..]..‘,

HOUR
1510

JUNCTURE

E|x(=

TIGHTNES S/ WRINKLE
[WRINKLE DEPTH PERCENTAGE]

;g- B EIEY G
i

HOUR  CORRECTIVE ACTION TAKEN (Describe in Detail)

Figure V-37. Double seam inspection record - 3 piece can tinplate ends
{(back view)
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(2)
(3)
(4)

(5)

to make a circular cut in the cover leaving a 3/8 to 1/2 inch
strip attached to the seam; or a set of "Airplane" left-hand snips
(Wiss 8 in.) which are very easily handled in cutting the top out
of the can.

A pair of 6 inch end nippers for tearing the seam apart,

A hook gauge (or can seam micrometer) for measuring the can hooks.
A pocket size magnifying glass or seam scope for close inspection
of seams.

A seam saw.

Seam specifications differ depending on the can size and the manufac-

turer.

It is not possible, therefore, to list measurements which would

apply in all cases and for all sizes of cans. For this reason it 1is recom-

mended that double seam specifications be obtained from the can supplier.

There are, however, the following fundamental characteristics of a double

seam:

ey

(2}

(3)

(4)

There should be no "cut-overs" which may cause cans to leak

(caused by tinplate being rolled over the chuck).

Double seams should not be rolled so tightly that they become dis-

torted and stretched. An otherwise good double seam can be ruined

by rolling it too tightly.

Body and cover hooks should cach be about thc same height and

kept within a specified tolerance range.

A good seam is one in which the first operation has been rolled

just tightly enough to produce the desired length of body and

cover hooks, and the second operation tightly enough to iron out

the wrinkles in the cover hook without stretching thc tin. A

wrinkle is the degree of waviness occurring in a cover hook.

Wrinkles are classified by number as follows (See Figure V-25):

0. Smooth, no wrinkles.

1. Slight wrinkle. Wrinkles up to 1/3 distance from edge.

2. Somewhat heavier wrinkle. Wrinkles up to 1/2 distance from
cdge.

3. Large wrinkle. Wrinkles more than 1/2 distance from edge.

In 307 diameter cans having wet seams, consistent No. 0 wrinkles indi-

cate that the seams are on the tight side and should be adjusted to give wrin-

kles not greater than No. 1. No. 2 wrinkle is the borderline between a satis-
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factory and unsatisfactory seam, and when the wrinkles in the double seam
approach this point the seam should be tightened. No. 3 wrinkles indicate a
loose seam likely to give trouble.

It is important to note that, in small cans under 307 diameter, ironed-

out first operation folds should not be confused with the normal wrinkle.

Testing Cans for Leakage.

Detection of can leaks is an important, but often difficult, task in the
study of spoilage. The pressure test is the method most generally used, al-
though others have been suggested. Pressure is applied by various means.

One apparatus consists of two metal plates faced with rubber and held
together by screw clamps. One plate has a pipe connection to the center for
the admission of air. With this equipment the opened can is placed hetween
the plates so that, as the lugs are screwed down, the rubber gaskets make a
seal against the top and double seams. The open end of the can should be
against the gasket to which the air line is connected. This assembly is then
immersed in water and the air turned on. Leaks are detected by air bubbles.
With this cquipment carc should be taken to obtain a good seal against the
rubber, especially if the double seam is at all irregular, because air leaks
between the rubber and the double seam make it difficult to sec seam leaks,

Another method for pressure testing cans is to cut a small hole in the
end of the can just large encugh to remove the contents using an adjustable
slide opener. Remove the can contents, wash out the can and dry in an incuba-
tor or warm oven. Solder a piece of metal over the hole. Puncture the can
and make a hole just large enough to insert a piece of metal tubing. Solder
the metal tube into the can and connect to an air pressure line. {(An alterna-
tive is to solder over the hole a solderhemmed cap, and, through the center of
this, attach a special apparatus having a hollow triangular spur, a sealing
clamp, and attached pressure gauge). Immersc the can in water and turn on
the air pressure. A maximum pressure of 20 psi is recommended. The pressure
should be increased from zero in stages and the can observed for leaks at cach
stage. A leak will be indicated by the formation of air bubbles. This pro-
cedure cannot be used when the entire can end has been removed.

Onc objection to these methods is than can leakage normally occurs from
the outside in, and the use of internal pressure may produce or indicate leaks

that would not occur in a normal can under slight vacuum. On the other hand,
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leaks that would occur under vacuum may be obscured. To obtain results more
comparable to those which may occur naturally, a leak detector employing

vacuum has been developed by Bee and Denny.
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. Steel Container

Thickness
Length
Body Hook
Cover Hook
Overiap
Juncture

Wrinkle

2. Aluminum Container

Thickness
Length
.Body Hook
Cover Hook
Overlap
Wrinkle

SEAM DIMENSION 401 x 301 CAN

(3 Piece Can)

ALUMINUM END

.061
.115
.074
.074
.040
75

¢

DIMENSTONS TN INCHES

.064
.124

- .086
- .088
- .050

100
1

TINPLATE END 85 LB.

SEAM DIMENSION 307 x 113 CAN

{2 Piece Can)

056
.115
074
.074
.040

75
Q

DIMENSIONS IN INCHES

ALUMINUM END

.057 - .061

L125 maximum
.070 - .090
065 - 085

040 minimum
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General Record Keeping Requirements

In regard to most processors' attitudes on record keeping, it would be
accurate to say that no one likes record keeping and no one really wants to be
burdened with it. And many processors see no real need for or benefit of any
additional record keeping. Regardless, it appears that some additional record
keeping may be required in the not too distant future. This section discusses
requirements which agencies such as the Food and Drug Administration impose on
other food industries and may do so on the pasteurized crabmeat industry in
the future. Bear in mind that, while some or all of the suggestions discussed
here may never become required by state or federal authorities, the rationale

behind them often justifies voluntary implementation by processors.

Process Documentation.

The Tri-State recommendations and the revised recommendations of the
National Blue Crab Industry Association Standards Committee suggest the use of
recording and indicating thermometers. Information that should be included in

the record are:

1. Date

2 Batch Code({s)

3. €an Size and Number of Can

4 Indicating Thermometer Temperature after Optimum Temperature

has been reached

5. Time process hegins, Time process ends
6. Indication of power failure or adjustment
7. Signature of operator

Some may find it difficult to include all of this information on the double
seam inspection record (see pages V-31 through V-36), particularly if several
lots of crabmeat are to be pasteurized in one day. If that is the case, it
may be desirable to include this information on a separate log which can later

be attached to the recording chart and filed for reference.
Cooling Record.

Record the time containers are immersed in ice-water hath and the time

they are removed. This can be done on the inspection reporf and should be
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easily cross-referenced with process documentation.

Distribution Records.
Records should be maintained to identify the initial distribution of the
finished product to facilitate thc segregation of specific codes when neces-

S4TY.

Can Seam Evaluation.

Written records of all container closure examinations should specify the
product code, the date and the time of container closure inspection, the mea-
surements obtained, and all corrective action. Records should be signed by

the individual making the inspection.

Refrigerated Storage Temperature Documentation.

Since the production of safe wholesome pasteurized crabmeat is dependent
on proper refrigerated storage, it is important to maintain a temperature log
of the storage room. Daily readings, preferably in the mornings before the
storage room 1s opened and subject to temperature increases, should be made
and recorded to insure the temperature below 38°F.

Regulatory agencies suggest that thermometers be periodically cross
checked with a standard reference thermometer to insure accuracy in daily usc.

(Annual check is considered adecquate.)

Record Retention.
Since the anticipated shelf life of pasteurized crabmeat ranges from 6 to
12 months, it would seem reasonable to retain process records for a period of

at least 2 years before discarding,

Why Record Keeping?

Keeping records of the various factors of the operation protects the pro-
cessor. If records are not kept and a problem occurs, the processor has
little recourse. Consequently, a tremendous loss of both money and credibil-
ity may needlessly be incurred. If adequate rccords are available this prob-

lem may be avoided.
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Record Keeping to Comply with Federal

Regulations in the Pasteurized Crabmeat Industry

I. Introduction

The production of pasteurized crabmeat, packed into double-seamed metal
containers, must be done in such a manner as to ensure not only product qual-
ity, but also the exclusion or ocutgrowth of microorganisms of public health

significance, most notably Clostridium botulinum Type E. To ensure the achieve-

ment of such a gnal, specific equipment and procedures have been developed to
allow for the proper pasteurization of crabmeat. It is necessary, however, for
plant management to coatinually monitor such equipment and procedures to
determine if product quality and safety is being attained on a daily production
basis. 1In the final analysis, such a determination can only be made If some
form of record-keeping system ls instituted and properly maintained.

The Food and Drug Administration (FDA) currently inspects all manufac-
turers of pasteurized crabmeat under Title 21 Code of Federal Regulations
(CFR) Part 110 - "Current Good Manufacturing Practice in Manufacturing, Pro-
cessing, Packing or Holding Human Food". A copy of this current good manu-
facturing practice regulation begins on page VI-17.

While Part 11D outlines requirements with respect to equipment, proce-
dures, processes and controls, there is no reference in this regulation to the
maintenance of records documenting that critical parameters involved in the
pasteurization of crabmeat have been identified and are being controlled. 1In
other words, there is no Federal requirement that specific coutrol records be
established and maintained.

It must be remarked, however, that a Class T recall of imported pasteur-
ized crabmeat in L981; and one Class I and a Class II recall of domestic crabmeat
in 1982 clearly indicate the necessity, let alone the advisability, of easuring

better quality and publie health contrel over this product.

II. The Hazard Analysis of Critical Control Points

Traditionally, food plant inspections by FDA persoanel involved having a
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fire investigator monitor manufacturing procedures dutring a very limited time
frame; that is, conditlons were recorded based upon what the investigator saw
or heard during the time he or she was in the plaat. Following two incidents
involving contamination of commercially-produced low-acid canned food (LACF)
with C. botulinum in 1971, it was realized an inspectional system had to be
instituted wherehy the adequacy of day-to-day line operations could be deter-
mined., This was in contrast to the aforementioned traditional approach which
revealed only those conditions present during the investigator's in-plant time.

An lidea for this different inspectional approach was obtained from a large
mul ti-dimensional food processing firm which had previcusly instituted a quality
control system based upon pin-pointing potentially troublesome areas along the
processing line and monitoring these areas on a daily basis via a strict re-
cord-keeping system.

This new contrel technique was desipgned to be preventative in nature.

Its main objective was and still is to bring potential dangers to the atten-
tion of management for "before-the-fact" corrective action; that is, before
a potential health hazard became an actual health hazard. The new aporoach
was dubbed the Hazard Analysis of Critical Control Points (HACCP).

When regulations were being proposed for the LACF industry, 1t was recog—
nized there were many significant elements in a manufacturing process which
need to be controiled, These elements, moreover, could vary from manufacturer
to manufacturer and product to product, After considerable study, it was
determined that there were certain critical elements inherent in basically
every LACF process, a lack of control over which could cause, allow, or con-
tribute to a4 microbiological hazard in the final preoduct. From this it was
deeided that it was plant management's responsibility to:

L) Identify such critical elements or points
2) Control them through the use of certain processes and procedures
and
3 Record the fact that such processes and procedures were per-
formed,
Factor 3, above, is the only way the management has of proving - to itself as
well as any regulatory agency - that two critical control points on its pro-
cessing line are being contreolled on a day-to-day basis. It should be empha-

cized that it is more important for management to receive such assurance
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than the regulatory authority, for management is in a much better position to
effect immediate corrective action, should it become necessary. When one pro-
duces a product which is subject to a microbiological hazard, it is easy to
see how proper record maintenance can benefit a firm's over-all quality con-
trol program.

Federal regulations governing certain record-kceping requiremeats fFor the
LACF industry became effective in 1973 and 1974, They were amended in 1979,
Among others, the records required were those pertinent to container closure
integrity, delivery of the scheduled thermal process, regular measurement of
product, container or equipment variables which could adversely affect the
safety of the finished product should they be outside certain specified limits
and handling of process deviations. These regulations, designated as 21 CFR
Part 113, are not required of the pasteurized crab meat industry. The reason
for this is that pasteurized crab meat is a refrigerated product. To meet the
definition of a LACF pasteurized crab meat would have to he shelf-stable at
room temperature, i.e. approximately 70°F,

The record-keeping requirements in Part 113 would be of benefit as recom—
mendations for the pasteurized crab meat industry. Accordingly, let us attempt
to define what critical control points might he inherent in a pasteurized crab
meat manufacturing process and see what types of records could henefit plant
management with respect to controlling these factors on a continuing basis,

The idea is to prevent a potential problem from ever developing.

ITI. Critical Control Points and a Pasteurized Crabmeat Process

If a critical contrel point is defined as a point in the process where
Llack of control may cause, allow or contribute to a hazard in the final pro-
duct, what would be the critical control points along a pasteurized crabh meat
line and how can they be controlled? A survey of a typical pasteurized crab
meat line indicates the following areas:

A. Container Integrity

The first critical control point along the line is the proper
sealing of the coatainers. 21 CFR Part L10.80 (h) states:

"Packaging processes and materials shall not transmit contami-

nants or objectionable substances to the product, shall conform

to any applicable food regulation and applicable foed rezulation

and should provide adequate protection from contamination,”
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The pasteurized crab meat industry employs either a technologically-stan-
dard round, three-—piece side-seam soldered can or a two-piece seamless alumi-
num container. Many, if not most packers, use an aluminum end or a tin-plated,
enameled steel body for their 12 and 16 oz. contalners. The purpose of the alum-
jnum end is to minimize the potential for rusting during the cooling phase of
the process and during storage prior to ultimate use.l Some packers empleoy an
all-steel, three-piece, soldered side seam container. Those packing 802 cans
may use an all-aluminum "drain" two-piece container with a pull-tab type top.

Regardless of the type of container employed, the technology involved is
basically the same: the proper alignment of a fiiled container with a lid
end, or cover and the seaming of this 1id onto the can bndy in two stages or
operations; hence the term, "double seam".

The components of a double seam, the proper alignment of the components
and some of the scam defects that can occur, are discussed in detail in this
manual (Chapter V).

There are twe basic types of examination that should be performed on a
finished, filled container to determine general seam integrity:

L) A visual exam for gross closure defects (non-destructive) and

2) A tear—down of the completed double seam for visual exam and mea-

surement of components (destructive).
Both of the above are vequirements for the LACF industry. 21 CFR Part LL3,50,
pertinent to LACF products, recommends that a visual exam be performed on a
container from each seaming head at intervals not to exceed 30 minutes. Tt
also requires that a visual exam be performed immediately following a jam in
the closing machine, after closing machine adjustment, or following a pro-
longed shut down. This regulation also recemmends that teardown examinations
be made at intervals not exceeding four (4} hours.

Recommendations made specifically for the pasteurized crab meat industry
are:

1) Seam tear=-down at start—-up on each production day, approximately

2
every 1000 cans thereafter and any time following a container jam

L Edmind Nelson, Vice-President, Steeltin Can Corp., Baltimore, Md. Pre-

sentation entitled "Comparison of Aluminum and Steel Container Ends" -
Virginia Tech Seminar on proper processing techniques for the Virginia
crabmeat Industry, May 21, 1982.

)
~ Fd Nelson, presentation at Virginia Tech Seminar on May 21, 1982,
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2) An "inspection of can scams ... at the start of the process and at

intervals of 250 cans".3

All results of container closure examination should be recorded on appro-
priate forms (see V-31 through V-36). These recerds should contain the pro-
duct code, the date and time of container closure inspections, the measure-
ments or other results obtained, all corrective actions taken, and the closure
examiner's signature or Initials. They should also be reviewed by a qualified
representative of plant management with sufficient frequemecy to ensure that
contalner integrity is being maintained.

Additional information that could he recorded on the closure examination
racords Is the empty container manufacturing lot number (both bodies and
ends), if known. This would be of henefit, for example, in the event of a
leakage problem along the side seam or end applied by the can manufacturer.

Another good inspectional technique involves the periodic examlration of
empty containers for evidence of bent or otherwise damaged flanges, Lids
should also be examined periodically for appropriate amount of curl, damage
to the curl, and compound deposition or distribution., A record should be
made of any abnormalities notes, particularly if it should appear to be a
problem invelving manufacture of the can body or end. Such comments enuld be
included on the packer's seam inspectional record or maintained on a separate
form.

Final ly, a record should be made of any maintenance performed on the
seamer (other than routine lubrication). This could be in the form of a
maintenance log book, a file folder containing detailed receipts for services
rendered by a supplier's mechanic, or on the packer's seam examination records.

B. Pasteurization

The second critical coatrol point on the line would appear to
be the pasteurization process itself, 21 CFR Part 110.80 (f)
states:

"all food processing, inciuding packaging and storage, should

be conducted under sach conditions and controls as are neces-

sary to minimize the potential for undesirable bacterial or

other microbiological growth, toxin formation, or deterioration

3 Blue Crab Natlonal Industry Pasteurization Standard, Section 5: "Seam

Sealing' Virpinia Tech Manual "Thermal Processing/Pasteurization Manual for
the Blue Crab Industry',
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or contamination of the processed product or ingredients.”

Each batch must be pasteurized according to a minimum specified time/tem~
perature schedule established by a recognized processing authority.

Most, if not all, pasteurizers in the cvab meat industry are equipped
with some type of indicating thermometer, such as a mercury-in-glass., The
LACF industry is required to have such an instrument and, as it is the refer-
ence instrument for determining whether or not proper sterilizer temperature
has been attained, it is required to bhe calibrated against a known reference
thermometer upon installation and at least once a year thereafter (21 CFR
Part 113.40 (a) (1) ref.). Records of such calibration are a recommendation
to the LACF industry. The indicating thermometers for the pastaurizers in the
crabmeat industry should also be calibrated against a known standard often
enough to ensure proper operation. TIn the proposed Blue Crab Mational Indus—
try Pasteurization Standard (NIPS), it Is recommended that a representative of
the state regulatory authority check both the indicating and recording ther-
mometers upon installation and at least once each operating season (Section 8,
paragraph A). Manufacturers of indicating thermometers, such as mercury-in-
glass, usually have a service section that will visit a plaat and calibrate
these instruments.

The indicating thermometer should be the reference instrument, because it
can be checked against a known standard thermometer. Readings should be taken
from it during the cool and recorded on an appropriate form. Furthermore, a
comparison of indicating and recording thermometer readings should be made to
determine if the recorder is in need of adjustment,

Most, if not all, processors have recording thermometers which are, in
some cases, combined with the steam controller to form what is referred to as
a recorder-controller, on their pasteurization tanks. Such a device is a
requirement in the LACF industry (21 CFR Part 113.40 (a) (2) ref.) and would
appear to also be extremely important to the proper processing of pasteurized
crab meat, A recording thermometer, ov recorder, properly instrumented,
installed, operated, and maintained will give a complete and accurate written
history of the processing of a particular batch. The chart should he identi-
fied with the pasteurizer's numbetr, if applicable, the date, the operator's
signature or initials, and other necessary data.

With respect to "other necessary data", Section 8, paragraph G of the
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proposed Blue Craly NIPS recommends recording within the confines of the pen
markings the following additional information after the pasteurization ecycle
is completed:

1) Quantity of each batch

2) Processor's code

3) If pasteurization is being done for someone else, the cus-

tomer's name, address and license of certification number
4) Any failure of the recorder to operate properly and the cor-
rective action taken

5) Indicating thermometer realings and the time of the readings
In some cases, inclusion of all of the above information on the recording
chart in the area so designated might prove somewhat difficult. Accordingly,
it might be advisable to maintain a separate hand-writtem processing log on
which would be recorded the pasteurizer number, if applicable, batch number,
batch quantity, code, time batch placed in tank, time pasteurizer reaches
scheduled process temperature, time the process ends, comparative indicating
and recording thermometer readings, and operator's signature or initials.
Additionally, any instance of equipment malfuncation of precess deviation
should be reported on the processing log, along with any corrective action
taken,

The number of comparative thermometer readings to be made can be deter-—
mined by qualified plant management but should probably be made at the be-
ginning of the pasteurization cycle, that is, after the pasteurizer reaches
proper temperature when the batch is introduced, and at least once more prior
to the end of the cycle. The purpose of thils is to ensure that the recording
thermometer is in agreement with the indicating thermometer. Also, the re-
cording chart time should be aligned at the beginning of production to agree
as closely as possible with the time-piece used to determine the process time
recorded on the log. Generally, devices such as a wall clock with a sweep
second hand or stopwatch would be considered acceptable time pieces. Wrist
watches and pocket watches are not considered acceptable time pieces because
they tend to run fast or slow after a period of time,

. Storage Temperature

The third critical control point in a pasteurized crab meat
process would appear to be storage of the processed produet at pro-

per refrigeration temperatures. As stated hefore, this particular
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storage condition is what exempts pasteurized crab meat from com-

pliance with the LACF regulations. 21 CFR Part 110.80 (j) states:
"Storage and transportation of finished products should be
under such conditions as will prevent contamination, including
development of pathogenic and toxigenilc microorganisms, and
will protect agalnst undesirable detetrloration of the product
and the container."

Most recommendations for proper storage temperature appear to stipulate
below 3B8°F. The reason for this is that €, botulinum Type E has been shown
to grow slowly at 38°F., Whether it will grow and produce toxin in pastearized
crab meat at that temperaturz has been, and coatinues to be, the subject of
research. Accordingly, it will not be considered here. What we are concerned
about is whether the processor can show, through records, that the proper
storage temperature has heen malatained while the product was under his
control. This caa be accomplished in one of several ways.

Ideally, a properly calibrated, installed, and read indicating thermo-
meter, and a recording thermometer located on a storage unit would give the
most complete record of storage temperatures on a daily basis. At the very
least, a properly prepared hand-written temperature log should be positioned
near the storage unit and the temperature read and recorded at intervals of
sufficient frequency to eusure the proper temperature is being waintained, on

a day-to-day hasis.

IV. Management Review of Critical Control Point Records

The LACF industry is required to have scheduled process records reviewed
no later than one (1) working day after the actual process and hefore shipment
or release for distribution, by a representative of plant management who is
gqualified by suitable training or experience, The records are to be reviewed
for completeness as well as ensuring that the proper scheduled process was
delivered to the product. The date of the review and the reviewer's signature
or Initials must be written on each recovd page (21 CFR Part 113,100 (b)).
Container closure records are required to be reviewed with sufficient fre-
queney to ensure that comtainer integrity is being maintained. (21 CFR Part
L13.100 (c)). Many LACF processors review these records on a daily production
basis. Management review of critical comtrol point records on a routine basis

appears to be an excellent method of ensuring that proper processes and proce-~
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dures are being applied 1in the pasteurized crabh meat plant.

v. Coding Requirements and Records of Initial Distribution

Although not a critical control point in terms of the definition, we have
established proper coding of containers and inclusion of coding information on
records of initial distribution, i.e. records covering shipment of product
from manufacturer to a direct customer, which are important to a plant's
overall quality control program. 21 CFR Part 110.80 (j) states:

"™Meaningful coding of products sold or otherwlse distributed from a
manufacturing, processing, packing or repacking activity should be
utilized to enable positive lot identification to facilitate, where
necessary, the segregation of specific food lots that may have
become contaminated or otherwise unfit for their intended use.
Records should be retained for a period that exceeds that shelf life
of the product, except that they need not be retained more than 2
years.,"

The LACF industry is required by 21 CFR Part 113,60 (¢) to code its
products to Indicate the plant where packed, the product packed, the year of
the pack, day of the year of the pack and time of the day of the pack.

21 CFR Part i13.100 (a) requires that records showing initial distribution be
maintained, and L13.100 (e) requires that all critical processing records be
retained at the plant or some other reasonably accessible facility for 3
years.

The purpose of the above regulations is simply to facilitate a1 recall of
product for all concerned, should one become necessary. 1If a processor has a
code identifying, for example, only the year of the pack and a problem of
potential public health significance, or other type of violation, is traced to
that particular lot, the processor may be faced with the necessity of re-
calling an entire year's production, If the code identifies the month of the
pack and the problem is shown to be confined to one particular month, rthen a
recall of the entire month's production may be necessary. 1F, through the
coding system, a problem is shown to be confined to a particular day or batch
only, then the firm may have to recall only that particular day's or batch's
production, It 1s in the interest of the packer, consumer and regulator to be
able to trace, through some type of distribution record, which customers

received the suspect code "s". Should distribution records not indicate which
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accounts raceived the suspect code "s", it may he necessary, in the interests

of public health, to contact all of a processor's customers.

VI. Summary

Adequate control of critical processing points along a pasteurlzed crab
meat line entails first, identifying these points; second, establishing a
record keeplng procedure for monitoring the operation of the line at those
points; and finally, ensuring that the records and properly filied out,
accurately reflect what occurs at the processing point and are reviewed by
qualified management with sufficient frequency, to ensure that the firm's
quality control program is being met on a continuing basis. Although these
are no current federal regulations requiring the maintenance of such records,
the institution of such a program by the pasteurized crab meat processor would
seem to be in the interests of everyone.

Finally, good, basic sanitary procedures are an important part of a
pasteurized crab meat operation. Allowing the microhbial load of the crab meat
to significantly increase prior to pasteurization could adversely affect the
pasteurization process, Allowing pasteurized product to come into contact
with surfaces or mediums, such as cooling water, with high wicroblal loads
could adversely affect the finished product. Tt 1is necessary for management,

therefore, to continue to ensure sanitary facilities and controls within the

plant.
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Part 110~-Current Good Manufacturing Practice in Manufacturing,

Processing, Packing, or Holding Human Food

Subpart A--General Provisions

Sec.
1ig.1 Current good wmanufacturing practice,
110.3 Definitions.

110,10 Personnel,
116.19 Exclusions.

Subpart B--Buildings and Facilities.
110.20 Plants and grounds.
110.35 Sanitary facilities and controls,
110,37 Sanitary opcrations.

Subpart C--Equipment

110,40 Equipwent and procedures.
Subpart D--TReserved]

Subnart E--Production and Process Controls
110.80 Processes and controls.
110.99 Natural or unavoidable defects in food for human use that present no
health hazard,
Authority: Secs. 402(a)(4), 70l(a), 52 Stat., 1046, 1055 (21 U.S.C. 342

(a)(4), 371(a)), unless otherwise noted.

Subpart A--General Provisions
110,.1 Current good manufacturing practice,
The criteria in 110,10, [10.19, 110,20, 110.35, 110.37, 110.40, [10.30,
and 110.99 shall apply in deterwining whether the facilities, methods, prac-
tices and controls used in the manufacture, processing, packing, or holding of

food are in conformance with or are operated or administered in conformity with
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good manufacturing practices to assure that food for human consumption is safe
and has been prepared, packed, and held under sanitary conditions,
110.3 Definitions.

The definitions and interpretations coantained in section 201 of the PFed-
eral Food, Drug, and Cosmetic Act are applicable to such terms when used in
this part. The following definitions shall also apply:

(a) "Adequate" means that which is needed to accomplish the intended
purpose in keeping with good public health practice.

(b) "Plant" means the building or buildings or parts thereof, used for or
in connection with the manufacturing, processing, packaging, labeling, or
holding of human food,

(c) "Sanitize" means adequate treatment of surfaces by a process that is
effective in destroying vegetative cells of pathogenic bacteria and in substan—
tially reducing other microorganisms. Such treatment shall not adversely
affect the product and shall be safe for the consumer.

119,10 Personnel,

The plant management shall take all reasonable measures and precautions to

assure the following:

(a) Disease control. No person affected by disease in a communicable

form, or while a carrier of such disease, or whlle affected with boils, sores,
infected wounds, or other abnormal sources of microbiological contamination,
shall work in a food plant in any capacity in which there is a reasonable pos-
sibility of food or food ingredients becoming contaminated by such person, or
of disease being transmitted by such person to other individuals.

(b) Cleanliness, All persons, while working in direct contact with food

preparation, food ingredients, or surfaces coming into contact therewith shall:
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(1) Wear clean outer garments, maintain a high degree of personal clean-
liness, and conform to hygienic practices while on duty, to the extent neces-
sary to prevent contamination of food products.

(2} Wash their hands thoroughly (and sanitize if necessary to prevent
contamination by undesirable microorganism) in an adequate hand-washing faci-
lity before starting work, after each ahsence from the work station and at any
other time when the hands way have become soiled or contaminated.

(3) Remove all insecure jewelry and, during periods where food is mani-
pulated by hand, remove from hands any jewelry that cannot he adequately sani-
tized.

(4) 1If gloves are used in food handling, maintain them in an Intact,
clean, and sanitary condition. Such gloves should be of an impermeable mater-
ial except where their usage would be inappropriate or incompatible with the
work iavolved.

{5) Wear hair nets, headbands, caps, or other effective hair restraluats,

(h) HNot store clothing or other personal belongings, eat food or drink
beverages, or use tobacco in any form in areas where food or food ingredients
are exposéd or in areas used for washing equipment or uteunsils.

(7) Take any other necessary precautions to prevaant contamination of
foods with mictoorganisms or foreign subhstances inciunding, but not limited to,
perspiration, hair, cosmetics, tobacco, chemicals, and medicants.

(e¢) Educatien and training. Personnel responsible for identifying sani-

tation failures or food contamination should have a background of education or
experience, or a combination thereof, to provide a level of competency neces=-
sary for production of clean and safe food. Food handlers and supervisors
should receive appropriate training in proper food-handling techniques and
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food—protection principles and should be cognizant of the danger of poor per-
sonal hygiene and insanitary practices.

(d) Supervision. Responsibility for assuring compliance by all personnel
with all requirements of this Part LI0 shall be clearly aésigned to competent
supervisory personnel,

110.19 Exclusions.

The following operations are excluded from coverage under these general
regulations; howevar, the Commissioner will issue special regulations when he
believes it necessary to cover these excluded operatioas: Establishments en-
gaged solely in the harvesting, storage, orv distribution of one or more raw
agricultural commodities, as defined in section 20L(r) of the act, which are
ordlnarily cleaned, prepared, treated or otherwise processed before being mar- —_—

keted to the consuming public.

Subpart B--Buildings and Facilities
110,20 Plants and grounds.

{(a) Grounds., The grounds about a food plant under the control of the op-
erator shall be free from conditions which may result in the contamination of
food including, but not limited to, the following:

(1) Improperly stored equipment, litter, waste, refuse, and uncut weeds
or grass within the immediate vicinity of the plant buildings or structures
that may constitute an attractant, breeding place, or harborage for rodents,
insects, and other pests.

(2) Excessively dusty roads, yards, or parking lots that may constitute a
source of contamination in areas where food is exposed.

(3} Inadequately drained areas that may contrihute contamination to food

products through seepage or foot-borne f£filth aud by providing a breeding place
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for insects or microorganisms.

If the plant grounds are bordered by grounds not under the operator's con-
trol of the kind described in paragraph (a)(l) through (3} of this section,
care must be exercised in the plant by inspection, extermination, or other
means to effeet exclusion of pests, dirt, and other filth that ﬁay be a source
of Eood contamination.

(b) Plant construction and design. Plant buildings and structures shall

be suitable in size, construction, and design to facilitate maintemance and
sanitary operatlions for food=-processing purposes. The plant and facilities
shal L:

(1) Provide sufficient space for such placement of equipment and storage
of materials as is necessary for sanltary operations and production of safe
food. Floors, walls, and ceilings in the plant shall be of such construction
as to be adequately cleanable and shall be kept clean and in good repair. Fix-
tures, duets, and pipes shall not be so suspended over working areas that drip
or condensate may contaminate foods, raw materials, or food-contact surfaces,
Aisles or working spaces between equipment and between equipment and walls
shall he unobstructed and of sufficient width to permit employees to perfuorm
their duties without contamination of food or food-contact surfaces with
clothing or persunal contact,

(2) Provide separation by partition, location, or other effective means
for those operations which may cause contamination of food products with unde-
sirable }dcroorganisms, chemicals, filth, or other extraneous material,

(3) Provide adequatz lighting to handwashing areas, dressing and locker

rooms, and toilet rooms and to all areas where food or food ingredients are

examined, processed, or stored and where equipment and utensils are cleaned.
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Light bulbs, fixtures, skylights, or other glass suspended over exposed food in
any step of preparation shall be of the safety type or otherwige protected to
prevent food contamination in case of breakage.

(4) Provide adequate ventilation or control equipment to minimize odors
and noxious fumes or vapors (including steam) in areas where.they may contami-
nate food. Such ventilation or control equipment shall not create conditions
that may contribute to food contamlnation by airborne contaminants.

(5) Provide, where necessary, effective screening or other protection
against birds, animals, and vermin (including, but not limited to, insects and
rodents).

110,35 Sanitary facilities and controls.

Each plant shall “e equipped with adequate sanitary facilities and accom-

modations including, but not [imited to, the following:

(a) Water supply. The water supply shall be sufficient for the opera-

tions intended and shall be derived from an adequate source. Any water that
contacts foods or fouod-contact surfaces shall be safe and of adequate sanitary
quality. Running water at a sultable temperature and under pressure as needed
shall be provided in all areas where the processing of food, the cleaning of
equipment, utensils, or containers, or employee sanitary facilities require.

(b) Sewage disposal. Sewage disposal shall be made into an adequate sew-

erage system or disposed of through other adequate means.

(c} Plumbing. Plumbing shall be of adequate size and design and ade-
quately installed and maintained to:

(1) Carry sufficient quantities of water to required locations throughout

the plant.

(2) Properly convey sewage and 1iquid disposable waste from the plant,
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(3) Not constitute a source of contamination to foods, food products or
ingredients, water supplies, equipment, or utensils or create an insanitary
condition.

(4) Provide adequate floor drainage in all areas where floors are subject
to flooding-type cleaning or where normal operations release or diécharge water
or other liquid waste on the floor,.

(d) Toilet facilities. Each plant shall provide its employees with ade-

quate toilet and associated hand-washing facilities within the plant. Thilet
rooms shall he furnished with toilet tissue. The facilities shall be main-
tained in a sanitary condition and kept in good repair at all times. Doors to
toilet rooms shall he self-closing and shall not open directly into areas where
foed is exposed to airborne contamination, except where alternate means have
been taken to prevent such contamination (such as double doors, positive air-
flow systems, etc.)., Signs shall be posted directing employeces to wash their
hands with cleaning soap or detergents after using toilet.

(e) Hand-washing facilities. Adequate and convenient facilities for hand

washing and, where appropriate, hand sanitizing shall be provided at each lo-
cation in the plant where good sanitary practices vequire employees to wash or
sanitize and dry their hands., Such facilities shall be furnished with rumning
water at a suitable temperature for hand washing, effective hand-cleaning and
sanitizing preparations, sanitary towel service or suitable drying devices,
and, where appropriate, easily cleanable waste receptacles.

(f) Rubbish and offal disposal. Rubhish and any offal shall be so con-

veyed, stored, and disposed of as to miniunize the development of odor, prevent
"waste from becoming an attractant and harhorage or breeding place for vermin,
and prevent contamination of food, food-contact surfaces, ground sutfaces, and
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water supplies.
£10.37 Sanitary operations.

(a) General maintenmance, Buildings, fixtures, and other physical faci-

lities of the plant shall he kept in good repair and shall he maintained in a
sanitary condition. Cleaning operations shall be conducted in such a manner as
to minimize the danger of contamination of food and food-contact surfaces.
Detergents, sanitizers, and other supplies employed in cleaning and sanitizing
procedures shall be free of significant microbiological contamination and shall
be safe and effective for their intended uses. Only such toxlic materials as
are required to maintain sanitary conditions, for use in laboratory testing
procedures, for plant and equipment maintenance Aand operation, or Ia manufac—
turing or processing operations shall he used or stored in the plant., These
materials shall be identified and used omnly in such manner and under conditions
as will he safe for their intended uses,

(h} Animal and vermin coutrol, No animals or birds, other than those os-

sential as raw material, shali he allowed in any area of a food plant, FREffec-
tive measures shall be taken to exclude pests from the processling areas and to
protect against the contamination of foods in or on the premises by animals,
birds, and vermin (including, but not limited to, rodents and insects). The
use of insecticides or rodenticldes is permitted only under such precautions
and restrictions as will prevent the contamination of food or packaging mater-
ials with illegal residues,

{z) Sanitation of equipment and utensils. All utensils and product-

contact sarfaces of equipment shall be cleaned as frequently as necessary to
prevent contamination of foed and food products. Nonproduct-contact surfaces

of equipment used in the operation of food plants should be cleaned as fre-
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quent!ly as necessary to minimize accumulation of dust, dirt, food particles,
and other debris, Single-service articles (such as utensils intended for ome-
time use, paper cups, paper towels, etc.) should be stored in appropriate con-
tainers and handled, dispensed, used, and disposed of in a manner that prevents
contaminatinn of food or food-contact surfaces, Where necessary to prevent the
introduction of undesirable microblological organisms into food products, all
utensils and product-contact surfaces of equipment used in the plant shall he
cleaned and sanitized prior to such use and following any interruption during
which such utensils and contact surface may have become contaminated., Where
such equipment and utensils are used in.a continuous production operation, the
contact surfaces of such equipment and utensils shall be cleaned and sanitized
on a predetermined schedule using adequate methods for cleaning and sanitizing.
Sanitizing agents shall he effective and safe under conditions of use. Any
facility, procedure, machlne, or device may be acceptable for cleaning and
sanitizing equipment and utensils if it is established that such facility,
procedure, machine, or device will routinely render aquipment and utensils
clean and provide adequate sanitizling treatment.

(d) Storage and handling of cleaned portable equipment and utensils.

Cleaned and sanitized portable equipment and utemnsils with product—contact sur-
faces should be stored in sach a location and manner that product-contact sur-

faces are protected from splash, dust, and other contamination.

Subpart C--Equipment
118,40 Equipment and procedures.
{a) General. All plant equipment and utensils should be (1) suitable for

their inteaded use, (2) so designed and of such material and workmanship as to
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be adequately cleanable, and (3) properly maintained. The design, construc-
tion, and use of such equipment and utensils shall sreclude the adultevatlion of
food with lubricants, fuel, metal fragments, contaminated water, or any other
contaminants. ALl equipment should be so installed and maintained as to Faci-
litate the cleaning of the equipment and of all adjacent spaces.

(b) Use of polychlorinated biphenyls in food plants. Polychlorinated bi-

phenyls (PCB's) represent a class of toxic industrial chemicals manufactured
and sold under a variety of trade names, including: Aroclor (United States);
Phenoclor (France); Colphen (Germany); and Kanaclor (Japan)., PCB's are highly
stable, heat resistant, and nonflammable chemicals. TIndustrial uses of PCR's
include, or did include in the past, their use as electrical transformer and
capacitor fluids, heat transfer fluids, hydraulic fluids, and plasticizers, and
in formulations of lubricants, coatings, and inks. Their unique physical and
chemical properties and widespread, uncontrolled industrial applications have
caused PCB's to be a persistent and ubiquitous contaminant in the envirosnment
and causing the contamination of certain foods. 1In addition, incidents have
occurred in which PCB's have directly contaminated animal feeds as a result aof
industrial accidents (leakage or spillage of PCB fluids from plant equipment).
These acecidents in turn cause the contamination of food intanded for human con-
sumption (meat, milk, and eggs). Since PCB's are toxic chemicals, the PCB con-
tamination of food as a result of these accidents represents a hazard to human
health. It 1s therefore necessary to place certain restrictions on the indus-
trial uses of PCB's in the production, handling, and storage of food. The fol-
lowing special provisions are necessary to preclude accidental PCB contamination
of food:

(1} New equipment, utensils, and machinery for handling or processing
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food in or around a food plant shall not contain PCB's.,

(2) On or before September 4, 1973, the management of food plants shall:

(1) Have the heat exchange fluid used in existing equipment of machinery
for handling or provcessing food samples and tested to determine whether it con-
tains PCB's, or verify the ahsence of PCB's in such formulations by other ap-
propriate means. On or before Sept. 4, [973, any such fluid formulated with
PCB's must be replaced with a heat exchange fluid that does not contain PCB's.

(ii) Eliminate from the food plant any PCB-containing food-contact sur-
faces of equipment or utensills and any PCB-containing lubricamnts for equipment
or machinery that is uscd for handling or processing fnod.

(iii) Eliminate from the food plant any other PCB-containing materials
wherever there is a reasonable expectation that such materials could cause food
to become contaminated with PCB's either as a result of normal use or as a re-
sult of accident, breakage, or other mishap.

(iv) The toxicity and other characteristics of fluids selected as PCB re-
placements mist be adequately determined so that the least potentially hazard-
ous replacement is used. In making this determination with respect to a given
fluid, consideration should be given to (a) its toxicity; (b) the maximun
quantity that could be spilled onto a given quantity of food before it would be
neticed, taking into account its color and odor; (c¢) possible signaling devices
in the equipment to indicate a loss of fluid, etc.; and (d) its enviroumental
stability and tendency to survive and be concentrated through the food chain.
The judgment as to whether a replacement fluid is sufficiently nonhazardous is
to be made on an individual installation and operation basis.

(3) For the purpouses of this section, the provisions do not apply to

electrical transformers and coandensers containing PCB's in sealed containers.
gl
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Subpart D--[Reserved]

- Subpart E--Production and Process Controls
110,80 Processes and controls,

All operations in the receiving, inspecting, transporting, péckaging, seg--
regating, preparing, processing, and storing of food shall he conducted in ac-
cord with adequate sanitation principles. Overall sanitation of the plant
shall be under the supcrvision of an individual assigned responsibility for
this function. All reasonable precautions, including the Following, shall be
taken to assure that production procedures do not contribute contamination such
as filth, harmfu! chemicals, undesirable microorganisms, or any other object-
icnable material to the processed product:

(1) Raw material and ingredients shall bz inspected and segregated as ne-
cessary to assure that they are clean, wholesome, and fit for processing into
human food aand shall h2 stored under coanditions that will protect against eon-
tamination and minimize deterioration., Raw materials shall be washed or
cleaned as required to remove soil or other contamination. Water used for
washing, rtinsing, or conveyiang of food products shall be of adequate quality,
and water shall not be reused for washing, rinsing, or conveying products in a
manner that may result in contamination of food products.

{b) Containers and carriers of raw ingredients should be inspected on
receipt to assure that their condition has not contributed to the contamination
or deterioration of the prouducts,

(e} When ice is used in contact with food products, it shall be made from
potahle water and shall be used only if it has been manufactured in accordance
with adequate standards and stored, transported, and handled in a sanitary man-

ner.
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(d} Food-processing areas and equipment used for processing human food
should not he used to process nonhuman food-grade animal feed or inedible pro-
ducts unless there is no reasonable possibility for the contamination of the
human food.

(e) Processing equipment shall be maintained in a sanitary coadition
through frequent cleaning including sanitization where indicated., Insofar as
necessary, equipment shall be taken apart for thorough cleaaning.

(£) ALl food processing, including packaging and storage, should be con-
ducted under such conditions and controls as are necessary to minimlize the po-
tential for undesirable bacterial or other microblological zrowth, toxin forma-
tion, or deterioration or coatamination of the processed product or ingredients.
This may require careful moaitoring of such physical factors as time, tempera-
ture, humidity, pressure, flow-rate and such processing opetrations as freezing,
dehydration, heat processing, and refrigeration to assure that mechanical
hreakdowns, time delays, temperature fluctuations, and other factors do not
contribute to the decomposition or contamination of the processed products.

(g) Chemical, microbiological, or extranecus-material testing procedures
shal | bhe utilized where necessary to ideuntlfy sanitation failures or food con-
tamination, and all foods and ingredients that have become contaminated shall
he rejected or treated or processed tn eliminate the contamination where this
may be properly accomplished.

{(h) Packaging processes and materials shal! not tramsmit contaminants or
object lonable substances to the products, shall conform to any applicable foed
additive regulation (Parts 170 through 189 of this chapter), and should pro-
vide adequate protection from contamination.

(i) Meaningful coding of products sold or otherwise distributed from a
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manufacturing, processing, packing, or repacking activity should be utilized to
enahle positive lot identification to facilitate, where necessary, the segre-
gation of specific food lots that may have become contaminated or otherwise un-—
fit for thelr intended use. Reecords should bhe retained for a period of time
that exceeds the shelf life of the product, except that they need not he re—
talned more than 2 years.

(j) Storage and transportation of finished products should he under such
conditions as will prevent contamination, including development of pathogenic
or toxigenic microorganisms, and will protect against undesirable deterioration
of the product and the container.

116.99 Natural or unavoidable defects in food for human use that present no
health hazard,

(2) Some foods, even when produced under curreat good manufacturing
and/or processing practices, contaln natural or unavoidable &efects at lower
Levels that are not hazardous to health, The Food and Drug Administration
establishes maximum levels for such defects in foods produced under good manu-
facturing and/or processing practices and uses these levels for recommending
regulatory actions,

(b) Defect action levels are established for products whenever it is nec-
essary and feasible. Such levels are subject to change upon the development of
new technology or the availability of new information.

(e) Compliance with defect action levels does not excuse failure to ob-—
serve either the requirement in section 402(a) (4) of the Federal Food, Drug,
and Cosmetic Act that food may not be prepared, packed, or held under insani-
tary conditions or the other requirements in this part that food manufacturers
must observe current good manufacturing practices. Hvidence obtained through

factory inspection indicating such a violation renders the fnod unlawful, even
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though the amounts of natural or unavoidable defects are lower than the cur-
rently established action levels., The manufacturer of food must at all times
utilize quality control procedures which will reduce natural or unavoidable
defects to the lowest level currently feasible.

(d) The mixing of a food containing defects above thé current defect ac-
tion level with another lot of food is not permitted and renders the final food
unlawful regardless of the defect level of the final food.

(e) <Current action levels for natural and unavoidable defects in food for
human use that present no health hazard are as follows: (Levels that have been
adopted on a temporary basis prior to publication as a regulation may be ob-
tained upon request at the Office of Public Affairs, Food and Drug Adminilistra-
tion, Room 15B-42, Parklawn Building, 5600 Fishers Lane, Rockville, MD 20857.)

[42 FR 14338, Mar. 15, 1977, as amended at 46 FR 8459, Jan, 27, 1981]
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NATIONAL INDUSTRY PASTEURIZATION STANDARD

The National Industry Pasteurization Standard is unavailable
at this time. It will be available in August, 1983. To receive a

copy, free of charge, fill out the bottom of this page and send it to:

Yvonne Holmes
VPI & 5U Seafood Processing Research and Extension Unit
P. 0. Box 369

Hampton, Virginia 23669

Please send the National Industry Pasteurization Standard to: (please print)

Name

Address

City

State Zip Code



TO ORDER SEAM INSPECTION RECORD FORMS:

- Check the forms wanted below
- Complete the lower portion of this form and send it to VPI & SU Seafood
Processing Research and Extension Unit, P.0. Box 369, Hampton, VA 23669

( Y VPI-SG-82-08., Double Seam Inspection Record - 3 Piece Cans
Aluminum Ends. 50 sheet pad, $10.00 each.

() VPI-SG-82-09. Double Seam Inspection Record - 3 Piece Cans
Tinplate Ends. 50 sheet pad, $10.00 each.

{ } Free catalog of all Sea Grant at Virginia Tech Publications and
Audio-Visuals,

- Please Print or Type -

Company

Attn of

Address

City State
Zip Code Telephone )

- Check Appropriate Box Below -
( ) Payment is cnclosed. ( ) Bill me.
- { ) Bill my company; Purchase Order No.

TO ORDER SEAM INSPECTION RECORD FORMS:

- Check the forms wanted below
- Complete the lower portion of this form and send it to VPI § SU Seafood
Processing Research and Extension Unit, P.0. Box 369, Hampton, VA 23669

( ) VPI-8G-82-08. Double Seam Inspection Record - 3 Piece Cans
Aluminun Ends. 50 sheet pad. $10,00 each.

{ ) VPI-S3-82-09. Double Seam Inspection Record - 3 Piece Cans
Tinplate Ends. 50 sheet pad. $10.00 each.

( ) Free catalog of all Sea Grant at Virginia Tech Puhlications and
Audio-Visuals,

- Please Print or Type -

Company

Attn of

Address

City State

Zip Code Telephone ( }
- Check Appropriate Box Below -

( ) Payment is enclosed. { ) Bill me.

{ ) Bill my company; Purchase Order No.




