QUALITY CONTROL PROCEDURES

Ken Hilderbrand
Marine Advisory Program
Marine Science Center
Oregon State University
Newport, OR 97365
(503)867-3011

(Ed's. note: Mr. Hilderbrand reviewed current literature in his presentation.
The texts of those reports he found most informative are included following
this summary.)

SUMMARY

This session deals mainly with the model Hazard Analysis and Critical Control
Point (HACCP) system for smoked fish. Publications reprinted here include:

Hazard Analysis and critical control point application to the seafood industry

J.5. Lee (Courtesy Oregon OState University Sea Grant College Program)
HACCP for smoked fish are outlined in this report. General comments
also included are recommended for reading.

Preparation of salt brines for the fishing industry
K. Hilderbrand

Quick determination of salt content of seafoods
Oregon State University Seafoods Laboratory

Estimating salt and moisture content needed in smoked fish to meet good
manufacturing practices
These two fact sheets are based on information found in the Bureau of
Commercial Fisheries (BCF) circular 331, Guidelines for the processing of
hot-smoked chum.

Estimating the moisture content of smoked fish by non-destructive means

Various other sanitation procedures are outlined in the Bureau of Commercial
Fisheries circular 259, Effective sanitation in smoked-fish plants; and Public
Health Service publication 1589, Sanitation standards for smoked fish

Brocessing .

Salt and moisture content analysis was quick, inexpensive, and simply done
as explained in BCF circular 331.

At the close of the session, cross-contamination (raw to smoked fish) was
point out as the most often violated rule of good practice. Processors were
cautioned to prevent cross-contamination wherever possible.
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HAZARD ANALYSIS AND CRITICAL CONTROL POINT
APPLICATIONS TO THE SEAFQOD INDUSTRY

J. S. Lee
Oregon State University
Sea Grant College Program
Publication No., ORESU-H-77-001
December 1977
(Editor's note: Reprinted by permission of Oregon State University Sea
Grant College Program,)

INTRODUCTION

Federal legislation* will in the near future make adequate safety assurance
programs mandatory for all food processors. It is none too soon that the
seafood industry should be aware of this development and be prepared for it.
While seafood is no more sensitive to processing hazards than other fresh
foods, the particular methods used by seafood processors require individual
attention in designing a safety assurance program that will match the
industry's needs.

In order to comply with such proposed regulations, food processors SHALL
set forth, IN WRITING, the procedures they use to identify the control points
in the processing operations and the hazard associated with each point, and
to establish adequate control measures and an adequate monitoring plan for
each point. In short, it will require food processors to establish safety
assurance programs based on the rational and systematic approaches of the
Hazard Analysis and Critical Control Points (HACCP) concept.

This bulletin is intended to explain HACCP and explore tts applications in the
seafood industry of the Pacific Northwest. The process models given for fish
smoking (Fig. 1}, cooked and picked crab processing (Fig. 2), and cooked
and peeled shrimp processing (Fig. 3) indicate suggested processing steps;
other models of processing methods are also possible.

WHAT IS HAZARD ANALYSIS?

The hazard analysis (HA) portion of HACCP requires the processor to
estimate the degree of hazard associated with each commodity produced, the
intended end use of the product, the processing modifications he might have
incorporated, and the possibility and extent of abuses incurred during
distribution and by the consumer.

Food and food ingredients are grouped according to the degree of risk
inherent in the product. This classification is based on scientific and
epidemiological data. The Pillsbury Company, which pioneered the

*The "Consumer Food Act of 1976" passed the Senate in March 1976, but the
House failed to act on it before its adjournment. A bill similar to above is
expected to be introduced in the current congress.

57



ssoooxd buryows YsTJI

*1 2anbtg

(0) Ago.Ls - (8} ADVIDVd (3} 100D (1) AAOINS
4
(P) NIvua
]
(o) SN
HALVM HSTUA
.WDKOQ v_Ud_Q ﬁm —,
are {19) siwod [onuod Joo (V) aNtuga
a[uya saxoq pat w aae {ADD)
suufod  [oxnuoa o Ayl ]
(P) NIV
t
() ASNIU
HALVM HSIUd
i

(1) MOTdad MO
oSk LV MVIIL

i

(q) HSIA NAZOWA

(2) TISVAV NV
NVATD HLVHADSIAY

I

(¥) TIS1d AWWH

58



butsssooxd qeas payotd pue poayoo)

(4) A5VHOIS

(3) AHVADOVL

HHLVM

(o) SN

HSHMA

A

{P) NOILVLVO1A
SAINTM I

4

5

(V} DONINDII

]

i

(»} 10312
LV ONINOOD

3

(q) DNINVATD
ANV ONINAIDLAM

(v) avad FAlT

7z axnbtg

59



purssesoxd dutays poread pue paxood

(€) TOVHOILS

(v) NOLLDAINI
ANIHY

{3) AovVOVd

i

(@) NOLLDAJISNI

¥

(P) WALVAM
HSTHA NI HSVA

1

(9) ANINDVIN
X rad

1

() 11Svm
ANV HIDI-3C

i

(v) AINEUILS (13D

€ 2anbtd

60



development of HACCP, has grouped food ingredients into five hazard
categories shown in Table 1. Unfortunately, no seafood ingredient is shown
in this example.

Seafoods are basically protein foods that can be enjoyed by all age groups.
Therefore, no seafood item would be classified as a category solely intended
for infants or the elderly. Nevertheless, if a seafood processor is filling an
institutional order that is for the nursing home or the hospital, he should be
aware that this will increase the risk factor.

Most seafoods fall into hazard categories two or three of Table 1 where there
is some degree of risk involvement. Table 2 lists seafood items in decreasing
order of risk.

Thermally retorted products such as canned tuna and canned smoked oysters
are excluded because they are already regulated under Good Manufacturing
Practices Regulations, 21 CFR (Code of Federal Regulations, part 128 b) of
the Federal Food, Drug, and Cosmetic Act (Federal Register 3d, 2398,
Jan. 24, 1973), which make safety assurance procedures mandatory for these
items,

Seafood products may be divided into raw seafoods, processed raw foods,
processed foods, and formulated products. Examples of raw seafoods are
oysters in the shell, live c¢rabs, and live fin fish. Processed raw foods
include gutted salmon, fish fillets, and shucked oysters. Processed foods
include peeled shrimp and picked crab meats. Examples of a formulated
product are the fish sticks and breaded shrimp.

Seafood products may be frozen, refrigerated, or stored at ambient
temperature. While no fresh seafood should be stored at ambient
temperature, some products may be exposed to ambient temperatures for
varying legths of time during processing or packaging.
Seafoods may also be consumed after cooking or without further cocking.
Discounting environmental factors and the influence of harvest and onboard
handling variables, which incidentally cannot be ignored when formulating an
individual HACCP program, the rule of thumb is as follows:
the risk increases

1., with more handling

2. with higher storage temperature

3. and if the product is not to be cooked further by the consumer.

These considerations are incorporated into developing the hazard categories of
seafoods shown in Table 2. '

Foods and their ingredients may also be assigned a hazard classification that
identifies the source of hazard (Table 3). Sources are broken into three
areas and listed in order of the hazard inherent in a food or ingredient, the
hazard that is introduced during processing, and the hazard that may be
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introduced by consumer abuse. The + denotes presence and 0 denotes the
absence of a hazard. Thus, each food can be assigned a hazard classification
as shown in the third column of Table 3.

Some of the seafood products can be classified according to the hazard class
assignment system as follows:

sensitive ingredient
processing step
consumer abuse

otential
1. Smoked fish + + ?
2. Cooked and peeled shrimp + + +
3. Fish stick + + +
4, Salmon in round + 0 +
5 Ovyster in shell + 0 +
6. Dried fish or jerky + + 0

In essence it is difficult to find any seafood product absolutely free of
potential hazard as a raw material, or any that can be assumed to withstand
the extreme abuse of the consumer. Even bone dry jerky containing
sufficient salt could become hazardous if one imagines some extreme cases of
abuse. Realistically, however, we have to determine the hazard on a relative
rather than absolute scale. The International Commission on Microbiological
Specifications for Foods (ICMSF) has addressed this problem and published its
seafood risk categories (16).

WHAT IS CRITICAL CONTROL POINT?

The critical control point (CCP) is defined as a point in the processing steps
where the failure to effectively control it may create an UNACCEPTABLE
HEALTH RISK. The time and temperature specified for smoking fish is an
example of this and the control here should never fail. The CCP should be .
under CONSTANT CONTROL by humans or by machines and the performance
of the control step must be monitored and documented.

All other processing steps that involve the control of microorganisms are the
control points. Failure to control these points might not result in a definite
health hazard but it would indicate a potential risk not to be ignored. Many
steps in seafood processing fall into this category. These will be discussed
individually in conjunction with the model HACCP for smoked fish, picked
crab meat, and peeled shrimp.
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MICROBIAL HAZARDS OF SEAFOODS

The microbial flora of seafood directly reflects the environment from which the
seafood is extracted (14). Microorganisms come associated with the gill,
intestine, and slime of the fish. The mud attached to bottom fish, crab, and
shrimp is another source of microorganisms. If microbial buildup is allowed to
occur in the fish hold it will further add to the microbial load of seafoods.

Since the microbial quality of seafood is so dependent on its environment,' the
sessile shellfish is especially wvulnerable to pollutants introduced into its
growing waters.

The following list of pathogenic microorganisms are characteristically
associated with seafoods. Their control should be considered critical. The
important characteristics of these microorganisms discussed below are
summarized in Table 4.

1. CLOSTRIDIUM BOTULINUM

This anaerobic, spore-forming bacterium is found in soil, sediment, fish
intestines, and water. Seven different types of C. botulinum designated from
A to G are presently recognized. Types A, B and E are most commonly
implicated in human botulism. Types A and B spores are heat resistant and
require heating at or above 250°F for over 15 minutes to destroy them. Salt
(NaCl) in excess of 10%, acidity below a pH of 4.6, or a temperature below
50°F will prevent the growth of types A and B,

Type E, C. botulinum is found abundantly off the Alaskan, Washington,
Oregon, and Northern California coasts in sediment, intestines, and gills of
fish and shellfish. It is less resistant to heat than types A and B, and could
be destroyed by heating at or above 180°F for over 30 minutes. Type E
cannot grow in seafoods that contain salt (NaCl) in excess of 6% or acidity
below pH 4.8, but it can grow and produce toxin at temperatures as low as
38°F.

2. VIBRIO PARAHAEMOLYTICUS

This marine bacterium, closely related to the Vibrios that cause mortalities in
salmonids reared in saltwater, occurs naturally in the marine environment.
V. parahaemolyticus is heat sensitive and can be destroyed by heating at or
above 140°F for 30 minutes. It does not grow at temperatures below 41°F or
at a pH below 5.0, but it can tolerate salt (NaCl) in excess of 10%. It can,
however, grow so rapidly under favorable conditions that a moment's
relaxation could invite a disastrous consequence. A more detailed account of
this bacterium is given in an earlier publication (8).

3. SALMONELLA INCLUDING S. TYPHI AND S, PARATYPHI

This group of organisms originates in diseased humans or other warm-blooded
animals. They can be carried in apparently healthy individuals for varying
time periods after recovery from the disease. Seafood can be contaminated
directly or through polluted water.
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The organisms are heat sensitive and destroyed by heat at or above 140°F for
over 30 minutes. It will not grow at temperatures below 42°F but will persist
in either frozen or refrigerated seafoods almost indefinitely. Since small
numbers of this organism could initiate the disease, a stringent control
measure must be employed.

4. STAPHYLOCOCCUS AUREUS

This organism resides on human skin and mucous membranes. Seafoods are
usually contaminated with this organism by human handlers through nose and
throat discharges and infected skin lesions. The organism is extremely salt
tolerant and can withstand 17% NaCl. Because of its salt tolerance this
organism can be concentrated in the brine and contaminate the rest of seafood
dipped in that brine (10). It cannot multiply at temperatures below 44°F but
the toxin it produces is heat stable and cannot be destroyed even by boiling
for an hour.

5. CLOSTRIDIUM PERFRINGENS

Although this organism is related to C. botulinum, it does not produce the
potent neurotoxin that C. botulinum does. It is widely distributed in soil and
its presence in seafoods itself does not constitute a hazard. The organism
does not grow at temperatures below 59°F and is relatively easy to control by
proper refrigeration. It also requires a massive growth in food prior to
becoming toxic.

If a seafood dish is prepared from the contaminated seafood and left
unrefrigerated, the spores of this organism, which cannot be destroyed by
heating at 212°F for less than 100 minutes, then germinate, multiply, and
produce toxin.

6. VIRAL HEPATITIS

This disease is wusually caused by ingestion of the raw or wundercooked
shellfish harvested from polluted water. The hepatitus virus originates in
diseased humans and not in domestic or wild animals. Although the wvirus is
unnatural to the marine environment, it could survive in the sediment ifor
years. DBesides shellfish, contaminated water used for seafood processing
could spread this virus.

7. OTHERS

There are other pathogens that can be transmitted by seafoods. Shigella
causes dysentery and can be transmitted via seafoods if a person suffering
from this disease contaminates seafoods. The erysipeloid skin infection has
long been known as an occupational hazard as well, such as mercury and
pesticides. Nematodes that cause eosinophilic enteritis in people through
ingestion of pickled or smoked herring became known in Northern Europe.
Ichthyosarcotoxins (puffer fish poison) that naturally occur in some fish, and
scrombroid fish poisoning due to histamine released by microbial action, are
also of concern. However, these are more isolated than the widely
distributed and general hazards we have described earlier.
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Table 5 lists the food pathogens and seafood items especially vulnerable to
each pathogen. The table is constructed from the ICMSF recommended
microbial sampling plan (16).

Table 6 lists the appropriate control measures for these pathogens as adapted
from the United Nations Food and Agriculture Organization (FAO) booklet on
Fish and Shellfish Hygiene (4). The tables are modified to accommodate
specific needs of the Pacific Northwest seafood industry.

MODEL HACCP SYSTEM

HACCP is not confined to microbiological monitoring. The processing plant
layout, construction, proper operations of processing machinery and
refrigeration systems, conveyers, chlorination system, the brine strength and
temperatures, etc., all need to be monitored and their proper operations
recorded.

Sometimes, microbial testing may be needed to monitor the above. For
example, the microbial load of the conveyer belt should be known before
establishing a proper cleanup schedule. On the other hand, the microbial
control measure may not require microbial testing. For example, proper
control of cooking time and temperature during smoking is a control step to
ensure safety from C. botulinum in a fish smoking operation, which eliminates
the need to test for C. botulinum.

1. HACCP FOR HOT SMOKING FISH

Regulations that govern fish smoking are quite specific. Sanitation
regulations for manufacture, processing, packing, or handling of human food
that include specifications for plant and grounds, equipment and utensils,
-sanitary facilities and controls including water supply, sanitary operations
and processing controls are spelled out in Part 128, Title 21 of the CODE OF
FEDERAL REGULATIONS (Federal Register 34:6977, April 26, 1969).
Sanitation recommendations in more readable form can be found in Fisheries
Facts-8 published by J. P. Lane (7) and another by J. D. Clem and S.
Garrett (2).

Regulations that specifically govern smoked and smoke-flavored fish are
spelled out in Federal Register (35:17401, Nov. 13, 1970). The HACCP
program described here will aid the processors to produce wholesome smoked
fish, as well as to meet the requirements of this regulation.

Fish smoking is a single-product process. The component is fish, the
product is smoked fish. Smoked fish is in the seafood hazard category I
(Table 2) because of its potential hazard of C. botulinum. The major
components of the critical control points are: 1) smoking temperatures and
time; 2) the water phase salt (WPS)* content of the smoked fish; and 3) the
storage temperature of the smoked fish.

*WPS (water phase salt) =

% salt in finished product
% salt + $ moisture in finished product

x 100
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Two alternate smoking processes are permitted. Fish smoked at or above
180°F for not less than 30 minutes shall contain water phase salt level in
excess of 3.5% and must be stored below 38°F. Or, fish smoked at or above
150°F for not less than 30 minutes shall contain water phase salt level in
excess of 5.0% and must be stored below 38°F,

The smoking process diagram is shown in Fig. 1. The control measures for 3
CCPs (brining, smoking, and finished product storage) are described below:

CRITICAL CONTROL POINTS
A. BRINE
- Prepare brine in sufficient strength so that the brine level of fish will
reach the desired level within 12 hours at 38°F. More specifically,
measure and record the amount of salt added, the volume of water, the

salometer reading and the temperature of the brine.

- A guide on brine preparation is available from the Oregon State
University Sea Grant Office (5).

- The relationship between salt concentration and the brine concentration
of smoked fish needs to be experimentally determined.

B. SMOKING

- Regulations specify that the internal temperature of fish and the oven
temperature during smoking be continually monitored and recorded.

~ The smoking process of not lower than 180°F for not less than 30
minutes is based on the coldest part of the fish in the oven. At least a
sample from each oven load should be analyzed for water phase salt
{WPS) level and recorded.

C. STORAGE

- The smoked fish should be kept below 38°F and the storage temperature
should be continually monitored.

OTHER CONTROQL POINTS
a. RAW FISH
- Examine for freshness and wholesomeness.

- All eviscerated fish or fish in the round not being used immediately
should be kept below 38°F.

'b. FROZEN FISH

~ Check for wholesomeness.
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- Frozen fish should be kept frozen until used. Defrost at or below 45°F,
c. EVISCERATION, CLEANING AND FRESHWATER RINSE

- The entire gut content must be cleanly removed and the fish thoroughly
rinsed with approved fresh water.

d. DRAIN

- Excess water should be drained at or below 45°F for no longer than 2
hours.

€. FRESHWATER RINSE AFTER BRINING

-~ Rinse to prevent salt crystallization on the skin of smoked fish and drain
to facilitate proper drying in oven.

f. COOLING SMOKED FISH

- The smoked fish should be cooled to 50°F or below within 3 hours and
subsequently cooled to 38°F or below within 12 hours after smoking.

g. PACKAGING

- Package should be labeled with plant name and location, the date of
packaging and the oven load. Record should be kept to provide positive
identification.

See Lane (7) and Clem and Garrett (2) for plant and equipment cleaning
procedures,

2. HACCP FOR DUNGENESS CRAB PROCESSING (9)

Cooked and picked Dungeness crabmeat belongs to the seafood hazard
category 1 (Table 2). Crabs are extracted from an environment known to
harbor C. botulinum spores and the marine environment has to be assumed to
contain V. parahaemolyticus. Crab processing requires excessive human
handling, which increases the opportunity for contamination of the finished
product with bacteria of the raw crab and those from the human handlers (S.
aureus). In addition the picked crabmeat is usually consumed without further
cooking. '

When landed, crab is alive. The processor starts out with a raw product of
microbiologically ideal quality. The flesh of the living animal is theoretically
sterile. The processor, therefore, has full control over the microbial quality
of the crabmeat that bears his label.

The key to proper crab processing is: 1) to avoid contamination of the
picked crabmeat from the raw crabs; 2) to minimize contamination from the
processing environment; and 3) to refrigerate promptly the picked crabmeat
at temperatures below 38°F.
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The crab processing diagram is shown in Fig. 2 ‘and the control measures for
CCP and CP are shown below:

CRITICAL CONTROL POINTS

A. PICKING
Picking tables should be cleaned and sanitized with 50 ppm chlorine at
each shift change.
Pickers should wear clean clothes, apron, head cover, and gloves.
Apron should be cleaned and sanitized with 50 ppm chlorine at each shift
change.
Cooked and cooled crab should be picked within an hour of cooking.
Never pile up cooked crabs on picking table that cannot be picked in an
hour.
No picker should be allowed to handle raw crabs.

B. STORAGE

- Packaged crabmeat shall be stored at temperatures below 38°F at all

times or quick-frozen.

OTHER CONTROL POINTS

a.

LIVE CRAB

To prevent active crabs from damaging each other, place the live crabs
at 45°F for 12 hours before handling.

BUTCHERING AND CLEANING

Check the condition and cleanliness of brush. Brush should be washed
and sanitized at the end of each shift or every 2 hours.

Remove carapace cleanly.

Cut in halves.

Brush off intestinal content as completely as possible.
Wash and rinse the halves in running water or by spray.
COOKING

Check water temperature at 2-hour intervals for the continuous cooker
(before each load is added for batch system).

Cook at 212°F for 15 minutes.
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~ Air-cool the cooked crab for an hour in an isolated location removed from
raw crabs and heavy traffic.

- NEVER HANDLE COOKED CRAB WITH UTENSILS AND BASKETS USED
FOR HANDLING RAW CRABS.

- Cooked crabs should not be handled by those who handle raw crabs.

- Do not cook more crabs than the pickers can handle in an hour after
cooking.

d. BRINE

- Fresh and chilled brine should be prepared at each break or every 2
hours of operation.

e. FRESH WATER RINSE

- Brine should be rinsed off in fresh potable water spray within minutes
of brining.

f. PACKAGING

- The packaging table should be cleaned and sanitized with 50 ppm
chlorine at each break.

- Picked crab should be packaged within 10 minutes.
- Packaged crab shall be chilled immediately to temperatures below 38°F,

- Packaging should be done so that the package cannot be mishandled.
Each package should display "store below 38°F" warning.

See Lane (7) and Clem and Garrett (2) for plant and equipment cleaning
procedures.

3. HACCP FOR PACIFIC SHRIMP PROCESSING (11)

The cooked and peeled shrimp belongs to seafood hazard category 1 (Table
2). Pacific shrimp comes from the same environment as the Dungeness crab.
Therefore, C. botulinum hazard cannot be discounted. Shrimp, in contrast to
Dungeness crab, is mostly harvested during the warmer summer months and
this increases the V. parahaemolyticus risk. The mechanical peeler has
largely replaced hand-picking and reduced the chance for human
contamination to a degree. However, it has increased the chance for
equipment-related contaminations.

The condition of shrimp received at the plant can vary depending on the age
of the shrimp out of water, onboard handling practices and the degree and
care in icing.

Control of raw material and the proper care and sanitization of the processing

equipment is even more critical for shrimp than for the crab due to seasgonal
and handling factors. The key to sound shrimp processing is: 1) to avoid
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contamination of the picked shrimp from the raw shrimp; 2) to eliminate the
microbial buildup in and on the processing machinery; and 3) prompt
refrigeration of the peeled shrimp to below 38°F. Quick-freezing is
preferable to refrigeration.

Shrimp peeling steps and the control measures for CCP and CP are shown in
the diagram to the left and discussed in the following explanations.

CRITICAL CONTROL POINTS
A. BRINE INJECTION

- Brine is used to flavor the shrimp. It can best be done by injecting
brine in the finished product. The brine tank quickly accumulates
bacteria sc the salt-tolerant and rapid-growing V. parahaemolyticus
presents a special threat for shrimp dipped in old brine at ambient
temperatures.

B. STORAGE
~ Chill the packaged shrimp to below 38°F by 10 minutes after packaging.

- Never expose the peeled shrimp to above 38°F temperature. Quick
freezing is preferable to refrigeration.

OTHER CONTROL POINTS
a. ICED SHRIMP

- The shrimp should have been well iced and the temperature of shrimp at -
any point should not exceed 40°F.

- De-ice the shrimp. Do not de-ice and re-ice.
b. DE-ICE AND WASH
- Iced shrimp should be de-iced just prior to peeling by immersion in
potable tap water. Wash the shrimp as thoroughly as possible before
cooking.

¢. MACHINE PEELING

- Peelers and transport ducts should be cleaned and sanitized with 50 ppm
chlorine at each break or every 2 hours of operation.

- Peelers and ducts should be inspected every 10 minutes during operation
to ensure no peeled shrimp accumulates on the line.

d. WASHING

- Wash the peeled shrimp in a sufficient quantity of fresh water.
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e. INSPECTION
- The inspectors should wear clean clothes, aprons, and head cover.
Inspection should be done along the conveyer belt with the running
water. If a table is used, the table top should be cleaned and sanitized
with 50 ppm chlorine at each break, or every 2 hours of operation.
f. PACKAGING

- The packaging table should be cleaned and sanitized with 50 ppm
chlorine at each break, or every 2 hours of operation.

- The peeled shrimp should be packaged within 10 minutes of peeling.

See Lane (7) and Clem and Garrett (2) for plant and equipment cleaning
procedures.
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Another title in the series
Commercial fisheries

Preparation of salt brines
for the fishing industry

by Kenneth S. Hilderbrand, Jr., Extensidn Seafood Technologist, Oregon State University

The use of salt brine for refrigerants and fish cur-
ing is common In the seafood Iindustry. It Is im-
portant o understand a few basic principles In order
to make and use brines properly. This bulletin at-
tempts to point out some basic concepis and princi-
ples and provides some charts which are useful to
anyone who uses brines frequently.

PROPERTIES OF SALT BRINE

When added to water, salt lowers the freezing point
of water by a known and predictable degree, making it
useful as a secondary refrigerant (freezing solution).
Figure 1 shows the relationship of a brine's freezing
point to its concentration of salt. Note that the lowest
freezing point obtainable in a salt-water mixture is about
-6°F at 23.3% salt. This is called the eutectic point and
any concentration of salt above or below this point will
result in a solution with a freezing point higher than
—6°F. Table 1 gives specific data on freezing point, con-
centration, and relationships useful in preparing salt
brines.

PREPARING SALT BRINES

After selecting the desired brine concentration for
any desired purpose, use Table 1 to determine how
much water and salt are needed. Column 2 in Table 1 Be sure to mix thoroughly!
gives freezing points while Column 3 is computed in

percent salt by weight. Salometer degree (°SAL) is a
useful way of describing and measuring brines and is
explained later under "“MEASURING SALT SOLU-
TIONS."

An easy way to prepare a brine solution of any
given strength is to refer to Column 4 in Table 1 and
then add the proper amount of salt per gallon of water.

Oregon State Universily
Salt will increase the volume of the solution, however. ( ' Extension Marine Advisory Program

Thus, if an exact quantity of brine is needed, use A Land Grant / Sea Grant Cooperative
Columns 5 and 6 to determine the weight of salt and SG 22  Reprinted January 1979
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Figure 1.

volume of water needed to make a gallon of trine at the
desired concentration.

EXAMPLES

About twenty (20} gallons of brine are needed at
15.8% salt (B0°SAL) to brine salmon for smoking. If it
isn't necessary to have exactly 20 gallons, simply find
60°SAL (15.8% salt) in Cciumn 1 and note that 1.568
pounds salt/gallon of water (Cclumn 4) is neeced. Put
20 galions of water in a tank and dissoive 31 1/3 pounds
of salt (20 gallons x 1.568 pounds salt/gallons water).

The result will be a solution which has exactly 15.8%
salt by weight (60° SAL}. It will be found, however, that
the resulting solution is more than 20 gallens; it will be
more like 21 gallens. This increase in volume is usually
insignificant; if precision is needed and an exact quan-
tity desired, use the data in Columns 5 and 6.

For example, if exactly 500 gallons of 88° SAL brine
(-5.8F freezing point) is needed for a brine freezing
tank on beard a vessel, Column 5 in Table 1 will show
that each gallon of 88° SAL brine needs 2 279 pounds
of salt and 804 gallons of water {Column 5). Adding
1140 pounds of salt {500 gallons x 2.279 pounds
sait/gallon brine) to 452 gallons of water (500 gallons
x .904 galloens water/galion bring} would give exactly
500 gallons of brine at 88° SAL {23.3%) with a freezing
point of ~5.8°F.

MEASURING SALT SOLUTIONS

Although careful attention to proportions will give
good control of salt concentration in brine, the best
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Freezing point of salt brine mixtures.

way to be sure is to measure it. Sometimes, after a brine
has been used and possibly diluted, it is useful to he
able to measure its concentration.

Figure 2 shows the basic tools used to measure
salt solutions. These may be purchased at most scien-
tific supply houses for about $15. A salometer is a de-
vice that measures brine density saturation (26.4% sait
at 60°F) on a convenient scale of 0 to 100. Each °SAL
would therefore represent about .26% salt by weight as
fully saturated brine contains about 26.4% salt.

To read a salometer, place it in a vessel, like the
graduate cylinder shown in Figure 2, and allow it to
float. The depth that it floats measures the brine concen-
tration. Readings are taken by noting the point on the
scale where the salometer emerges from the surface of
the brine solution. These readings in °SAL can then be
used with Table 1 to obtain data such as freezing point
and percent salt by weight.

The thermometer is used to determine the temper-
ature of the brine as it is being tested with the salo-
meter. If the temperature varies more than a few de-
grees from 60°F, then a correction factor should be
used for accurate work.

A rule of thumb states that for every 10°F the brine
is above B0°F, one degree salometer should be added
to the observed reading befare using Table 1, which is
standardized for 60°F. For each 10°F the brine is below
60°F, one degree salometer should be subtracted from



TABLE 0: SODIUIl CHLORIDE BRINE TABLES FOR BRINE AT 60" F
! ! ! ! ! ! ! 8!
Salo- Freezing Percent Pounds Pounds Per Gal! on Specific Salo-
meter Point Sodium Salt Per Gallon of Water GraV|ty rneter
Degrees Deg. F.' Chloride Gallon Brine Per Gal. Degrees
By Wi, Of Water Of Brine
NaCl Water
02 +32.0 ,00G .000 ,000 8.328 1,000 1.000 02
+31,5 .528 ,044 .044 8,318 .999 1.004
4 +31.1 1.056 .089 .089 8.297 .996 1.007 48
6 +30.5 1.586 134 133 8.287 .995 1,011
8 +30.0 2.112 179 ,178 8.275 1,015 8
10 +29,3 2.640 ,226 .224 8,262 992 1.019 10
12 +28.8 3.167 273 .270 8.250 .990 1.023 12
'14 +28.2 3.695 .320 .316 8.229 .988 1.026 14*
16 +27.6 4,223 .367 .362 8.216 ,987 1.030 16
18 +27,0 4.751 415 .409 QZ% :a85 1.034 18
20 +26.4 g2§8 ,464 .456 .'188 1983 1.038 20
22 +25.7 807 512 .503 8.175 .982 1.042 22
24 +25.1 6,335 .563 552 8.159 ,980 1.046 24
26 +24.4 6.863 .614 ,600 8,144 .978 1.050 26
28 +23.7 7.391 ,665 .649 8.129 .976 1.054 28
30 +23.0 7.919 .716 ‘Bes 8.113 .974 1.058 30
32 +22.3 8,446 .768 747 8.097 ,972 1,082 32
34 +21.6 8,974 .821 ,797 §‘008é .970 1.086 34
36 +20,9 9,502 .875 .847 .064 .968 1.070 36
38 +20.2 10.030 ,928 .897 8.047 .966 1.074 38
40 +19.4 10.558 .9S3 .948 8.030 .964 1,078 40
42 +18.7 11.086 1.039 . 999 8.012 .962 1,082 42
44 +17.9 11,614 1.094 1.050 r'eed .960 1.086 44
46 +17.1 12.142 1.151 1.102 r'.sré .958 1.090 46
48 +16.2 12.670 1.208 1.154 7.957 .955 1.094 48
50 +15.4 13.198 1,266 1.207 7.937 ,953 1,098 60
52 +14,5 13.725 1.325 1.260 7.918 ,951 1.102 62
54 +13.7 14,253 1.385 1.313 7.898 .948 1.106 64
56 +12,8 14.781 1.444 1.366 7.878 .946 1.110 66
58 +11.S 15.309 1.505 1,420 7.858 .943 1.114 68
60 +10.9 15.837 1,568 1.475 r'.836 941 1,118 80
62 +%9, 16.365 1.629 1.529 7.815 .938 1.122 82
64 +8.'9 16,893 1.692 1.584 7.794 .936 1.126 84
66 +7,9 17.421 1.756 1.639 7.772 .933 1.130 68
68 +8.8 17.949 1.822 1.697 7.755 .931 1.135 68
70 +5.7 18.477 1,888 '1753 7.733 .929 1.139 70
72 +4.6 19.004 1.954 1.809 7,710 .926 1.143 72
74 +3.4 19,532 2.022 1.866 7,686 .923 1.147 74
76 +2,2 20.060 2.091 1.925 7.669 .921 1.152 78
78 +1,0 20.588 2.159 1.982 7.645 .918 ij'i% 78
80 4 21.116 2,229 2,040 7.620 915 , 160 80
82 -1.6 21.644 2,300 2.098 7,596 .912 1.164 82
84 -3.0 22.172 2.372 2.158 7.577 .910 1.169 84
86 -4.4 22,700 2.446 2.218 7.551 .907 1.173 86
88 -5,8 23.338 2.520 2.279 7.531 :a04 1.178 88
88,3b -6.0» 23.310 2.531 2,288 7.528 1.179 88.3»
90 1 23.755 2.594 2.338 7,506 .901 1.182 90
92 +4.8 24.283 2.670 2.398 7.479 :Ses 1.186 92
94 +11.1 24,811 2.745 2.459 7.460 .896 1,191 94
95 +14,4 25.075 2.787 2.491 7.444 .894 i‘l%?’ 95
e6 +18.0 25.339 2.827 2,522 7,430 .892 - S 98
97 +21.6 25.603 2.865 2.552 7.417 .891 1.197 97
98 +25.5 25.867 2.906 2585 7.409 ,890 1.200 98
99 +29,8 26.131 2.947 2,616 7.394 .888 1.202 99
aa.s +32.3 26.285 2.970 2.634 7.386 .887 1.203 99,8
1QGc +BO.oc 26 395¢ 2,987 2.647 7.380 .886 1.204 1QQc

Theabovdableappliego brinetestecat60'F. Forotherbrinetemperaturebe observedalometereadingsnust
be convertedbeforeusingtheminthetable.Forpracticapurposesaddonedegreesalometeoreachtendegrees

above 60'F and deduct one degree salometerfor eachtendegreesbelow60'F.
" Approximate salinity range for sea water. . . .
"Temperaturat whichfreezindeginslceforms pbrineconcentrateand freezingpointlowerso eutectic.

'Eutecticpoint.Forbrinesstrongethaneutecticthetemperatureshownare the saturatiotemperaturefr so-
diumchloridedihydrateBrinesstrongethaneutectiaepositexcesssodiumchlorideas dihydratevhencooled,

and freeze at eutectic.
": Saturated brine at 60'F.
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the observed salometer reading. For instance, if a salo-
meter reading was observed to be 80'SAL in a brine
which was 40'F, the corrected salometer reading would
be 78 SAL subtract 1'SAL for each 10'F below 60'F!.

IMPORTANT POINTS TO REMEMBER

Dissolving salt: Finely ground salt such as canner's
salt or table salt dissolves much faster than coarsely
ground salt rock saltl. It is essential that all salt added
is dissolved if a solution is to have the proper strength.

Salt dissolves much faster in hot water than in cold
water. It may take days for salt to dissolve in a brine
freezer at O'F.

Salt dissolves much slower as the salt concentra-
tion increases. The last bit of salt in a90 SAL solution
may take along time to dissolve.

Agitation greatly increases the rate at which salt
dissolves. Alayer of salt on the bottom of atank may
take days to dissolve if left undisturbed.

In summary, try to dissolve salt in awarm, well
agitated containe~ of tank and make sure it is all dis-
solved before using it or measuring its concentration.

20

70

Figure 2. Equipment for measuring salt concentra-
tion in brine. Left, salorneter; center, graduate cylin-
der; right, dial thermometer.

Bnne refrigeration:  Always make up abrine to be
used for refrigeration so that its freezing point is well
below the temperature you want to maintain. If you
don't, it may freeze to the refrigeration coils or heat
exchanger surfaces as they usually run 5to IOF
colder than the operating temperature of the brine.

Using sea water for brines: Sea water may contain
as much as 3to 35% salt 2 to 14'SAL!, which is
equivalent to about,3 pounds of salt per gallon. lake
this into consideration when making brine from sea
water and deduct it from the amount of salt needed to
make up a brine,

Adding salt to existing brines: If you want to in-
crease the concentration of salt in abrine decrease
its freezing point!, be sure to measiire its strength and
estimate its volume first Then use the data in Table 1,
Columns 5and 6, to calculate how pouch more salt
needs to be added,

Appendix.  iHetric/customary conversion factors approximate!
for the units cited in this bulletin
To convert to multiply by

liters gallons 0.26
gallons liters 3.78
ki log rams pounds 2.20
pounds kilograms 0.45
grams per liter pounds per gauon 0.0083
pounds per gallon grams per liter 119.8
degrees Celsius

formerly Centigrade! degrees Fahrenheit 9/5,

then add 32

degrees Fahrenheit degrees Celsius 5/9, after

subtracting 32
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QUICK  DETERMINATION OF SALT CONTENT OF SEAFOODS

OSU Seafoods Laboratory
phone 375-4531
Marine  Advisory Program
phone 325-6138
250 36th Street
Astoria, Oregon 97103

It is important to know the salt content of seafoods for many reasons. For
instance, proper salt levels in smoked fish is critical for safe extended shelf
life. The salt content of picked crab and shrimp meat is important for good
flavor.

Unfortunately, the Official Analytical Chemists Association  AOAC! procedure
for salt analysis is difficult to do in many situations. Ahigh  skill level is
needed to set up and perform this test.

A much simpler but less accurate! test is available in the form of a "chloride
titrator." The Seafoods Lab has tested this method and found that it
compares well with salt values found by the AOAC method in smoked fish and
crab meat. The test is simple, easy to do, and generally accurate enough for
salt control  purposes.

Approximate
E ui ment 4 Materials Cost 1980

1. Chloride titrators $16.00
No. 1176 .03 to 1 percent range
available  through  Ames Co.

Food blender $57.00
"Oster" type with small wide mouth "fruit"
type jars.  Available through drug and

discount stores
3. "Triple beam" gram scale $55.00
Ohavs 760 or similar

V.W. hR. 1969 cat. No. 12341-010
S. P. 1969 cat. No. B1770

4. 250 ml beakers Pyrex! 51 $1.00
Griffin  type  Pyre~ or kimax
VW. 5R. 1969 cat. No. 13912-207
or 13910-201
S.P. 1.969 cat. No. B2650-Z50
or B2652-Z50

5. 250 ml graduate cylinder $F 00
Nalgene TPX plastic or similar
V.W. 4R. cat. No. Z47680-108
SP. 1969 cat ~ No. C9075-250
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E ui

E ui

ment 8 Materials

Distilled water

00 sheets!

11 cms or similar

1969 cat. No. 28450-105
1969 cat. No. B7895-250

Filter paper
Whatman  No.
VW. IR

S.P.

ment Sources

The following companies are among many who

materials

needed for this test. The use of their

only and does not imply any endorsement.

Ames Company
1127 Myrtle Street
Elkhart, Indiana 46514
Scientific Supplies Company
Div. of Van Waters 8 Rodgers
3950 N. W. Yeon Avenue

Portland, Oregon 97210
Scientific  Products Company
14850 N.E. 36th  Street
Overlake Industrial Park

Redmond, Washington 98052

Procedure

A.

B.

SAMPLE PREPARATION

1. Place small dry blender jar
weight.

2. Add representative

3. Chop with blender.

Approximate
Cost 1980

$5.00

supply the equipment and
names here is for example

Mason type! on scale and adjust tare

sample of at least 50 grams.

4. Remove 10 grams for moisture analysis--place lid on the jar and

store for salt analysis.

MOISTURE ANAI  YSIS

1. Place 10 grams sample on drying dish.

2. Dry to constant
analyzer.

weight

in adrying

oven oOr use a moisture



Notes

3. Divide grams of weight lost by starting weight 0 grams! to get
starting percent  moisture.

% H~O = wei ht loss
Ostarting wt. 0 grams!

SALT ANALYSIS

1. Remove enough sample from jar to leave 10 to 20 grams sample.
Add hot distilled water to jar to bring total weight to 10 times the
sample weight actual size of sample will be limited by jar size!.
Hot tap water will work if it is free of salt as determined by salt
titrator analysis.

2. Blend one minute.

3. Place salt titrator in sample enclosed in filter paper! as prescribed
in titrator instructions and read accordingly.

4, Multiply  percent salt in sample by 105 times to get actual salt
content of sample before dilution with water.

CALCULATION OF WATER PHASE SALT CONTENT

WPS =% salt x 100

"Oster" food blenders with small wide mouth "fruit jar" type jars work
best as they do not require transfer of blended sample and insure good
mixing.

Any clean containers will suffice for determination, although  glass is
easiest to clean.

Clean paper towels will suffice instead of filter paper if a"blank" sample
is run to insure that the  towels do not contain salt.

Use of "squirt bottle" makes addition of the last few grams of water easy
and insures accuracy.

Hot tap water can be used instead of distiled water as long as a "blank"
control is run at the same time to insure that the water is salt free.
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ESTIMATING SALT AND MOISTURE CONTENT NEEDED
IN SMOKED FISH TO MEET GOOD MANUFACTURING PRACTICES

INTRODUCTION

Food and Drug Administration regulations+ on hot smoked fish require certain
minimum levels of salt and moisture. Expressed as water phase salt WPS!,
these minimums are aratio of salt to moisture. Mathematically, WPS is
expressed  simply as:

0 salt

Depending on the heat treatment given ahot smoked fish product, the
minumum WPSis 3.5 percent or 5.0 percent.

Because the  amount of total salt  needed to meet the  minimum standards
depends on the final moisture content of the product, it is hard to estimate in
advance how much salt is required in the raw brined fish before it is smoked.
This bulletin provides some charts which will be useful in estimating the
required raw brined fish salt concentration. The same charts will also help
to estimate the amount of dehydration needed to bring WPS concentration up
to the standard if insufficient salt was present after the smoking cycle was
begun.

ESTIMATING SALT REQUIRED IN  RAW BRINED FISH

The  amount of salt needed in raw  brined fish to meet the minimum water
phase salt WPS! in the finished smoked product can be estimated from
Figures l1and 2. To use these charts it is necessary to estimate the moisture
content of the raw fish. This can be done with good results after afew
moisture  analyses have been performed on representative lots of fish.

Once the raw fish moisture is estimated, the salt concentration needed in the
fish after brining can be read directly off the charts for any finished product
moisture content desired. Because there are two minimum  WPS concentrations
possible, depending on the desired time and temperature of the cooking cycle,
two figures are included in this bulletin--one for 3.5 percent WPS and
another for 5.0 percent WPS~

Example A: It has been determined that alot of raw salmon contains an

average of 75 percent moisture. Afinal moisture concent of 60 percent is
considered desirable with 3.5 percent WPS~

*As of April, 198I, the FDA Regulations for Hot Process Smoked Fish are not
in effect in regards to salt level and time/temperaturel.
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Step 1: Find the 75 percent raw brined fish moisture curve on
Figure 1.

Step 2.  Follow the 60 percent finished product moisture content line up
to the point where it crosses the 75 percent curve.

Step 3: Read the required raw brined fish salt concentration directly
off the left side of the figure. It should be approximately
1-34 percent salt.

Step 4: When salt analysis shows that the raw brined fish have
reached at least 1.34 percent salt, the smoking cycle will
assure afinal WPS content of 3.5 percent when 60 percent
final moisture is reached. See the sections on salt and
moisture for techniques of analysis.

ESTIMATING FINISHED PRODUCT MOISTURE CONTENT
REQUIRED IN SMOKED FISH

Alot of fish, which has been brined or partly smoked and does not meet the
minimum salt standards, can be dried to increase the water phase salt content
WPS!. Figures land 2 make it easy to estimate the final moisture content
required to bring the WPSup to standard.

ExampleA: An analysis lot of smokedfish was found to contain 2.5 percent
salt and 65 percent moisture .7 percent WPS!. Water phase salt content of
5.0 percent was desired so an estimate of the necessary final moisture content
was needed. Figure 2 can be used to obtain this estimate using the following
steps.

Step I Find 2.5 percent raw brined fish salt concentration on the left
of Figure 2.

step 2: Follow to the right to the 65 percent raw brined fish moisture

content curve.

Step 3:  From that point follow down and read directly from finished
product moisture. In this caseit would be 57 percent final

moisture.

In other words, apartly smoked fish containing 2.5 percent salt and 654
moisture .7 percent WPS!contains5.0 percent WPSvhen dried to 574final

moisture.



ESTIMATING MOISTURE CONTENT OF SMOKED FISH
BY NON-DESTRUCTIVE MEANS

It is possible to obtain areasonable estimate of the moisture content of

smoked fish during the smoking process without destroying the sample. The
estimate is obtained by weight difference but must assume two things. First,
you must assume that you know the beginning moisture  content and that there
is no loss of solids, particularly oil. If these two assumptions are reasonably
correct, then simply weigh a representative piece of fish before beginning the
smoking cycle. An estimate of its moisture content at any later time is
obtained by again weighing the same piece and performing the following
calculation:

MfT W. X Mi.!i W. W]c x 100!

Wi

M f: o final moisture content
V\/l. =initial  weight

Mi =0 initial moisture content

Wf: final weight

A similar  calculation can be used to estimate the final weight needed to obtain
a predetermined  moisture content for any given piece of fish. Simply weigh a
piece of fish and smoke it until it reaches a predetermined weight calculated
as follows:

W= 00 M.! W.!

100 %M ‘
VVf: final weight
M.l =0 initial moisture content
Wi = initial weight
Mf: % final moisture content desired

Remember, both of these calculations assume a known initial moisture content

and that no solids such as oill are lost in drying. Given those cautions,
both formulas can be useful in quality control checks, Just don't forget they
are estimates and are not a substitute for testing data.
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