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ABSTRACT  

Woyewoda, A.D., S.J. Shaw, P.J. Ke and B.G. Burns. 1986. 
Recommended laboratory methods for assessment of fish quality. 
Canadian Technical Report of Fisheries and Aquatic Sciences 

No. 1448: V + 156 p. 

The objective of this work was to provide standard techniques and 

procedures for laboratory grading of fish qualtiy to reduce disparity among 

testing facilities and provide a base from which technical staff and new 

personnel can obtain standard information. 

The twenty-one laboratory procedures for scientific evaluation of fish 

quality have been reviewed and selected from the literature and in most 

cases, tested for applicability to Atlantic species. Each method incor-

porates an introductory section followed by application, principle of the 

method, precautions and notes, sample preparation, equipment, reagents, 

detailed procedure, calculations and typical examples. 

Findings of laboratory testing undertaken during the compilation of 

this guide have been incorporated into the "procedures" and "precautions" 

sections. The methods are not "state-of-the-art" - or mechanized but rather 

utilize long-standing procedures which may be performed in moderately 

equipped laboratories. In many cases, newer methods are mentioned. The 

recommended methods have been tested and used by four DFO regional in-

spection laboratories and some fisheries institutes in Canada, Norway, 

Japan and China. The comments concerning application of these techniques 

to various quality assessment operations in both research and routine work 

have been positive. 
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RESUME  

Woyewoda, A.D., S.J. Shaw, P.J. Ke and B.G. Burns. 1986. 
Recommended laboratory methods for assessment of fish quality. 
Canadian Technical Report of Fisheries and Aquatic Sciences 

No. 1448: V + 156 p. 

L'objectif de ce travail etait de pourvoir les laboratoires d'analyses 

de techniques et procedes standards pour la classification de la qualite du 

poisson, de procurer aux chercheurs, techniciens et nouveaux employes les 

informations necessaires a cet effet et de reduire la disparite parmis ces 
etablissements. 

Les 21 analyses devaluation scientifique de la qualite du poisson, 

tirees de la litterature existante, ont ete revisees et pour la plupart 

essayees avec des especes de poisson de l'atlantique. Chaque methode est 

composee d'un preambule suivi de l'application du principe de la methode, 

des precautions a prendre, de la preparation des echantillons, d'une 

description de l'equipement, des reactifs, de la procedure detaillees, des 

calculs et d'exemples typiques. 

Les resultats d'analyses entrepris pendant la compilation de ce guide 

ont ete incorpores dans les sections "procedes" et "precautions". Ses 

methodes ne sont pas parfaites ou mecanisees mais elles utilisent plutat 

des procedes anciens, lesquels peuvent etre executes dans un laboratoire 

moderement equipe. Dans plusieurs cas, des methodes plus nouvelles sont 

mentionnees. Les methodes recommendees ont ete essayees et utilisees dans 

quatre laboratoires d'inspection regionals de Peches et Oceans et dans 

quelques instituts de recherche en pecherie au Canada, en Norvege, au Japon 

et en Chine. Ses commentaires sont positifs quant a l'application de ces 

techniques dans differentes operations d'evaluation de qualite tant pour la 

recherche que le travail de routine. 
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- INTRODUCTION - 

Fish and seafood products are relatively unstable in fresh and 

frozen storage. Flavour and texture changes occur readily for a variety of 

reasons. In fresh (iced) storage, biochemical (i.e. enzymatic) and 

bacterial action produce specific measurable changes; in frozen storage, 

physical and enzymatic processes decrease quality. 

Accurate measurement of physical character (composition) and 

"state-of-freshness" are important from both economic and processing 

efficiency aspects. 	To perform these assessments accurately and with 

confidence, and to be able to compare results between testing facilities, 

it is necessary that standard procedures be used. 	This collection of 

twenty-one laboratory methods is an attempt to compile such a standard. 

The procedures have been drawn from current literature and experience and 

have been tested by the Canadian Institute of Fisheries Technology or 

Fisheries and Oceans for their validity or appropriateness. Results of 

such testing were considered in the outlining of methodology. 

The procedures have been divided into sections of proximate 

composition, quality indices of refrigerated or fresh storage, quality 

indices of frozen storage (lipid and non-lipid related) and physical 

attributes. Each method is followed by applicable references where 

additional information may be obtained regarding any aspect of the 

procedure, its application or interpretation. 

1 
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1. MEASUREMENT OF pH 

GENERAL DISCUSSION 

The acidity of a substance is dependent on 
the number of hydrogen ions (H+) which are 
ionized or dissociated when that substance is 
dissolved in water. Fresh milk for example 
has a very low hydrogen ion activity or con-
centration, approximately 2 x 10-7  or 
0.0000002 ions per litre (1). In an aqueous 
solution an equilibrium exists between acidic 
(H+ ) ions and basic (OH- ) ions (2) such that 
the mathematical product of Ft+ and OH-  ion 
concentrations is constant, 1<, = 1 x 10 -14 . 
Therefore in milk there are 2 x 10 -7  H+ and 
10 14  t 2 x 10-7  = 0.5 x 10 -7  OH-  ions per 
litre. Since ti+  concentration is slightly 
higher than OH-  concentraton, milk is al-
though close to neutral, very slightly acid-
ic. Hydrogen ion is more conveniently ex-
pressed as pH defined as the negative log of 
hydrogen ion concentration, i.e. 

pH = -log [H+ ). 
Therefore a solution with hydrogen ion con- 
centration at 0.01 mole per litre has a pH of 
2. Similarly, the pH of our milk sample is 
-log 2 x 10 -7  = 6.70. Substances of pH lower 
than 7 are termed acidic and those higher 
than 7 basic. 	The pH of distilled water is 
usually below 7 since it absorbs carbon di-
oxide from the air which produces the unsta-
ble acid, carbonic acid (3). From the exam-
ple it should be noted that at any pH, even 
in the extremes, there are always both 1-1+ and 
OH-  ions present although the concentration 
of any one may be very low. Since pH is a 
log function, a solution at any pH contains 
ten times as many hydrogen ions as an equal 
volume of a solution of the next higher pH 

(3). 

The pH of living fish although generally 
between 6.7 and 7.0 is subject to variation 
with time of the year, feeding, and degree of 
activity (4). After death, glycogen stored 
in the muscle is broken down by glycolysis to 
produce lactic acid and in turn pH is lower-
ed. This reduction accompanies the onset of 
rigor mortis where the fish muscle stiffens, 
muscle filaments shorten temporarily and in 

some cases of extreme pH depression, tearing 
of muscle tissue occurs to produce gaping 
fillets (5, 6). The time span over which 
these events take place and the resulting 
minimum pH achieved depend on the store of 
glycogen present in the fish muscle at the 
time of death along with a number of other 
factors including severety of handling and 
storage temperature. 

In late winter and spring with the deple-
tion of the food supply coupled with increas-
ed energy requirements for sex organ matura-
tion, some body reserves are broken down re-
sulting in a higher water content and a low 
store of glycogen (4). After death, the pH 
of such stored specimens is depressed only 
slightly causing a shortened ice shelflife. 
Immature fish which do not spawn are not sub-
ject to this effect. After spawning the fish 
begin to feed heavily and glycogen rises to 
very high levels. In this case, during rigor 
pH falls rapidly to low extremes, often below 
6.0 (5, 7) inducing severe muscle shorten-
ing. Low pH fish store better on ice but 
toughen prematurely in frozen storage (4). 
Fortunately after a brief period of heavy 
feeding, the fish become more selective in 
their food and glycogen levels return to nor-
mal. 

Once rigor has passed, bacterial activity 
produces a gradual increase of pH through the 
production of ammonia and other bases (8, 
9). Therefore pH first decreases with the 
onset of rigor but then progressively in-
creases from microbiological activity. For 
most fish, a pH value greater than 7.0 indi-
cates spoilage (10). 

Measurement of pH in fish muscle is best 
accomplished with a pH meter equipped with a 
glass combination pH electrode either direct-
ly on a mince or with distilled water added 
(10). The pH must be measured immediately 
after maceration or mixing with water (11) 
and caution must be exercised regarding tem-
perature of sample and meter standardiza-
tion. While some laboratories prefer blend-
ing fish muscle with 0.005 M sodium iodoace-
tate (11, 12) this method tends to yield pH 
values 0.16 unit lower on the average. 
Therefore direct or a water blending is 
recommended (10). 
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Glass electrodes which are constructed of 
soft glass to display the necessary sensi-
tivity toward the hydrogen ion exhibit "alka-

line" and "acid" errors at extreme pH values. 

At high pH, at 	12 for example, the 
observed pH is lower than the true value 
because 	cations, 	particularly 	sodium, 
potassium and lithium compete for the 
exchange sites in the hydrated layers of the 
glass membrane and alter the phase-boundary 
potential (2). Similarly at low pH, near 0, 
observed pH is higher than the true value. 
For flesh pH measurements these phenomena are 
not Important. However, since protein may 
coat the membrane and affect readings, proper 
care must be taken in cleaning the electrode, 
particularly after extended use. In some 
cases electrodes may need reconditioning 
(13). 

a. Application 

the measurement of pH is applicable to all 
fish and fish products. 

b. Principle 

The pH of a substance is measured after 
maceration with water (Method A) or directly 
(Method 8) using a glass membrane electrode 
sensitive to hydrogen ions in combination 
with a saturated calomel reference 
electrode. The system provides a galvanic 
cell with phase boundaries across which 
measurable electromotive forces or potentials 
develop (2). The two electrodes for 
convenience are combined into a single 
"combination" electrode. 

c. Precautions 

1. The pH meter must be allowed sufficient 
time for warm-up. 

2. The electrode must be kept clean and 
free of occluded protein. A weak base 
or a mild detergent solution May be 
used to clean the electrode. 	Soaking 
in 8 M urea for 2 hours may also help. 
At no time should abrasion be used 
since this will 	lead to permanent 
damage. 

3. The pH meter must be standardized 
carefully 1 pH unit on either side of 
the anticipated pH to ensure linearity 
in the pH range being measured. 
Commercially 	available pH standard 
solutions 	are 	available 	for 	this 
purpose. 

4. All 	standardization 	solutions 	and 

samples should be at room temperature 
(or at a common temperature) when being 
measured. 	The effect of temperature 
variation on pH of standards is noted 
on their label. 

5. When drying the pH electrode, the tip 
should be patted with tissue rather 
than wiped to prevent the build up of 
static electricity in the electrode. 

6. Use good quality fresh pH standards. 
Some standards change pH with age or on 
extended exposure to air. 

7. Electrode should be stored immersed in 
distilled water between readings. 

8. When the electrode is removed from a 
solution the meter should be placed on 
"standby". 

9. All electrodes age resulting in a slow-
er speed of response. 	Reconditioning 
may help restore electrode response. 
Recondition by immersing electrode tip 
15 seconds in 0.1 N NCI rinsing in tap 
water, immersing fur 15 seconds in 0.1N 
NaOH, rinsing and repeating each step 
several times. 	If this does nut re- 
store electrode, Immerse in a 20% solu 

tion of NH4 F.HF (ammonium bifluoride) 
for 2 to 3 minutes, rinse and check. 

10. Some magnetic stirrers may influence 
readings. 	Check during standardiza- 
tion. 	It is not necessary to use a 
stirrer for routine pH checks of homo-
genous sample. 

11. Several samples (specimens) should be 
used to compensate for biological vari-
ation among samples. 
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12. Sample 	pH 	must 	be 	determined 
immediately 	after 	maceration 	or 
blending of sample. 

13. Samples should not be allowed to remain 
at 	room 	temperature 	for 	extended 
periods since bacterial activity will 
raise pH. 

14. If using method B (without 	water 
addition) ensure good flesh/electrode 
contact. 

2. Using pH 6 and pH 8 buffers in 25 ml 

beakers, standardize the meter to these 
values with the "buffer" and "tempera-
ture" adjustments. Depending on model 
of the meter, procedures for standardi-
zation may vary slightly. The instruc-
tion manual should be consulted. lo 
lake a reading vigorously stir the 
electrode in the sample and allow the 
electrode to rest against the beaker's 
wall. Allow time for the reading to 
stabilize. Rinse electrode with 
distilled water and pat dry with tissue 
between readings. 

SAMPLE PREPARATION 
3. Repeat the standardization (step 2) 

Representative samples should be rendered 
	

until 	the meter provides accurate 
homogeneous by comminuting in a Cuisinart 	 readings. 	A final check may be made 
food processor and then immediately analyzed. 	 with pH 7 buffer. Failure to achieve 
Several samples should be used. 	 standardization may indicate electrode 

failure; recondition or replace. 

APPARATUS 
	

4. Blend 20 g comminuted fish with 40 ml 
distilled water (at room temperature) 

1. pH meter equipped with combination pH 
	

for 1 minute in a blender. 
electrode 

5. Pour some of the slurry into a 50 ml 
2. Blender or food processor 	 beaker. 	Check temperature to ensure 

its proximity to that of the buffers. 
3. Glassware: 25 ml and 50 ml beakers 

6. Immediately insert rinsed and patted 
4. Thermometer 
	

dry electrode. 	Stir the slurry 
vigorously with the electrode and allow 

REAGENTS 
	

the electrode to rest against the 
beaker's wall. 	After stabilization 

1. Standard Buffers ,commercial buffers 1 pH 	 record the reading. 
unit on either side of anticipated pH, 
usually pH 6 and 8 for flesh 
	

7. Place meter on "standby" and rinse 
electrode with distilled water. 

PROCEDURE 
8. Between readings store electrode in 

Either method A (first choice) or method B 
	

distilled water. 
may be applied. 

METHOD B - without water addition 
METHOD A - with water addition 

1. After sufficient warm-up time of the pH 
meter (ca 1/2 hr) set the "temperature" 
dial to 25 ° C. 

1. follow method A but in step 4 omit 
water addition using comminuted sample 
directly. Good electrode/flesh contact 
must be ensured. 
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2. MOISTURE DETERMINATION 

GENERAL DISCUSSION 

Water content or moisture affects food 
stability, inherent quality, processing 
potential and retail value (1, 2). An inti-
mate functional relationship exists between 
water and other component substances such as 
proteins, fat and glycogen in living tissues 
(3); this balance plays a crucial role in the 
biochemistry of all living organisms. 

The moisture content of fish varies with 
season and reproductive cycle. After spawn-
ing, fish tissue (groundfish in particular) 
is abnormally high in water, two to three 
percent higher than average. Flesh from such 
fish, generally of low pH appears wet, opaque 
and watery and is unsuitable for freezing 
since severe gaping will result (4). 
Fortunately this condition is present only 
for a very short time in the spring season. 

In fatty fish, fat and water content have 
been correlated; often one measurement may be 
used for 'estimation of the other (5). 
Typical moisture values for most marine 
species are readily available in the litera-
ture (6, 7, 8). 

A 	variety 	of moisture determination 
procedures are available and standard methods 
have been developed for most foods (1, 9, 

10). Although newer technologies are being 
applied to moisture measurement (microwave, 
[11] etc.), the most widely used methods 
involve thermal drying under conditions which 
provide minimum loss of other volatile 
components. No method is perfect (2). Heat-
ing always involves weight loss or gain from 
volatilization of material (either natural or 
from thermal decomposition) and oxidation 
processes (oxygen absorption). However, 

considering biological variation in moisture 
content and for practicality, temperatures 
and conditions are selected to provide a 
compromise between volatilization degree and 
time of analysis (1). 

Forced-draft or convection-type ovens may 
be used for drying (1). Ventilation from 
bottom to top is essential; top vents should  

remain open during analysis (12). 	Heat 
distribution must be uniform and temperature 
within 3 1.0 °C or less. Uneven heat distri-
bution can sometimes be overcome by altering 
heating element placement. Some laboratories 
utilize vacuum ovens (set ca 60 °C) but exces-
sive spattering can occur with some samples. 
This method does cause less heat damage to 
the sample however. 

The most common error in this analysis 
arises from crust formation which traps 
moisture. Smaller samples (spread thinly) 
may be used to minimize the effect of 
crusting or the sample may be mixed with 
pre-dried sand or asbestos to provide a 
larger surface area. Sufficient numbers of 
samples should always be analyzed to 
compensate for anticipated variations. 

a. Application 

The following moisture determination by 
oven drying is applicable to all raw and 
cooked seafood products. If problems are 
encountered from fat spattering, excessive 
decomposition, or for samples of extremely 
low water content (oils), appropriate 
literature should be consulted (1, 9, 10). 

b. Principle (10) 

Representative portions of comminuted 
samples are dried to constant weight in an 

oven maintained at 103 1 1 ° C. 

c. Precautions 

1. Samples must be protected from water 
loss before weighing. After comminu-
tion material for analysis should be 
stored in filled containers with close 
fitting lids. Freeze samples for long 
term storage, and after defrost, mix 
thoroughly to re-distribute water which 
may have drained to the bottom. 

2. If an oven is unavailable when samples 
are received or for excessive numbers 
of samples, material may be weighed 
into dishes and stored frozen until 
oven space becomes available. Prolong-
ed drying time (over the weekend, etc.) 
may result in degradation and volatile 
loss. 
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3. Oven dried material readily absorbs 
moisture from the atmosphere; fish meal 
is particularly susceptible. Samples 
should be desiccated after removal from 
the oven and weighed immediately upon 
cooling. 

4. Lipids absorb oxygen from the air and 
increase in weight on standing. 	High 
fat samples should be dried for the 
minimum time required. 

5. Drying of high moisture or fat samples 
may be expedited by placing a disc of 
oven dried filter paper on the bottom 
of the drying dish before sample 
addition to spread and absorb the 
excess fluid and reduce spattering. 
Sometimes draping a pre-weighed filter 
paper disc over the sample will reduce 
loss by absorbing excess fluid and 
spattering fat. 

6. Sample must be homogeneous and spread 
thinly (0.7 cm maximum) and evenly over 
the bottom of the drying dish. 

7. If severe crusting is evident, drying 
time should be extended and in extreme 
cases the sample mixed with a small 
amount of pre-dried sand or asbestos 
fibres (caution-health hazard). 

8. When dealing with atypical or new 
products, weight should be checked 
during the drying process to determine 
optimum drying time (to constant 
weight). 

SAMPLE PREPARATION 

Remove superfluous water (if not 
part of sample) by gently and briefly patting 
material with tissue or paper towel. Select 
representative specimens and comminute 
thoroughly. Homogeneity is absolutely 
necessary; if particles are present sample 
number should be increased. Comminuted 
samples which cannot be portioned immediately 
should be stored in filled closely covered 
containers. Freeze if storage of more than 
24 hr is required, otherwise refrigeration is 
adequate. Before portioning, mix each sample 
thoroughly. 

APPARATUS 

1. Drying 	dishes, disposable 	aluminium 
moisture pans 

2. Drying oven set at 103 t 1 °C, maintain 
good ventilation 

3. Balance capable of weighing 0.001 g 

PROCEDURE 

1. Place pre-numbered (blunt pencil) empty 
moisture pans (three for each sample) in 
drying oven at 103 °C for one hour. Cool 
in desiccator for 20 minutes. 

2. Weigh each to nearest 0.001 g. 

3. Mix comminuted sample well. Add 2-10 g to 
pan and spread evenly over bottom. Weigh 
pan and contents. 

4. Dry in oven overnight, cool in desiccator, 
and weigh again. Samples may be checked 
for constancy of weight by returning to 
oven for 1 hour and reweighing. 

CALCULATION 

Moisture content of the samples, expressed as 
percent, is calculated as: 

W1 -W2  M = 	x100 

-WO 

Where: 
M = moisture content 
Wi = weight of dish and sample 

before drying 
W2 = weight of dish and sample 

after drying 
WO = weight of dish (and filter 
paper, if any) 

EXAMPLE 

A sample of red hake flesh was dried 
overnight in a drying oven at 103 °C. Weight 
of the drying dish and wet fish was 8.056 g, 
dried fish and dish was 2.446, and the dish 
itself was 1.141 g. By formula 1, the 
percentage moisture was: 
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M = 8.056 - 2.446  x 100 
8.056 - 1.141 

= 5.610 x 100 
6.915 

81.1% 
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3. LIPID CONTENT (fat) 

GENERAL DISCUSSION 

The fat or lipid content of fish tissue, 
critical for determination of stability in 
frozen storage, adjustment of process re-
quirements (canning) and nutritional label-
ling, varies tremendously with season and 
species. Lean fish (less than 1% fat) in-
clude cod, haddock, hake, pollock, and flat-
fish. Fatty fish include herring, mackerel, 
and salmon. Generally red flesh and the bel-
ly flap contain the highest proportion of 
fat. In salmon, fat content of belly flap 
vs. dorsal section can be 20-30% vs 5-10%, 
respectively. 

The fat portion of muscle is comprised of 
a complex mixture of neutral lipids (trigly-
cerides), polar lipids (phospholipids) and 
lesser components (sterols, sterol esters, 
free fatty acids, etc.). The proportion of 
each again is dependent on species and sea-
son. Therefore in order that fat extraction 
methods be applicable to all species, they 
must be versatile in their ability to extract 
each of these components. Traditional pro-
cedures involve drying and acid hydrolysis, 
exhaustive Soxhlet extraction with hexane or 
petroleum ether (1,2), or acid digestion and 
centrifugal separation and quantitation (3, 
4). Since lipid recovered by these methods 
was not suitable for lipid composition 
studies (5), less harsh, more rapid processes 
involving acetone (6), chloroform/methanol 
(7,8) and 2:2:1.8 chloroform/methanol/water 
(5) extractions were- developed and tested 
(9,10). One such procedure, the Bligh and 
Dyer method (5) which has been used 
extensively (sometimes with modifications 
(8)) was demonstrated in a collaborative 
study (11) to be precise, reproducible and 
accurate fur quantitating fat content in 
processed and prepared foods for nutritional 
labelling, providing the chloroform, methanol 
and water were maintained in the reported 
proportions. This latter method will be 
described here.  

a. Application 

The Bligh and Dyer lipid extraction 
procedure (5) is applicable to the 
determination of total lipid in lean and 
fatty species of fish and fish products. Two 
methods are described: one for quantitative 
determination without total lipid recovery 
(method A) and a second (method B), for 
quantitative determination with complete 
recovery of lipid for subsequent analysis 
such as peroxide value, carbonyl value, fatty 
acid composition or free fatty acid 
determination. Method B yields a slightly 
lower fat content in some cases, 1 to 2% with 
fatty fish. 

b. Principle: 

Polar and non-polar lipids are extracted 
in a three step blending procedure in which 
chloroform, methanol, and water are 
maintained in the ratios of 1:2:0.8, 2:2:0.8, 
and 2:2:1.8. During the first two blending 
operations a single phase ternary solvent 
system is employed for complete extraction of 
tissue lipids. For further analysis, (method 
B) fat may be recovered completely by 
filtration through sodium sulfate (fur 
total water removal) and freed of solvent by 
vacuum treatment. 

c. Precautions: 

1. For dry products adjust water content 
to conform to the required ratios 
during blending (see Method A, step 
3). 

2. For salted products (herring) use half 
the regular sample amount but do not 
decrease chloroform and methanol, 
i.e. in Method A, step 1 use 25 g 
sample with 100 ml methanol. 	Omit 
step 7 but add 75 ml (50 4 25) water 
to filtrate in step 9 after buchner 
funnel has been disconnected to 
achieve 	necessary 	chloroform,' 
methanol, water ratio of 2:2:1.8. 
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3. With fatty species emulsions may form 
or difficulty may be encountered dur-
ing filtration (method A, step 8). If 
this occurs and the condition cannot 
be rectified, repeat the extraction on 
fresh material modifying the procedure 
so that water addition (method A, step 
7) occurs after filtration through the 
Buchner funnel (method A, step 9; 
method B, step 1) 

4. Blending and filtration should be 
performed in a fume hood due to the 
health hazards posed by the solvents. 
Do not contact solvents with the skin. 

SAMPLE PREPARATION: 

Blend fresh or freshly thawed sample in a 
Cuisinart Food Processor with nitrogen flush-
ing. Work quickly, du not expose sample to 
excess heat. If subsequent analyses (POV, 
COV, FFA) are riot to be performed on the 
recovered lipid, nitrogen flushing is not 
necessary. Weigh 50 g portions of tissue 
into disposable plastic containers, flush 
with nitrogen and store on ice or preferably 
in freezer compartment of refrigerator until 
extracted (within 1 hour). 

APPARATUS 

1. Waring blender with 1 quart capacity jar, 
fitted with teflon gaskets between blade 
assembly and jar. 

2. Buchner funnel ca 12 cm plate, with 
aspirator suction assembly, set in fume 
hood. 

3. Filter paper, 11 cm, #4 Whatman or 
equivalent to fit Buchner funnel. 

4. Aluminum foil, household quality. 

5. Pipetting bulb, manual pipetting aid to 
fit 10 ml volumetric pipette. 

6. Drying oven set at 103-105 °C. 

7. Filter paper (for method A): Whatman #1 
and #4 or equivalent, 18.5 cm diameter. 

8. Rotary evaporator (for method 8), with 
nitrogen flush capability. 

9. Glassware: (for method A) 500 ml 
graduated cylinders, 100 ml graduated 
cylinders, 10 ml volumetric pipette, and 
(additionally  for method B) 500 ml 
separatory funnels,.500 ml round bottom 
flasks and glass filtering funnels. 

REAGENTS: 

1. Chloroform, technical grade for method A 
or ACS grade if continuing to method B. 

2. Methanol, technical grade for method A or 
ACS grade if continuing to method B. 

3. Sodium sulfate (for method B only), 
anhydrous granular ACS grade. 

4. Chloroform/methanol solution: mix 100 ml 

	

chloroform with 100 ml methanol. 	Make 
fresh daily and store in a wash bottle. 

PROCEDURE 

	

Proceed with method A to step 9. 	Then 
continue for fat content only or apply method 
8 if lipid is required for further analysis. 
For method B it may be convenient to increase 
sample size and solvent volumes. 

METHOD A. Fat content only 

1. In fume hood, add 50 g comminuted sample 
to blender jar with 100 ml methanol. 

2. Add 50 ml chloroform to blender. 

3. If extracting fish meal or other material 
of low water content•(up to 20%), use 10 
to 15 g sample and add 40 ml distilled 
water at this point; otherwise proceed to 
step 4. For salt fish see "Precautions" 
(note 2). 

4. Form a cover for the blender jar of a 
double layer of aluminum foil. With foil 
extending to the outside of the jar, push 
center of foil down inside jar about 5 cm 
to form a baffle for the liquid and 
decrease spillover during blending. 
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5. Place regular cover on jar and blend for 
2 minutes. Blend in fume hood. 

6. Add 50 ml chloroform and blend an 
additional 30 seconds. 

7. Add 50 ml distilled water and blend 
another 30 seconds. 

8. Filter through Buchner funnel with aid of 
suction (water aspirator). 	Press cake 
with bottom of beaker to remove 
solvents. If filtration is difficult due 
to emulsion formation see "Precautions" 
section (note 3). - 

9. Rinse blender jar, funnel and press cake 
with 15 to 20 ml chloroform/methanol 1:1 
mixture (from wash bottle). 

10. Pour filtrate into 500 ml graduated 
cylinder. 	Rinse flask with 5-10 ml 
chloroform/methanol solution and add to 
cylinder. 

11.After separation and clarification occurs 
(1 hr or overnight), record volume of 
lower chloroform layer. 

12.With 	aspirator 	remove 	upper 
water/methanol layer completely. 	Some 
chloroform may be removed in the process. 

13. Identify and preweigh to 0.001 g three 
aluminum weighing dishes 	for each 
chloroform extract (each cylinder). 

14. In the fume hood and with the aid of a 
pipetting bulb, accurately pipet 10 ml 
chloroform solution into each of three 
preweighed aluminum weighing dish. 

15.Allow chloroform to evaporate in fume 
hood until lipid residue remains (ca 2 
h). 	Protect from dust and foreign 
materials. 

16.Place drying dishes containing lipid 
residue in drying oven for 1 hour. 

47. Remove dishes from oven, cool to room 
temperature in desiccator or on aluminum 
tray (not more than 15 minutes). 

18. Carefully weigh aluminum dishes and 
collected lipid residue to the nearest 
0.001 g. 

METHOD B. Fat content with recovery for 
subsequent analysis: 

1. Proceed as for method "A" to end of step 
t9, using ACS grade solvents and 
filtering through Buchner funnel. 

2. Pour filtrate into 500 ml separatory 
funnel. 	Rinse flask with 5-10 ml 
chloroform/methanol solution. 

3. Flush separatory funnel with nitrogen and 
stopper. Contents may be left overnight 
for complete separation or procedure may 
be continued once separation and 
clarification has occurred (at least 2 
hours). 

. 4. Fold #1 and #4 filter papers and place #4 
inside #1. Pour sodium sulfate into 
filter paper cone until cone is three 
quarters filled. Place in glass funnel. 

5. On 	retort 	stand assembly position 
separatory funnel so that stem extends 
approximately 1 cm into sodium sulfate. 

6. Remove stopper from separatory funnel and 
allow lower chloroform layer to slowly 
pass through sodium sulfate into 500 ml 
round 	bottom 	flask 	(or 	500 	ml 
Erlenmeyer). 	A nitrogen tube may be 
introduced into collection flask 
to prevent oxygen pickup by solution. 
Stop flow of separatory . funnel when 
chloroform layer has been exhausted. 

7. Rinse sodium sulfate and exposed filter 
paper 	liberally 	(15-20 	ml) 	with 
chloroform (ACS grade) from wash bottle 
to ensure complete recovery of lipid. 
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8. Transfer solution into preweighed round 
bottom flask. Attach to rotary evapora-
tor connected to water aspirator and 
remove chloroform. Evaporator water bath 
temperature should not exceed 40 °C. When 
complete, break vacuum (with nitrogen), 
reflush with nitrogen and protect from 
oxygen with • preweighed ground glass 
stopper. 

9. Correction for trace solvent: 	for 
further analysis trace solvent may be 
removed comptetely (method "b" below) or 
if the solvent will not interfere, the 
actual amount present may be estimated 
(method "a" below), a correction .factor 
applied, and the lipid used accordingly. 

a. Oven method: If a sufficient quantity 
of lipid is available remove with the 
aid of a pasteur pipette two 0.5 g 
aliquots of crude lipid to pre-weighed 
disposable aluminum weighing dishes. 
Place dishes in a drying oven at 103-
105 ° C for 1 hour, cool and weigh to 
nearest 0.001 g. 

b. High vacuum method: After rotary evap-
oration connect flask to high vacuum 
pump (with dry ice/acetone trap) for 
removal of trace amounts of solvent. 
For absolute accuracy step 9a above, 
(oven removal of trace solvents) may 
be applied to a small portion of 
lipid after disconnecting from vacuum 

Pump. 

CALCULATION: Percent lipid in sample 

1. From method A, fat content (F) may be 
calculated as: 

F = (W2-W0) x V1 X100 	
(1) 

V2 x W3 

2. a. From method B, step 9a (oven removal 
of trace solvent) correction factor (f) 
and fat content (F) are: 

f = (W2 - WO) 

(W1 - WO) 
	

(2) 
and 

F =
(W5 - W4) x f x 100 	

(3)  

Therefore weight of pure lipid in any 
aliquot removed is: 

W7 = W6 x f 
	

(4) 

b. From method B, step 9b (high vacuum 
trace solvent removal) fat content (F) 
is: 

F = (W5 - W4) x 100 
	

(5) 
113 

Symbol Key: 	Efficiency of trace solvent 
removal can be checked by method B, step 9a 
and correction factor calculated by formula 
2 . 

f = correction factor 

F = percent (g/100 g) fat or lipid in tissue 

= total volume (ml) of chloroform layer in 
graduated cylinder 

V2 = volume (ml) of chloroform aliquot 
removed to aluminum dish 

W0 = weight (g) of empty aluminum dish 

111 = weight. (g) of aluminum dish with crude 
lipid (added in step 9a of method B) 

W2 = weight (g) of aluminum dish with dried 
lipid residue 

W3 = weight (g) of tissue sample blended 

W4 = weight (g) of empty round bottom flask 
and stopper 

W5 = weight (g) of round bottom flask, 
stopper and lipid after high vacuum 
treatment 

W6 = weight (g) of lipid (with trace solvent) 
removed for subsequent analysis or 
testing 

W7 = true weight of lipid present in removed 
sample, corrected for trace solvent 

W3 
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EXAMPLE 

A. A sample of salt herring received for 
analysis was comminuted and a 25.2 g (W3) 
portion extracted with 100 ml methanol and 
100 ml chloroform according to Method A but 
incorporating precaution 2. Seventy-five ml 
of water were added to the filtrate and the 

mixture 	transferred 	to 	the 	graduated 
cylinder. After 2 hrs. the volume of the 
lower chloroform phase was recorded as 108 ml 

(V1), the top layer withdrawn and three 10 ml 
(V2) aliquots removed to aluminum dishes 
weighing 0.983, 0.995 and 0.986 g (W0). 
After drying respective weights of the dishes 
with residue were 1.238, 1.250, and 1.241 g 
(W2). Using the first dish as an example (Wo 
= 0.983, W2 = 1.238), fat content of the 
herring (F) from formula 1 was: 

F = (1.238 - 0.983) x 108 x 100  
10 x 25.2 

= 10.9% 

B. A sample of mackerel fillets were 

comminuted and a 50 g portion (W3) blended 
with 100 ml methanol, 100 ml chloroform, and • 
50 ml distilled water according to method A. 
After filtration (step 9) the filtrate was 
poured into a separatory funnel for overnight 
separation according to method B. The lower 
layer was then filtered through sodium 
sulfate and the chloroform removed from the 
extract by rotary evaporation. Weight of the 
empty round bottom flask and stopper was 
163.49 g (W4). 	After evaporation, flask, 
stopper and contents weighed 168.17 g (W5). 
To determine trace solvent level a sample of 
lipid was withdrawn into an aluminum drying 
dish for oven drying (Method B, step 9a). 
Dish with and without lipid sample weighed 

1.490 g (W1) and 0.983 g (WO), respectively. 
After drying dish with residue weighed 
1.449 g (W2). Correction factor from formula 
2 is: 

f = (1.449 - 0.983)  

(1.490 - 0.983) 

= 0.919 

i.e. The lipid is 91.9% pure or contains 8.1 
% solvent 

Actual fat content of the mackerel from 
formula 3, therefore, is: 

F = (168.17 - 163.49) x 0.919 x 100  
50 

= 8.60% 

In a subsequent analysis 2.5 g (W6) of the 
lipid was withdrawn. Actual weight of lipid 
in the 2.5 g aliquot calculated from formula 

4 is: 

W7 = 2.5 x 0.919 

= 2.30 g 
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4. PROTEIN - MICRO-KJELDANL ANALYSIS 

GENERAL DISCUSSION 

The protein of living fish muscle is res-
ponsible for physical structure and activity; 

after death it becomes the component impor-
tant to man for its nutritional and function-
al characteristics. Protein levels, averag-
ing 15 to 20% in lean fish, vary both among 
and within species (1, 2). 

Protein molecules, whether sarcoplasmic, 
structural, or connective are composed of ar-
rays of amino acids each containing an amino 

(-NH2) and carboxylic acid (-COOH) group. 
While there are only about twenty individual 
amino acids, the possibilities for their 
arrangement is almost limitless. This 
accounts for the broad spectrum of proteins 
which exist in nature (3). 

Since fish protein is on the average 16% 
nitrogen, a total nitrogen analysis is a com-
mon approach to protein measurement. Other 
methods utilizing turbidity, physical com-
plexing or analysis of certain groups on par-
ticular amino acids may suffer from varia-
tions when applied to various fish species. 

Since the development of the organic nit-
rogen analysis in 1883 by the Danish scien-
tist Kjeldahl, the method has undergone many 
changes (4, 5, 6, 7). In principle the 
sample is completely oxidized in strong acid 
until the protein nitrogen' is reduced and 

transformed into ammonium sulfate. Ammonia 
is then liberated from the sulfate by 
addition of sodium hydroxide and distilled 

into boric or a standard acid where it may be 
titrated or quantified in some other manner. 

The limiting or time consuming step in the 
analysis is the sulfuric acid digestion. In 
1885, Wilforth found that digestion could be 
accelerated with certain catalysts and in 
1889, Gunning suggested addition of potassium 
sulfate for boiling point elevation to 
achieve the same effect. The test is there-
fore sometimes called the Kjeldahl-Wilforth-
Gunning method (4). Mercury is a superior 
catalyst for the digestion even though its  

inclusion requires the addition of sodium 
thiosulfate to decompose the mercury-ammonia 
complex formed (4). The strong oxidizer 
hydrogen proxide has been found to further 

speed digestion (8). 

With all the developments and improvements 

to the Kjeldahl procedure the most common 
fault in carrying out the analysis continues 
to be failure to achieve complete digestion 

(9). Certain amino acids, tryptophan and 
histidine in particular, require extra long 
or harsh digestion conditions (4). 

It must be noted that since the Kjeldahl 
analysis determines total nitrogen, commodi-
ties with excessively high levels of other 
compounds containing nitrogen will appear to 
contain erroneous high amounts of protein. 
Sources of such "non-protein" nitrogen can 
include TMAO, urea, taurine, peptides, amino 
acids, nucleotides, and related purine-based 

compounds (4, 10). 

a. Application 

The micro-Kjeldahl organic nitrogen deter-
mination for total protein (8) is applicable 
to all fishery products. Before the analysis 
is attempted, an estimate of protein must be 
made to determine appropriate sample size. 
Additionally since all organic nitrogen is 
analyzed as "protein", a non-protein nitrogen 
analysis (lab method #5) should be performed 
on the sample. A direct subtraction of 
protein and non-protein nitrogen is not 
always valid however since some protein com-

ponents or, "broken-down proteins", ie 
peptides and amino acids, are also included 

in the non-protein nitrogen analysis. The 
exact amount or subtraction error depends on 
the sample and is a function of biochemical 
make-up as well as enzymatic degradation 
occuring post-mortem. 

b. Principle 

Organic nitrogen present in the sample 
(protein and non-protein) is reduced and 
transformed to ammonium sulfate in the pre-
sence of sulfuric acid, catalysts and hydro-
gen peroxide; organic carbon and hydrogen are 
oxidized and the boiling solution is rendered 
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colorless. After a brief cooling period the 
digest is quantitatively transferred to a 
steam distillation apparatus and strong base 
is added to liberate the ammonia. Applica-

tion of steam results in complete distilla-
tion of the ammonia into boric acid. The 
ammonia is in turn titrated from the boric 

acid with a strong acid (at low concentra-

tion) and the nitrogen quantified. Since 
protein is assumed to be 16% nitrogen, the 

factor 6.25 (ie. 100/16) is used to convert 
total nitrogen to total protein. 

c. Precautions 

1. Extreme caution must be exercised' 
throughout the analysis with caustic 
chemicals, namely: concentrated sul-
furic acid, hydrogen peroxide and 
sodium hydroxide. Severe burns may 
result. 

'2. Digestion flasks, 	the distillation 
apparatus and the water used for steam 
generation must be free from nitrogen; 
clean flasks with chromic acid. At 
least two blanks should be performed on 
the still before analysis begins. Only 
distilled water may be used for steam 

generation (be wary of commercial in-
house steamlines). 

3. Addition of hydrogen peroxide must 
occur dropwise and with caution. The 
mouth of the digestion flask should be 
directed into the fume hood for this 

addition step since the reaction of 
H202 is violent. 

4. Digestion should be continued for 15 to 
20 minutes after clarification to 
ensure complete protein degradation. 

5. The digest must be cool before the 
water addition step and transfer to the 
distillation apparatus. 	Premature 
action will result in crystallization 
of catalysts in stopcock A (see Figure 
4.1). This transfer must be quantita-
tive. 

6. The analysis is sensitive to - all 
nitrogen containing compounds in the 
sample 	and 	in 	the 	atmosphere. 
Digestion flasks should not be exposed 

to areas where ammonia or other amines 
are being actively used. 

7. For samples of extreme non-homogeheity 
it may be necessary to use the macro-

Kjeldahl procedure and apparatus which 

utilizes a larger sample size. Consult 
the literature (4). 

8. The sum of protein, fat, moisture and 
ash should equal one hundred percent. 
If this value is very much exceeded it 
is advisable to perform a non-protein 
nitrogen analysis (lab method #5). 

SAMPLE PREPARATION 

The sample must be representative and ren-
dered as homogeneous as possible. Therefore 
extra comminuting or grinding may be necess-
ary. It is strongly recommended that all 
weighing be performed at one time to prevent 
changes in moisture in the comminuted sample. 
Samples may be weighed directly or in 
nitrogen free paper and transfered to clean 
micro-Kjeldahl flasks and the tops sealed 
with parafilm until analysis time. If all 

analyses cannot be carried out the same day, 
preweighed samples may be stored frozen in 
Kjeldahl flasks or alternately wrapped in 
nitrogen-free paper in small vials. Do not 

expose samples to free ammonia or amines 
present in the atmosphere. 

APPARATUS 

1. Distillation apparatus, see Figure 4.1 

2. Digestion flasks, 100 ml Kjeldahl flasks 

3. Digestion rack, gas or electric 

4. Nitrogen free paper (or cigarette papers) 

5. Glassware: 4 x 125 ml Erlenmeyer flasks, 
10 ml burette, 50 ml burette 
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Figure 4.1 	Micro-Kjeldahl distillation 
apparatus 

REAGENTS 

1. Sulfuric acid concentrated, N-free 

2. Catalyst: Mix potassium sulfate (N-free) 
and mercuric oxide (N-free) in a ratio of 
190:4 (w/w). For example, mix 190g K2SO4 
with 4 g HgO. 

3. Sodium 	hydroxide/sodium 	thiosulfate 
solution: Dissolve 60 g NaOH and 5 g 
Na2S203 5H20 in distilled water and 
dilute to 100 ml. 

4. Boric acid saturated solution. 

5. Indicator solution Use one of the 
following (a is preferred): 

a. MCB N -point indicator (BDH Chemicals 

Ltd.) 

b. Methyl red/methylene blue indicator: 
Mix 2 parts (100 ml) 0.2% methyl red 
solution (0.2 g methyl red dissolved 
in 100 ml ethanol) with 1 part (50 ml) 

- 17 - 

0.2% methylene blue solution (0.1 g 

methylene blue dissolved in 50 ml 
ethanol). 

c. Methyl red/bromocresol green indicat-
or: Mix 1 part (50 ml) 0.2% methyl red 
solution (0.1 methyl red dissolved in 
50'ml ethanol) with 5 parts (250 ml) 
0.2% bromocresol green solution (0.5 g 
bromocresol green dissolved in 250 ml 
ethanol). 

6. Hydrochloric acid (0.02 N): In a 1000 ml 
volumetric flask, dissolve 1.7 ml concen-
trated hydrochloric acid in approximately 
700 ml of distilled water and bring up to 
volume. Standardize following section B 
of the procedure. 

7. Sodium hydroxide (0.05N): In a 1000 ml 
volumetric flask, dissolve 2.0 g NaOH in 
approximately 700 ml distilled water and 
bring up to volume. Standardize follow-
ing section A of the procedure. 

8. Hydrogen peroxide, 30% 

9. Phenolphthalein indicator : Dissolve 1 g 
phenolphthalein in 100 ml ethanol (95%). 

10.Potassium acid phthalate, ACS analytical 
grade, 5 g dried overnight at 103 °C. 

PROCEDURE 

A. Standardization of 0.05N NaOH 

1. Into each of three clean 250 ml 
Erlenmeyer flasks, weigh 0.30 g of 
dried potassium acid phthalate. Add 50 
ml of distilled water (to dissolve) and 
3 drops phenolphthalein indicator to 
each flask. 

2. Fill a 50 ml buret with sodium hydrox-
ide solution (ca 0.05N). 

3. Titrate each potassium acid phthalate 
sample to the endpoint of the phenol-
phthalein indicator (first perceptible 
but permanent pink color) with 0.05N 
NaOH. 
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4. Record the position of the meniscus on 
the buret and the volume of NaOH used. 

5. Calculate NaOH normality as: 

N = 	
W1 x 1000 	

(1) 1   
204.22 x V1 

where: N1 = normality NaOH 
V1 = volume (ml) NaOH used for 

titration 
141 = weight (g) potassium acid 

phthalate in flask 

6. Repeat for each of the remaining 
phthalate samples and calculate average 
normality of the NaOH. 

B. Standardization of 0.02N HC1 

1. Pipette 25 ml aliquots of prepared HCl 
solution into each of 3 clean 125 ml 

Erlenmeyer flasks and 3 drops of 
phenolphthalein indicator. 

2. Titrate each to the phenolphthalein 
endpoint (first perceptible but perman-

ent (30 sec) pink color) with standard-
ized 0.05 N NaOH (50 ml buret). 

3. Record the volume of NaOH used for the 
titration. 
Repeat for each of the three samples. 
Calculate the average volume of NaOH 

used; results should be within 0.03 ml. 
Calculate HCl normality as: 

,,. 	 N1 x V2 
N2 =  
	

(2) 
V3 

where: N, = normality NaOH 
N2 = normality HC1 
V2 = average volume (ml) NaOH 

used for titrations 
V3 = volume (ml) HC1 added to 

each Erlenmeyer 

C. Digestion of sample 

1. Into a clean 100 ml micro-Kjeldahl 
digestion flask, weigh 2.3 g catalyst 

and 0.10 to 0.30 g sample wrapped in 
nitrogen free paper (to prevent 
spattering or loss of sample on neck of 
flask). Verify nitrogen content of 
paper. 

2. Add 2.3 ml concentrated H2SO4 and 
swirl. 

3. Heat flasks vigorously on digestion 
rack, until foam threatens to rise in 

the neck of the flask (15-30 sec). 

4. Remove from heat and carefully add ca 
1 ml hydrogen peroxide (slowly) down 
the side of the flask. Caution : Point 
the flask away when adding the H202, as 
sputtering and foaming may result. 

5. Mix well by swirling and replace on 
heater. 	If solution doesn't clear, 
cool slightly and repeat addition of 

H202. 

6. Heat mixture for an additional 15-20 

minutes after solution has cleared to 
ensure 	complete 	digestion 	of 
proteinaceous material. 

D. Flushing of distillation apparatus 

1. Close stopcocks (or clamps) A and B on 
distillation apparatus 

2. Place an Erlenmeyer flask with 50 ml of 
distilled water below condenser tube 
outlet; tube should not be in the 
water. 

3. With steam generator resevoir about 
half filled with distilled water, turn 
on heat to initiate steam production. 

4. When steam condensate begins to drip 
from condenser tube, turn off heat and 
immediately raise Erlenmeyer flask so 
that condenser stem is well below level 
of water. 

5. As the apparatus cools, water from the 
flask will be drawn up the condenser 
tube into the main body of the distill-
ation apparatus and then into the waste 
collection apparatus. 
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6. Open stopcock A and then stopcock B to 
drain waste collector. 

7. Repeat entire procedure twice prior to 
distillation of samples. 

E. Distillation of sample 

1.Cool digested sample. Solids may form 
in the bottom of flask. 

2. Add minimum quantity of distilled water 
(1-2 ml), swirl to dissolve solids, and 
transfer quantitatively to distillation 
apparatus through funnel above stopcock 
A (Figure 4.1). 

3. Rinse flask 5 or 6 times with 1-2 ml 
portions of distilled water adding 
rinse to still. 

4. Quickly add 10 ml Na0H/Na2s n 2.3 solution 
to distillation apparatus. Immediately 
close stopcock (or clamp) A below fun-
nel to prevent any escape of ammonia. 

5. Begin steam generation. 	Collect 
distllate in a 125 ml Erlenmeyer flask 
containing 5 ml saturated boric acid 
and 4-6 drops of N-point indicator. 
Insure that tip of condenser is always 
below level of solution in Erlenmeyer. 

6. Collect 15-20 ml of distillate. 

7. Dilute to ca 50 ml with distilled 
water. 

8..Immediately titrate boric acid with 
distillate to a gray endpoint (or the 
first appearance of violet) with 0.02 N 
HCl .using an accurate 10 ml burette. 

9. Titrate a blank which has been treated 
similarly to the sample, i.e. digested 
and distilled. 

CALCULATION 

Protein content, assuming a conversion factor 
of 6.25 from percent nitrogen from formula 3 
is: 

P 	(V4- V5) x N2 
x 14.007 x 100 x 6.25 

(3) 

W2 x 1000 

where P =protein content as percent by weight 
V4=volume (ml) HCl to titrate the 
sample 
V5=volume (ml) HCl to titrate the blank 

N2=normality of HC1 
w2=weight (g) of sample 

EXAMPLE 

A 0.102 g (W2) sample of cod flesh was 

analyzed for protein content. For titration, 
9.73 ml (V4) of 0.0215 N (N2) HC1 were used. 
The blank required 0.02 ml (V5) HCI. The 
protein content (P), expressed as percent, 
may be calculated from formula 3 as: 

P = (9.73-0.02) x 0.0215 x 14.007 x 6.25  
0.102 x 1000 

= 9.71 x 1.8 x 100 
.102 x 1000 

= 17.1% protein 
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5. NON-PROTEIN NITROGEN 

GENERAL DISCUSSION 

Total organic nitrogen is most commonly 
used to quantitate protein (1). However the 
presence of other nitrogenous compounds may 
sometimes indicate erroneously high protein; 
trimethylamine oxide, trimethylamine, 
dimethylamine, urea, taurine, peptides, amino 
acids, nucleotides, and related purine-based 
compounds may be included in the Kjeldahl 

nitrogen analysis (2, 3). While these 
compounds have often been related to the fla-
vour of fish (4) they are not protein. Non-
protein nitrogen (NPN) by definition arises 
from components that are not precipitable by 
5% trichloroacetic acid and comprise between 
0.5 and 1% of total weight. of muscle (3, 5). 

Levels of 5 to 10% TCA appear to have been 
used in the literature for extraction of 
.non-protein nitrogen compounds (4); a strong 
protein denaturant is necessary. Analysis of 
nitrogen in the TCA extract is by micro-
Kjeldahl analysis similar to laboratory 
method 4. In samples where low NPN is found, 
unruly volumes (up to 15 ml) of extract must 
often be used for the digestion. 

a. Application 

The non-protein nitrogen (NPN) analysis is 
applicable to all fishery products. Since it 
is difficult to estimate NPN before the 
analysis, trials may be necessary to estab-
lish the necessary "range" of sample size. 

b. Principle 

Protein is precipitated by trichloroacetic 
acid and the soluble nitrogenous compounds in 
the filtrate analyzed by micro-Kjeldahl 
analysis (see laboratory method 4, protein). 

c. Precautions 

1. Extreme caution must be exercised through 
the analysis with caustic chemicals; name-
ly: concentrated sulfuric acid, hydrogen 
peroxide and sodium hydroxide. Severe 
burns may result. 

2. Digestion flasks, the distillation appara-
tus and water used for steam generation 
must be free from nitrogen compounds; only 
distilled water may be used for steam 
generation. 	Clean flasks with chromic 
acid. A minimum of two blanks should be 
performed on the still before analysis 
begins. 

3. Addition of hydrogen peroxide must occur 
dropwise and with caution. The mouth of 
the digestion flask should be directed in-
to the fume hood for this addition step 

since the reaction of H202 is violent. 

4. Digestion will be prolonged if a large 
volume of sample is required. Volume must 
be gradually reduced by boiling (with 
acid) on medium to low heat setting to ca 
10 ml before peroxide and before peroxide 
addition and before digestion can be 
considered complete. 	Excessive heating 
will 	result 
	

in 	bumping 
of the sample. 

5. The digest should be cool before addition 
of water. Premature transfer will result 
in crystallization of catalysts in stop-
cock A (see Figure 4.1). 	This transfer 
must he quantitative. 

6. This analysis is sensitive to all nitrogen 
containing compounds in the sample and in 
the atmosphere. Digestion flasks should 
not be exposed to areas where ammonia or 
other amines are being actively used. 

7. For powdered samples (fish meal) a larger 
volume of TCA may be necessary than the 
prescribed 1:2 extraction. 	The minimum 
quantity of TCA should be used to avoid 
dilution and thus the necessity for large 
digestion volumes. 

8. Non-protein nitrogen should be subtracted 
from protein nitrogen only after careful 
consideration. 	For example, the NPN 
analysis measures free amino acid and pep-
tide nitrogen which for nutritional pur-
poses must still be included as "protein". 
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SAMPLE PREPARATION 

The sample must be representative and well 
comminuted (food processor). Dry.samples may 
require a larger amount of TCA than prescrib-

ed but the amount should be increased only to 
that absolutely necessary to avoid dilution 
as mentioned above. 

APPARATUS 

1. Blender or food processor 

2. Low speed centrifuge optional 

3. Glass wool 

4. Distillation apparatus, see figure 4.1 in 
laboratory method 4, protein. 

5. Digestion flask 100 ml Kjeldahl 

6. Digestion rack gas or electric 

7. Glassware: 125 ml Erlenmeyer flasks, ac-
curate 10 ml burette, 50 ml burette 

REAGENTS 

1. Sulfuric acid concentrated, N-free 

2. Catalyst: Mix potassium sulfate (N-free) 
and mercuric oxide (N-free) in a ratio of 
190:4 (w/w). For example, mix 190g K2SO4 
with 4 g HgO. 

3. Sodium hydroxide/sodium thiosulfate solu-
tion: Dissolve 60 g NaOH and 5 g Na2S203 
5H20 in distilled water and dilute to 100 
ml. 

4. Boric acid saturated solution. 

5. Indicator solution Use one of the 
following (a is preferred): 

a. MCB N-point indicator (BDH Chemicals 
Ltd.) 

b. Methyl red/methylene blue indicator: 
Mix 2 parts (100 ml) 0.2% methyl red 

solution (0.2 g methyl red dissolved in 
100 ml ethanol) with 1 part (50 ml) 

0.2% methylene blue solution (0.1 g 
methylene blue dissolved in 50 ml 
ethanol). 

c. Methyl red/bromocresol green indicat-
or:Mix 1 part. (50 ml) 0.2% methyl red 
solution (0.1 methyl red dissolved in 
50 ml ethanol) with 5 parts (250 ml) 
0.2% bromocresol green solution (0.5 g 
bromocresol green dissolved in 250 ml 
ethanol) 

6. Hydrochloric acid (0.02 N): In a 1000 
ml volumetric flask, dissolve 1.7 ml 
concentrated hydrochloric acid in ap-
proximately 700 ml of distilled water 
and bring up to volume. 	Standardize 
following section B of the procedure. 

7. Sodium hydroxide (0.05N): In a 1000 ml 

volumetric flask, dissolve 2.0 g NaOH 
in .approximately 700 ml distilled water 
and bring up to volume. 	Standardize 
following sectionn A of the procedure. 

8. Hydrogen peroxide, 30% 

9. Phenolphthalein indicator : Dissolve 1 
g phenolphthalein in 100 ml ethanol 
(95%). 

10.Potassium acid phthalate, ACS analyti-
cal grade, 5 g dried overnight at 
103 °C. 

11.Trichloroacetic acid (10%): 	Dissolve 
10.0 g TCA in 90.0 ml distilled water. 

PROCEDURE 

A. Standardization of 0.05N NaOH 

1. Into each of three clean 250 ml 

Erlenmeyer flasks, weigh 0.30 g of 
dried potassium acid phthalate. Add 50 
ml of distilled water (to dissolve) and 
3 drops phenolphthalein indicator to 
each flask. 
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2. Fill a 50 ml buret with sodium 

hydroxide solution (ca 0.05N). 

3. Titrate each potassium acid phthalate 

sample to 	the endpoint 	of the 

phenolphthalein 	indicator 	(first 
perceptible but permanent pink color) 
with 0.05N NaOH. 

4. Record the position of the meniscus on 
the buret and the volume of NaOH used. 

5. Calculate NaOH normality as: 

W1 x 1000 	
(1) 

204.22 x V1 

where: N1 = normality NaOH 

V1 = volume (ml) NaOH used for 
titration 

W1 = weight (g) potassium acid 
phthalate in flask 

6. Repeat for each of the remaining 
phthalate samples and calculate average 
normality of the NaOH. 

B. Standardization of 0.004 HCI 

1. Pipette 25 ml aliquots of prepared HC1 
solution into each of 3 clean 125 ml 
Erlenmeyer flasks and 3 drops of 
phenolphthalein indicator. 

2. Titrate each to the phenolphthalein 
endpoint (first perceptible but perman-
ent (30 sec) pink color) with standard-
ized 0.05 N NaOH (50 ml buret). 

3. Record the volume of NaOH used for the 

titration. 
Repeat for each of the three samples. 
Calculate the average volume of NaOH 
used; results should be within 0.03 ml. 

Calculate HC1 normality as: 

N2  = N1 x V2 
	

(2) 
V3  

where: Ni = normality NaOH 
N2 = normality HC1 

V2 = average volume (ml) NaOH 
used for titrations 

V3 = volume (ml) HCI added to 
each Erlenmeyer 

C. TCA Extraction of Sample 

1. Blend sample in blender or food processor 

to a fine paste. 

2. Weigh 50 g samples and freeze until ready 

to extract. 

3. Add 50 g samples and 100 ml 10% TCA (1:2 
extraction) to a small blender jar and 
blend thoroughly. 

4. Centrifuge at 4 °C for 15 minutes at about 
2000 x g (approximately 4000 rpm). 	An 
alternate purification procedure to 

centrifugation and decanting is Filtration 
through Whatman #4 fitter paper. 

5. Decant supernatant fluid through glass 

wool. 

6. Extracts may be frozen at -20 °C fur 
extended periods of time with little 
deterioration. 

D. Digestion of TCA Extracts 

1. Into a clean 100 ml micro-Kjeldahl diges-
tion flask, place 2.3 g catalyst and 1 to 
4 ml TCA extract (volume depends on nature 
of sample; for greater volumes see 

precaution #4). 

2. Add 2.3 ml concentrated H2504 and swirl. 

3. Rapidly heat flasks on digestion rack, 
until foam threatens to rise in the neck 

of the flask (15-30 sec). 	If sample 
volume is high extend heating time to 
facilitate evaporation of excess liquid. 

4. Remove from heat and carefully add ca 1 ml 
hydrogen peroxide down the side of the 
flask. 	Caution : Point the flask away 

when adding the H202, as sputtering and 
foaming may result. 

N1 = 
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5. Mix well by swirling and replace on 
heater. 	If solution doesn't clear, cool 
slightly and repeat addition of H202. 

6. Heat mixture for an additional 15-20 
minutes after solution has cleared to 

ensure complete digestion. 

E. Flushing of Distillation Apparatus 

1. Close stopcocks (or clamps) A and B on 
distillation apparatus 

2. Place an Erlenmeyer flask with 50 ml of 
distilled water below condenser tube 
outlet; tube should not be in the 
water. 

3. With steam generator resevoir about 
half filled with distilled water, turn 
on heat to initiate steam production. 

4. When steam condensate begins to drip 
from condenser tube, turn off heat and 

immediately raise Erlenmeyer flask so 
that condenser stem is well below level 
of water: 

5. As the apparatus cools, water from the 
flask will be drawn up the condenser 
tube into the main body of the distil-
lation apparatus and then into the 
waste collection apparatus. 

4. Quickly add 10 ml Na0H/Na2S203 solution 
to distillation apparatus. Immediately 
close stopcock (or clamp) A below 
funnel to prevent any escape of 
ammonia. 

5. Begin steam generation. 	Collect 
distllate in a 125 ml Erlenmeyer flask 
containing 5 ml saturated boric acid 

and 4-6 drops of N-point indicator. 
Insure that tip of condenser is always 

below level of solution in Erlenmeyer. 

6. Collect 15-20 ml of distillate. 

7. Dilute to ca 50 ml with distilled 
water. 

8. Immediately titrate boric acid with 
distillate to a gray endpoint (or the 
first appearance of violet) with 0.02 N 
HC1 using an accurate 10 ml burette. 

9. Titrate a blank which has been treated 
similarly to the sample, i.e. digested 
and distilled. 

CALCULATION 

Nonprotein nitrogen, expressed as percent 
nitrogen: 

NPN = (V4-V5)xN2x14.007x[V64(0.010b(W2)) ( 3 ) 

V7xW2x10 
6. Open stopcock A and then stopcock B to 

drain waste collector. 

7. Repeat entire procedure twice prior to 
distillation of samples. 

F. Distillation of Sample 

1. Cool digested sample. Solids may form 

in the bottom of flask. 

2. Add minimum quantity of distilled 

water (1-2 ml), swirl to dissolve 
solids, and transfer quantitatively to 
distillation apparatus through funnel 
above stopcock A (Figure 4.1). 

3. Rinse flask 5 or 6 times with 1-2 ml 
portions of distilled water adding 
rinse to still. 

where: 
M = moisture content of sample (percent) 

N2 = normality of HC1 
NPN= non protein nitrogen as percent by 

weight. 
V4 = volume (ml) HC1 to titrate sample 

V5 = volume (ml) HC1 to titrate blank 
V6 = volume (ml) TCA added for 1:2 extraction 

V7 = volume (ml) TCA extract added to 
digestion flask 

W2 7: weight (g) of fish used in 1:2 extrac-
tion 

EXAMPLE 

Fifty grams (W2) of cod was extracted with 

100 ml (V6) TCA. Exactly 1.1 ml (V7) of 
extract was digested in the Kjeldahl 
apparatus. The distillate was titrated with 
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4.16 ml (V4) of 0.0217 N (N2) HC1; the blank 
required 0.01 ml (V5). Assuming a moisture 
content of 80% 1M), the percent nonprotein 

nitrogen (NPN) in the sample, expressed as 
percent nitrogen from formula 3 is: 

NPN = 

(4.16-0.01)x0.0217x14.007x[1004(0.01x80x50)]  

1.1x50x10 

= 4.15x0.304x140  
550 

= 0.321% nonprotein nitrogen 
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6. ASH CONTENT 

GENERAL DISCUSSION 

Ash is the inorganic residue remaining af-
ter incineration of biological material. 
Composition of the ash will depend on raw ma-
terial (nature, degree of processing, con-
tamination, inorganic additives) and method 
of ashing (1). The procedure is used to as-
sess the total mineral content of a sample or 
as a first step for further analysis of spec-
ific elemental components. Two methods are 
commonly used: dry ashing in which a pre-
charred sample is heated in the presence of 
air at temperatures ranging from 400 to 700 °C 
(usually 550 °C) and wet ashing, where samples 
are digested in the presence of strong oxidi-
zing acids. Since certain elements, parti-
cularly trace elements, are volatilized in 
the dry ash process or are absorbed by the 
ashing vessels, wet ashing is necessary for 
certain analysis. However, for total mineral 
content. of foods, dry ashing in porcelain 
crucibles is the most common procedure and 
completely adequate. The ash content of the 
edible portion of fresh fish ranges from 1 to 
2% (1). 

a. Application 
The dry ash procedure is applicable to all 
fishery products and by-products of vary-
ing moisture and fat levels. Procedures 
for low (intermediate) and high moisture 
samples are presented. 

b. Principle 
Ash is the inorganic residue remaining 
after incineration at 550 °C. Volatile 
components and all carbon are removed in 
the process and elements are reduced to 
their most stable form, usually oxides or 
sulfates. 

c. Precautions 

1. High moisture samples must be dried before 
ashing. 

2. Caution must be exercised to avoid con-
tamination of the ash with foreign 
material (from the inside of the furnace) 
or loss of the delicate ash particles. 

3. Heat high lipid containing samples slowly 
to prevent spattering of the fat with loss 
of sample or cross-contamination. 

4. Remove hot crucibles from oven with 
caution to avoid burns. 

5. Place hot vessels on an asbestos mat and 
then into a desiccator with the lid 
slightly ajar to prevent lid bumping from 
air expansion. 

6. Continue ashing until all carbonaceous 
material is removed, ie. ash is creamy 
white in color. 

SAMPLE PREPARATION 

Sample must be rendered homogeneous before 
analysis. If skin and bones are present and 
analysis is to include all of the material, 
then sample must be comminuted by passing 
three times through a hand grinder. If any 
liquid separates, mix throughly before weigh-
ing sample. For liquid samples stir vigor-
ously before pouring or portioning. If 
particulate matter exists, material should be 
homogenized in blender or by Polytron 
(Brinkman Instruments, Rexdale, Ontario) 
before sampling. 

APPARATUS 

1. Electric muffle furnace, to be maintained 
at 550 °C. 

2. Porcelain crucibles, 30 ml, 43x37 mm (dia-
meter x height). 

3. Glass rod, with flattened end. 

4. Tongs, long handled metal 

PROCEDURE 

METHOD A. Low and intermediate moisture 
samples (2) 

1.Heat crucibles and covers in a muffle fur-
nace at 550 °C for a minimum of 1 hour, or 
overnight. Cool in a desiccator and weigh 
(with covers) to the nearest 0.0001 g. 

2. Add 4 g samples into each crucible and 
weigh with cover to the nearest 0.0001 g. 
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Crucibles should be one half to three 
	CALCULATION 

quarters full. 	
Ash content is: 

3. Carefully char material on an electric hot 
plate or with a Bunsen burner (low flame) 
taking care not to allow sample to burst 
into flame. 	If flaming occurs quickly 
cover crucible with cover. N.B. Pre-
charring may be omitted if samples are 
placed in a cold muffle furnace and 
temperature is raised gradually. 

4. Place covered crucibles with samples in a 
cold muffle furnace. Set furnace to 550 ° C 
and leave overnight. 

5. With tongs carefully remove crucibles from 
furnace and allow to cool in desiccator. 
Do not close desiccator completely; allow 
heated air to escape. 

6. If ash appears creamy white in color and 
free of black particles weigh the crucible 
with cover. 

7. Carefully pulverize ash with a clean dry 
glass rod taking care not to lose any 
sample. 	If black particles are observed 
in crushed material rinse glass rod with 
1-2 ml of distilled water and evaporate to 
dryness in a hot plate again taking care 
not to lose any ash. 	Return covered 
crucibles to furnace at 550 °C until ash 
becomes white, probably overnight. 	Cool 
and re-check color. 

8. Weigh covered crucible (and contents) to 
nearest 0.0001 g. 

METHOD B. High moisture samples (3) 

1. Heat crucibles and covers in a muffle fur-
nace at 550 °C for a minimum of 1 hour, or 
overnight. Cool in a desiccator and weigh 
(with covers) to nearest 0.0001 g. 

2. Add 6 g sample into each crucible and 
weigh to nearest 0.0001 g. 	With covers 
off, place crucibles in drying oven set at 
103 ° C overnight to remove moisture. 

3. Proceed as in step 3 of preceding "low/ 
intermediate 	moisture" 	section 	and 
continue analysis. 

A = (W3-W1) x 100 	
(1) 

W2 - w i 

where A = percent ash 

W1 = weight of empty crucible with 
cover 

W2 = weight of crucible, cover and 
sample added 

W3 = weight of crucible, cover and ash 

EXA*LE 

A sample of minced cod frames was analyzed 
for ash content. The crucible with cover 

weighed 29.8311 g (WO; crucible, cover and 
sample were 35.6944 (W2) • After ashing, the 
crucible, cover and ash weighed 30.2425 g 

(W3). Ash content (A) 'from formula (1) is: 

A = (30.2425 - 29.8311) x 100 
(35.6944 - 29.8311) 

= 7.02% 

REFERENCES 

1. POMERANZ, Y. and C.E. Meloan. 	1971. 
"Food Analysis, Theory and Practice." 
AVI Publishing Co., Wesport, Conn. 

2. WINDSOR, M. and S. Barlow. 	1981. 
"Introduction to Fishery By-products". 
Fishing News Books Ltd., Farnham, 

England, pp 150-151. 

3. Official Methods of Analysis, 13th Ed. 
1980. Association of Official 
Agricultural Chemists, Washington, D.C. 
Sec. 18.040. 



7. SALT 
	

- 28 - 

7. SALT CONTENT 

GENERAL DISCUSSION 

Salt has been applied to the preservation 
of meat and fish for a considerable time in 
the history of mankind (1). Cod, herring and 
mackerel are still popular in a salted form 
and with the development of rapid salting. 
processes (2) many of the unattractive spec-
ies often discarded as by-catch are being in-
vestigated for their salting potential (3). 

Salt content of salted cod fish can vary 
from 4 to 20% wet weight before drying (4). 

While there appears to be a definite relation 
between water loss and salt pickup (4) water/ 
salt transfer is a function of brine strength 
(5, 6) and temperature (4, 7).During salting 
a swelling occurs in the muscle (6) and 
eventually the proteins are "coagulated" (3), 
"salted out" (6) or "denatured" (4). 

The measurement of salt is a prerequisite 
for quality control in the production of salt 
fish products, especially for process modifi-
cation. Salt content is also important for 
dietary reasons (8). 

Procedures for salt determination have in-
volved dichlorofluorescein (9); addition of 

silver nitrate to precepitate silver chloride 
with thiocyanate back titration of excess 
silver nitrate (10, 11, 12); potentiometric 
titration with silver nitrate (12); applica-
tion of Quantab chloride titrator indicating 
strips (Ames Co.; . Division of Miles 
Laboratories Inc.) (12); and conductivity 
measurements. One of the most rapid and con-
venient procedures for salt measurement in 
fishery products is the conductivity method. 

a. Application 

The conductivity method for salt determin-
ation is applicable to all fishery products 
with salt content greater than approximately 
0.5%.  

b. Principle 

The resistance offered by an aqueouos 
medium to the flow of electricity varies in a 
manner inversely proportional to the concen-
tration of dissociating inorganic salts. 
This principle forms the basis of the 

conductivity procedure for measurement of 
salt content in fishery products. 

The method involves blending a sample with 
water, measuring the electrical conductivity 
in milli-mho units of the solution by means 
of a conductivity meter and interpreting the 
results from standard curves. 

c. Precautions 

1. Temperature control is critical for 
measurement; all measured solutions 
must be at the same temperature as 
standards used for the preparation of 
the standard curve. 

2. For samples of low salt content the 
proportion of water must be decreased. 

However, in the extreme, some error may 
be encountered from the presence of 
natural salts since the procedure is 
not specific for sodium but rather 
takes 	into account all 	inorganic 
ionizable salts. For low concentra-
tions, the silver nitrate titration 

procedure (12) may be preferable. 

SAMPLE PREPARATION 

1. With a sharp knife cut sample into por-
tions of approximately 1/2" x 1/2". 

2. Comminute sample: 

a. For lean fish (salt cod), place several 
portions into a dry blender jar and 
blend for 10 second intervals until 
material is shredded. 

b. For fatty fish (herring, mackerel), 
comminute sample in a food processor 
until a homogeneous paste has been 
produced. If portions are very dry a 
blender may be used for comminution. 



7. SALT 	 - 29 - 

3. Pre-weigh portions of fish according to 
anticipated salt content, i.e. 10, 20, or 
40 g portions fur 18, 8 and 4% NaCL (wet 
weight) respectively. 

4. Save some material for moisture determina-
tion. 

APPARATUS 

1. Conductivity meter equipped with conduc-
tivity cell. For example, Radiometer CDM2 
meter with CDC-114 flow cell is appropri-
ate (see Figure 7.1). 

2. Blender, Waring or equivalent 

3. Water bath, constant temperature, main-
tained at 20 or 25 I. 0.5° C. 

4. Glass wool or filter paper, Whatman #4 

5. Glassware: 100 ml measuring cylinders, 
funnels (glass or plastic), test tubes (18 
x 150mm), 100 ml beaker, 100 ml volumetric 
flasks. 

rubber 
bulb 

sample 
chamber 

sample 
4-------  inlet 

B. Salt in Sample 

2. Sodium chloride standards: To 100 ml 
volumetric flasks add 0.1, 0.2, 0.4, 0.6, 
0.8, 1.0, 1.2, 1.4, 1.6 and 1.8 g portions -
(accurately weighed) of NaCl with 80 ml 
distilled water. 	Swirl to dissolve and 
make up to volume. 	Standards represent 
0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 
1.6 and 1.8% w/v solutions. 

PROCEDURE 

A. Calibration of meter 

1. Add standard solutions to clean test 
tubes and equilibrate in constant 
temperature bath - allow at least 15 
minutes. 

2. With attached bulb rinse cell with 
distilled water. Cell should be stored 
filled with distilled water or soaked 
for at least 30 minutes before use. 

3. With function switch on "calibrate" and 
range at 5 milli-mho, set pointer to 
red calibration mark on meter. 

4. Partially fill cell with standard 
solution of lowest salt concentration 

and dispel into waste container. 

.5. Fill and empty (back into test tube) 
cell several times with standard 

solution to ensure temperature equili-
bration of cell. Allow cell to rest in 
test tube (in bath). 

6. Record reading from meter. 

7. Proceed (without rinsing) to solution 
of next higher concentration, discard-
ing first aliquot drawn. If meter goes 
off scale switch to 15 - milli-mho range. 

Figure 7.1 	Conductivity cell 

REAGENTS 

1. Sodium chloride: Dry 30 g ACS grade NaCl 
at 110 °C overnight in 100 ml beaker and 
store in desiccator. 

1. Determine moisture of samples as 
described in Laboratory Method 2. 

2. In a Waring blender blend preweighed 
samples of fish with 200 ml distilled 

water for 1 to 2 minutes until 
homogeneity is achieved. 
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3. Filter a portion of the blend through 
glass wool or Whatman 1 4 filter paper 
into a glass test tube to remove 
particles. 

4. Place test tube in water bath at set 
temperature and allow at least. 15 
minutes for equilibration. 

5. Rinse cell with distilled water at 
temperature of water bath; cell should 
always be stored partially filled with 
distilled water. 

6. On conductivity meter set output to 5 
milli-mho and function switch to 
"calibrate". 	With calibration knob 
adjust meter so that needle rests on 
red calibration mark. 	Set switch to 
"measure". 

7. With rubber bulb attached to cell 
partially fill cell chamber with 
filtered sample solution to rinse. 
Dispel into waste beaker. 

8. Refill chamber with new solution 
ensuring that coil in cell is immersed 
in solution. 	Leave cell in the test 
tube (in water bath)and fill and empty 
cell several times to ensure constancy 
of and homogeneity of solution. Record 
reading from meter. If reading is off 
scale, set meter to 15 milli-mho. 
Dispel solution. 

	

.2 	.6 	1.0 
	

1.4 
	

1.8 
% NaC1 

Figure 7.2 Typical conductivity curve of 
conductivity vs salt 
concentration 

8. Salt Concentration in Samples 

From the meter reading obtained for each 
solution determine from the calibration graph 
a final NaC1 concentration. 

Salt content in sample may be calculated as: 

	

100R ( 	M x W)  
4 

C = W  V 
	

100  
100 

9. Rinse cell chamber with distilled water 
and proceed to next solution. 

=R(V,  4 MxW 

W 	100 ;) 
(1) 

10. If readings are too low or extremely 
high, sample weight should be adjusted 
and the analysis repeated. 

CALCULATIONS: 

A. Standard Curve 

On graph paper plot meter reading vs g 
NaCl/100 ml as shown in Figure 7.2 as follows: 

Where: 

C = concentration of NaCl in sample 
expressed as percent on a wet weight 
base 

M = moisture as percent by weight 
R = % NaC1 reading determined from graph 
V = volume (ml) distilled water added 
W = weight (g) of sample used 
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EXAMPLE 

Salt cod estimated at 10% salt content was 
blended and preweighed into 20 g (W) 
portions. Moisture content was found to be 
72% (M). After blending with 200 ml (V) 
water and equilibration to 25 °C, a value of 
7.8 was obtained from the meter, which from 
the graph (Figure 7.2) is equivalent to 0.815 
g NaC1/100 ml (R). Salt content from formula 
1 is: 

) 

0.815 200 
4 

72 x 20  

20 	 100 

= 8.74% NaC1 
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8. BONE CONTENT 

GENERAL DISCUSSION 

In the production of minced or deboned 
fish, process parameters must be critically 
controlled to avoid inclusion of bone and 
bone fragments. Measurement of bone content 
is necessary for optimization of efficiency 
of the deboning process and as a quality con-
trol measure. Some equipment, particulary in 
the meat. industry is capable of completely. 
disintegrating bone; in ground meat there-
fore, total calcium often serves as a measure 
of bone content. Deboners used in the fish 
processing industry are less comminuting and 
pass bones of a size visible to the naked eye 
(1). Methods based on flesh dissolution, or 
disintegration and physical separation of 
bone fragments usually suffice for analysis 
of bone in fish. Physical blending with de-
cantation (2, 3), 1 molar sodium hydroxide 
with chloroform separation (4), and papain 
(5), pepsin (6) and urea digestion with 
washing (7) have been used successfully for 
flesh disintegration and recovery of foreign 
particles (bones, parasites). 

a. Application 

The digestion method is applicable to all 
fish flesh where bone fragments are to be 
isolated. The method of Yamamoto and Wong 
(7) described here is relatively mild and 
will allow recovery of fine bones such as 
those found in herring. For fatty fish (mac-
kerel, herring) some of the lipid must be re-
moved before digestion. 

b. Principle 

Flesh after fat removal (if necessary) is 
allowed to digest overnight (with gentle 
stirring) in urea/NaOH with tap water, 
facilitating collection of bones and 
fragments by filtration. 

c. Precautions 

Caution must be exercised in the flushing 
of dissolved material to ensure no loss of 
fine bone fragments. 

SAMPLE PREPARATION 

Most samples requiring bone content 
measurement will already be in minced form. 
If whole fillets are to be analyzed, they may 
be comminuted with a Cuisinant food processor 
fitted with a dough blade or alternately 
reduced with any non-grinding apparatus. 
Freeze material for long term storage; 
refrigerated temperatures may be used for the 
short term. 

APPARATUS 

a. Magnetic stirrer: capable of stirring a 
volume of 2000 ml. 

b. Filter paper: # 4 Whatman or equivalent 

c. Glassware: 1000 ml Erlenmeyer, 2000 ml 
Erlenmeyer flasks (graduated if possible), 
large glass funnels or a Buchner funnel 
assembly, glass stirring rod. 

REAGENTS 

a. Urea, 3M in 0.02 M NaOH. To approx. 1800 
ml tap water in a 2000 ml graduated Erlen-
meyer add 1.80 g urea, technical grade and 
1.6 g NaOH, technical grade. Stir to dis-
solve and bring to the 2000 ml mark with 
water. 

b. Chloroform, technical grade 

c. Methanol, technical grade 

PROCEDURE 

A. Fat'fish - preliminary lipid removal 

1. To 100 g minced flesh in a 1000 ml 
Erlenmeyer add 200 ml methanol and 100 
ml chloroform. Disperse flesh with a 
glass stirring rod. 

2. Add 100 ml chloroform and continue 
stirring. 

3. Decant solvents taking care not to lose 
bone fragments. 
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4. Add 100 ml methanol, swirl, and decant 
solvent. 

5. Transfer flesh and all bone fragments 

to a 2000 ml Erlenmeyer flask. Proceed 
as for lean fish. 

B. Lean fish 

1. Add 100 g minced flesh to 2000 ml 

urea/NaOH solution. Adjust stirrer for 
gentle stirring. 

2. With glass stirring rod break up large 
pieces to aid digestion. 

3. Stir overnight at a rate to prevent 
settling of material. 

4. Attach a small hose to a cold water tap 
and allow cold water to flow into the 
Erlenmeyer at a rate which allows 
dissolved material to be flushed from 

	

the 	flask 	yet 	retaining 	bones. 
Continue flushing until solution is 
clear and free of dissolved flesh. 

5. Dry a disc of filter paper, Whatman t 4 
or equivalent in a 103 °C oven for 1 
hour. Cool and weigh filter paper. 

6. Decant as much water as possible from 
Erlenmeyer without losing bones and 

filter remainder, either by gravity or 

on a Buchner funnel with vacuum. 

7. Dry 	filter 	paper at 	105°C oven 
overnight, cool, and weigh paper and 
bones. 

8. Bones may be sized after drying by 
passing through various sized screens. 

CALCULATION 

Percent bone by weight may be calculated 
as: 

W2 - W1 B = 	x 100 

W3  

where, 
B = percent bone by weight 

Wi = weight (g) of filter paper 
W2 = weight (g) of filter paper with bones 

W3 = weight (g) of fish sample dissolved 

EXAMPLE 

A 150 g (W3) sample of minced herring 
offal was withdrawn for bone content 
analysis. The dried filter paper disc 

weighed 1.642 g (WO; after collection of 
bones and redrying weight was 4.827 g (W2). 
Bone content (B) of the herring offal from 
formula (1) is: 

B = (4.827 - 1.642)  x 100 
150 

= 2.12% 
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B. QUALITY INDICES - REFRIGERATED AND ICED STORAGE  

9. TRINETNYLANINE (TNA) 

GENERAL DISCUSSION 

Most marine species contain trimethylamine 
oxide (TMAO) for osmoregulation (1). The 
elasmobranch (sharks) and gadoid (cod, pol-
lock, hake) families have particularly high 
levels of TMAO; actual concentrations vary 
with species, stock, area, and time of year 
(2, 3, 4). 

During ambient chilled or iced storage of 
marine fish, TMAO is reduced to the odor-
iforous compound trimethylamine (TMA) by 
facultative bacteria, likely Pseudomonas (or 
Alteromonas) putrefaciens (2, 5, 3). 
Although several species of bacteria are 
capable of this reduction, 80% of all TMA 
producers are pseudomonads; TMA levels often 
bear a linear relationship'to their numbers 
(5). An excellent review of TMAO, TMA and 
DMA occurrence and significance has been 
presented by Hebard et al. (3). 

TMA has often been used as a measure of 
bacterial spoilage in fish and several 
attempts have been made to correlate its 
level with organoleptic quality (6, 7, 8, 9, 
10). It has been reported however, that with 
different initial levels of TMAO, TMA 
accumulates at different rates for different. 
species (11, 12, 13, 14). For example, TMA 
levels were higher in cod than in haddock 
when fish were of comparable organoleptic 
quality (11, 12). Seasonal fluctuations were 
also shown to.have an effect on correlation 
of TMA level with eating quality (15); at a 
given level of TMA, fish caught in the summer 
and late fall usually showed more rapid 
organoleptic deterioration than those caught 
in the spring and winter (16). 

Excellent reviews on methodology for TMA 
determination are given by Shewan et al. (17) 
and Hebard et al. (3). Although subject to 
interference and occassional error, the 
picric acid method of Dyer (18, 19, 1) 
modified by Tozawa and co-workers (20) has 
been the most widely used and evaluated (3) 
and has been adapted by the Association of 
Analytical Chemists (21). The method as  

originally reported was subject to interfer-
ence by amines particularly DMA if the 
samples were drawn from frozen storage (22, 
23) or if the samples were in advanced stages 
of decomposition (22, 19, 24). The interfer-
ence of DMA was used to advantage by Castell 
and co-workers (25) who applied the picric 
acid method with either 25% KOH or 50% K2CO3 
as TMA liberating agents. By comparing 
values obtained by the two bases, a 
simultaneous equation could be solved 
producing a corrected TMA and DMA value. 
Researchers are now turning to more automated 
methods (HPLC, especially) for more accurate 
determination of TMA (26). 

a. Application 

The picric acid method is applicable to 
all marine species containing the precursor 
TMAO for the estimation of bacterial 
spoilage. However, as noted in the discus-
sion preceeding, TMA correlation with 
organoleptic quality or grades will vary with 
species, season and stock. A survey of TMA 
values from the literature has been compiled 
by Hebard et al. (3). When the sample has 
been stored frozen for extended periods of 
time, the simultaneous TMA/DMA procedure 
should be applied as described in method 12 
to overcome DMA interference. 

b. Principle 

A trichloroacetic acid (or 6% perchloric 
acid) extract is obtained from the fish and 
reacted with picric acid to produce a highly 
colored picrate. Formaldehyde is added in 
the analysis to suppress reaction with 
ammonia and monomethylamine. Addition of an 
alkali (25% KOH) facilitates extraction of 
the amine to the toluene phase with 
subsequent formation of the picrate. By 
measuring absorbance at 410 nm, TMA may be 
quantitated. 

c. Precautions 

1. Adequate shaking/rotation is important. 
Deviation in procedure may alter the 
standard curve. 
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2. Temperature during mixing and shaking of 

solutions of TCA extract, formaldehyde, 

alkali, and toluene should be maintained 
at 30 °C to ensure reproducibility (20).. A 
water bath at this temperature should be 

at hand. 

3. Only dry a small amount of picric acid for 
use. 	Picric acid will detonate if 

subjected to shock or heat when in a dry 
state. Stock bottle should be kept moist 
with distilled water. Picric acid should 
never be dried in an oven. 

4. Dry toluene over Na2SO4 or molecular 
seives. 

5. Picric acid reagent should be added to 
clean dry test tubes since the method is 
sensitive to water and other contaminants. 

6. If the sample has been stored in frozen 
storage for extended periods or at a 
temperature accelerating production of 
DMA, the simultaneous DMA/TMA procedure 
outlined in laboratory method 12 should be 
applied to compensate for DMA interfer-
ence. 

7. Maintain samples as cold as possible prior 
to analysis to minimize further TMA 
production. 

8. TCA extracts are stable in frozen storage. 

9. If perchloric acid (6%) is used for 

extraction extracts must be carefully 
neutralzed to pH 6.8 just before use. 
Exercise caution in use of perchloric 
acid. 

SAMPLE PREPARATION 

Select 	representative 	samples 	for 
analysis. Since TMA increases with bacterial 
levels, if variation in pseudomonad numbers 
is expected in different areas of the same 
pack (top vs bottom for example), sampling 
should reflect this. 

Comminute fillets in a food processor and 
weigh portions (50 g) into portion cups. 
Samples after portioning may be stored for a 
short time (few days) at -35 °C without 

detriment. Storage at room temperature or at  

refrigerator temperatures should be avoided 
since TMA production will continue under 
these conditions. 

APPARATUS 

1. Blender with small blender jar 

2. Low speed centrifuge optional 

3. Rotator, eg. Cole-Palmer Model 7621-20 

4. Spectrophotometer for use at 410 nm 

5. Filter paper Whatman #4 or glass wool 

6. Glassware: 	Funnels, 50 ml Erlenmeyer 
flasks, 	screw capped 	(Teflon 	lined) 
culture tubes (20 x 150 mm) 

REAGENTS 

1. Stock TMA Standard (1.00 mg TMA-N/01): 
Dissolve 0.6820 g TMA-HCl weighed to 
nearest 0.0001 g (dried overnight in 
desiccator) in distilled water. Dilute to 
100 ml. Store refrigerated. 

2. Working TMA Standard (10.00g TMA-N/.1): 
Pipet 1 ml TMA stock solution into a 100 
ml volumetric flask and dilute to volume. 

3. Formaldehyde (10%): 	Dilute 26.8 ml 
formalin (37.3% HCHO) to 100 ml with 
distilled water. 

4. KOH (25% w/w): 	Carefully and with 
stirring dissolve 25g KOH in 75 ml 
distilled water. Cool. 

5. Trichloroacetic acid (7.5%): Dissolve 7.5 
g TCA in 92.5 ml distilled water. 

6. Moisture free toluene: Dry over anhydrous 
Na2SO4. Not necessary to distill. 

7. Sodium sulfate, granular anhydrous 

8. Stock picric acid reagent: 	Carefully 
dissolve 2.0 g picric acid (dried 
overnight 	in 	desiccator 	at 	room 
temperature - DO NOT USE DRYING OVEN) in 
moisture-free toluene. Dilute to 100 ml 
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with dried toluene. 
N.B. Picric acid should be kept moist 
at all times to prevent explosion. 
When preparing standard only a mill 
amount should be dried at room 
temperature; handle with caution. 

9. Working picric acid reagent: Pipet 1 ml 
picric acid stock reagent (with bulb) to a 
100 ml volumetric flask and dilute to 
volume with dried toluene. 

PROCEDURE 

A. Preparation of Extracts 

1. Add 50 g sample and 100 ml 7.5% TCA 
(1:2 extraction) to a small blender jar 
and blend thoroughly. 

2. Centrifuge at 4 °C for 15 minutes at 
about 2000 x g (ca 4000 rpm). 	An 
alternate purification procedure to 
centrifugation 	and 	decanting 	is 
filtration through Whatman #4 filter 
paper. 

3. Decant supernatant fluid through glass 
wool. 

4. Extracts may be frozen at -20 ° C for 
extended 	periods 	with 	little 
deterioration. 

5. Mix for 15 min on rotator. Efficient 
mixing is important. 

6. With pasteur pipette, remove ca 7 ml of 
upper toluene layer from each tube to a 
large 	drying 	tube 	containing 
approximately 0.1 to 0.4 g anhydrous 
Ne2SO4. 	Shake gently (vortex mixer) 
until the solutions are clear. 

7. Pipet 5 ml of picric acid working 
reagent into clean dry test tubes. If 
color change (yellow) is evident when 
reagent is added to empty tubes, 
contamination is present and clean dry 
test tubes should be obtained. 

8. Pipet 5 ml of toluene solution (from 
Step 6) into tubes containing picric 
acid reagent and mix by swirling 
gently. 

9. Measure absorbance at 410 nm. 

CALCULATIONS 

1. For standard curve, plot absorbance of 
toluene solutions vs. pg TMA-N added to 
test tube as shown in Figure 9.1 below: 

I  .500 

0 
cr .400 

.1  .300 

N.200 

.100 

B. Analysis of TCA Extracts 

1. Pipet aliquots (0.1 to 4 ml) of extract 
into 20 x 150 mm screw capped tubes. 
Concentration of TMA in extract will 

• 	determine appropriate aliquot size. 

2. For standard curve, use 1.0, 1.5, 2.5 
and 	3.0 
	

ml 	of working standard 
solution. 

3. Add water to each tube to bring total 
volume to 4.0 ml for both extracts and 
standards. 	For a blank use 4.0 ml 
distilled water. 

0 
	

10.0 	20A 	30.0 

p g TMA-NITROGEN 

4. To each tube add in progressive order 1 
ml 10% formaldehyde, 10 ml toluene and, 
3.0 ml 25% KOH. Ensure temperature is 
	

Figure 9.1 Typical TMA standard curve 
30°C (see precautions note #2). 
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2. For each absorbance (sample) determine the 
equivalent pg TMA-nitrogen from the graph. 

3. Calculate TMA content from the formula: 

TMA = 

TMA in tube x total vol. extractant phase  
vol. added to test tube x wt. fish extracted 

T x [V1 4 (0.01 x M x W)] 	
(1 ) 

V2 x W x 10 

Where: 
TMA = trimethylamine expressed as mg TMA-

N per 100g fish 
T = equivalent TMA in pg determined from 

standard curve 
M = moisture of fish sample expressed in 

percent 
Vi = volume (ml) of TCA added for 1:2 

extraction 
V2 = volume (ml) of extract added to 

test tube 
W = weight (g) of fish used in 1:2 

extraction 

EXAMPLE 

Cod extract was produced by adding 50 g 
(W) of cod at 80% (M) moisture to 100 ml (V1) 
of 7.5% TCA, blending, and filtering. A 2 ml 

(V2) sample was used for analysis. 

From the standard curve, the equivalent 
TMA-N in the test tube was 22.0 pg (T). 

The TMA content of the fish may be 
calculated from formula (1) as: 

TMA = 22.0 x [100 + (0.01 x 80 x 50))  
2 x 50 x 10 

= 22.0 x 140  
1000 

= 3.08 mg TMA-N per 100 g  
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a. Application 

The total volatile base (TVB) determina-
tion is applicable to the estimation of 
enzymatic and bacterial (Alteromonad) 
spoilage in marine fish. Although some 
controversy exists regarding correlation of 
TVB with organoleptic quality (7), TVB may be 
correlated with TMA for cod fillets stored at 
42 °C (9) but will vary with species and 
laboratory procedure (10, 11). 

Of the two TVB methods presented, the 
first or magnesium oxide method (A) is 
suggested for "first action" analysis. Base-
line values for good quality fish and if 
possible cut-off values should be established 
on available "in-house" laboratory equipment. 

b. Principle 

Volatile bases (ammonia, monomethylamine, 
dimethylamine, trimethylamine, and other 
volatile amines) are distilled into boric 
acid from an extract (or solution containing 
blended sample) after being rendered basic by 
the addition of magnesium oxide or sodium 
hydroxide. The boric acid is titrated to its 
original state with a strong acid (at low 
concentration) to determine the amount of 
base distilled. 

c. Precautions 

1. Do not store samples for extended periods 
at room temperature or under refrigeration 
since microbiological activity will raise 
TVB levels. Store frozen. 

2. Heat at maximum attainable with heating 
mantles. 

3. Match size of mantles to flasks; use of 
oversized mantles will result in their 
deterioration due to overheating. 

4. Distillation 	times 	and 	volumes 	as 
prescribed must be strictly adhered to. 

5. Accurately standardize pH meter (Method B) 
with pH 1 and 3 buffers. Readings at such 
low pH may sometimes drift depending on 
meter and condition of electrode. Extra  

time 	may 	also 	be 	necessary 	for 
equilibration (see laboratory method 1, pH 
measurement). 

SAMPLE PREPARATION 

Thoroughly comminute a representative 
sample in a food processor and preweigh 10 g 
portions for TVB-1 or 30 g portions for 
TVB-2. Samples must be stored refrigerated 
or on ice (short time only) to retard further 
microbiological production of volatile bases. 
If portions are to be held more than two 
hours they should be frozen at -30°C or 
colder where they may be stored for up to 2 
weeks with little change. 
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A. TOTAL VOLATILE BASE 1 (TVB-1) -direct MgO 
method (recommended "first action) 

APPARATUS (TVB-1) 

1. Vertical distillation apparatus 	as 
illustrated in Figure 10.2 

2. Heating mantle 

3. Waring blender or Polytron (Brinkmann 
Instruments Ltd.) 

4. Drying oven at 103 ° C 

5. Glassware: 500 ml Erlenmeyer flask, three 
125 ml Erlenmeyer flasks, 1000 ml round 
bottom flask, 50 ml buret, weighing 
bottle, watch glass 

Figure 10.2 Vertical distillation apparatus 
for TVB (from Woyewoda and Ke 
[201) 

1. Boric acid solution (2%): Dissolve 20 g 
boric acid in 1 liter distilled water. 

2. Sodium Hydroxide (0.1N): Dissolve 4 g 
NaOH in small volume of distilled water. 
Make up to 1 liter with distilled water. 
Standardize according to method A below. 

3. Sulphuric acid (0.050 N): To 1 liter 
distilled water add 1.39 ml concentrated 
H2SO4• Standardize against standard NaOH 
solution (according to method B below). 

4. Screened methyl red indicator: To 100 ml 
ethanol add 0.05 g methyl red and 0.075 g 
bromocresol green. 

5. Magnesium oxide 

6. Anti-bumping granules, BDH Chemicals Ltd. 

7. Anti-foam silicon preparation 

8. Potassium acid phthalate, analytical grade 
3 g dried overnight at 103 °C. 

9. Phenolphthalein indicator: dissolve 1 •g 
phenolphthalein in 100 ml ethanol (95%). 

PROCEDURE (TVB-1) 

A. Standardization of 0.1N NaOH 

1. Into each of three clean 250 ml 
Erlenmeyer flasks, weigh 0.30 g of 
dried potassium acid phthalate. Add 50 
ml of distilled water (to dissolve) and 
3 drops phenolphthalein indicator to 
each flask. 

2. Fill a 50 ml buret with sodium hydrox-
ide solution (ca 0.1N). 

3. Titrate each potassium acid phthalate 
sample to the endpoint of the phenolph-
thalein indicator (first perceptible 
but permanent pink color) with 0.1N 
Na0H. 

4. Record the position of the meniscus on 
the buret and the volume of NaOH used. 

5. Calculate NaOH normality as: 

W1 x 1000 
N1 =  	 (1) 

204.22 x V1 
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where: N1 = normality NaOH 
V1 = volume (ml) NaOH used for 
titration 
Wi = weight. (g) potassium acid 
phthalate in flask 

6. Repeat for each of the remaining 
phthalate samples and calculate average 
normality of the NaOH. 

B. Standardization of 0.05N N2SO4 

1. Pipette 25 ml aliquots of prepared 

H2SO4 solution into each of 3 clean 125 
ml Erlenmeyer flasks and 3 drops of 
phenolphthalein indicator. 

2. Titrate each to the phenolphthalein 
endpoint (first perceptible but perman-
ent (30 sec) pink color) with standard-
ized 0.1N NaOH (50 ml buret). 

3. Record the volume of NaOH used for the 
titration. 
Repeat for each of the three samples. 
Calculate the average volume of NaOH 
used; results should be within 0.03 ml. 
Calculate H2SO4 normality as: 

4. To 250 ml Erlenmeyer receiving flask, add 

25 ml of 2% boric acid and a few drops of 
indicator. 

5. Install receiving flask such that the 
receiver tube dips below the boric acid 
solution (see Figure 10.2). 

6. Heat the distilling flask so that liquid 
boils in exactly 10 minutes. 

7. Using the same rate of heating, distill 
for exactly 25 minutes. 

8. After distillation, titrate the solution 
in the receiver flask back to the original 

color, using standard 0.05N H2SO4 
solution. 

9. Titrate a blank which has all reagents 
except the sample. If the blank requires 
more than 0.1 ml titrant, new boric acid 
should be used. 

CALCULATION (TVB-1) 

Total volatile bases expressed as milli-
grams nitrogen per 100 g samples: 

, 	 N1 x V2 
N2 = 	 (2) 

TVB = (V4 - V5) x N2 x 100 x 14 

 

 

V3 

 

(3) 

      

where: N1 = normality NaOH 

N2 = normality H2SO4 
V2 = average volume (ml) NaOH 

used for titrations 

V3 = volume (ml) H2SO4 added 
to each Erlenmeyer 

C. Determination of TVB-1 

1. To a 1000 ml round bottom distillation 
flask, add 10 g sample and 300 ml distill-
ed water. 	Blend by inserting Polytron 
probe into the flask (alternately use 
blender). 

2. Then add anti-bumping granules and 2 g 
magnesium oxide, swirl. 

3. Connect to still.  

W2 

Where: 

V4 = volume (ml) H2SO4 used for sample 
V5 = volume (ml) H2SO4 used for blank 
N2 = Normality of H2SO4 
W2 = weight of sample in grams 

EXAMPLE (TVB-1) 

Squid, 10 g (W2), was analyzed for TVB. 
In the titration, 2.75 ml (V4) of 0.053 N 
H2SO4 (N2) was used. Blank was 0.02 ml 
(V5). Total volatile base from formula 3 is: 
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TVB = (2.75 - 0.02) x 0.053 x 100 x 14  
10 

= 2.73 x 0.053 x 100 x 14  
10 

= 20.2 mg N/100 g 

= 20.2 mg-N% 
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B. TOTAL VOLATILE BASE (TVB-2) - MgSO4 
extraction method (recommended alternate 
method) 

APPARATUS (TVB -2) 

1. Distillation apparatus: 	micro-Kjeldahl 
steam distillation (Figure 4.1), macro-
Kjeldahl distillation unit or vertical 
distillation unit (Figure 10.2) 

2. Blender 

PROCEDURE (TVB -2) 

8. Boric acid solution (2% w/v), dissolve 20 
g boric acid in 1 liter of distilled 
water. 

9. Sulphuric Acid (1N): to 75 ml distilled 
water add 2.8 ml concentrated H2SO4, mix 
and dilute to 100 ml. 

10.Sodium Hydroxide (1N): dissolve 4 g NaOH 
in a small volume of distilled water and 
dilute to 100 ml. 

3. Filter per Whatman #1 

A. Standardization of 0.1 N PUGH 
4. Glassware: 	Buchner 	funnel, weighing 

bottle, watch glass, 250 ml Erlenmeyer 
flasks (3), 50 ml buret, 125 ml Erlenmeyer 
flasks (3) 

5. Drying oven at 103 °C 

6. pH meter, with combination pH electrode 

REAGENTS (TVB-2) 

1. Magnesium sulfate solution: 600 g of 
MgSO4 7H20 dissolved in distilled water. 
Add 20 ml of 6N H2SO4 (or 3.5 ml concen-
trated H2SO4) and dilute the solution to 
1000 ml with distilled water. 

2. Sodium hydroxide (20% w/v): Dissolve 20g 
NaOH in 100 ml distilled water. 

3. Sodium hydroxide (0.1N): In a 1000 ml 
volumetric flask, dissolve 4 g NaOH in a 
small volume of distilled water. Make up 
to 1 liter with distilled water. 

4. Potassium 	acid 	phthalate, analytical 
grade, 3 g dried overnight at 103 °C. 

5. Phenolphthalein indicator: dissolve 1 g 
phenolphthalein in 100 ml ethanol (95%). 

6. Hydrochloric acid (0.1N): In one litre 
distilled water, dissolve 8.3 ml concen-
trated HC1. 

7. Screened methyl red indicator: to 100 ml 
ethanol add 0.05 g methyl red and 0.075 g 
bromocresol green. 

1. Into each of three clean 250 ml 
Erlenmeyer flasks, weigh 0.30 g of 
dried potassium acid phthalate. Add 50 
ml of distilled water (to dissolve) and 
3 drops phenolphthalein indicator to 
each flask. 

2. Fill a 50 ml buret with sodium 
hydroxide solution (ca 0.1N). 

3. Titrate each potassium acid phthalate 
sample to the endpoint of the phenol-
phthalein indicator (first perceptible 
but permanent pink color) with 0.1N 
NaOH. 

4. Record the position of the meniscus on 
the buret and the volume of NaOH used. 

5. Calculate NaOH normality as: 

W1 x 1000 
N1 = 	 

204.22 x V1 

where: N1 = normality NaOH 
V1 = volume (ml) NaOH used for 

titration 
Wi = weight (g) potassium acid 

phthalate in flask 

6. Repeat for each of the remaining phtha-
late samples and calculate average 
normality of the NaOH. 

(1) 
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B. Standardization of 0.1N NCI 

1. Pipette 25 ml aliquots of prepared HC1 
solution into each of 3 clean 125 ml 
Erlenmeyer flasks and 3 drops of 

phenolphthalein indicator. 

2. Titrate each to the phenolphthalein 
endpoint (first perceptible but perman-
ent (30 sec) pink color) with standard-
ized 0.1N NaOH (50 ml buret). 

3. Record the volume of NaOH used for the 
titration. 
Repeat for each of the three samples. 
Calculate the average volume of NaOH 
used; results should be within 0.03 ml. 
Calculate HCl normality as: 

N1 x V6 
N3 = 	 

V7 

where: N1 = normality NaOH 
N3 = normality HC1 
V6 = average volume (ml) NaOH 

used for titrations 

V7 = volume (ml) HCl added to 
each Erlenmeyer 

C. Determination of TVB-2 

1. Blend 30 g sample with 70 ml distilled 
water for one minute. 

2. Add 100 ml MgSO4 solution and blend 
again for one minute. 

3. Add additional 100 ml MgSO4 solution 
and re-blend for one minute. Allow to 
stand a few minutes to ensure separa-
tion of foam from liquid. 

4. Filter through Buchner funnel, using 
Whatman 111 paper. 

5. Adjust filtrate to pH 2 (with 1N H2SO4 
or 1N NaOH). 	Ensure pH meter is 
accurately standardized at pH 1 and 3. 
Check linearity by measuring pH of 
standard pH 2 buffer. Extra time may 
be required for equilibration of 
readings (see laboratory method 1, 

measurement of pH). 

6. Add 25 ml sample extract to distilla-
tion assembly: 

a. With macro-Kjeldahl unit 

i) Rinse sample in with 200 ml dis-
tilled water (Silicone defoamer 
may be used to control foaming), 

add 5 ml of 20% NaOH, then quick-
ly rinse neck of flask with dis-
tilled water from wash bottle. 

ii) Quickly assemble distillation 
unit. Place receiving flask con-

taining 20 ml of boric acid such 
that the outlet of the still is 
below the level of boric acid. 

iii) Begin 	heating 	immediately. 
Collect 100 ml of distillate. 

b. With vertical distillation unit (see 
Figure 10.2), use same procedure as 

described for macro-Kjeldahl unit. 

c. With 	micro-Kjeldahl 	unit, (see 
Figure 4.1) 

i) Rinse sample into still with a 

small amount of distilled water 
from a wash bottle. 

ii) Add 5 ml of 20% NaOH, wash in 
quickly with distilled water and 
immediately close stopcock. 

iii) Place receiving flask containing 
20 ml of boric acid such that the 
outlet of the still is below the 
level of boric acid. 

iv) Turn on the steam supply and 

collect 50 ml of distillate. 

7. Add 5 drops of screened methyl red 

indicator to distillate. 

8. Titrate with standard 0.1 	N NCI 

(standard 0.01 N HCl may be used to 
better control the endpoint and to 

increase the volume; prepare by 10 fold 
dilution of standard 0.1N HC1). 

(4) 
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9. A blank, containing all reagents except 
the sample, should also be distilled 
and titrated. 

CALCULATIONS (TVB-2) 

.Total volatile bases expressed as mg 
TVB-N/100 g sample: 

TVB = (V8 - V9) x N3 x 1400 x f 	
(5) 

W3 

Where: 
TVB = mg total volatile base nitrogen per 

100 g sample 
V8 = ml HC1 to titrate samples 

V9 = ml HCl to titrate blank 
N3 = normality of HC1 titrant 
W3 = sample wt (g) 
f = dilution factor (300/25) 
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GENERAL DISCUSSION 

Fish spoilage occurs at two levels: microbial 
and autolytic (1). After death both processes 
which are closely conFrolled during life, are 
limited only by environmental factors and the 
availability of suitable raw material. Bacterial 
numbers and levels of decomposition products have 
been used as indicators of post mortem quality. 
However, the measurement of nucleotides such as 
hypoxanthine (Hx) for use in fish quality assess-
ments provides several distinct advantages over 
other objective chemical tests such as trimethyl-

amine (TMA), dimethylamine (DMA) and total vola-
tile bases (TVB) and others which essentially 
measure bacterial spoilage (2). The accumulation 
of Hx in fish tissue reflects the initial phases 
of autotylic deterioration (3-7) as well as later 
contributions through bacterial spoilage. Hx 

concentrations are not affected by heat 
processing (8) or irradiation (9) and are very 
useful in certain freshwater fish which contain 
little or no trimethylamine oxide (TMAO) (10) 
which renders the TMA analysis useless. 

A decrease in ATP levels triggers the onset of 
rigor mortis and the accompanying nucleotide 
degradation (11, 4, 5, 1, 12, 13, 14, 15, 16, 

2). The biochemical reaction involving Hx 
production follows the sequence (17): 

(a) 	(b) 	(c) 	(d) 	(e) 	(f) 	(g) 
ATP 	ADP --> AMP 	IMP 	INO 	Hx 	X —4 U 

where ATP is adenosine-5'-triphosphate, ADP is 
adenosine-5'-diphosphate, AMP is adenosine-
5'-monophosphate, IMP is inosine-5'-monophos-

phate, INO is inosine, X is xanthine, and U is 
uric acid. In most species, the rate determining 
step is (e) or (f) therefore INO and Hx accumu-

late with time (18). 

Hx concentrations peak and then decrease with 

progressive spoilage. Average maximum Hx levels 
in seafood were reported as 5 pM/g with a range 
of 3.0 - 7.5 pM/g (19, 14, 20, 21). However 
actual levels observed have been found to be  
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dependent on genus, sampling procedures, seasonal 
differences and environmental factors (22). 

One of the most popular methods for monitoring 
Hz levels in fish tissue is the enzymatic method 
recommended by the Analytical Methods Committee 
(23). This is essentially the same method as 
described by Jones et al (4) where xanthine 
oxidase (XO) is used to rapidly convert. Hx to X 
and subsequently to U. Modifications to the 
method have led to automation by making use of a 
redox indicator dye (24) test paper strips (13, 
25) and calorimetric enzyme assay procedures. An 
enzyme sensor has been developed for routine 
determinations of Hx (18, 261. 

Hx has been isolated by ion-exchange column 
chromatography (27, 28) and TLC however, recently 

a rapid and specific liquid chromatographic (LC) 

method for determining Hx content in fish tissues 
has been developed (30). Hx is extracted with 
0.6 M perchloric acid and determined on a revers-
ed phase column with UV absorbance detection. 

Two procedures are presented, the enzymatic 
method of Jones et al (4) and the LC method of 
Burns and Ke (30). There is good correlation of 
data from the two procedures especially with 

cod. The LC method has been proven to have 
several advantages over the XO method such as 
measurement of Hx directly rather than relying on 
its conversion to U, the ability to remove inter-
fering compounds chromatographically, increased 
sensitivity, and measurement of other nucleo-
tides. However, whichever method is chosen for 
the measurement of Hx, baseline values must be 
experimentally established for each type of 
fish. Hx concentrations have already proven to 
correlate very well with eating quality in a 
number of fish species (4, 31, 9, 12, 30). 

a. Application 

The hypoxanthine test is applicable to all 

species of fish in early stages of refrigerated 
deterioration. The analysis should be combined 
with another analysis such as TMA since hypo-
xanthine levels decline after attaining a maxi-
mum. Species variation can be expected as 
already mentioned. 
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b. Principle 

1. Enzymatic Method 

The analysis (4) utilizes a perchloric 
acid extract of the fish tissue. Through 
the action of the added enzyme xanthine 
oxidase, hypoxanthine in the presence of 
oxygen is converted to xanthine and then 
uric acid which may be quantitated spec-
trophotometrically at 290 nm. The proced-
ure incorporates a number of "blank" 
corrections. 

2. LC Method 
Hx and other nucleotides are extracted 
from fish tissue utilizing a perchloric 
acid extract. Hx is determined in the 
neutralized extract by LC on a reversed 
phase column with UV absorbance detection 
at 254 nm. 

c. Precautions 

1. Since these tests measure early stages of 
spoilage the sample flesh should be 
excised and blended with the extracting 
acid medium as quickly as possible. 
Unextracted samples should be kept cold to 
retard enzymatic activity. 

2. Caution must be exercised when working 
with perchloric acid. 	According to the 
Merck Index, perchloric acid combines 
vigorously with water with evolution of 
heat, is extremely caustic and can burst 
into flames when in contact with oxidiz-
able matter (paper, wood, etc.) 

3. Extracts may be stored frozen after 
neutralization without undue loss of 
hypoxanthine. 

SAMPLE PREPARATION 

Comminute a representative sample of fish 
flesh in a Cuisinart food processor taking care 
to maintain the sample chilled. Preweigh 
aliquots and freeze or extract as soon as 
possible. 

A. HYPDXANTHINE - ENZYMATIC METHOD (Hx-1) 

APPARATUS (Hx-1) 

1. Food processor or blender. 

2. Filter paper Whatman #1. 

3. Spectrophotometer set at. 290 nm. 

4. Water bath set at 37 °C. 

5. pH meter. 

6. Glassware: 150 ml beaker, disposable 18 x 
150 mm culture tubes, 100 ml and 1000 ml 
volumetric flasks, 10 mm silica cuvettes 
(for UV range). 

REAGENTS (Hx -1) 

1. Perchloric acid (6%): 	Into a 150 ml 
beaker, carefully weigh 85.7 g of 70% 
reagent grade HC104. With caution, slowly 
pour the weighed perchloric acid into a 
1000 ml volumetric flask containing 
approximately 700 ml distilled water. 
Make up to volume. 

2. Xanthine oxidase: Dilute a portion of 
10 mg/ml commercial xanthine oxidase 
(Boeringer Mannheim Ltd., XOD, approxi-
mately 0.4 U/mg) in a ratio of 1:5U with 
0.05 M phosphate buffer. Add buffer very 
gradually to avoid loss of enzyme act-
ivity. Dilution should be done immediate-
ly before use; diluted enzymes may be kept 
frozen for up to 6 months. 

3. Phosphate buffer (0.05 M, 	pH 7.6): 
Dissolve 17.01 g potassium dihydrogen 
orthophosphate in about 250 ml distilled 
water. Adjust to pH 7.6 with 1 M NaOH and 
dilute to 500 ml with distilled water. A 
further five-fold dilution with distilled 
water will give a final concentration of 
0.05 M. 

4. Potassium hydroxide/phosphate buffer (pH 
7.6): Dissolve 27.22 g potassium dihydro-
gen orthophosphate in about 250 ml water 
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and add 171 ml of 1 M sodium hydroxide. 
Adjust pH with orthophosphoric acid or 

sodium hydroxide if necessary. Then add 
557 ml of 1 M KOH and make up to 1 litre 
with water. 

5. Hypoxanthine standards: In a 100 ml volu-
metric flask, dissolve 5.0 mg (.005 g) 
hypoxanthine in 100 ml distilled water. 
Overnight stirring or agitation in an 
ultrasonic bath may be necessary for 
complete dissolution. 

Tube 
No. 

Hx. 
Std. 	H2O 

(ml) 	(ml) 

Buffer 
(ml) 

Enzyme 

(ml) 

Conc. 
Hx. 

( mg) 
1 0.2 	2.3 2.0 0.5 10 
2 0.4 	2.1 2.0 0.5 20 
3 0.6 	1.9 2.0 0.5 30 
4 0.8 	1.7 2.0 0.5 40 
5 1.0 	1.5 2.0 0.5 50 
6 0.2 	2.8 2.0 0 
7 0 	2.5 2.0 0.5 
8 0 	3.0 2.0 0 

2. Incubate the standards in a water bath at 
37 °C for 30 minutes. 

3. Measure the absorbance of all standards in 
10 mm cuvettes at 290 nm. 

4. Calculate the increase in absorbance, Abs, 
for standards in tubes 1, 2, 3, 4 and 5, 
as follows: 

For tube 1, Abs = Al + A6 - A7 - Ag 

Where Al = absorbance of tube 1, 
A6 = absorbance of tube 6, etc. 

Similarly, calculate Abs for tubes 2, 3, 4 
and 5, substituting A2, A3, A4, or A5 for 

Al. 

5. Plot Abs for tubes 1 to 5 against hypoxan-
thine concentration ( mg) for tubes 1 to 
5. 	Typical standard curve is shown in 
Figure 11.1 below: 
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Figure 11.1 Typical standard curve for hypoxan-
thine 

6. Linearity of the standards should be good 
(r2  = 0.98 - 0.99). If not, prepare fresh 
xanthine oxidase solution. 

b. Preparation of perchloric acid extracts 

1. Blend a preweighed portion (50 g) of 
homogenized fish for 2 minutes with four 
times the volume of 6% HC104 (200 ml). 

2. Let the mixture settle for a few minutes. 

Caution: Perchloric acid is explosive and 
can ignite when spilled on cellulose 
materials (eg. wood, paper, etc.) 

3. Filter the extracts through a fluted 
Whatman #1 filter paper. 	Collect 50 ml 
aliquots which may be frozen at -30 °C 
after neutralization for later analysis. 

c. Neutralization of extracts 

1. Prior to analysis, neutralize 10 ml 
aliquots of the perchloric acid filtrates 
to between pH 7.0 and 7.6 by carefully 

adding an equal volume (10 ml) of 
potassium 	hydroxide-phosphate 	buffer 
solution. Caution should be exercised in 
adjusting the pH of extracts since loss of 
amines can occur at basic pH. 

2. Filter the neutralized extracts through 
fluted Whatman #1 paper. 

PROCEDURE (Hx-1) 

a. Preparation of standard curve 

1. Prepare the following set of test tubes: 
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3. The neutralized extracts are not stable 
for long periods of time under refri4era-
tion, so prompt analysis is essential. 
However, neutralized extracts may be 
frozen at -30 °C. 

d. Determination of hypoxanthine content in 
samples 

1. Prepare the following set of test tubes 
for each sample extract: 

Tube A: 1 ml neutralized extract + 2 ml 
buffer + 2 ml water 

Tube B: 1 ml neutralized extract + 2 ml 
buffer + 1.5 ml water + 0.5 ml 
enzyme 

If very high or very low hypoxanthine 
concentrations are expected, alter the 
volume of extract and the volume of water, 
so that the total remains at 5 ml. 

2. Incubate the samples in a water bath at 
37 °C for 30 minutes. 

3. Measure absorbance of samples at 290 nm in 
10 mm silica cuvet.tes. 

4. Calculate the increase in absorbance, Abs, 
for each sample as follows: 

Abs = B + A8 - A7 - A 

A = absorbance from sample tube A 
A8 = absorbance from tube 8 used in 

standard curve preparation 
A7 = absorbance from tube 7 used in 

standard curve preparation 
B = absorbance from sample tube B 

CALCULATIONS (Hx -1) 

Hypoxanthine content, expressed as 	moles/g 
fish, is: 

Hx - 
V4xW 	 V3 	G  

Where, 
H = pg Hx from standard curve (Figure 11.1 

for example) 
M = moisture content of fish expressed in 

percent 
V1 = volume (ml) of perchloric acid used in 

1:4 extraction 
V2 = volume (ml) of KOH/phosphate buffer 

used for neutralization 
V3 = volume (ml) of extract neutralized by 

KOH/phosphate buffer 
V4 = volume (ml) of sample extract added to 

test tube 
W = weight (g) of sample used in 1:4 

extraction 
G = gram molecular weiyht Hx, i.e. 136.1 

EXAMPLE (Hx-1) .  

A 50 gram (W) sample of whiting flesh was 
blended with 200 ml (V1) perchloric acid and 
analyzed for hypoxanthine content. A 10 ml 
aliquot of the perchloric acid extract . (V3) was 
.neutralized with 10 ml of KOH-buffer (V2) solu-
tion and 1 ml of the neutralized extract (V4) was 
added to a test tube, analyzed and, gave a 
hypoxanthine content of 35.7 ug (H) from the 
standard curve. The moisture content of the fish 
was 80.5% (M). Hypoxanthine content may be 
calculated from formula (1) as: 

Hx = 35.7x[200+(0.01x80.5x50)]  x 10+10 x 	1 
1 x 50 	 10 	136.1 

171.54 x 20 x 	1 
10 	136.1 

= 2.52 p moles/g fish 

B. HYPDXANTHINE - L.C. METHOD (Hx -2) 

APPARATUS (Hx -2) 

1. Food processor. 

2. Filter per Whatman #1. 

3. Blender. 
4. LC pump - operated at 1.0 ml/min. 

H x [V14(0.01xMxW)] x  V2+V3 x  1 (1)  
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Figure 11.2 LC UV (254 nm) trace of separation 
of standard IMP, Hx (50 mg each), 
AMP and INO (100 mg each) run on a 
Brownlee MPLC RP-8 (10 um, 4.6 mm id 
x 10 cm, developed with 0.01M KH2PO4 

. buffer, pH 4.5 at 1.0 mL/min) 
reverse phase analytical column. 

11. HYPDXANTHINE 

- 54 - 

5. LC injector - loop injector fitted with 

20,01 loop. 

6. Detector - UV detector operated at 254 nm. 

7. Recorder - strip chart 

8. LC Column - RP-8 MPLC reverse phase 
analytical column 4.6 mm id x 10 cm, 
10 pM particle size fitted with an RP-8 

MPLC guard column 4.6 mm id x 3 cm, 10 M 
particle size (Brownlee Labs. Inc. Santa 

Clara, CA). 

9. Aqueous sample clarification kit - PN 
26865 used to remove fine particles of 
0.450M or greater (Water Associates, Inc., 

Milford, MA). 

10.Glassware - 10, 50, 500 and 1000 ml volu-
metric flasks, 200 ml blender flasks, 

screw topped test tubes (16 x 125 mm). 

REAGENTS (Hx-2) 

1. Perchloric acid (0.6 N): with caution 

slowly add 32.3 ml concentrated perchloric 
acid (60%) to a 500 ml volumetric flask 
containing approximately 400 ml distilled 
water. Make up to volume. 

2. Potassium hydroxide/phosphate buffer (pH 
7.6): dissolve 8.16 g KH2PO4 in approxi-
mately 60 ml distilled water and adjust to 
pH 7.6 with 50% KOH. 	Dilute to 100 ml 
with distilled water. 

3. 50% KOH: dissolve 50 g KOH in 50 ml dis-
tilled water and cool to room temperature. 

4. LC mobile phase: 0.01 M potassium phos-
phate buffer pH 4.5. 	Dissolve 1.36 g 
KH2PO4 in approximately 400 ml double-
distilled water. 	Adjust to pH 4.5 with 
KOH or H3PO4 as necessary and dilute to 1 

litre. 

5. Standards: (a) Stock solutions - prepare 
individual standards for LC by dissolving 
0.010 g Hx, INO, AMP and IMP respectively 
in 40 ml distilled water. Vigorous stir-
ring or overnight agitation may be neces-
sary for complete dissolution of Hx. 

Dilute to the mark in 50 ml volumetric 
flasks. (Standards are diluted 1:10 
before injection on ttie LC). 
(b) Mixed standards ;working solutions) -
pipet 0.125, 0.250, 0.375 and 0.50 ml of 
each stock solution of IMP and Hx into 
four separate 10 ml volumetric flasks. 
Add 0.250, 0.50, 0.75 and 1.0 ml 
respectively of each stock solution of AMP 
and INO to the flasks. Dilute to the mark 
with distilled water. These four 
solutions contain 2.5, 5.0, 7.5 and 
10 ,ug/m1 solution of IMP and Hx and 5.0, 
10, 15 and 20 0g/m1 solutions of AMP and 
INO. Mixed standards solutions are stable 
for approximately 2 weeks when stored at 
0-4 °C. 

PROCEDURE (Hx-2) 

a. Preparation of standard curve 
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1. Set - flow rate of mobile phase at 
1.0 ml/min and let column and detector 
equilibriate 20-25 minutes. 

2. Inject 10 ml aliquots of each mixed stan-
dard solution. 

3. Determine absorbance of the various 
nucleotides from peak heights recorded at 

254 nm (Figure 11.2). 

4. Plot peak height vs dug injected to provide 
a standard curve. 

5. Prepare standard curves at least twice per 
day to assure accurate quantitation. 

b. Sample Preparation 

1. Without thawing, blend a preweighed 5 g 
portion of homogenized fish at maximum 
speed for 2 minutes with ten times the 

volume of 0.6 M HC104 (50 ml). 

2. Suction-filter contents through Whatman #1 
paper using a small amount of distilled 
water to rinse the blender flask. 

3. Mix the filtrate well and note the volume 

(V1) with graduated cylinder. 

4. Transfer a 1.0 ml aliquot of the filtrate 
to a screw-top test tube containing 1.0 ml 
KOH phosphate buffer (pH 7.6). 	Mix the 
solution, cool to 0-4 °C then decant and 
filter through the aqueous clarification 
kit. 

5. Inject aliquots (V2) of neutralized fil-
trate directly for LC analysis. 

6. Dilute with distilled water if necessary 
(D). 

CALCULATION 

Hx content in fish tissue is calculated from 
the following equation:  

where: 

P = peak height (mm) 
H = slope of standard curve (mm/ug) 
V1 = total volume of perchloric extract plus 

wash (ml) 
0 	= dilution factor of neutralized extract 

before LC 
V2 = injection volume for LC (ul) 
W = weight of sample (g) 
K 	= 14.71 (Ail) Cu moles)/(mg) (ml) a con- 

stant which takes into account the 1:1 
dilution during neutralization. 

IMP, AMP and INO content in fish tissues may 
he calculated using equation 1 but with the 
following K values: 5.75, 5.76 and 7.46 (p1) 

Cu moles)/(pg) (ml) respectively. 

EXAMPLE (Hx-2) 

A 4.93 gram (W) sample of cod flesh was blend-
ed with 50 ml perchloric acid. The total volume 
of the perchloric acid extract plus wash was 
60 ml (V1). The slope of the standard curve was 

1535 mm/ ,u g (H). A 10 ml aliquot (V2) of the 
neutralized, clarified filtrate was injected 
directly onto the LC. No dilution was required 
(D=1) with a peak height of 150 nm resulting 
(P). Hx content may be calculated from equation 
1 as: 

Hx = 14.71 x 150 x 60 x 1  = 1.32 x 10 5 
 1535 x 10 x 493 	7.77-4-c10 

= 1.74 p moles/g fish 
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12. SIMULTANEOUS DIMETHYLAMINE (DMA)/ 
TRIMETHYLAMINE (TMA) DETERMINATION 

GENERAL DISCUSSION (see methods 9 and 18 for 
single TMA/DMA determinations) 

Many marine species contain trimethylamine 
oxide (TMAO) a compound which functions 
physiologically in a role similar to that of 
urea or uric acid in land animals, i.e. TMAO 

is excreted to maintain nitrogen balance 
(I). The compound is rarely found or absent 
in freshwater fish. It is highest in elasmo-
branchs sharks, of intermediate levels in 
teleosts (bony fish) and very low .  in bivalves 
(2, 3). Among the teleosts, the gadoid 
family (cod, pollock, haddock, whiting, hake 
and cusk) contains the highest levels of TMAO 

while flatfish (plaice, flounder, sole, etc) 
have the least (1). Freshwater fish contain 
negligible levels of TMAO (4). 

By-products of TMAO degradation are organ-
oleptically evident during both iced or 
chilled and frozen storage. Where bacterial 
activity is held in check (frozen storage), 
TMAO is broken down by a naturally occuring 
enzyme TMAO-ase to equimolar amounts of 
dimethylamine (DMA) and formaldehyde (FA) (1, 
4). As with TMAO levels, various species 
exhibit different amounts of TMAO-ase 
activity, the gadoids being among the 
highest. Enzyme activity is maximum at 
temperatures near -10 °C and becomes slower 
with decreasing temperatures (5, 6). The 
presence of formaldehyde causes decreased 
protein extractability, inferior texture and 
generally poor organoleptic qualities (7, 8, 
9, 10, 11, 12, 1, 4). Since formaldehyde is 
difficult to extract quantitatively (13), the 
DMA value is often recognized as an indicator 
of frozen quality in species where high 
TMAO-ase activity is present (14). 

Under 	refrigerated 	conditions 	(and 
warmer), bacterial enzymes, generally from 
Alteromonas putrefaciens,  degrade TMAO to 
produce the ammonia-like odoriforous compound 
trimethylamine (TMA). The level of TMA has 
been widely accepted as an indicator of 
bacterial and eating quality in marine fish 
(15, 16, 4, 17). 

The original published picrate methods for 
TMA analysis by Dyer (18, 19, 20) were found 
to be subject to DMA interference (21). The 
importance had been originally discounted 
since the TMA method was for fish in chilled 
and not frozen storage (18). In reality 
however, frozen fish may contain both TMA and 
DMA. If DMA were at extremely high levels, 
of 10 mg percent for example, a 1MA quantity 
of 2.1 mg percent would be indicated using 
the original K2CO3 method (21). Substitution 
of 25% KOH for K2CO3 eliminated most of the 
DMA interference (21). Later it was 
discovered that TMA caused erroneous values 
in the dithiocarbamate DMA analysis (22)  of 
Dyer (18). 

	

The difference in molar 	extinction 
coefficients observed for TMA and DMA with 

K2CO3 and KOH in the picrate method was a 
basis for the simultaneous DMA/TMA analysis 
proposed by Castell and co-workers (14). 
Since various experimental parameters 
(shaking, especially) were found to affect 
the results (14, 22) individual laboratories 
should establish "in-house" standard curves. 

a. Application 

The 	simultaneous 	TMA/DMA 	test 	is 
applicable to the determination of DMA and 
TMA in. fish stored for long periods in a 
chilled condition followed.by frozen storage, 
especially . long term, at temperatures 
promoting accelerated DMA formation 
(generally above -30 °C). Traditional TMA or 
DMA analyses of such material would he 
subject to interference. _ Species 
particularly vulnerable to DMA production are 
hake, cusk, pollock, and to a lesser degree, 
cod. Where only one amine (TMA or DMA) is 
present, the described single laboratory 
methods 9 or 18 should be used rather than 
the simultaneous method. 

b. Principle 

Amines, primary, secondary, and teriary, 
react with picric acid to produce yellow 
colored picrates which are extractable in 
toluene. With K2CO3 , five times as much DMA 
as TMA is required to produce a color 
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reaction (absorbance 410 nm) with picric acid 
(9); with KOH a much greater amount is 
required (14). The varied degree of 
reactivity of DMA and TMA in KOH or K2CO3 is 
quantified in a set of standard curves. The 
proportions of 1MA and DMA are the determined 
in an unknown sample by analyzing with both 

KOH and K2CO3 and solving a simultaneous 
equation. Addition of formaldehyde minimizes 
interference from ammonia. 

c. Precautions 

1. Shaking 	reproducibility 	is 	critical. 
Deviation in procedure will alter the 
standard curve. 

2. Standard 	curves 	(first 	and 	second 
analysis) may be prepared and stored on 
file as "in-house" data. They should be 
rechecked whenever changes are incorporat-
ed (new equipment or personnel). 

3. The same volume of extract must be used 
for "first" and "second" analysis. 

4. Temperature during mixing and shaking of 
solutions of TCA extract, formaldehyde, 
alkali, and toluene should be maintained 
at 30 ° C to ensure reproducibility (21). A 
water bath at this temperature should be 
at hand. 

5. Only a small amount of picric acid should 
be dried for use. 	Picric acid will 
detonate if subjected to shock when in a 
dry state. 	Stock bottle should be kept 
moist with distilled water. 

6. Toluene used in the analysis should be 
dried over NaSO4 or molecular seives. 

7. Picric acid reagent should be added to 
clean dry test tubes since the method is 
sensitive to water and other contaminants. 

SAMPLE PREPARATION 

A 	representative 	sample 	should 	be 
comminuted in a cuisinart food processor and 
50-100g aliquots preweighed. These should be 
used immediately, maintained on ice (short 
time) or frozen at -35 °C (few days only). 
Care must be taken to prevent further TMA or 
DMA formation before analysis. 

APPARATUS 

1. Blender, with small blender jar 

2. Low speed centrifugp (optional) 

3. Rotator, eg. Cole-Parmer Model 7621-20 

4. Spectrophotometer for use at 410 nm 

5. Filter paper Whatman #4 or glass wool 

6. Glassware: 	Funnels, 50 ml Erlenmeyer 
flasks, screw capped (Teflon lined) 
culture tubes (20 x 150 mm) 

REAGENTS 

1. Stock TMA Standard (1.00 mg TMA-N/01): 
Dissolve 0.6820 g TMA-HC1 weighed to 
nearest 0.0001 g (dried overnight in 
desiccator) in distilled water. Dilute 
to 100 ml. Refrigerate. 

2. Working TAR Standard (0.01 mg TM11,A/m1): 
Pipet 1 ml stock TMA solution to a 100 ml 
volumetric flask and dilute to volume 
with distilled water. 

3. Stock DMA standard (1.0 mg DMA-N/m1): In 
a 100 ml volumetric flask, dissolve 
0.5830 g dried DMA-HC1 weighed to nearest 
0.0001 g in a small amount of distilled 
water. Make up to 100 ml with distilled 
water. Refrigerate. 

4. Working DMA standard (0.01 mg TMA -N/ml): 
Pipet 1 ml stock DMA standard to a 100 ml 
volumetric flask and dilute to volume 
with distilled water. Refrigerate. 

5. Formaldehyde (10%): 	Dilute 26.8 ml 
formalin (37.3% HCHO) to 100 ml with 
distilled water. 

6. Potassium hydroxide (25% w/w): Dissolve 
25 g KOH in 75 ml distilled water. Cool. 

7. Potassium carbonate (50% w/w): Dissolve 

50 g K2CO3 in 50 ml distilled water. 

8. Trichloroacetic 	acid 	(7.5% 	w/w): 
Dissolve 7.5 g TCA in 92.5 ml distilled 
water. 
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9. Meisture-free 	toluene: 	Dry 	over 	a. First analysis - KOH method 
anhydrous Na2SO4. 	Not necessary to 
distill. 	 1. Pipet aliquots (0.1-4 ml) of extract into 

a 20 x 150 mm screw capped tube. 
10.Anhydrous sodium sulfate, granular 

	

	
Concentrations of )MA in extract will 
determine appropriate aliquot size. 

11.Stock picric acid reagent: Dissolve 2.0 

	

(3 picric acid (dried overnight at room 
	

2. Prepare separate standards for both TMA 

	

temperature in desiccator) in moisture- 	and DMA by pipetting 0, 0.5, 1.0, 1.5, 
free toluene. 	Dilute to 100 ml with 
	

2.0 and 2.5 ml of each working standard 
dried toluene. 	 (DMA or TMA) solution into individual 20 x 

	

N.B. Picric acid should be kept 
	

150 mm screw capped tubes to represent 0, 

	

moist at all times to prevent 
	

0.005, 0.01, 0.015, 0.020 and 0.025 mg 

	

explosion. 	When preparing standard 
	

amine nitrogen. 
only a small amount should be dried 

	

and caution should be exercised in 
	

3. Add water to total volume of 4.0 ml for 

	

handling. 	 both extracts and standards. For a blank 
use 4.0 ml distilled water. 

12.Working picric acid reagent: Pipet 1 ml 

	

stock picric acid reagent to a 100 ml 
	

4. Then add 1 ml 10% formaldehyde, 10 ml 

	

volumetric flask and dilute to volume 
	

toluene, and 3.0 ml 25% KOH to each. 
with dried toluene. 	 Ensure temperature is at 30 °C (see 

precautions note 13). 
PROCEDURE 

5. Cap tubes and mix for 15 min on rotator. 
A. Preparation of Extracts 

1. Add 50 g sample and 100 ml of 7.5% TCA 
(1:2 extraction) to a small blender jar 
and blend thoroughly. 

2. Centrifuge at 4 ° C for 15 minutes at 
about 2000 x g (approximately 4000 
rpm). 	An alternate purification 
procedure to centrifugation and 
decanting is filtration through Whatman 
#4 filter paper. 

3. Decant supernatant fluid through glass 
wool. 

4. Extracts may be frozen at -20 °C for 
extended periods of time with little 
deterioration. 

B. Analysis of ICA extracts 

Method Note: Samples and standards must 
be analyzed for amines by both KOH and 

K2CO3 procedures which follow:  

6. With pasteur pipette, remove ca 7 ml of 
upper toluene layer to a large drying tube 
containing approximately 0.3 to 0.4 g 
anhydrous Na2SO4• 	Shake gently (vortex 
mixer) until the solution is clear. 

7. Pipet 5 ml of picric acid working reagent 
into clean dry test tubes. 	If color 
change is evident when reagent is added to 
empty tubes (yellow), contamination is 
present and clean test tubes should be 
obtained. 

8. Pipet 5 ml of toluene solution (from Step 
6) into tubes containing picric acid 
reagent and mix by swirling gently. 

9. Measure absorbance at 410 nm. 

b. Second analysis - K2CO3 method 

Proceed as in first analysis (KOH) above, 

but substitute 50% K2CO3 for 25% KOH in step 
4. Continue as for KOH method. 
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CALCULATIONS 

1. Produce 	4 	standard 	curves 	for 	0, 	0.005, 
0.01, 	0.015, 	0.020, 	and 0.025 Mg DMA-N or 
TMA-N 	by 	the 	KOH 	and 	K2CO3 	methods, 
plotting 	absorbance 	at 	410 	nm versus mg 
amine - 	nitrogen 	added 	(see 	Figure 	12.1 
below). 

2. Label the curves as follows: 

A 

B 

C 

D 

= 

= 

= 

= 

absorbance 	from curve 	a 
amine-nitrogen 

absorbance 	from curve b 
amine-nitrogen 

absorbance from curve c 
amine-nitrogen 

absorbance 	from curve d 

at 

for 

for 

for 

- 61 

0.01 

0.01 

0.01 

0.01 

- 

mg 

mg 

mg 

mg 

a = DMA curve determined by K2CO3 
(second analysis) • 

b = TMA curve determined by K2CO3 
(second analysis) 

c = DMA curve determined by KOH 
(first analysis) 

d = 1MA curve determined by KOH 
(first analysis) 

method 

method 

method 

method 

amine-nitrogen 

4. Using this information calculate "DMA (K1) 
and TMA (K2) content of the sample tubes 
by the formulae: 

K1 - 	R - S 	 (1) 
A/B - C/D 

.01 	.02 	.03 	.04 

mg AMINE- NITROGEN 

Figure 12.1 Typical standard curves for TMA 
and DMA by first and second 
analyses: curve a = DMA curve 
by second analysis (K2CO3); 
curve b = TMA curve by second 

analysis (K2CO3); c = DMA curve 
by first analysis (KOH); and d = 
TMA curve by first analysis 
(KOH). 

3. Define the following values from the 
standard curves: 

and 

K2 = S 
C x K1 

(2) 

  

D 

Where: 
A, B, C, and D are defined in step 3 of 

calcuations above 
K1 = mg DMA-N in tube 

K2 = mg 1MA-N in tube 
R 	= amine value (mg) from curve b 

corresponding to absorbance of sample 
obtained in second analysis (K2CO3) 
method) 

S = amine value (mg) curve d corresponding 
to absorbance of sample obtained in 
first analysis (KOH method) 

5. Calculate final concentration of DMA and 
TMA as mg per 100 g fish by: 

DMA-N= 
 Kix [V1 4 (0.01 x M X W)] x  100 (3 ) 

V2 x W 

Where: 
Ki = mg DMA-N from formula 1 
M 	= moisture content of fish sample 

expressed in percent 

V1 = volume in ml of 1CA added for 1:2 
extraction 

V2 = volume in ml of extract added to test 
tube 

W = weight of fish used in 1:2 extraction 
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Similarity, 

1(')X [V1 4 (0.01 x M x W)] TMA-Nr. 	 x 100 (4) 
V2 W 

Where: symbols are as defined above 

EXAMPLE 

• A commercial sample of cod flesh of 80.8% 
moisture (M) was analyzed by the simultaneous 
TMA/DMA procedure. a portion, 50 g (W) was 
blended with 100 ml • TCA (V 1 ) solution. 
Aliquots of 0.3 ml (V2) analyzed by "first" 
and "second" analyses produced absorbance 
values of 0.19 and 0.33, respectively. 

From 	standard 	curves 	which 	were 
experimentally derived (Figure 12.1), the . 
values for (i.e. absorbance for 0.01 mg 
amine-nitrogen) A, B, C, and D defined by the 
graphs were: 

A = 0.100 
B = 0.210 
C = 0.010 
D = 0.149 

From curves d and b, absorbance values of 
0.19 and 0.33 corresponded to S and R (amine 
values) of: 

S = 0.014 mg amine 
R = 0.016 mg amine 

By formula 1, 

K 1  = 0.016 - 0.014  
0 . 100-0.010 

	

0.210 	0.149 

0.002 
0.476 - 0.067 

= 0.0049 my DMA-N 

By formula 2, 

K2 = 0.014 - 0.010 x 0.0049  
0.149 

= 0.014 - 0.0003 

= 0.0137 mg TMA-N 

Data from the extraction and analysis of 
the sample were: 

M = 80.8 

V1 = 100 ml 

V2 = 0 . 3  ml 
W = 50 g 

Thus, DMA-N expressed as mg per 100 g fish 
(from formula 3) is: 

DMA=0.0049X[1004 (0.01 x 80.8 x 50)]x  100 
0.3 x 50 

=0.0049 x 140.4  x 100 
15 

= 4.59 mg DMA-N/100 g fish 

And, similarity, TMA-N expressed as mg per 
100 g fish (from formula 4) is: 

TmA-0.0137x[1004 (0.01 x 80.8 x 50)]x  100 
3 x 10 

=0.0137 x 140.4 x  100 
15 

= 12.8 mg TMA-N/100 g fish 
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13. 2 -THIOBARBITURIC ACID TEST (TBA/TBARS) 

GENERAL DISCUSSION 

Fatty fish under conditions of frozen 
storage lose quality through oxidative deter-
ioration of their lipid r:omponents. Suscept-
ibility and rate of oxidation depends to a 
large extent on fatty acid profile; the 
greater the unsaturation, the more easily 
will a fat oxidize (11). Other factors, many 
still unknown, contribute to oxidation. The 
skin and dark meat of mackerel (Scomber 

scombrus) for example, are particularly sus-
ceptible to oxidation (2) while herring 
(Clupea harengus) of similar unsaturation 
appear more resistant. Accumulation of 
oxidation by-products is responsible for 
objectionable flavours perceived in "rancid" 
foods. 

Oxidation is a free-radical process 
proceeding through initiation, propagation, 

and termination steps (3) and yields alde-
hydes, acids, epoxides, diglycerides, mono-
glycerides and polymers (4). However, since 
end products are continually being lost to 
further reaction, measurement of oxidation 
degree is difficult. The three most popular 
laboratory methods applied to the measurement 
of oxidation in fishery products, namely the 
2-thiobarbituric acid test (TBA), peroxide 
value (POV) and carbonyl value (COV), all 
suffer from this transitory nature of 

products, i.e. they increase to a maximum and 
then decline (5, 6, 7, 8). Therefore, it is 
usually recommended that at least two tests 
be used for oxidative quality evaluation, 
particularly if the free fatty acid content 
is high. Ultimately, a cooked organoleptic 
evaluation should be conducted to confirm 
product quality. 

Development of the TBA test has had much 
scientific input. In 1944 Kohn and 
Liversidge reported that "animal tissues 
heated with thiobarbituric acid yield an 
orange-red product". The test subsequently 
evolved to include TBA addition directly to 

tissue (9, 10, 11) to a distillate (12, 13, 
14, 15, 16, 17, 18), and to a "ICA extract. 

(19, 20). While the TBA test remains popular 
(21, 22, 23, 24, 25, 26, 27), it is much 
criticised for its non-specificity (28), the 
transitory nature of the malonaldehyde being 
measured (29, 23, 13, 19, 30, 6) and the 
unreliability of malonaldehyde content as an 
oxidative indicator in general since the 
amount of the compound formed depends on the 
types of unsaturated fatty acids present in 
the tissue; malonaldehyde is formed only from 

peroxides derived from fatty acids containing 
three or more double bonds (31). Numerous 
compounds have also been found which inter-

fere with the TBA test either by producing 
other absorbing TBA complexes or by reacting 
with the malonaldehyde itself (32, 14, 33, 
30, 34, 35, 36). 

The currently favoured TBA procedure is 
that of Tarladgis (13) involving adjustment 

of sample to pH 1.5, distillation and 
reaction with 2-thiobarbituric acid. The 
method was subsequently improved to include 
incorporation of antioxidants and chelating 
agents (16, 35) to reduce oxidation during 

distillation. To avoid the time consuming 
acidification step the procedure was modified 

for mackerel (Scomber scombrus) to include 
addition of a large fixed aliquot of acid 
prior to distillation (17, 18). Values 
obtained by this method (designated TBARS for 
TBA reactive substances) are very much lower 
than those of the 'original Tarladgis 
procedure. The latter test although in 
linear agreement with that of Tarladgis (13) 
has not been extensively tested or correlated 
for species other than mackerel. Figure 13.1 
illustrates the approximate relationship of 
TBARS and Tarladgis TBA values (37). 
Approximate recoveries of malonaldehyde for 
TBARS and Tarladgis procedures are ca 30 and 

60%, respectively. Elasmobrachs (dogfish, 
sharks, etc.) may exhibit depressed TBA 
values due to low recoveries of malonaldehyde 
(19). 
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10 	20 	30 40 50 
TBA RS (rmoles/kg) 

Figure 13.1 Experimentally derived TBA (13) 
and TBARS (17, 18) relationship 
for Atlantic mackerel (Scomber 
scombrus).  

a. Application 

The TBA test is applicable to most fatty 
fish for the evaluation oxidative quality 
after frozen storage but should be used with 
caution with species or product forms for 
which TBA data is not documented in the 
literature. Certain species may possess TBA 
reactive substances which absorb in the 535-
538 nm range and are unrelated to oxidative 
changes. Spectra should be checked on a 
scanning visible spectrophotometer to ensure 
no interferring peaks are present for the TBA 
procedure chosen. For mackerel and herring 
the TBARS procedure (Method A) may be 
applied. For other species and product forms 
(especially fish meal) unless TBARS and 
Tarladgis correlating data exists, the 
Tarladgis procedure (Method B) should be 
used. Since pH 1.5 is sometimes difficult to 
measure accurately with certain electrodes 
and the time necessary for pH adjustment 
causes further oxygen incorporation and 
oxidation, the more rapid TBARS procedure is 
often more convenient. 

When interpreting data, particularly from 
long-term stored samples, it should be kept 
in mind that TBA values attain a maximum  

value and decline on further storage, that 
value being dependent on species, 
accessibility to oxygen (packaging), and 
storage temperature. 

b. Principle 

The TBA procedure entails distillation of 
TBA reactive substances (malonaldehyde, other 
aldehydes, and volatiles) from acidic media 
(TBARS, pH < 0.5; Tarladgis TBA, pH = 1.5) in 
the presence of chelating agents and anti-
oxidants disodium EDTA and propyl gallate. 
Subesquent reaction with 2-thiobarbituric 
acid under acidic conditions to produce red 
TBA complexes absorbing at 535-538 nm. The 
condensation reaction with malonaldehyde is 
illustrated as follows (38): 

14$1.171 0 	0 lei 4,14.,,,ON 

-174  1 / "144:34C"  
ON 	 ON 

TSA MALONALDEKYDE 	TSA PIGMENT 

+ENO 

Figure 13.2 Reaction of malonaldehyde with 
2-thiobarbituric acid (38). 

c. Precautions 

1. Samples must be protected from oxida-
tion during storage prior to analysis 
by exclusion of oxygen and low 
temperature storage (-30 °C). 	The 
refrigerator freezer compartment should 
not be used for storage of samples. Do 
not allow samples to warm during 
comminution. 

2. Consideration must be given to product 
end use; only if samples would normally 
be allowed to thaw before cooking 
should they be analyzed from a thawed 
state. 	Thawing will result in slight 
elevation of measured IBA value. 

3. Heating rate should be maximum and 
performed reproducibly. 

4. Distillates may generally be stored 
overnight without undue change to TBA 
value. 
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5. Absorbance should be measured within 
two hours of color development. 

6. The standard TEP (1 x 10M. 4  M) is stable 
at 	refrigerator 	temperatures 	for 
several months. 

SAMPLE PREPARATION 

Products may be sampled with either 
minimum rapid defrost or overnight 
refrigerated thawing. The latter method will 
elevate TBA values slightly but eliminates 
the possibility of samples becoming too warm 
through rapid thawing. 

1. Cover or wrap frozen product in plastic 
to protect from dehydration during 
defrost and place in refrigerator until 
just thawed (overnight). 	For rapid 
defrost sample may be enclosed securely 
in a plastic bag and placed in a sink 
of cold running water until pliable. 

2. Excise fillets and rinse briefly. 

3. For mackerel, remove the skin membrane 
in one motion by grasping the membrane 
at the tail end (of the fillet) and 
pulling toward the head. 	Herring 
fillets are analysed without skin 
removal. 

4. Comminute a representative sampling of 
fillets (3 or 4) in a Cuisinart food 
processor 	or 	similar 	comminuting 
device. 	If possible flush material 
with nitrogen while blending. 

5. Weigh at least two 10 gram portions 
from each blend into small disposable 
sample cups. Flush each with nitrogen 
and store on ice (briefly) or at -30 °C. 

APPARATUS 

1. Blender with small blender jar 

2. Vertical distillation assembly 	(see 
Figures 13.3 or 13.4) 

3. Water bath, boiling (100 °C) 

4. Spectrophotometer visible range, 538 nm 

5. pH meter, with combination pH electrode 
(for Method B) 

6. Glassware: 50 ml volumetric flask, 15x125 
mm screw capped (Teflon lined) test tubes, 
500 ml round bottom flasks to fit distil-
lation assembly, 250 ml beakers (Method B) 

Figure 13.3 Vertical distillation assembly 
(18) 

Figure 13.4 Integrated vertical distillation 
assembly with condenser/ 
concentrator (18) 
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REAGENTS 

1. Hydrochloric acid (4N): To 500 ml distill-
ed water, add (with caution) 250 ml 
concentrated HCl 

2. Propyl gallate 

3: Disodium ethylenediamine tetraacetic acid 
(EDTA) 

4. Anti-bumping granules, BDH Chemicals 

5. TBA reagent: 

a. Add 1.44 g 2-thiobarbituric acid and 
50 ml distilled water to a 500 ml 
volumetric flask. Vigorously disperse 
with magnetic stirrer. 

b. Add glacial acetic acid until the 
flask is two-thirds full. 

c. Stir vigorously for ten minutes or 
until the 2-thiobarbituric acid is 
almost completely dissolved. 

d. Fill the flask to the mark with 
glacial acetic acid. 

6. Standard TEP solution: 

a. Accurately weigh 0.22 g of standard 
1,1,3,3-tetraethoxypropane (TEP) into 
a 100 ml volumetric flask and dilute 
to volume with distilled water. 

b. Pipette 10 ml of this solution into a 
1 liter volumetric flask and dilute to 
volume with distilled water to produce 
a 1x10-4  M stock solution. 	Store 
refrigerated. 

c. A 	1x10-5 	M working solution 	is 
prepared by diluting 10 ml of the 
stock solution to 100 ml with distill-
ed water. 

7. Standard buffer solutions pH 1 and pH 2 
(for Method B only). 

8. Antifoam B Dow-Corning.  

PROCEDURE 

METHOD A - THIOBARBI1URIC ACID REACTIVE 
SUBSTANCES (TBARS) 

This procedure is applicable to mackerel 
and herring only. It must be tested for 
other species (see General Discussion). 

a. Distillation of sample (TBARS) 

1. Without thawing, transfer a 10 g por-
tion of fish to the blender jar with 
35 ml of distilled water and blend for 
2 minutes or until sample is finely 
divided. 

2. While blending, add 100 mg (approxi-
mately) each of propyl gallate and 
EDTA to a 500 ml round bottom flask. 
Add a few anti-bumping granules. 

3. Quantitatively transfer sample homog-
enate to round bottom flask and add 
distilled water so that total weight 
of sample and water is 105 . g. 

4. Flush flask liberally with nitrogen 
and add 95 ml of AN HCl. 

5. Immediately connect to distillation 
apparatus (Figure 13.3 or 13.4) and 
collect 50 ml of distillate in a volu-
metric flask. Distillation should be 
complete in 35 minutes or less. 

6. Rinse the still with methanol and then 
distilled water. All joints must be 
tight and should be wet during distil-
lation. 

7. Distillates may be refrigerated over-
night if necessary. 

b. Development of color 

1. For standard curve accurately pipet 
aliquots of 0, 0.4, 0.8, 1.0, 1.2, 1.6 
and 2.0 ml of working TEP standard 

solution (1x10 -5 ) into screw capped 
tubes. This is equivalent to 0, 
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0.004, 0.008, 0.01, 0.012, 0.016 and 
0.02 	u 	moles 	TEP 	respectively. 
Carefully add water to a total of 5 ml. 

2. Pipet 5 ml of each sample distillate 
into screw cap test tubes. 	For 
strongly oxidized samples use less 
distillate and make up to 5 ml with 
distilled water. 

3. Prepare a blank with 5 ml distilled 
water. 

4. Add 5 ml TBARS reagent and tightly cap 
the tubes. 	Mix thoroughly (Vortex- 
mixer). 

5. Heat the test tubes for 45 minutes in a 
vigorously boiling water bath. Cool in 

tap water. 

6. Determine absorbance at 538 nm within 
one half hour of cooling. Spectropho-
tometer should be set to zero absor-
bance with the blank (0.0 ml TEP) in 

both "sample" and "reference" posi-
tions. 	Blank should be left in the 
"reference" position during all subse-
quent readings. 

METHOD B - TARLADGIS THIOBARBITURIC ACID 
VALUE (TBA) 

a. Distillation of sample (TBA) 

1. Without thawing, transfer a 10 g 
portion of fish to the blender jar with 
35 ml of distilled water and blend for 
2 -minutes or until sample is finely 
divided. 

2. While blending, add 100 mg (approxi-
mately) each of propyl gallate and EDTA 
to a 500 ml round bottom flask. Add a 
few anti-bumping granules. 

3. Transfer sample homogenate to 250 ml 
beaker 	and with distilled water 
rinsing, make up to 110 grams. 

4. Adjust pH of the sample homogenate to 
pH 1.5 with 4N HC1. This pH should be 

maintained for at least 3 minutes. 

N.B. The pH meter must be carefully 

standardized with standard buffer 
solutions of pH 1 and pH 2 (see 
laboratory method 1, pH measurement). 

5.Alternatively, if sample is homogene-
ous, blend 10 gram aliquots with 75 ml 
of water and determine the volume (mis) 
of 4N HC1 required to bring pH to 1.5. 
Repeat about 4 times and calculate 
average HC1 volume required for the 
neutralization. 
Then add exactly that volume HC1 to all 
samples. This avoids the incorporation 
of air during adjustment on the pH 
meter. 

6. Transfer sample quantitatively to round 
bottom flask. 	Flush liberally with 
nitrogen and add 3 drops of antifoam B. 

7. Continue as in step a.5 of method "A". 
Color development follows "b" of method 
"A". 
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CALCULATIONS 

1. From the standards plot absorbance vs u 
. motes TEP as illustrated.  in Figure 13.5 
below: 

Figure 13.5 	Typical TBA standard curve; 
Absorbance vs p moles TEP in 
test tube. 

2. For each sample determine p moles TEP in 
tube (from standard curve). 

3. Calculate TBA or TBARS as p mole malonal-
dehyde or IBA reactive substances per 
kilogram fish from the formula: 

TBA = T x V1 x 1000 	
(1) 

Y2 x W 

where: 
TBA = TBA or TBARS value in p mole/kg fish 
T  = p moles malonaldehyde (TEP) equival-

ent to absorbance of sample as 
determined from standard curve 
(Figure 13.5) 

V1 = volume (ml) of distillate collected, 
usually 50 ml 

V2 	= volume (ml) of distillate aliquot 
withdrawn for analysis 

W 	. = weight of fish added to still, 
usually 10 g  

N.B.= Rather than determing T from the 
graph directly, an equation can be 
determined for the line (Absorbance vs m 
moles TEP) and equivalent p moles standard 
solved algebraically. 

EXAMPLE 

From a 10 g (W) sample of mackerel, 50 ml 

(V1) of distillate was collected in a TBARS 
analysis (Method A). With 5 ml (V2) distil-
late an absorbance of 0.110 was obtained on 
color development. From the standard curve 
(similar to Figure 13.5) equivalent TEP in 
the test tube was determined to be 0.0086 p 

mules (T). therefore TBARS value from 
formula 1 is: 

TBA = 0.0086 x 50 x 1000  
5 x 10 

= 8.6 p moles per kg fish 
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14. PEROXIDE VALUE (POV) 

GENERAL DISCUSSION 

Peroxides are the primary products of oxi-
dation. However, since they are relatively 
short lived, their usefulness as oxidation 
indicators is limited to early stages of ran-
cidity development. As oxidation proceeds 
peroxides break down tu aldehydes (1) or com-

bine with proteins (2). 

Several procedures have been developed to 
measure peroxides. Most are based on the 
iodometric methods of Lea (3) and Wheeler 
(4) and involve measurement of iodine libera-
ted from potassium iodide by peroxides (1) by 
titration (5,6), colorimetric (7,8) and coul-
omet.ric (9) methods. Criticisms of these 
iodometric (9) procedures have included oxy-
gen error (liberation of iodine from po-
tassium iodide by atmospheric oxygen) and ab-
sorption of iodine by double bonds (10). 
Ferric thiocyanate (11,72), 2,6 dich- 
lorophenolindophenul (72) and diphyenyl-
carbohydrazine (14) have also been used for 

peroxide reduction. The iodometric method 
adopted by the AOCS, although empirical and 
subject to variation, is still the method of 
choice by most laboratories. 

Peroxide value changes in oil sardine (15, 
16,17), mackerel (19,20,21,22,18), salmon oil 
(23), mackerel oil (24), salmon (25), herring 
(26) and mullet (27) have been reported under 
various conditions of fresh and frozen stor-

age. The relatiun4hip of POV to flavour in 
oxidized foods depends on the type of muscle 
and processing (1). Tentative values for POV 
corresponding to edibility in mackerel have 
been reported by Ke et al. (18,22); POV of 2 
and 12 meq/kg oil in mackerel meat and skin 
respectively was considered of borderline 
acceptability. 

a. Application: 

The peroxide value test (POV) is applic-
able for the measurement of early to 
intermediate stages of oxidation in fats, 
oils and lipids extracted from marine 
products. 

b. Principle 

The AOCS iodometric procedure (5) is based 

on the reduction of peroxides in acidic 
medium by potassium iodide. Liberated 
iodine is titrated with sodium thiosulfate 
with the aid of freshly prepared starch 
indicator. The reaction proceeds as 
follows: 

ROOH 4 21- 4 2H-t --IRON 4 H2O 4 12 

12 4 25203-=--421 4 5406 

c. Precautions: 

1. Extracted lipid must be protected from 
oxygen, light and heat until analysis. 
During the titration oxygen must be ex-
cluded by a flow of nitrogen. 

2. Difficulty with the endpoint will be 
encountered if starch indicator is not 
prepared fresh daily. 

3. Visualization 	of 	starch 	endpoint 
depends on rapid magnetic stirring such 
that at each dropwise addition of 
Na2S203 (before the endpoint) a white 
spot can be seen to move through the 
solution. At the endpoint this spot is 
not visible. 

4. Thiosulfate solution (0.1N) must be 
standardized as described in Method A. 

SAMPLE PREPARATION: 

Blend freshly thawed sample (until just 
pliable) in a Cuisinart Food Processor with 
nitrogen flushing. Work quickly, do not ex-
pose sample to excess heat. Extract lipid by 
laboratory method 3B and store under nitrogen 
atmosphere. Although POV may increase 
slightly, lipid may be stored overnight if 
frozen. 

APPARATUS 

1. Stopwatch 

2. Magnetic stirrer 
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3. Glassware 
250 ml iodine flasks, glass stoppered, 
125 ml Erlenmeyer flasks, pipets, (1 ml, 
10 ml, 25 ml capacity), accurate 10 ml 

burette, burette (50 ml) 

REAGENTS: 

1. Acetic acid/chloroform solution - Mix 3 
parts by volume (300 ml) of reagent grade 
glacial acetic acid with 2 parts by volume 
(200 ml) of reagent grade chloroform. 

2. Sodium thiosulfate, stock solution 0.1 
N. In 1 litre volumetric flask dissolve 

24.8 g Na2S203.5H20 in recently boiled 
distilled water and make up to the mark. 
This 	solution 	is 	also 	available 
commercially. 

3. Sodium thiosulfate working solution, 0.01 
N. Accurately pipet 10 ml 0.1 N stock 
sodium thiosulfate solution into a 100 ml 
volumetric flask and bring to volume with 
recently boiled distilled water. 

4. Potassium iodide solution, 0.904 M. Dis-
solve 15 g potassium iodide ACS, in dis-
tilled water and make to volume in a 100 
ml volumetric flask. 

5. Saturated potassium iodide solution. To 
20 ml recently boiled distilled water in a 

250 ml amber glass bottle add ACS grade KI 
until crystals remain undissolved. Warm 
slightly with tap water to aid dissolu-
tion. 	Store refrigerated away from 
light. This solution should be colourless 
and produce a blank of zero. To test, add 

30 ml acetic acid/chloroform solution, 0.5 
ml saturated KI and 2 drops starch 
indicator solution. If a blue color forms 
and requires more than 2 drops 0.01 N 
thiosulfate to dissipate, prepare a fresh 
solution of KI. 

6. Starch indicator solution. Disperse 1 g 
starch in 10 ml cold distilled water and 
add to 100 ml vigorously boiling distilled 
water. Boil 1 minute. Cool before use. 
This solution must be prepared daily to 
ensure a sharp endpoint to the titration. 

7. Standard potassium dichromate solution, 
0.1 N. Dry 2 g ACS grade K2Cr207 at 110 °C 
overnight. Cool in desiccator. To a 100 
ml volumetric flask add 0.490 g dried 
K2Cr207 (accurately weighed) with 80 ml 
distilled water. 	Swirl to dissolve and 
make up to volume at 25 ° C. 

8. Hydrochloric acid, ACS grade. 

PROCEDURE 

A. Standardization of thiosulfate (0.1N) 

1. Pipet 25 ml aliquots of standard 

dichromate 	solution 	into 	125 ml 
Erlenmeyer flasks. 

2. With graduated cylinders add 5 ml 
hydrochloric acid and 	10 ml 	KI 
solution, 0.904 M. 	Swirl to mix. 
Allow to stand 5 min. 

3. Add 100 ml distilled water and titrate 
with 0.1 N thiosulfate until yellow 
colour has almost disappeared. 

4. Add ca 0.5 ml starch indicator with 
pasteur pipette. 

5. With stirring continue titration until 
blue colour has just disappeared. 

6. Calculation of normality Na2S203 

N = 2 . 5 	 (1) 
Vi 

where: 

N = normality Na2S203 
V1 = volume Na2S203 required for 

titration of standard 

B. Peroxide value determination 

1. Accurately weigh 2.5 to 5.0 g lipid into 
250 ml ground glass stoppered iodine 
flasks previously flushed with nitrogen. 
Flush again and stopper. 

2. Add 30 ml acetic acid/chloroform solution 
and swirl to dissolve lipid. 
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3. Add 1 ml saturated KI solution and swirl 
gently. 	Time for exactly 2 minutes with 
occasional swirling. 

4. After 2 minutes add 100 ml water and 
approximately 1 ml starch solution (with 
pasteur pipette). 

5. With vigorous magnetic stirring titrate 
with 0.01 N Na2S203 until blue color 
disappears. 	Endpoint detection is aided 
if a white paper is place below titration 
vessel (see precautions). 

6. A blank titration should be performed 
before each analysis to ensure freshness 
of KI. 

CALCULAT ION 

Peroxide value expressed as milliequival-
ents peroxide per 1000 g lipid may be calcu-
lated as: 

POV = V2 x N x 1000 	
(2) 

V2= ml of thiosulfate for titration 
N 	normality of thiosulfate 
W = weight of lipid in grams 

EXAMPLE 

A 3 g sample (W) herring oil required 4.32 
ml (V2) of 0.0131 N sodium thiosulfate (N) 
for peroxide value titration. Peroxide value 
from formula 2 is: 

POV = 4.32 x 0.0131 x 1000  
3.0 

= 18.9 m eq./1000 g oil 
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15. CARBONYL VALUE (COV) 

GENERAL DISCUSSION 

During the course of oxidation, particu-
larly in advanced stages or at elevated tem-
peratures, peroxides are transformed into se-
condary products containing carbonyls ( C=0) 
(1). The carbonyl value (COV) is therefore a 
measure of end products which are more stable 
than peroxides and which are perhaps the 
direct precursors to more volatile odorous 
compounds (2). Although attempts .  have been 
made at isolating or characterizing specific 
carbonyl compounds (3), total carbonyl deter-
minations are based on either the oxime (4) 
or the hydrazone (5,1) methods. 

The most popular is the latter (Henick, 
5) procedure incorporating a reduction step 
for elimination of peroxide interference (6, 
1). Carbonyl values (determined by various 
methods) have been reported for food commodi-
ties (7,8,9) although some investigators have 
concluded that the carbonyl value changes er-
ratically in frozen muscle foods (10,11,12, 
13). According to Mai and Kinsella (14), the 
carbonyl value should be used in combination 
with other tests such as the 2-thiobarbituric 
acid value to assess lipid oxidation in 
frozen fish since from their results the COV 
test alone appeared unsuitable for the pur-
pose. 

a. Application 

The COV procedure is applicable to the 
measurement of oxidation in advanced stages 
occurring in fats and oils or lipids isolated 
from tissue or meal by laboratory method 3B 
described in this manual. It is particularly 
of value where peroxides have decomposed (2) 
such as in situations where high oxidation 
has occured at high temperatures (eg, cooking 
oils). The carbonyl value should be applied 
in combination with the 2-thiobarbituric acid 
test (14) of laboratory method 13. 

b. Principle 

The COV procedure of Henick (5) modified 
by Watanabe (1) is based on the condensatiom  

of the carbonyl group ( -C=0) with 2, 4- 
dinitrophenylhydrazine in trichloroacetic 
acid to form red colored hydrazones. Extinc-
tion coefficients of these alkali salts are 
identical at 430 nm for both saturated and 
unsaturated straight chain monoaldehydes but 
are uniquely different at 435 and 460 nm 
respectively. Thus from the absorbance at 
these two wavelengths the relative proportion 
of saturated and unsaturated monoaldehydes 
can be estimated (15). Carbonyl value is ex-
pressed as absorbance per gram lipid deter-
mined at 440 nm (1). 

c. Precautions 

It is critical that reagents and solvents 
used in the procedure be certified pure or 
purified to remove impurities (1, 11). Also, 
since there is no fixed correlation between 
peroxide interference and level, peroxides 

must be destroyed according to the given pro-
cedure (6, 1). 

APPARATUS 

1. Spectrophotometer for use at 440 rim. 

2. Filter per 14 Whatman or equivalent. 

3. Water bath set at 65 ° C. 

4. Glassware: 	125 ml separatory funnels, 
glass funnels, 200 ml beakers, 100 ml 
volumetric flasks, 50 ml volumetric 
flasks, graduated cylinders, 5 ml glass 
pipettes, pipetting bulb and 200 ml round 
bottom flasks with stoppers. 

REAGENTS 

1. Carbonyl-free benzene: Test suitability 
of reagent grade benzene by measuring ab-
sorbance of benzene against water at 430 
nm. If absorbance is less than 0.35, 
then benzene is acceptable without puri-
fication. To purify, add 5 g 2,4 dini-
trophenylhydrazine, and 1 g trichloro-
acetic acid to 1 litre benzene in a 2000 
ml round bottom flask. Reflux for 1 hour 
then distill, discarding first 50 ml and 
last 100 ml. Store in amber bottle away 
from light. 
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2. Carbonyl-free ethanol: 	To 2 litres of 
95% ethanol add 1 g NaBH4, reflux for 2.5 

hr and distill. Discard first 50 ml and 
last 100 ml. Store in amber bottle away 
from light. 

3. Carbonyl-free methanol: 	To 1 litre 
methanol add 5 to 10 g aluminum granules 
and 8 to 10 g KOH. Reflux for 1 hour and 
distill as for carbonyl free ethanol. 

4. 2,4 	dinitrophenylhydrazine: Recrystal- 
lize 2,4 dinitrophenylhydrazine by dis-
solving 5 g in a minimum amount of hot 
carbonyl-free methanol. Cool slowly and 
collect crystals. 	Recrystallization 
should be repeated. 

5. 2,4-DNPH solution, 0.05%: Dissolve 0.5 g 
purified 2,4-dinitrophenylhydrazine in 1 
litre carbonyl-free benzene. 	This 
solution is stable for several months. 

6. TCA, 4.3% w/v: Dissolve 43 g trichloro-
acetic acid (TCA) in carbonyl-free 
benzene in a 1 litre volumetric flask and 
make up to volume. 

7. KOH, 40% w/v: 	With gentle shaking and 
heating, dissolve 8 g KOH in 200 ml 
carbonyl-free ethanol. 	This solution 
should be prepared daily. 

8. HC1,1.2 N: 	To a 500 ml Erlenmeyer add 
450 ml distilled water and 50 ml 
concentrated HCl (12 N). 

9. KC1 (acidic) 20% w/v: 	Dissolve 100 g 
KCl in 400 ml 1.2 N HCL in a graduated 
500 ml Erlenmeyer. 	Make up to volume 
with 1.2 N MCI. 

10.KC1 (aqueous) 30%: 	In a graduated 500 
ml Erlenmeyer dissolve 150 g KCl in 
approximately 375 ml distilled water and 
make up to volume. 

11.Stannous chloride solution (for 10 
samples): 	To a 150 ml beaker add 50 ml 
methanol, 50 ml benzene and 0.5g stannous 
chloride. 

12.Standard K2Cr207: 	To a 100 ml volu- 
metric flask add 0.280 g KOH, 80 ml 
distilled water and 0.0303 g K2Cr207 (ACS 
grade). 	Stir to dissolve and bring to 
volume with distilled water. 

13.Anhydrous Na2SO4: granular. 

14.KOH (0.05M): 	To a 100 ml volumetric 
flask add 0.280 g KOH, dissolve and bring 
to volume with distilled water. 

SAMPLE PREPARATION 

1. Weigh sufficient comminuted sample to 
yield approximately 1 g fat. 	Do not 
allow sample to warm and protect from 
oxidation by nitrogen flushing. 

2. Proceed with lipid extraction according 
to laboratory method 3B. Collect dried 
chloroform extract in a 100 ml round 
bottom flask. 

3. Evaporate chloroform by means of a rotary 
evaporator or with a stream of nitrogen 
(protect sample from heat and oxygen). 

4. Crude fat content may be derived by 
weighing flask and fat as outlined in 
method 3B. 

PROCEDURE 

A. Peroxide Destruction(27) 
1. Add 10 ml stannous chloride solution to 

each 100 ml round bottom flask contain-
ing. recovered fat. 	Store at room 
temperature for 2 hours, shaking 
occasionally. 

2. To each, add 40 ml of 20% KC1 solution 
(acidic), gently swirl and transfer to 
125 ml separatory funnels. Rinse each 
flask with a further 5 ml of KC1 
solution to ensure complete transfer of 
lipid. 

3. Rinse flasks with 25 ml benzene and add 
to separatory funnels. Stopper, invert 
carefully to mix phases, and return 
funnels to facilitate phase separation. 
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4. From the top of each funnel carefully 
decant as much of benzene layer as 
possible into 100 ml beakers. Save the 
benzene. Add 25 ml of fresh benzene to 
each funnel and repeat inversion, 
separation, and decantation. Save the 
benzene. 

5. Add a third aliquot of benzene to 
separatory funnels and invert to mix. 
After phase separation drain and dis-
card each lower phase (KCI) taking care 
not to lose any benzene. Return col-
lected benzene portions to respective 
separatory funnels rinsing beakers with 
ca 10 ml fresh benzene. 

6. To each funnel add 25 ml aliquots of 
30% KCl (aqueous), invert, allow separ-
ation, 	and discard bottom layer. 
Repeat 3 times for complete washing of 
benzene. 

7. Slowly filter benzene into 100 ml volu-
metric flasks through glass funnels 
lined with #4 Whatman'filter paper half 
filled with anhydrous granular sodium 
sulphate (to remove moisture). 	Rinse 
separatory funnels with fresh benzene 
and continue to wash sodium sulfate 
until volumetric flasks are filled to 
the mark. 

B. Fat Concentration in Extract 

1. Preweigh three disposable aluminum 
weighing dishes per extract to the 
nearest 0.001 g. 	Place dishes on an 
aluminum tray. 

2. In a fume hood and with a rubber bulb, 
carefully pipette three 10 ml aliquots 
of each benzene solution into the 
aluminum weighing dishes (10 ml per 
dish). Allow the benzene to evaporate 
in the fume hood (dust free) until only 
a fat residue remains (ca 1-1.5 hr). 

3. Transfer the dishes to a drying oven 
set at 110 ° C for 1 hour, cool to room 
temperature (no more than 15 min) and 
carefully weigh. 

4. Calculation of fat content: 

L _ weight of residue  
volume of extract 

(W2 - W1) 
	

( 1 ) 

V1 

Where: L = g lipid per ml benzene 
W2 = weight of dish + residue 
Wi = weight of empty dish 
V1 = volume of extract 

C. Calibration of Spectrophotometer 

1. Set spectrophotometer to 440nm. 

2. With 0.05 M KOH in cuvettes placed in 
reference and sample compartments set 

. absorbance to zero. 

3. Remove cuvette from sample compartment 
and replace with standard K2Cr207. 

4. Record absorbance of K2Cr207 (with 0.05 
M KOH as reference) at 440 nm. 

5. Calculate absorbance correction factor 
as: 

F = Published absorbance value  
determined absorbance value 

= 0.502 	 (2) 

Ai 

Where: 
F = absorbance correction factor 

Al = absorbance of standard K2Cr207 

D. Carbonyl Color Development 

1. Into each 50 ml volumetric flask pipet 
3 ml TCA solution, 5 ml 2,4-DNPH solu-
tion and 5 ml benzene extract (contain-
ing fat). Substitute extract with 5 ml 
purified benzene for a blank determina-
tion.. 

2. Stopper the flasks (glass stoppers), 
swirl to mix reagents and heat in a 
65 ° C water bath for 30 minutes. 
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3. Cool to room temperature with running 
water. 	this solution is stable for 
several hours. 

4. To each flask pipet 10 ml KOH solution, 
(5% w/v) incubate at room temperature 
exactly 10 minutes and dilute to volume 
with carbonyl-free ethanol. 

5. Incubate at room temperature for 10 
minutes and measure absorbance of the 
solutions against the blank prepared in 
Step 1. 

CALCULATION 

Value for total carbonyl is expressed as: 

COV = 	Absorbance x correction factor  
lipid per ml x volume benzene per flask 

A2 x F 	
(3) 

Lx 5 

Where: 
COV = carbonyl value expressed in 

absorbance units per g lipid 

determination, weight of dish and dish 
with residue were found to be 1.411 g (W1) 
and 1.494 g (W2) respectively. Lipid 
content per ml was calculated from formula 
1 as: 

L = 1.494 - 1.411  
10 

= 0.0083 g per ml 

3. Absorbance of the standard K2Cr207 was 
found to be 0.509 (Al). Correction factor 
from formula 2 is: 

F = 0.502 
0.509 

= 0.986 

4. During 2,4-DNPH derivatization, 5 ml 
extract was used and absorbance was 0.265 
(A3). 	Therefore carbonyl value from 
formula 3 is: 

COV = 0.265 x 0.986  
0.0083 x 5 

= 6.30 units per g lipid 

A2 = absorbance of 2,4-DNPH 
derivative measured at 440 nm 

F = absorbance correction factor 
determined from formula above 

L = fat content in g/ml from formula 
1 

TBA value (TBARS) of the same sample 
according to laboratory method 13A was 
44.0 umole/kg fish 
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16. FREE FATTY ACID (FFA) 

GENERAL DISCUSSION 

In frozen storage, lipids of fish skin and 
muscle tissues undergo lipolytic changes 
(enzymatic) resulting in an accumulation of 
free fatty acids (1). Free fatty acid (FFA) 
production varies with storage temperature, 
muscle type, species, fat content and season 
and has been often used as a quality index 
for fish and other food products (2, 3, 4). 
lean-fish appear more prone to FFA formation 
than fat fish (5). In mackerel FFA increases 
proportionately with fat content except for 
skin tissue where hydrolysis occurs more 
slowly (6). 

FFA may be produced from either triglycer-
ides or phospholipids and depending on muscle 
type,' one or the other will be the dominant 
precursor; in dark muscle, triglycerides and 
in ordinary muscle, phospholipids are 
hydrolyzed preferentially to FFA (7, 8, 9). 
Accumulation of FFA has been .reported fur 
most marine species including cod (5) 
mackerel (8, 10, 3) tuna (7), herring and 
sardine (11, 9, 10), trout (1), salmon (12) 
and squid (13). 

Analysis of FFA as first proposed by Ayers 
in 1956 has undergone several modifications 
(14). The American Oil Chemists' Society 
standard FFA procedure (15) involves aqueous 
NaOH titration of lipid dissolved in ethanol 
with pheholphthalein indicator. The method 
has several drawbacks: a turbid solution 
must be titrated; carotenoids, pigments and 
oxidation products produce interfering color 
changes; the indicator endpoint fades; and 
the procedure is subject to operator error at 
very low or very high FFA (16, 17, 18). 
Suggested alternatives have included the use 
of putentiometric non-aqueous titrations (19, 
20), enzymatic or chemical reaction with 
colorimetric determination (21, 22, 23, 24, 
25, 26), gas chromatographic analysis (27), 
and monophasic/aqueous titration (28, 16). 

The latter method utilizing a ternary 
mixture of chloroform, methanol, isopropanol 
in the proportions 2:1:2 completely  

solubilizes the fats and allows a sufficient 
amount of aqueous NaOH to be added for the 
titration before the cloud point is reached 
(turbidity). The adoption of metacresol 
purple indicator facilitates a very sharp end 
point and high reproducibility. 

Two methods (A and B) are presented; the 
first is applicable to solid materials (flesh 
or meal) and involves preliminary separation 
of lipid by a method modified from the Bligh 
and Dyer procedure (29), while the second 
applies to lipid or oil. samples. 

a. Application 

The free fatty acid titration is applic-
able to all fats, oils and marine fish 
which have not been acid treated during 
processing (e.g. pickling). Method B out-
lines a titration method for oil or 
purified lipid while method A applies to 
flesh or meal. The latter method (A) 
incorporates a step for estimation of fat 
content in the original flesh. 

b. Principle 

The FFA test (28, 16) is a sodium hydrox-
ide titration of free carboxyllic acid 
groups present in marine lipid. Oil may 
be used directly or recovered in a chloro-
form/methanol extraction. With a final 
chloroform, methanol, isopropanol ratio of 
2:1:2, aqueous NaOH is added until an end-
point is reached indicated by a color 
change of added meta-cresol purple. FFA 
is calculated as N  mole per gram oil 
(FFAF), tissue (FIAT) or alternately 
assumed to have a molecular weight of 
oleic acid and reported as percent by 
weight of oil (FFA). 

c. Precautions 

1. FFA increases with time in storage and 
temperature. 	Samples stored for 
analyses must be maintained at low 
temperatures (-35 to -40 °C) and for 
short time periods only. 

2. Generally 10 g may be used fur samples 
up to 15% fat with 70 to 82% moisture. 
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With materials low in =Mature (or high 
in fat) sample size should be decreased 
to avoid filtration and extraction 
problems, especially for salted 
products. When dealing with such 
material extra water should not be 
added during the blending step (method 
A; part "b", step 1); this action may 
promote emulsion formation. 

3. Extreme agitation of flasks contents 
after water addition (method A, part 
"b", step 4) should be avoided to 
prevent emulsion formation. If samples 
are prone to emulsion formation (e.g. 
shellfish), water may be poured direct-
ly to the separatory funnel followed by 
gentle addition of chloroform/methanol 
extract. Emulsions sometimes separate 
without aid after longer settling times 
(15 to 24 hr) at room temperatures. 

4. Overnight separation of chloroform/ 
methanol/water extract is generally 
advised (method A, part "b", step 4). 
Premature removal of the chloroform 
phase may result in lower fat content 
which will affect FFAT (tissue) value. 
FFA(% oleic) on a lipid basis will not 
generally be affected by premature 
separation. 

5. Meta-cresol purple is soluble in water 
only with the aid of NaOH. 	However, 
the amount of base added must not be 
excessive otherwise the blank titration 
will be affected. 	A blank of 0.05- 
0.1m1 is considered satisfactory; 
dilute HCl or NaOH may be added to the 
indicator to achieve the desired blank 
value. 

SAMPLE PREPARATION 

FFA formation is enzymatic and therefore 
time and temperature dependent; samples must 
be protected from change during storage. 
Marine products should be comminuted and 10 g 
samples withdrawn for analysis. With dry or 
very high fat samples, smaller quantities 
should be used; e.g. for fish meal or salt 
fish use 1 to 2 g. If samples cannot be 
analyzed immediately they should be stored at 
-35 to -40 °C. Oil or lipid may be analyzed  

directly according to method B. 

APPARATUS 

1. Small blender preferably with a glass 
jar, eg. Virtis Co. (Gardiner, N.Y.) 

2. Aluminum drying dishes, disposable 

3. Filter paper Whatman #1 and #4, 18.5 cm; 
Watman #4, 9 cm 

4. Drying oven at 103 °C 

5. Glassware: 125 and 250 ml Erlenmeyer 
flasks, 250 ml separatory funnels, 10 ml 
micro-burette, 	9 cm Buchner 	funnel 
assembly, 100 ml volumetric flasks weigh-
ing bottle, watch glass, 50 ml buret. 

REAGENTS 

1. Sodium hydroxide (0.05N): 	To 1 liter 
distilled water add 2.0 g NaOH. 	Pre- 
standardized NaOH is available from supply 
companies. 	Otherwise, NaOH should be 
standardized against potassium acid 
phthalate as decribed in method A, part 
"a". 

2. Aqueous meta-cresol purple indicator 
(0.5%): 	Dissolve 0.5g m-cresol purple 
indicator in 26 ml of 0.05N NaOH. Make 
volume up to 100 ml with distilled water. 
Test indicator by adding 5 drops to a 
mixture of 50 ml chloroform, 25 ml 
methanol, and 50 ml 2-propanol in a 125 ml 
Erlenmeyer flask. A yellow solution will 
result which should change to violet upon 
addition of no more than 4 drops of 0.05 N 
NaOH. Adjust indicator with weak NaOH or 
HC1 solution so that this criterion is 
met. 

3. Methanol ACS grade 

4. Chloroform ACS grade 

5. 2-propanol (isopropanol) ACS grade 

6. Anhydrous sodium sulfate granular, ACS 

7. Potassium acid phthalate, ACS analytical 
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grade 5-10 g dried overnight at 103 ° C. 

8. Phenolphthalein indicator: dissolve 1 g 
phenolphthalein in 70 ml ethanol and with 

stirring add 30 ml distilled water. 

9. Chloroform/isopropanol/methanol solution 
(2:2:1): In 	a 	1 	litre 	Erlenmeyer 
flask mix 200 ml chloroform, 200 ml 

isopropyl alcohol and 100 ml methanol. 

PROCEDURE 

METHOD A: Free Fatty Acid for Tissue 

a. Standardization of 0.05 N NaOH 

1. Into each of three clean 250 ml 
Erlenmeyer flasks, weigh 0.30 g of 

dried potassium acid phthalate. Add 50 
ml of distilled water (t.o dissolve) and 

3 drops phenolphthalein indicator to 
each flask. 

2. Fill a 50 ml buret with sodium 

hydroxide solution (ca 0.05 N). 

3. Titrate each potassium acid phthalate 
sample to the endpoint of the phenol-
phthalein indicator (first perceptible 
but permanent pink color) with 0.05 N 

NaOH. 

4. Record the position of the meniscus on 
the buret and the volume of NaOH used. 

5. Calculate NaOH normality as: 

W1 x 1000 
= 	 (1) 

204.22 x V1 

where: N1 = normality NaOH 
Vi = volume (ml) NaOH used for 

titration 
wi = weight (g) potassium acid 

phthalate in flask 

6. Repeat for each of the remaining 
phthalate samples and calculate average 
normality of the NaOH. 

b. Determination of free fatty acid (tissue 
sample) 

1. To small blender jar, add 10 g sample, 
50 ml chloroform and 50 ml methanol. 
Blend 1 minute until finely divided. 

2. Filter on Buchner funnel 	through 

Whatman #4 filter paper and rinse with 
small amount of chloroform. 

3. Add 45 ml distilled water to filtrate 
to achieve a final chloroform/methanol/ 
water ratio of 1:1:1, swirl gently, and 
transfer to 250 ml separatory funnel. 

Rinse flask with chloroform, add 
washings t.o separatory funnel, stopper 
and leave 2 or 3 hours (or preferably 
overnight) at room temperature. 

4. After equilibrium, using a regular fun-

nel, slowly filter the lower chloroform 
layer from the separatory funnel 

through a double 18.5 cm filter paper 
(#4 Whatman inside and #1 outside) half 
filled with anhydrous sodium sulfate 
into a 100 ml volumetric flask. Rinse 
with chloroform but do not exceed mark 

of volumetric. 	Fill to mark with 
chloroform. 

5. Pipet three 10 ml aliquots of chloro-
form filtrate into pre-weighed aluminum 

drying dishes and allow solvent from 
dish to evaporate in fume hood. When 
completely evaporated, place dish in a 
drying oven at 103 °C for 1 hour, cool 
and weigh to the nearest 0.001 g. 

6. Transfer remaining volumetric solution 

to 250 ml Erlenmeyer flask. Rinse with 
10 ml chloroform. 

7. Add 70 ml 2-propanol, 35 ml methanol, 
and 	8 	drops 	meta-cresol 	purple 

indicator. 

8. Titrate to violet endpoint with 0.05 N 
NaOH. 

9. A blank containing all reagents except 

the sample should be titrated. If more 
than 0.2 ml of titrant is required, 
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acidity of the indicator should be 	2. Free fatty acid content determined from 
adjusted. 	 method A may be expressed in three ways: 

METHOD B: Free Fatty Acid in Lipid or Oil 	 a. On a tissue weight basis as Al mole per 
Sample 	 gram tissue from the formula: 

1. Extract lipid (as in laboratory method 
3B). If sample is an oil, use direct-
ly. 

FFAT = 1000 x N1 x (V4 - V5) 
(3) 

 

W2 - V2 x W2 x P 

V3 

 

2. Accurately weigh 1 g lipid to nearest 
0.001 g into a 125 ml Erlenmeyer flask. 	b. On a fat basis as m mole free fatty 

acid per gram fat from the formula: 
3. Add 75 ml of chloroform/isopropyl 

alcohol/methanol solution and swirl to 
dissolve lipid. 

4. Add 4-5 drops of meta-cresol purple 
indicator. 

FFAF FFAT x  100 
	

(4) 
F 

c. On a fat basis expressed as percent 
free fatty acid (as oleic) from the 
formula: 

5. Titrate 	to 	violet 	endpoint 	with 
standard 0.05 N NaOH. 	 FFA = FFAT x 2.82 

	
(5) 

F 
6. A blank containing all reagents except 

	

the sample should be titrated. If more 	where: 

	

than 0.2 ml of titrant is required, 	 FFA 	= free fatty acid of lipid as 

	

acidity of the indicator should be 	 percent oleic acid 
adjusted. 	 FFAF = free fatty acid of lipid as m 

mole per gram (fat) 
CALCULATIONS 	 FFAT = free fatty acid of tissue as m 

mole per gram (tissue) 
A. From Method A 	 P 	= number of aliquots of chloro- 

form filtrate withdrawn from 

	

1. Fat content of the sample analyzed 	 volumetric flask 

	

according to method A may be determined 	V4 	= ml titrant (NaOH) used for 
from the formula: 	 sample 

V5 = ml titrant (NaGH) used for blank 
(D2- Di) x V3 

F = 	
. 	

x 100 (2) 
F, V1, V2, V3 and N1 

above 
are as defined 

 

V 2  x W2 

   

Where: 
	 B. From Method 8 

Di = weight empty drying dish (grams) 
Free fatty acid determined on lipid 

 
02 = weight of drying dish with fat 	

according to method B may be expressed in two 
ways: 

residue (grams) 
F = fat content in percent 
V2 = volume (ml) of aliquot withdrawn to 	

a. On a lipid basis as 0 mole per gram 
 

aluminum dish 	
(fat) from the formula: 

V3 = volume (ml) of volumetric 
) - V x (V4 	5 

W2 = weight (g) of sample blended in 	
FFAF = 1000 x N1 	

(6) 
analysis W3 x F 
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b. On a fat basis as percent free fatty 
acid (as oleic) from the formula: 

7. Free fatty acid (FFA) percent as oleic 
acid from formula 5 is: 

FFA = Ni x (V4 - V5) x 28.2 (7) 118.7 x 2.82 = 11.7% 
28.6 

 

W3 

 

where: 
W3 = weight (g) of lipid used for the 

analysis 
F, N1, V4 and V5 have been defined 

above 

EXAMPLE 

1. A 5 g .sample (W2) of squid liver was 
analyzed according to method A and the 
extract collected in a 100 ml (V3) 
volumetric flask. 	After bringing to 

volume, three (P) 10 ml (V2) portions 
of the CHC13 solution were withdrawn 
for fat analysis. 	Each empty dish 
weighed 1.447 (Di) g. 

2. In the titration 0.04 (V5) and 8.52 ml 
(V4) of 0.049 N NaOH (N1) were required 
for the blank and sample, respectively. 

3. After drying the three dishes contain-
ing fat weighed 1.590, 1.595 and 1.592 
g, i.e. three values for 02. 

4. From formula (2) % fat may be calculat-
ed from the first value of D2 as : 

(1.590 - 1.447) x 100 x 100 = 28.6% 
10 x 5 

5. Free fatty acid (FIAT) as 0 mole per 
gram sample from formula (3) is: 

1000 x 0.049 x (8.52 - 0.04)  
5- (10 x 5 x 3) - 

100 

= 118.7.0 mole g -1  tissue 

6. Free fatty acid (FFAF) as 0 moles per 
gram fat from formula (4) is: 

118.7 x 100 = 415.0u mole g-1  fat 

28.6 

8. Lipid from another sample of squid 
liver was recovered according to 
laboratory method 3 B. A fat sample of 
1.03 g (W3) was weighed into a 125 ml 

enlenmeyer, solvents were added 
according to method B above and the 
mixture titrated with 0.049N NaOH 
(N1). Blank was 0.04 ml (V5) and 
volume of titrant used 8.56 ml (V4). 
FFA percent as oleic may be calculated 
directly from formula (7) as: 

0.049 x (8.56 - 0.04) x 28.2  
1.03 

= 11.4% 
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17. EXTRACTABLE PROTEIN NITROGEN (EPN) 

GENERAL DISCUSSION 

Salt solubility has often been used as a 
criterion for protein classification (1). 
Reay and co-workers solubilized 85% of the 
available protein in haddock muscle with a 7% 
lithium chloride solution but noted that 
recovery was significantly reduced during 
frozen storage (2, 3, 4). Using cod muscle, 
Dyer et. al. (5) optimized conditions for 
maximum salt soluble protein extraction. 
Requirements were 3 to 5% salt, pH of 7.0 to 
9.0, a 1 to 20 ratio of fish to extractant, 
temperature not exceeding 5 °C, protection 
from foaming, and most critically, suffic-
iently fine subdivision of the muscle 
fibrils. A recovery of up to 95% of the 
total protein in cod muscle was obtained by 
this method. NaCl/NaHCO3 levels reported in 
the literature for successful EPN extractions 
have been 5%/0.02 M (6), 3.51%/0.003M (7, 8) 
and 5%/0.003 M (9, 10, 11). In each case the 
3 to 5% NaC1 and pH 7.0-7.5 ranges have been 
maintained. 

Decrease of salt extractable protein 
during frozen storage especially in the 
gadoids, Alaska pollock and red hake (9), 
parallels the increased perceived toughness 
of the fish after cooking (12). The pheno-
menon appears to be caused by protein changes 
due to formaldehyde enzymatically produced 
during frozen storage (9, 13, 14, 15), tran-
sition metals (16) and other yet unexplain-
able factors (8). Analysis of extractable 
protein nitrogen has been used to study 
frozen storage changes in several species 
(10, 11, 9, 8, 17, 3, 13, 18, 19, 20) in an 
effort to become more familiar with causes 
and implications of the associated textural 
degradation. 

a. Application 

The extractable protein or "salt extract-
able" nitrogen test is applicable to the 
measurement of denaturative protein changes 
occurring during frozen storage. It is 
especially useful for determining changes in 
the gadoids (cod, pollock, hake) where salt  

extractability of the protein is accelerated 
by the enzymatic production of formaldehyde 
from trimethylamine oxide (9). 

b. Principle 

At a temperature below 5 °C, intracellular 
protein is solublized in a 5% NaC1 solution 
buffered with 0.003 M "NaHCO3. Maximum 
solubilization requires fine subdivision of 
the muscle fibrils through the use of a 
Waring blender equipped with a baffle plate 
(Figure 17.4) to prevent foaming and a 
modified bearing assembly (Figure 17.1) to 
eliminate air intake from the bottom of the 
jar (6). 

After centrifugation, protein concentra-
tion of the filtrate is determined by a 
biuret. procedure (21) simplified by Snow (22) 
combining cupric sulfate with sodium hydrox-
ide as a single reagent. In the method an 
aliquot of protein solution containing 0.1 to 
1.2 mg protein nitrogen is diluted to 5 ml 
with distilled water and reacted with the 
buiret reagent for 25 minutes to produce a 
violet pigment measureable at 540 nm. The 
reagent reacts with polypeptides having three 
or more amino acid components and with the 
amino acids histidine, serine and threonine. 
Albumin proteins produce a slightly stronger 
biuret color than muscle globulins (22). 
Ammonia interferes with the analysis by 
producing a deep blue cupric ammonium com-
plex. 

Bovine serum albumin, checked by Kjeldahl 
protein analysis, laboratory method 4, is 
used for standardization of the biuret deter-
mination. Alternately protein nitrogen may 
be determined in aliquots of salt extracted 
protein by both biuret and Kjeldahl methods 
to standardize the methods. 

In cases where glycogen and fat produce 
turbidity (eg. scallops or fatty fish), pro-
cedures developed by Umomoto (23) incorpora-
ting a blank with NaOH/glycerine and Dingle 
(5) using NaOH should be applied. The latter 
will be adopted for the method which follows. 
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c. Precautions 

1. Incorporation of air during the blending 
will cause foaming and protein recovery 
may be reduced due to protein denatura-
tion. A baffle (Figure 17.4) must be used 
and the blending blade assembly modified 
by insertion of the "0" ring (Figure 
17.1). 

2. Temperature of the solution during blend-
ing must not rise above 5 °C. Sample and 
jars should be kept cold and the - entire 
extraction procedure may be carried out in 
a cold room. 

3. Where turbidity is present during protein 
measurement from glycogen or lipid (scal-
lops), the modified method (23) should be 
applied. 

4. Measure color between 25 and 45 minutes 
after addition of the biuret reagent. 
After 45 minutes the solution may become 
cloudy (22). 

APPARATUS 

1. Spectrophotometer, set at 540 nm. 

2. Vortex mixer 

3. Glassware: 	500 ml graduated cylinder, 
volumetric pipettes, 18x150 mm test tubes, 
50 and 1000 ml volumetric flasks, 600 ml 
beakers, 50 ml beakers. . 

4. Plastic bottles, 60 ml with screw caps. 

5. Refrigerated centrifuge, or centrifuge in 
a cold room, with 50 ml tubes 

6. Waring blender base, preferably heavy 
duty model 840 watts. 

7. Blender jar, 500 ml with "0" ring inserted 
in "oilite" bearing of blade assembly as 
shown in figure 17.1. The bronze "oilite" 
bearing should be pressed out of blade 
assembly, a groove machined, the unit 
lubricated thoroughly and reinstalled in 
the bearing holder assembly. 
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Figure 17.1 	Insertion of "0" ring into 
oilite 	bearing 	of 	blade 
assembly. 

For re-assembly, i.e. insertion of the 
socket head drive shaft, a "pilot tool" 
shown in Figure 17.2 below should be 
manufactured and used to prevent the sharp 
edges of the drive shaft cutting the "0" 
ring. 

PILOT Tom. 

Figure 17.2 	Pilot tool for insertion of 
socket head drive shaft 

After insertion of the lubricated "0" 
ring into grove, place a fibre washer on 
the socket head drive shaft and the pilot 
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tool over threaded end as shown in Figure 
17.3. Lubricate and slide assembly into 
the bearing holder assembly and through 
the 0-ring. Remove the pilot tool and 
complete assembly. 

Figure 17.3 	Application of pilot tool to 
blade assembly 

3. Baffle plate, 	plexiglass to fit into 
blender jar about 1.5 cm below liquid 
level. See Figures 17.4 below. 

Figure 17.4 Plexiglass baffle, removed and 
in blender jar (not to scale). 

REAGENTS 

1. Extracting buffer, 5% Neel in 0.003M 
NaHCO3: in a 1000 ml volumetric flask 
dissolve 0.252 g NaHCO3 and 50 g NaC1, ACS 
grade and fill to the mark with distilled 
water. Store refrigerated. This solution 
must be placed in a freezer before use 
until ice crystals just appear. 

2. Biuret reagent 

a. In a 2000 ml graduated beaker add 400 
ml distilled water and 180 g NaOH, ACS 
grade. Stir to dissolve and cool. 

b. Dissolve 2.0 g CuSO4.5H20 in 400 ml 
distilled water in a 600 ml beaker. 

c. Slowly and with vigorous stirring add 
the dissolved CuSO4.5H20 to the dis-
solved NaOH in the 2000 ml beaker. Too 
rapid addition will produce a pre-
cipitate of Cu20. Make up to 1 liter 
(in beaker) with distilled water. 

3. Turbidity reagent. 	To a 	1000 ml 
volumetric flask add 400 ml distilled 
water and 180 g NaOH. Stir to dissolve 
and cool. Make up to volume with distill-
ed water. 

4. Bovine serum albumen (BSA), 	0.30%. 
Accurately weigh 0.075 g desiccated BSA 
into a 25 ml beaker. Add 10 ml distilled 
water to partially dissolve, transfer 
quantitatively to a 25 ml volumetric flask 
and carefully make up to the mark with 
distilled water. 

SAlf'LE PREPARATION 

1. With a knife dice a representative sample 
of frozen fish muscle into small cubes 
(without thawing). 

2. Weigh 22.0 g portions into sample cups and 
store frozen. 

SOLUTION LEVEL 

NI/LE 
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PROCEDURE 

A. Extraction (5, 7, 24) 

1. Store 430 ml portions of extracting 
buffer 	in the freezer until 	ice 
crystals are formed (ca -2.4 °C). The 
blender jar should be packed in ice to 
cool before analysis begins. 

2. To the blender jar add preweighed 
frozen sample and a 430 ml aliquot of 
chilled buffer. 

3. Insert baffle into the blender jar en-
suring that no air bubbles are trapped 
below (Figure 17.4). 

4. Blend for ca 1 minute. 	With a glass 
rod or spatula scape tissue from 
blades, reposition baffle and blend 1 
more minute. Check blades again, in-
sert baffle and blend for 0.5 minutes. 
For unfrozen samples the 2.5 minute 
blending may be reduced to 2.0 minutes. 

5. Pour extract into a 600 ml beaker. If 
ice crystals remain, allow these to 
melt before the next step. 

6. Pour portions into centrifuge tubes and 
centrifuge for 30 minutes at. 20,000 x 
g, ie. 13,000 rpm. 

7. Carefully decant a portion of the 
supernatant into 50 ml beakers, or into 
60 ml plastic bottles. Samples may be 
analyzed immediately, stored in the re-
frigerator for 1 day or alternately 
frozen at -30 °C until analysis. 	If 
frozen or stored, samples should be 
well stirred to ensure homogeneity 
before withdrawal of aliquots for pro-
tein analysis. 

B. Protein Analysis (Biuret, 22, 7) 

1. For a standard curve add 0.5, 1, 2, 3, 
4, and 5 ml portions of standard BSA 
solution to test tubes and make up to 5 
ml with distilled water. Purity of BSA 
may be checked by Kjeldahl protein 
determination, laboratory method 4. 
Alternately a portion of salt extracted 
fish muscle protein solution can be 

analysed by Kjeldahl and biuret (this 
section) to establish standardization. 

2. Prepare two blanks each with 5 ml of 
distilled water. 

3. Accurately pipet aliquots of extracts 
(supernatants) containing 0.1 to 1.0 mg 
protein nitrogen (0.6 to 6.0 mg 
protein) into test tubes. Make up to 5 
ml with distilled water. 	For freshly 
frozen cod or haddock 1 ml of extract 
(supernatant) should be used; for 
longer frozen material a larger volume 
may be required. 	If extracts are 
turbid prepare extra aliquots for 
turbidity correction. 

4. To each tube, one blank included, pipet 
5 ml of biuret reagent and stir 
thoroughly on the vortex mixer (caution 
should be exercised in mixing since 
solution is caustic). 	Allow to stand 
for 20 minutes at room temperature for 
full development of violet colour. 

5. For turbidity correction, to the extra 
aliquots (prepared in Step 3) and 
remaining blank add 5 ml turbidity 
reagent and mix thoroughly on the 
vortex mixer. 

6. Set spectrophotometer (at 540 nm), to 
zero.absorbance with turbidity blank in 
both reference and sample cells. 
Measure absorbance of samples prepared 
in step 5 against turbidity blank. 

7. Re-zero spectrophotometer with biuret 
blank (step 4) and measure absorbance 
of reacted standards and extracts 
against biuret blank. 	If biuret 
absorbance of extract minus 
corresponding turbidity absorbance is 
greater than highest absorbance 
obtained for any standard, the analysis 
should be repeated with a smaller 
volume of extract. 

8. For accuracy in the calculations 
moisture of the fish samples should be 
determined by laboratory method 2. 
Failing that, an approximation may be 
made for moisture, eg. for cod 80%. 



Figure 17.5 	Typical standard curve for 
biuret analysis, absorbance vs 
mg BSA protein in tube. 

i.e. 	 SEP 	 (3) 
EPN = 6.25 
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CALCULATIONS 

A. Preparation of standard curve 

1. From the volumes of standard BSA used 
calculate the total mg protein added to 
each test tube from the following: 

mg protein standard per tube 

1000 x Wi x V2 
B = 	 (1) 

Where: 

B = mg protein (assuming BSA to be 
100% pure) in test tube 

Wi = weight. BSA standard in grams added 
to volumetric flask 

V1 = volume of volumetric flask in ml 
V2 = volume of aliquot of standard BSA 

added to test tube in ml 

N.B. 1 mg protein nitrogen equals 6.25 
mg protein 

2. Construct 	a 	standard curve with 
absorbance on the y-axis and mg protein 
added on the x-axis as shown in figure 
17.5. Note the non-linearity beyond 
absorbance of 0.4. 
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v- 
if)  400 
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cr 
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B. Protein in extract 

1. For each absorbance obtained subtract 
the absorbance of the corresponding 
turbidity blank. 

2. From the graph for each net absorbance 
determine an equivalent protein content 
reading "R". 

3. Salt extractable protein (SEP) content 
expressed as percent protein or g 
protein extracted per 100 g fish muscle 
can be determined by: 

protein per 	total extracting 
SEP - mg in tube x  volume in blender 

weight of fish extracted 

R 	M x W2 
x v4 + 	x100 

100 

W2 x 1000 

= R x [V4  + (0.01 x M x W2)] 

V3 x W2 x 10 	 (2) 

Where: 

M = moisture content. 	(%) 	in fish, 
determined or approximated 

R = reading of total mg protein in test 
tube obtained from graph (from net 
absorbance) 

SEP = salt extractable protein expressed as 
percent protein extracted, i.e. grams 

protein extracted per 100 g fish 
V3 = aliquot (ml) extract added to test tube 
V4 = volume (ml) of buffer added to blend-

er, usually 430 ml 
W2 = weight of fish used for extract, usual-

ly 22 g 

N.B. Extractable protein nitrogen expressed 
as percent protein nitrogen extracted 
or grams nitrogen per 100 g fish may be 
obtained by dividing SEP by 6.25. 

300 
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20 
	

30 
mg BSA 

x 100 
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EXAMPLE 

Frozen cod was subjected to EPN analysis 
by blending 22 g flesh with 430 ml buffer. 
For the analysis of protein 1.5 ml of extract 
produced an absorbance of 0.140 and a tur-
bidity absorbance of 0.005. From the stand-
ard curve (Figure 17.5) a protein value of 
5.1 mg was obtained. Moisture was estimated 
at 80%. From formula 2 salt extractable 
protein was determined to be: 

SEP = 5.1 x [430 + (0.01 x 80 x 22)]  
1.5 x ZZ x 10 

= 5.1 x 447.6  
1.5 x ZZ x 1U 

= 6.92 g protein / 100 g fish 

Extractable protein nitrogen from formula 
3 can be calculated as: 

EPN - 6.92 
6.25 

= 1.10 g protein nitrogen / 100 g fish 
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18. DINETHYLANINE (DNA) 

GENERAL DISCUSSION 

Early investigations dealing with fish 
deterioration indicated that secondary amines 

were present in the muscles of several 
species (1). One of the amines, dimethyl-
amine (DMA) was found to be produced simul-
taneously with formaldehyde (FA) (2, 3) under 

conditions of frozen storage (maximum 
formation ca -10 °C). Accumulation of these 
products also resulted in a corresponding 
decrease in measurable trimethylamine oxide 
(4). An enzyme system, TMAO-ase, was thought 
to be responsible for the following reaction: 

(CH3)3N0 enzyme  (CH3)2NH 4 HCHO 

Highest TMAOase activity occurs in marine 
fish species of the gadoid family and is 
proportional to the amount of dark lateral 
muscle present in the fillets; red hake has 
the most active system and haddock the lowest 
(5, 6, 7, 8). Highest enzyme activity was 

actually found in some of the visceral organs 
such as the liver and kidney (9, 2). Certain 
species of squid, bivalves and gastropods 
also produce DMA during frozen storage and 

processing (10, 11). Others such as flatfish 
(halibut, flounder, plaice, sole), ocean 
perch, rockfish, freshwater fish, scallops, 
lobsters, and shrimp are very low in TMAO or 
lack the TMAOase enzyme system (5, 12). 

The localization of TMAOase activity has 
severe implications on frozen storage stabil-
ity of deboned fish products where red and 
white tissues, sometimes from different 
species, are intimately mixed (13, 14, 15, 
16, 17). Deterioration of minced meat occurs 
twice as fast as in intact fillets (17, 18). 
Consequences of formaldehyde and DMA produc-
tion include loss of , extracability of 
myofibrillar proteins (4), loss of water 
holding capacity, toughening and overall 
decrease in cooked acceptability (19, 15, 12, 
17, 16, 20, 5). 

Dimethylamine content in fish muscle was 
firSt determined as copper dimethyldithiocar-
'bamate in 1938 by Reay using a procedure 

first developed by Dowden (21). The method 

was subsequently modified by Dyer (22) to 
ensure complete recovery of added dimethyl-
amine from fish extracts and accepted as a 
measure of frozen fish quality in much the 
same manner as TMA was used for chilled fish 
quality (23). Freshly frozen fish have DMA 
values of 0.1 mg nitrogen per 100 g compared 
to 3 or 4 for fish stored frozen for a longer 
time. ,Originally, a trichloroacetic acid 
extract of the fish muscle was used but 
subsequent literature reports extraction with 
6 percent perchloric acid (15, 8) since that 
extract may be used for other analyses. 

Interference of DMA in the picric acid 
trimethylamine (TMA) test and the usefulness 
of measuring DMA and TMA together prompted 

development of a simultanedus DMA/TMA method 
by Castell and co-workers (23). Later 
investigations showed that. TMA actually 
interferes in the dithiocarbamate DMA proced-
ure resulting in lowered absorbance values 
(24) and thus imparting analytical error for 
frozen fish DMA after long periods in chilled 
or iced storage. The simultaneous IMA/DMA 
procedure was therefore recommended for the 
analysis (24) but with modified equations 

from those originally presented by Castell et 
al. (23). The new equations may have been a 
reflection of the sensitivity of the method 
to operator technique (23,24). The DMA/TMA 
procedure utilizes the discrepancy in DMA and 
TMA absorbance values when two different 
neutralizing agents, KOH and K2CO3, are used 
in the picric acid TMA test. 

Recent investigators have turned to GLC 
(25) and HPLC (26) techniques for simultan-
eous TMA, DMA and NH3 analyses. 

a. Application 

The dithiocarbamate DMA procedure is 
applicable to the measurement of dimethyla-
mine in marine species which are prone to 
enzymatic TMAO breakdown in frozen storage 
(cusk, hake, pollock, cod). Since DMA and 
formaldehyde are formed in equal amounts, the 
DMA test is an indirect indicator of texture 
quality. When fish have been iced for a 
considerable length of time before freezing 
and have accumulated significant levels of 
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trimethylamine (TMA) from bacterial action, 
the simultaneous TMA/DMA procedure should be 
used to compensate for TMA interference in 
the dithiocarbamate method. 

b. Principle 

A trichloroacetic acid (TCA) extract of 
fish muscle is reacted with copper ammonium 
reagent and carbon disulphide at 40 to 50 °C 
to produce a yellow coloured copper dimethyl-
dithiocarbamate. The solution is acidified 
with acetic acid and shaken vigorously to 
facilitate extraction of the coloured complex 
into the benzene layer. After drying with 
sodium sulfate, absorbance of the solution is 
measured at 440 nm. 

c. Precautions 

1. TCA extracts are stable in frozen 
storage. 

2. Carbon disulfide is foul smelling, 
extremely poisonous and explosive; 
exercise caution. The analysis should 
be performed in the fume hood as much 
as possible. 

3. Tubes should be warm during acetic acid 
addition and shaking of step 8 for 
thorough benzene extraction. Vigorous 
shaking is important. 

4. The presence of TMA from bacterial 
breakdown of TMAO lowers the DMA value 
obtained by this method. For samples 
containing TMA such as from fish stored 
chilled or on ice for several days, use 
the combined TMA/DMA analysis labora-
tory method 12. 

SAMPLE PREPARATION 

Defrost samples overnight under controlled 
conditions, 45 °C for eg. Blend representa-
tive portion in food processor and weigh 50 g 
aliquots. Store refrigerated until extract-
ed. Arrange defrost schedule to facilitate 
prompt sampling once material has thawed. 

APPARATUS 

1. Vortex mixer 

2. Water bath set at 37-40 °C 

3. Rotator for mixing tubes 

4. Spectrophotometer set at 440nm 

5. Blender with small blender jar 

6. Low speed centrifuge (optional) 

7. Glass wool 

8. Filter paper Whatmen 14 

9. Glassware: 	20 x 150 mm screw capped 
test tubes, pasteur pipets, 100 ml volu-
metric flask 

REAGENTS 

1. Stock OMR standard (0.2 mg OMA-N/a1): In 
a 100 ml volumetric flask, dissolve 0.1165 
g dried DMA-HC1 in a small amount of 
distilled water. Make up to 100 ml with 
distilled water. Refrigerate. 

2. Working DMA standard (2 mg 010-4/m1: 
Dilute 1 ml DMA stock solution to 100 ml 
with distilled water. Refrigerate. 

3. Copper ammonium reagent 

a. Dissolve 20 g ammonium acetate and 0.2 
g CuSO4 5H20 in 30 ml distilled water. 

b. Dissolve 10 g NaOH in 25 ml distilled 
water. Cool. 

c. Add the acetate solution to the NaOH 
solution. 

d. Add 20 ml concentrated NH4OH. 

e. Make up to 100 ml with distilled water. 

f. Store in polyethylene bottle. 

4. Carbon disulphide (5S) in benzene: Dilute 
25 ml CS2 to 500 ml with benzene 

5. Acetic acid (30%): 	Dissolve 150 ml 
glacial acetic acid in a portion of 
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distilled water. Make up to 500 ml with 
distilled water. 

7. Tighten caps and mix on rotator for 5 
minutes. 

8. Immediately add 1 ml 30% acetic acid 
and agitate on Vortex for 1 minute. Do 
not allow tubes to cool before adding 

acetic acid. If they have, rewarm in 
water bath before addition of the 
acid. Uniformity of the shaking and 
mixing operation is critical. Be cer-
tain that layers do not separate during 
this stage. 

9. Remove the top benzene layer into 
another tube and dry by adding a small 
amount of anhydrous NaSO4. 

10. Read absorbance of standards and sam-

ples at 440 nm. 

CALCULATIONS 

1. Plot absorbance of benzene solution vs. pg 
DMA nitrogen added to the test tube as 
shown in figure 18.1 below: 

6. Anhydrous sodium sulfate, granular 

7. Trich1oroacetic acid (7.5% w/w): Dissolve 
7.5 g TCA in 92.5 ml H20. 

PROCEDURE 

A. TCA extraction of samples 

1. Add 50 g sample and 100 ml of 7.5% TCA 
(1:2 extraction) to a small blender jar 
and blend thoroughly. 

2. Centrifuge at 4 °C for 15 minutes at 
about 2000 x g (approximately 4000 
rpm). 	An alternate purification 
procedure to centrifugation and decant-
ing is filtration through Whatman #4 
filter paper. 

3. Decant supernatant fluid through glass 
wool. 

4. Extracts may be frozen at -20 °C for 
extended periods of time with little 

• deterioration. 

B. Analysis of ICA Extracts 

1. Pipet aliquots (1-4 ml) of extract into 
25 ml screw capped tubes (teflon 
lined). 

2. For standard curve, pipet 1.0, 2.0, 
3.0, 4.0, 5.0 and 7.0 ml of working DMA 
standard into tubes (to give final 
concentrations of 2, 4, 6, 8, 10 and 14 
ug DMA). 

- .500 
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11: .400 
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cr 
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.100 
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3. Dilute both extracts and standards to 

10 ml with distilled water. The blank 
	 pg DMA-NITROGEN 

consists of 10 ml distilled water. 

4. Add 1 ml copper-ammonium reagent and 
mix on Vortex. 

5. Add 12 ml 5% CS2 in benzene. 	Place 
caps loosely on tubes. 

6. Heat in water bath at 37 - 40 ° C for 5 
minutes. 

Figure 18.1 Typical standard curve for DMA; 
absorbance vs pg DMA-N added to 
test tube. 

2. For each sample absorbance determine the 
equivalent pg DMA nitrogen from the graph. 
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3. Calculate DMA content from the formula: 

DMA = 

DMA in tube x total vol. extractant phase  

vol. added to test tube x wt fish extracted 

D x [V1 4 (0.01 x M x W)) x 100 	
(1) 

V2 x W x 1000 

Where: 

DMA = Dimethylamine expressed as mg 
DMA-N/100 g fish 

D = equivalent DMA in pg determined from 
standard curve 

M = moisture of fish sample expressed in 

percent 
V1 = volume in ml of ICA added for 1:2 

extraction 

V2 = volume in ml of extract added to 
test tube 

W = weight of fish used in 1:2 extrac-
tion 

EXAMPLE 

In a DMA analysis of cod flesh stored at 
-12 °C for 8 months, a sample of 50 g (W) was 
extracted with 100 ml (V1) TCA. A 1 ml (V2) 
aliquot was used for the analysis. The final 
benzene solution had an absorbance of 0.225. 

From the standard curve (Figure 18.1) the 
equivalent DMA in the test tube is determined 
to be 8.00 pg DMA nitrogen. 

A moisture content of 80% will be assumed. 
DMA content of the fish from formula (1) may 
be calculated as: 

8.00 x [100 4 (0.01 x 80 x 50))  
DMA = 	1 x 50 x 1000 	x100 
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19. FORMALDEHYDE (FA) 

GENERAL DISCUSSION 

During frozen storage, especially at temp-
eratures above -25 °C, the osmoregulatory com-
pound TMAO (1) present in marine species 
(gadoids in particular) enzymatically de-
grades to dimethylamine (DMA) and formalde-
hyde (FA) in equimolar amounts (2, 3, 4, 5). 
Formaldehyde is thought to be the agent pre-
dominantly responsible for the observed 
toughening, loss of protein extractability in 
salt solutions and general loss of organo-
leptic quality in frozen stored marine fish 
possessing the TMAO/TMAO-ase system (4, 6, 
7, 8, 5, 9). However, there are other 
factors, yet unknown, involved in this deter-
ioration process (5, 9, 10, 11, 12). Further 
information on this subject may be gained 
from the General Discussion sections of 
laboratory methods 18, 9, 12 and 17 for DMA, 
TMA, Simultaneous DMA/TMA and EPN. 

The rate of formaldehyde accumulation is 
greater in minced fish than intact fillets, 
higher in dark muscle and viscera than white 
muscle, varies among species and appears not 
to be dependent upon TMAO concentration in 
the fish (12). However, fish stored for 
longer periods on ice before freezing formed 
less formaldehyde than fish frozen immediate-
ly after catching (6). Of the gadoids, the 
following species show an increased tendency 
to formaldehyde accumulation: haddock < cod 
< pollock < cusk < hake (7, 13). Mackerel, 
halibut, shark, sole, (6), plaice, halibut, 
redfish, and wolffish (13) do not form large 
amounts of formaldehyde in frozen storage. 

Formaldehyde analytical procedures gener-
ally give very poor recoveries, in the range 
of 50% (8, 5, 14) due to the reactive nature 
of the compound. Formaldehyde is capable of 
interaction with several amines, amino acids, 
and protein functional groups (9). Since 
only "free" or "loosely bound" formaldehyde 
is measureable (15), Casten and Smith (8) 
suggested implementation of a "recovery 
factor" for the analysis. They also found 
that 10% trichloroacetic acid •(TCA) or 10% 
perchloric acid were almost equally effective  

for the extraction step, giving recoveries of 
52.7 and 49.2% respectively for cod flesh. 
Higher values were found for scallops and 
lobsters. 

The formaldehyde analysis most commonly 
employed is that of Nash (16) in which 
formaldehyde is reacted with "Nash" reagent 
containing acetylacetone and excess anmonium, 
salt to form diacetyldihydrolutidine. In 
newer applications however, the Nash reagent 
concentration has been doubled to increase 
shelf stability (15, 8). 

a.Application: 

The formaldehyde analysis is applicable to 
all fish species for the measurement of free 
(unbound) formaldehyde occurring naturally or 
produced by the TMA/TMAO-ase system in frozen 
storage. The method appears not to be 
affected by the presence of DMA or TMA but 
recoveries may differ between species (8). 

b. Principle: 

Free or "loosely bound" formaldehyde in a 
TCA or perchloric acid extract is reacted at 
60 °C with Nash color reagent containing 
acetylacetone with an excess of ammonium 
acetate to produce diacetyldihydrolutidine, 
measurable spectrophotometrically at 415 nm. 
For total formaldehyde a series of recovery 
tests may be undertaken as described by 
Castell (8). 

c. Precautions: 

1. Caution must be exercised when working 
with perchloric acid. According to the 
Merck Index, perchloric acid combines 
vigorously with water with evolution of 
heat, is extremely caustic and can 
burst into flame when in contact with 
oxidizable matter (paper, wood, etc.) 

2. The Nash reagent should be stored in a 
dark place at refrigerator tempera-
tures. 	Double strength reagent was 
found to be stable for a period of six 
months if properly cared for. 

3. Absorbance values should not exceed 0.7 
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since the standard curve is non-linear 
beyond this value. 

4. Tubes should not be heated longer than 

the five minutes prescribed at 60 °C. 
Extra incubation will result in lowered 
absorbance values. 

SAMPLE PREPARATION 

Defrost samples overnight under controlled 
conditions, 45 °C for eg. Blend representa-
tive portion in food processor and weigh 100 
g aliquots; 	Store refrigerated until 
extracted. 	Arrange defrost schedule to 
facilitate prompt sampling once material has 
thawed. 

APPARATUS 

1. Blender 

2. Filter paper Whatman #1 

3. pH meter set at pH 7 

4. Vortex mixer 

5. Water bath set at 60 ° C 

6. Spectrophotometer set at. 415 nm 

7. Glassware: 125 ml Erlenmeyer flask, 500 
ml beaker, 18 x 150 mm culture tubes, 1 
liter volumetric flask, 10 ml burette 

REAGENTS 

1. Perchloric acid (6%): 	In a 1 liter 
volumetric flask, weigh 85.7 g of 70% 
reagent grade HC104. Dissolve in a small 
amount of distilled water and dilute to 
volume. 

2. Potassium hydroxide (30%): Dissolve 30 g 
KOH in 65 ml distilled water. Cool and 
dilute to 100 ml. 

3. Standard buffer solutions commercially 
available pH 6 and 8 

4. Nash reagent: 

a. Combine 2 ml acetyl acetone with 75 -
80 ml distilled water in a 125 ml 
Erlenmeyer flask. 	Cap and shake 

vigorously. 

b. In a 500 ml beaker, dissolve 150 g 
ammonium acetate in 300 ml water. 

c. Combine the above solutions and dilute 
to 500 ml. 

d. Make fresh daily and store refriger-
ated. 

5. Formaldehyde (1 M aqueous) In a 100 ml 
volumetric flask, weigh 8.12 g of 37% w/w 
formaldehyde solution and dilute to volume 
with distilled water. 

PROCEDURE 

A. Perchloric acid extraction of samples 

1. Blend a preweighed portion (100g) of 
homogenized fish in a blender for 2 
minutes with twice the volume of 6% 
HC104 (200 ml). 

2. Let the mixture settle for a few 
minutes. 
Caution: Perchloric acid is explosive 
and may ignite when spilled on cellu-
lose materials (eg. wood, paper, etc.) 

3. Filter the extracts through fluted 
Whatman #1 filter paper. Collect. 50 ml 
aliquots. These aliquots may be frozen 
at -30 ° C for later analysis. 

b. Neutralization of extracts 

1. Carefully standardize the pH meter at 
pH 6 and 8, using commercial standard 
buffer solutions. 

2. Neutralize 50 ml aliquots of the 
perchloric acid filtrates to pH 7 by 
careful dropwise addition of 30% KOH 
from a 10 ml graduated pipet or buret. 

Caution should be exercised in adjust-
ing the pH - do not exceed pH 7. 
Record the volume of KOH used. 
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3. The neutralized extracts are not stable 
for lung periods of time, so prompt 
analysis is essential. Acid extracts 
(not neutralized) may be frozen at 
-30 °C until analysis. 

C. Determination of formaldehyde 

1. Pipet 	an aliquot 	(1 to 5 ml) of 
perchloric acid extract into an 18 x 
150 mm test tube. 

2. Standard curve: 

a. Prepare a set of standards by 
diluting 1 ml of 1 M HCHO to 100 ml 
with distilled water. 

b. Pipet 2 mls of this solution and 
dilute to 100 ml with distilled 
water. 

c. Withdraw 0, 1, 2, 3, and 4 ml 
aliquots to give final HCHO con-
centration of 0, 0.2, 0.4, 0.6 and 
0.8p moles. 

0 	.10 	.20 .30 	40 .50 	.60 

y moles FORMALDEHYDE 

Figure 19.1 Typical formaldehyde standard 
curve; absorbance vs p mules 
formaldehyde added to tube. 

2. Formaldehyde concentration, expressed 
in p moles / g fish: 

FA =
F x (M 4 V1) x  (SO4 V2) 

V3 x W 	50 

1.0 
E 

z .6  
4 
a) 
cc 
cD 
U, 

a
.2 

( 1 ) 

Where: 
3. Dilute all samples and standards to 5 

ml with distilled water. 

4. Add 5 ml Nash reagent and mix well on 
Vortex. 

5. Heat tubes for 10 minutes in a 60°C 
water bath. 

6. Cool in cold water for 5 minutes. 

7. Read absorbance at 415 nm. 

CALCULATIONS 

1. Prepare a standard curve as illustrated 
in Figure 19.1. 

F = p moles formaldehyde read from 
standard curve 

M = moisture content of fish, express-
ed in percent 

V1 = volume (ml) of perchloric acid 
added for 1:2 extractions 

V2 = vol (ml) of KOH used to neutralize 
sample 

V3  = vol (ml) of extract added to tube 
W = weight of fish used in 1:2 extrac-

tion 

3. Formaldehyde concentration, expressed 
in pg/g fish: 

F x (M 4 V1) 	(50 4V2) 
FA = 	 x G 

V3 x W 	50 
(2) 

Where G = 30 i.e. gram molecular weight of 
formaldehyde 
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EXAMPLE 

A 100 g (W) sample of previously frozen 
haddock was analyzed for formaldehyde 

content. Exactly 1.2 ml (V2) of KOH was used 
to neutralize a 50 ml aliquot of a perchloric 

acid extract of the fish. Three ml (V3) of 
neutralized extract was added to the test 
tube for analysis and gave a formaldehyde 
concentration of .079 p moles (F) from the 
standard curve. Given a moisture content (M) 
of 81.2%, a formaldehyde concentration may be 
calculated from formula 1: 

FA = .079 x (81.2 x 200)  x  (50 4 1.2)  
3 x 100 	 50 

. 4.30 x 1.024 

= 4.4 ).1 moles/g fish 

From formula 2, 

FA . .079 x (81.2 x 200) x(50 4 1.2)  30 
3 x 100 	 50 

. 4.30 x 1.024 x 30 

= 132.1 mg/g fish 
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_ GENERAL DISCUSSION 

Many of the objective chemical tests for 
measuring fish freshness such as trimethylamine 
(TMA), dimethylamine (DMA) and total volatile 
bases (TVB) essentially measure bacterial spoil-
age (1). However as fish spoils, it passes 
through the following sequence of events: 

rigor mortis - dissolution of rigor mortis - 
autolysis 

Therefore, freshness of fish must also be 
related to biochemical changes as fish will spoil 
under aseptic conditions through natural enzyme 
degradation (2). In particular, autolytic and 
biochemical deteriorations in fresh fish become 
more important when proper chilling and handling 
are used. 

Post-mortem nucleotide degradation in most 
fish muscle proceeds primarily via the following 
sequence of reactions (3): 

ATP 4 AMP s IMP s INO Hx 	X 4 U 

where ATP is adenosine-5'-triphosphate, ADP is 
adenosine-5'-diphosphate, AMP is adenosine-5'- 
monophosphate, IMP is inosine-5'-monophosphate, 
INO is inosine, X is xanthine, and U is uric 
acid. There are various stages in this degrade-
tive sequence which could be considered as 
indices of quality such as dephosphorylation of 
IMP or the formation of Hx. 

ATP is rapidly degraded to AMP and subsequent-
ly to IMP during or shortly after the death 
struggle by partial dephosphorylation and 
deamination (4, 1). The dephosphorylation of IMP 
is primarily autolytic (5) and occurs during the 
period of early chilled storage. The disappear-
ance of IMP has been correlated with a loss of 
fresh fish flavour in some species (6, 7, 8). Hx 
accumulation in fish tissue reflects the initial 
phases of autolytic deterioration as well as 
later contributions through bacterial spoilage 
(9, 10, 6, 2). In addition, nucleotides also 
appear to be fairly stable during heat processing 
(12) and irradiation (7). 
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While useful indices of freshness have been 
based on individual nucleotide or breakdown 
products accumulation (13, 14, 7, 10, 4, 5, 15) 
indicators that incorporate the measurement of 
several of these nucleotides are advantageous. 
Multiple measurements remove some sample to 
sample and species to species variations with 
only a slight loss in sensitivity. Ehira (2) has 
described a K value based on the concentrations 
of various nucleotides and their breakdown 
products estimated from the following formula: 

K = 	 INO + Hx 	 x 100 (1) 
ATP + ADP + AMP + IMP + INO + Hx 

while Karube et al (16) described a K1 value as: 

K1 = 	INO + Hx 	x 100 
	

(2) 
IMP + INO + Hx 

Both of these values are based mainly on the 
appearance or disappearance of IMP and describe a 
period of early chill storage not measured by 
such objective chemical tests as the TMA test. 
In fact by the time substantial amounts of TMA 
accumulate, fish are in incipient stages of 
spoilage (5, 17). The most serious limitation of 
the above indicators is that the reaction is 
completed well within the edible storage life of 
a number of fish species (10, 11). 

Burns et al (18) have proposed a G value based 
on the accumulation of Hx but also reflecting the 
disappearance of IMP, AMP and INO. The index is 
useful over the entire iced shelf-life of the 
lean species of fish studied: 

G = 	Hx + INO 	 (3) 
INO + IMP + AMP 

A second quality indicator, the P value (18), 
serves as an indicator of spoilage during the 
early stages of chill storage: 

P = 	Hx + INO 
	

(4) 
INO + IMP + Hx + AMP 

G and P values can provide a basis for the 
establishment of a grading system. G and P 
values have been established for several fish 
species (18) by comparisons with other fish 
freshness tests and physical evaluations. 
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a. Application 

G and P values are applicable to most fish 
samples although species variations can be 
expected. Both are sensitive to deterioration in 
the early stages of refrigerated storage while G 
values are also applicable to the later stages of 
deterioration. These values may also be applied 
lo frozen stored samples. P and G values are 
most useful with lean fish as other factors such 
since rancidity in fatty fish may render the 
product undesirable before significant G and P 
values are obtained. 

b. Principle 

The analysis (18) utilizes a high performance 
liquid chromotography (HPLC) method for determin-
ing ATP degradation product in biological 
samples. Nucleotides are extracted with 0.6 M 
perchloric acid and determined by HPLC using a 
reversed phase column and UV absorbance detection 
(254 nm). The mobile phase is 0.01 M phosphate 
buffer (pH 4.5) at 0.5 ml/min. G and P values 
are obtained through a calculation involving the 
concentrations of the appropriate nucleotides or 
degradation products. 

c. Precautions 

1. Fresh sample flesh should be kept chilled, 
excised and blended quickly with the 
extracting acid medium, while frozen 
samples should be processed without thaw-
ing to retard enzymatic activity in the 
flesh and prevent further sample deterior-
ation. IMP and AMP especially are temper-
ature sensitive. 

2. Caution must be exercised when working 
with perchloric acid. 	According to the 
Merck Index, perchloric acid combines 
vigorously with water, with evolution of 
heat, is extremely caustic and can burst 
into flame when in contact with oxidizable 
matter (paper, wood, etc.) 

3. Extracts may be stored frozen after 
neutralization without undue loss of 
nucleotides. 

4. Fresh mobile phase should be prepared 
daily. 

SAMPLE PREPARATION 

Comminute a representative sample of fish 
flesh in a food processor taking care to maintain 
the sample chilled. Preweigh 5 g aliquots and 
freeze or extract as soon as possible. 
Neutralized extracts may be stored without change 
when frozen. 

APPARATUS 

1. Food processor. 

2. Filter paper Whatman #1. 

3. Blender. 

4. LC pump - operated at 0.5 - 1.0 ml/min. 

5. LC injector - loop injector with 20 ol 
loop. 

6. Detector - UV operated at 254 nm. 

7. Recorder - strip chart. 

8. LC column - RP-2, RP-8 or RP-18 MPLC 
reversed phase analytical column 4.6 mm id 
x 10 cm, 10 um particle size fitted with 
an RP-2, RP-8 or RP-18 respectively, MPLC 
guard column 4.6 mm id x 3 cm, 10 um 
particle size (Brownler Labs Inc. Santa 
Clara, CA). 	Most reverse phase columns 
are acceptable. 

9. Aqueous sample clarification kit - PN 
26865, used to remove fine particles of 
0.45 	m or greater (Waters Associates, 
Inc., Milford, MA). 

10.Glassware - 10, 50, 500 and 1000 ml volu-
metric flasks, 200 ml blender flasks. 

REAGENTS 

1. Perchloric acid (0.6 M): 	with caution 
slowly add 32.3 ml concentrated perchloric 
acid (60%) to a 500 ml volumetric flask 
containing approximately 400 ml distilled 
water. Make up to volume with distilled 
water. 

2. Potassium hydroxide/phosphate buffer (pH 
7.6): dissolve 8.16 g KH2PO4 in approxi- 
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Figure 1. Typical standard curves for nucleotide 
determinations at 254 nm using Hx, 
IMP, AMP and INO as standards. 

3. Determine absorbances of the various 
nucleotides from peak heights recorded at 

254 nm. 

4. Plot peak height vs 	mg injected to 
provide standard curves (Figure 1). 

5. Prepare standard curves at least twice per 
day to assure accurate quantitation. 
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mately 60 ml distilled water and adjust to 
pH 7.6 with 50% KOH. Dilute to 100 ml 
with distilled water. 

3. SO% KOH: dissolve 50 g KOH in 50 ml 
distilled water and cool to room tempera-
ture. 

4. LC mobile phase: 0.01 M potassium phos-
phate buffer pH 4.5. 	Dissolve 1.36 g 
KH2PO4  in approximately 400 ml double-
distilled water, adjust to pH 4.5 with KOH 
or H3PO4 as necessary and dilute to 
1 litre. 	Methanol should be used as a 
modifier if required. 

5. Standards: (a) stock solutions. Prepare 
individual stock standards for LC by 
dissolving 0.010 g Hx, INO, IMP and AMP 
respectively in 40 mis distilled water 
(agitation such as mixing with a spin bar 
may be required, especially with Hx). 
Dilute to the mark in 50 ml volumetric 
flasks. 	(Dilute standards 1:10 before 
injection on the LC.) 

(b) mixed standards (working solutions). 
Pipet 0.125, 0.250, 0.375 and 0.50 ml of 

each stock solution of IMP and Hx into 
four separate 10 ml volumetric flasks. 
Add 0.25, 0.50, 0.75 and 1.0 ml 
respectively of each stock solution of AMP 

and INO to the flasks. Dilute to the mark 
with distilled water. These four 
solutions contain 2.5, 5.0, 7.5 and 
10 mg/ml solutions of IMP and Hx and 5.0, 
10, 15 and 20 mg/ml of AMP and INO. Mixed 
standards solutions are stable for 
approximately 2 weeks when stored at 
0-4 °C. 

b. Sample Preparation 
PROCEDURE 

a. Preparation of standard curve 

1. Set flow rate of mobile phase at 0.5 -

1.0 ml/min and let column and detector 
equilibrate 20 - 25 minutes. 

2. Inject 10 ml aliquots of each mixed 
standard solution. 

1. Without thawing, blend a preweighed 5 g 

portion of finely chopped fish flesh at 
maximum speed for 2 minutes with 50 ml of 
0.6 M perchloric acid. 

2. Suction filter contents through Whatman 11 
paper using a small amount of distilled 
water to rinse the blender flask. 



Figure 2. Typical G value changes for commer-
cially caught cod bled and gutted at 
sea and subsequently stored on ice. 

Hold in bebop) 
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3. Mix the filtrate well and record the 
volume (V 1 ) in a graduate cylinder. 

4. Transfer a 1.0 ml aliquot of the filtrate 
to a screw top test tube containing 1.0 ml 

KOH phosphate buffer (pH 7.6). Mix the 
solution, cool to 0-4 °C, decant and filter 

through the aqueous clarification kit. 

5. Inject aliquots (V2) of neutralized fil-
trate directly for LC analysis. 

6. Dilute with distilled water if necessary 
(D). 

CALCULATIONS 

a. Concentrations of individual nucleotides and 
degradation products. 

Hx content in Fish tissue is calculated 
from the following equation: 

Hx content (M  moles/g) = K S V1 D / H V2 W 	(5) 

where: 
S = peak height (mm) 
H = slope of standard curve (mm/ mg) 
V 1  = total volume of perchloric extract plus 

wash (ml) 
D 	= dilution factor of neutralized extract 

before LC 
V2 = injection volume for LC (,ul) 
W = weight of sample (g) 

K 	= 14.71 (xil)(m moles)/(mg)(0) a constant 
which takes into account the 1:1 dilution 
during neutralization. 

G and P values are based on the accumulation 
and/or degradation of Hx, IMP, AMP and INO and 
are calculated from equations 3 and 4 where Hx, 
IMP, AMP and INO represent the concentrations 

(m moles/g) of the Hx, IMP, AMP and INO respec-
tively (Figures 3 and 4). 

Figure 3. Typical P value changes for commer-
cially caught cod bled and gutted at 
sea and subsequently stored on ice. 

1 
IMP, AMP and INO are concentrations are  
calculated from equation 5 substituting the 
following values for K: 5.75, 5.76 and 7.46 
(pl)(p moles) / (,ug)(ml) respectively. 

b. G and P values 
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EXAMPLE 

A 5.7 gram (W) sample of aquarium held cod was 
blended with 50 ml 0.6 M perchloric acid. The 
total volume of the extract plus wash was 66 ml 
(V1). Slopes of the standard curves (H) were 
3125, 1338, 1838 and 1312 mm/ ug for Hx, INO, IMP 
and AMP respectively. A 10 p1 (V2) injection of 
the neutralized clarified filtrate was injected 
directly onto the LC after a 1:10 dilution (D = 
10). Peak heights (S) of 23, 29, 104 and 12 mm 
resulted for Hx, INO, IMP and AMP respectively. 

Hx content (m moles/g) = 1.47 x 23 x 66 x 10  
3125 x 10 x 5.7 

= 1.25 

INO content (m moles/g) = 7.46 x 29 x 66 x 10  
1338 x 10 x 5.7 

= 1.87 

IMP content Cu moles/g) = 5.75 x 104 x 66 x 10  
1838 x 10 x 5.7 

= 3.76 

AMP content (Ai moles/g) = 5.76 x 12 x 66 x 10  
1312 x 10 x 5.7 

= 0.610 

Therefore, from equation (3), the G value is: 

G = 	1.25 + 1.87 	= 0.50 
1.87 + 3.76 + 0.610 

While from equation (4), the P value is: 

P = 	1.25 + 1.87 	= 0.42 
1.87 + 3.76 + 1.25 + 0.610  
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21. COLOR MEASUREMENT 

GENERAL DISCUSSION 

When light strikes an object some of that 

light is reflected from the surface, some is 
scattered, some is absorbed and some passes 
through (if the object is transluscent). 

Light which is not absorbed gives the object 
its visual character (gloss, color). The 
human observer can differentiate among about 
10 million juxtaposed surface colors but can 
identify only about 300 from memory (1). 
Perceived color character is also subject to 
object surface character, background, viewing 
angle, and angle of illumination as well as 
spectral quality, intensity and angular size 
of the light source used for illumination. 
Therefore when it is necessary to describe 
color of an object for identification or 
quality purposes, viewing conditions must be 
strictly controlled or alternately (and 
preferably) an objective (instrumental) means 
of color discrimination and measurement 
should be employed. To become more familiar 
with color the reader should consult one of 
the several detailed references available on 
the subject (1, 2, 3). The following infor-
mation is condensed from the book by R.S. 
Hunter (1). 

When the search for a mathematical des-
cription of color was initiated, the object 
was to select three standard primaries that 
would facilitate the identification of color 
stimuli by numbers. In 1931 a set of func-
tions 7,3;1 representing three imaginary red, 
green, and blue lights were adopted which for 
each wavelength were called the CIE tristimu-
lus values for that wavelength. However 
since the observed color of an object is not 

a single wavelength but rather a range of 

wavelengths (spectral curve), in order to re-
present that color in the 'Z,3,1 system, indi-
vidual 3.,,7 and z values must be recorded to-
gether with corresponding intensity factors' 

for each wavelength over the visible range. 

If SA is an intensity factor then for a 
specific color, all z contributions made by 
each wavelength must be combined by addition 
as shown below in order to represent all of 
the light at all wavelengths for each 
primary:  

combined IZ = X 

SA1 3A1 	SA2 142 4 SA343 4...4 SAn 79rn 

s.Ss 700 

400 
SA ZAd A 

Three new tristimulus values X,Y and Z were 
established to represent the above integrals 
ofir,7 andT. 

However the attributes X,Y and Z are not 
very useful for assessment of visual color 
attributes since while Y correlates with 
lightness, X and Z do not correlate with hue, 
saturation or any visually meaningful attri-
bute of color appearance. Three new values 
x,y and z called chromaticity co-ordinates or 
trichromatic coefficients were proposed. 
These were defined as: 

x - X 	y= Y 	z= 	Z 
X4Y4Z 	X4Y4Z 	X4Y4Z 

Since x4y4z = 1, only two were required to 
specify chromaticity and from these meaning-
ful relationships correlating with color were 
developed. Color was defined in terms of Y, 
x, and y even though values of x,y and z do 
not individually correlate with perceived 
color. 

Tristimulus values are measured with a 
constant illuminant since chromaticites of 
colored objects "move" or "shift" to some de-
gree with change of illuminant in the same 

direction as do- x and y of the illuminant. 
Chromaticities of neutral colored objects are 
more susceptible to this shift than strongly 
colored objects. It should be noted that the 
human eye does not fully perceive this shift 
in chromaticity with illuminant change due to 
the "color constancy" phenomenon. Differ-
ences in light level and spectral distribu-
tion are compensated by the human observer; 
ie. an apple appears red under sunlight, 
tungsten light, or fluorescent light. Photo-
graphs taken under the three illuminant con-

ditions differ markedly and to some degree 
reflect the chromaticity shifts of the ob-
jects. A neutral subject photographed with 

"daylight" balanced film will appear normal 
under daylight, yellowed under tungsten and 
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yellow-green under fluorescent illumination. 
Therefore the requirement for standardized 
viewing conditions for human observer 

judgements is imperative. 

Several solutions to the chromaticity 
shift problem of the x,y system were 
proposed. One of these was the introduction 
of X%,Y% and Z% which expressed tristimulus 
values as percent of X,Y and Z of the 
standard white surface. However the CIE X,Z, 
x and y color scales were found to be 
inadequate for representing the color of 
objects since they were not originally 
designed for that purpose. They were 
difficult to relate to perceived colors and 
the spacing of colors in the system was not 
uniform as related to visual differences. 
Thus several alternate systems were develop-
ed, each with specific notation and applica-
tion, but mathematically interconvertible (as 
an approximation) and having in common, 
dimensions related to the MacAdam/Scofield/ 
Hunter lightness "L", redness-greenness "a", 
and yellowness-blueness "b" values. 

Modern color measurement instruments are 
either spectrophotometer or tristimulus in-
struments. . The former provide wavelength-by-
wavelength analyses of light reflecting or 
transmitting properties while the latter use 
filters to approximate spectral functions 
and elucidate color in terms of X,Y,Z or L, 

a,b (and occasionally Ro aft)). While these 
instruments are less flexible than the eye 
they provide under the correct measuring con-
ditions values which correlate well with 
visual evaluations. 

Many transformations have evolved for 
inter-sample comparison of color data. The 
L,a,b diagram in Figure 20.1 demonstrates the 
three dimensional nature of the more popular 
Hunter L,a,b color system or color solid. In 
the system a plus value of "a" indicates 
redness and a minus value greenness while a 
plus value of "b" indicates yellowness and a 
negative, blueness. "L" denotes lightness. 
Sometimes the color difference between two 
objects is determined by the value "E" below: 

E = 	0402 4 (ia) 2  f (Ab) 2  

An example of application of the L,a,b system 
has been with tomatoes where if the a/b ratio 
was between 0.2 and 2.0 this value became a 

good index of hue (4). Cot -1  a/b, i.e. arc 

cot a/b (the angle which has tangent equal to 
b/a), has also been applied to the definition 
of this parameter. Color intensity was also 
approximated by (824b2 ) 10 . 5  successfully for 
spinach puree (5). Literature dealing with 
fishery products has generally been limited 
to the reporting of L,a,b values (6, 3, 7); 
color grade of canned sockeye salmon was 
predicted with 91% accuracy using the a/b 
ratio of the raw material (3). 

100-WHITE 

0 -BLACK 

Figure 20.1 	The L,a,b system depicted 
graphically. 

a. Application 

Color measurement is applicable to all ma-
terials which may be presented to the color 
difference meter. Different materials re-

quire individual preparation and presentation 
methods as described in the "Sample Prepara-
tion Section". 

b. Principle 

The color difference meter compares an un-
known specimen with standards of predeter-
mined color characteristics (8). Since in-
struments are prone to source/filter/ 
photocell combination error it is critical 
that the instrument be calibrated immediately 
before use to a color standard as close as 
possible to the color of the sample. After 
the standardization step the sample is placed 
on the circular specimen "port", the color of 
the "surface" is measured on the flat plane, 

and X,Y,Z or L,a,b values are recorded from 
the instrument. 
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c. Precautions 2. Wet sample 
The instrument must be protected 	from 

1. The 	instrument should 	be allowed 	to water. 	Sample if wet should be placed on 
warm-up 	for 	at least 	1/2 hour 	prior 	to a clear 	glass 	or 	plastic plate. If the 
use. sample 	is 	cold, 	plate 	may 

instrument side. 
fog on 

2. The 	instrument must 	be standardized 
accurately 	(and patiently) 	with 	a 	color 3. Liquid sample 
standard (available from the Gardner or 
Hunter Companies) very closely approximat-
ing that of the sample. 

3. Sample surface must be flat and presented 
in a standard manner - see Sample Prepara-
tion Section. 

4. If sample is cold, frosting of the obser-
vation port may occur. 

5. Careful attention must be paid to sample 
representativeness, homogeneity, orienta-
tion, and opacity. 

6. If samples are air sensitive ie. discolor 
on standing, this factor should be over-
come in the procedure. 

7. Unsteady readings in the instrument may be 
due to dirty contacts in the controls. 
Dials and switches should be activated 
several times prior to standardization or 
measurement. 

SAMPLE PREPARATION 

Samples must 	be 	representative and 
presented in the same manner each time 
measured. If published methods exist for 
presentation, these should be followed. The 
following are guidelines for sample prepara-
tion and presentation: 

1. Opaque homogeneous sample 
Measured surface must be flat. If the 

material is homogeneous and opaque, the 
sample may be cut to provide a flat repre-
sentative (reproducible) surface. If 
sample is pliable it should be pressed 
down and held to promote a flat measurable 
surface. 

Petri plates may be used for sample 
presentation of liquids. The presence of 
particulate matter can influence readings. 
If the liquid is not opaque a black box 
should be used to cover the plate and 
port. Use the same amount of liquid each 
time. 

4. Curved objects 
The small sample.port should be instal-

led for measuring color of curved objects. 
The black box should cover specimen to 
prevent outside light from influencing 
readings. 

5. Translucent materials 
Use a large window size when measuring 

color of translucent objects. The black 
box should cover the sample and port. 

PROCEDURE 

The following procedure is for color 
measurement using the Gardner Color Differ-
ence Meter. Instruction manuals should be 
consulted for the particular instrument 
used. However, the principle of measurement 
will be the same for all instruments. 

1. Allow instrument to warm up for at least 
1/2 hour before beginning standardization. 

2. Choose a color standard plate (supplied 
with instrument or obtained from the 
Gardner or Hunter companies) as close as 
possible to the color of the sample. 

3. Choose the maximum size sample port suit-
able for the sample. Place standard color 
tile on the port ensuring complete cover-
age. 	If the sample is to be measured 
through a glass or plastic plate, 
standardization should also occur through 
this material. 
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4. With instrument in "read" position press 	EXAMPLE 
"Y", "X" and "Z" settings sequentially and 
repeatedly until stable readings are 	Redfish skin color was measured on the 
obtained. 	 Gardner Color Difference meter using a glass 

plate over the sample port. Three readings 
5. Adjust readings to correspond to readings 	were taken on each side of the fish 

printed on the back of the color tile 	representing head, middle and tail areas. 
beginning with "Y". Adjust "X" and "Z" 	One of the readings obtained from the centre 
similarly. An adjustment of "Y" will af- 	section was: 
feet "X" and "Z" calibration. If the ins- 
trument was recently calibrated and read- 	Y=27.6%, X=30.4%, and Z=20.7% or Y=0.276, 
ings have shifted, likely re-calibration 	X=0.304, and Z=0.207. 
of "Y" will cause "X" and "Z" readings to 
come back into calibration without indivi- 	Using equations 1 to 5, L, a,b values are 
dual adjustment. 	 calculated as: 

Unsteady readings may be due to dirty con- 	Rd = 100x0.276 = 27.6 
tacts. 	Activate dials and switches 

several times to facilitate better con- 	L = 10x(27.6) 0 . 5  = 52 . 5  
tact. 

From equation 3: 
6. Place sample over the port and cover with 

black box to shield from outside light. 	fy  = 0.51 (214[20x0.276])  
Sample must be flat - see Sample Prepare- 	 ( 14[20x0.276]) 
tion Section. 

fy  .1 2.074 
7. Press in order "Y", "X" and "Z" switches 

and record values. 	 From equation 4: 

8. Repeat with new sample or with different 	a = 175x2.074 ([1.020x0.304]-0.276) 
orientation. 	Several readings should be 	= 12.37 
taken. 

CALCULATION 

When 	X,Y and Z are 	expressed 	as decimal 
fractions, L,a and b values may be calculated 
from the following equations: 

Rd = Y x 100 (1) 

L 	= 10 x 	(Rd)°. 5  

f y  = 0.51 	(21 	4 20Y) 

(2) 

(3) (1 	4 	20Y) 

a 	= 	175 	f 	(1.020 X-Y) (4) 

b 	= 70 f 	(Y-0.847Z) (5) 

b = 70x2.074 (0.276-[0.847x0.207]) 
= 14.62 

Therefore, L,a,b values for the redfish 
are 52.5, 12.37 and 14.62 respectively. 
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APPENDIX A 

DEVELOPMENT OF FISH GRADING STANDARDS BY USING 
SCIENTIFIC QUALITY ASSESSMENT PROCEDURES. 
P.J. Ke, 1983. Presented at the First National 
Fisheries Technology Conference, Washington, 
D.C., November 1983. 

SCIENTIFIC CHARACTERISTICS OF FISH 

In the laboratory, fish may be considered a 
biological-chemical entity. The meat is composed 
of about. 75-80% water, 16-20% protein, 1 -10% fat, 
and traces of inorganic salts and minerals. The 
first component, water, is the life-giving sub-
stance surrounding and suspending other molecules 
and acting as the medium in which biochemical 
reactions take place. Removal of this phase, as 
in the drying process, preserves the product by 
effectively stopping or greatly retarding 
deleterious reactions. The fat content of fish 
is relatively low and although fat oxidizes 
during storage to produce off-flavours, the over-
all effect of lipid deterioration on fish quality 
may be considered minimal and becomes only 
important during frozen storage. The remaining 
component, therefore, which is responsible for 
the decrease of quality is protein. 

Protein is an ordered array of very large 
molecules and predominantly of structural func-
tion. However, one protein class, the enzymes, 
is very active in life-sustaining biochemical 
reactions. The delicate state of enzyme equili-
brium and control maintained by body regulators 
fails when an organism dies and from that point 
enzymatic reactions proceed unhindered. Since 
the circulatory system has stopped, raw materials 
for building are quickly depleted and only 
degradative reactions continue; structural 
proteins are reduced to smaller subunits by their 
"molecular cousins", the enzymes. Not only are 
these by-products foul smelling and putrid to the 
taste, but in fish some may produce undesirable 
texture denaturation and discolorations. In some 
fish, particularly herring and mackerel, diges-
tive enzymes of the viscera can literally digest 
their way through the belly flap. This extreme 
case of enzyme action is termed "belly burst". 

Naturally occurring enzymes are not the only 
source of degradative activity in stored fish. 
While living, all organisms have protective 
mechanisms barring the entrance of bacteria. 
When life processes stop, bacteria quickly invade 
the body and secrete powerful enzymes to begin 
the digestion of tissues. Therefore, at death, 
fish enter a state of uncontrolled enzymatic 
protein degradation from both natural and bac-
terial sources which results in the accumulation 
of peptides, amines, ammonia and other nitrogen 
containing compounds. While this chaotic state 
is undesirable for preservation, a study of the 
levels of these by-products makes it possible to 
develop methods for the assessment of fish 
quality. 

Although the fat content of groundfish is 
low and is not likely to influence the short-term 
storage quality, fish liver is very high in fat, 
approximately 20%. Since fats are susceptible to 
enzymatic and chemical oxidation reactions, the 
fatty fish is greatly altered during iced and 
frozen storage. This factor may not specifically 
affect eating quality but is a useful phenomenon 
from a quality monitoring standpoint, in particu-
lar to rancidity development. 

SCIENTIFIC QUALITY ASSESSMENT  

Various quality parameters which are sensi-
tive, reliable, reproducible and change as a 
function of quality deterioration and keeping 
time, can be selected and applied to fish quality 
evaluation. Comprehensive reviews on quality 
indicators have been initiated in our labora-
tory. The most useful quality parameters are 
total volative bases, total volatile acids, 
extractable proteins, hypoxanthine value, tri-
methylamine value, dimethylamine value, thiobar-
bituric acid-reactive substances value, free 
fatty acid value, peroxide value, carbonyl value, 
pH value, dielectric behaviour, polyene index and 
texture index, etc. 

In order to develop standards for selling-
point grading, the following rules must be con-
sidered when selecting quality parameters for the 
laboratory evaluation: 
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(1) to select at least two indicators for your 
operation; 

(2) two of the three types of quality changes; 
micro-organism, 	enzymatic 	and chemical 
reactions must be covered; 

(3) the reacting substances should be tested in 
a matrix such as proteins, fats, water, 
indication compounds, etc. 

The relative variations for laboratory 
evaluations of fish have been summarized in 
Tables 1 and 2. With good control, the overall 
errors can be maintained at no more than 10%. 

RELATIVE ERRORS IN LABORATORY QUALITY EVALUATION 

Operational 0-10 

Correlational 5-20 

Seasonal 10-25 

Methodology 5-40 

Sampling 5-60 

Table 1. Relative errors in laboratory quality 
evaluation. 

TVB, TMA, and FFA values have been summarized in 
Figures 1, 2 and 3 respectively. The brokep 
lines indicate suggested limits for Grade A 
(excellent) and Grade B (acceptable) quality and 
have been established from sensory data for both 
TVB and TMA values. 

2 	3 	4 

HOLDING TIME AT 2°C (DAYS) 

Figure 1. Changes in total volatile bases (TVB) 
over time for squid held in air at 
+2 °C. 

The procedure for selecting quality para-
meters for laboratory quality assessment of fish 
is described using squid as an example. Quality 
changes of squid samples held at +2 °C in terms of 

Figure 2. Changes to trimethyl amine (TMA) over 
time for squid held in air at +2°C. 
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SCIENTIFIC QUALITY GRADING 
FOR FISH 

Figure 3. 	Changes in free fatty acid content 
(FFA) in liver tissue and liver fats 
over time for squid kept in air at 
+2 °C. 

Our preliminary data indicates a potential 
third indicator of fresh squid quality based on 
the accumulation of products of enzymatic fat 
hydrolysis, i.e. the measurement of free fatty 
acids (FFA). Squid contains a high portion of 
triglycerides and unsaturates. The increase of 
FFA in both liver tissue and liver oil as a func-
tion of holding time is depicted in Figure 3. 
However, the small overall change and larger 
deviation may limit the usefulness of this 
analysis. A more extensive study must be com-
pleted before FFA data can be applied objectively 
to the assessment of overall squid quality. 

STANDARD DEVELOPMENT FOR SELLING POINT GRADING  

The detailed operation of quality standard 
,development has been illustrated in Figure 4. As 
in previous reports, fish grades have been divid-
ed into two/three classes; Grade A of excellent 

- quality and Grade B/C of acceptable quality. The 
A, B/C division is the point at which the organo-
leptic panel first is able to detect the quality 
change in the project at P < 0.05 by. non-
parameric statistical treatment. .Last. class or 
Grade F is of unacceptable quality and is reject-
ed by the panel at P > 0.05 by parametric 

Standards 
Development 

Figure 4. Scientific quality grading for fish. 

analysis. 	An example of the grading standards 
for squid and groundfish is presented in 
Appendices A and B. The comparative evaluation 
of quality assessment by scientific evaluation 
and selling point operation is compared in 
Figure 5. 
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Figure 5. Variations on fish grading by physical 
and laboratory methods. 
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In addition to the grading operation, as 
shown in Figure 5, the overall quality assessment 
determined by laboratory tests and physical 
grading (selling point or dockside evaluation) 
has been summarized in Figures 6 and 7 from the 
results of the past three years. It can be 
concluded that physical grading can be employed 
satisfactorily for fresh groundfish and shellfish 
with less than 15% error on an accept/reject 
grade and 25% on quality differential evalua-
tion. Scientific (laboratory) tests have demon-
strated much better sensitivity and reproducibil-
ity (Table 3), but these methods are still limit-
ed when applied to field operations. However, 
scientific quality evaluation using selected 
parameters should provide a useful tool for 
developing quality standards of fish for various 
field grading operations. 
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SOME CONSIDERATIONS ON SCIENTII IC FISH 

DUALITY ASSESSMENT 

Advantages: 

more specific 

more reliable and reproducible 

relatively simpler and faster 

good for cliff. evaluation 

good for R/D projects 

Disadvantages: 

limited application to field 

requires some apparatus and lab 

slightly higher costs 

scientific staff 

Fresh 21% (Phys. grading) 

=1 2% (Lab grading) Table 3. Some considerations on scientific fish 
quality assessment. 

 

Figure 6. Comparison of overall errors between 
physical and chemical quality grading. 
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I. GUIDE FOR GRADING OF GROUNDFISH 

(COD, POLLOCK, REDFISE, and FLOUNDER) 

INTRODUCTION - 

This operational procedure guide was prepared as an aid to personnel 

involved in dockside, plant, and laboratory grading of groundfish. The 

guide does not introduce any new standards but provides a detailed 

step-by-step outline of the procedure to be followed when grading 

groundfish, using the Department of Fisheries and Oceans Proposed Grading 

Plan for Groundfish (page 139). It describes the assignment of Grades A, 

B, C, and reject to the fish, and supplies a sample score sheet (pages 130 

and 131) which should be employed for recording scores and calculating the 

final grade for a lot of fish. 
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Table 1 HANDLING PRACTISES AND TEXTURE 

In Table 1, scores are assigned to the criteria as Grade A, B, C, or reject. The grade 
for the whole section is the lowest grade assigned to any criterion within that section. 
Record scores for each fish graded on score sheet on page 131. 

Handling practices are the first indicator of 
the quality of fish being landed. Notes 
should be made regarding: 

1. general condition of fishing vessel; 
2. condition of hold, fish boxes, or 

containers; and 
3. quality and distribution of ice. 

PROCEDURE 
	

GRADES 

1. Select the fish to be sampled  
To determine the number of fish required: 
a. Randomly select 10 fish from the lot. 
b. Determine the average weight per fish 

as: (total weight) 
10 

c. Number of fish in lot 7. 
Actual wt of whole lot  
Average wt per fish 

d. Based on the number of fish in the 
lot, use Table on page 132, to 
determine the number of fish to be 
sampled and proceed. 

2. 	Observe 	handling 	practises 

For cod and pollock, check each fish for 	Grade A - fish properly gutted, bled, and 
proper gutting and bleeding. Open the 	 washed 
abdominal cavity and inspect for removal 
of viscera and internal organs. Any gut 	Grade B - fish not properly gutted, bled, 
still adhering to the abdominal cavity ' 	 and washed 
should be less than 1% of the total 
weight. The belly of the fish should not 
be split past the anus. Select grade. 

Flounder are sometimes not gutted at sea, 
but should be bled by either throat 
slashing or bobtailing. Select grade. 

Redfish are rarely bled or gutted at sea, 
so are not downgraded for failure to do 
so. 

Grade A - fish properly bled and washed 

Grade B - fish not properly bled and washed 

Grade A 
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For all species,  in order to assess 
whether fish has been properly iced at 
sea, determine its temperature. Insert a 
thermometer into the collar of the fish 
and push it through the flesh to a point 

midway down the flank. 

Ensure that the tip of the thermometer is 
completely embedded In the flesh. Leave 
it in place for about 1 minute before 
reading and recording temperature. 

Any accurate thermometer that can be 
Inserted into the flesh is suitable. A 
dial or probe type may provide the least 
resistance. Accuracy of thermometer 
should be checked; temperature of ice and 
freshwater mixture is 0 ° C. 

Grade A - temperature of 4 °C (40 °F) or less 

Grade B - temperature greater than 4 °C (40 ° ) 

Grade C - moderately soft, thumb indenta-
tions may remain in flesh. 

Reject - excessively soft flesh. 

4. Assess texture of fish flesh 

For all species,  press thumb along 
lateral line fur the anterior two-thirds 
of the fish. Do not press along the tail 
section, as it contains little flesh and 
mostly bones, and will not give a true 
indication of texture. 

Grade A - flesh is firm and resilient, and 
springs back immediately when 
released. 

Grade B - reasonably firm, some loss of 
resiliency, thumb indentations 
slowly fill out. 

3. Record temperature 

Ins 	 e•-•o,v, eta.- 
ievio t eV, 



For flounder, the cut should be made on 
the upper surface only, not through to 
the back. 	 ske,.../ei be 

nna.ole • n 
upper 

sus-Aca 
on ly 

(continued) 
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Table 2 	EXAMINATION IN ROUND, GUTTED, OR HEADED FORM 

After examining the texture and handling practises (Table 1), complete Table 2 for each 
round, gutted, or headed fish. 

In Table 2, the scores are assigned based on a defect point system. Each criterion may be 
given defect points ranging from 0 to 3. After completion of the whole section, these points 
are totalled and divided by five in order to arrive at the final grade for Table 2 as follows: 

Grade A 
	

less than 2 defect points 
Grade B 
	

2.0 to 2.4 defect points 
Grade C 
	

2.5 to 2.8 defect points 
Reject 
	

more than 2.9 defect points .  

PROCEDURE 
	

DEFECT POINTS 

1. Assess odour at neck 

For cod and pollock, using a sharp knife, 
make a 1 to 2 cm deep cut across the back 
of the neck just behind the gills. 
Spread the cut apart and determine odour 
by placing exposed flesh within 1 cm of 
nose. Do riot cut more than 2 cm into the 
neck, because gill odours may be detected 
through the flesh. 

0 - characteristic odour, fresh 

2 - neutral, total absence of odour; 
characteristic odour no longer 
detectable but off-odours haven't 
developed 

Reject - off-odour, sour, putrid, bilgy, 
ammonia, unnatural odour. 

0 - characteristic odour, fresh 

2 - neutral, total absence of odour; 
characteristic odour no longer 
detectable but off-odour haven't 
developed 

Reject - off-odour, sour, putrid, bilgy, 
ammonia, unnatural odour. 



3. Examine general appearance of fish 

For all species,  look at both sides of 
the fish and examine its overall 
condition, giving particular attention 
to the skin. 

0 - good overall appearance; skin lustrous 
and shiny, no fading 

1 - good overall appearance, very slight 
bleaching of skin 

2 - some loss of metallic lustre, some 
bleaching 

3 - bloom gone from skin, color faded and 
bleached 

For redfish,  the cut should be made to 
the side of the neck, to avoid the spiny 

fin on the back. 

CAA* should be re. o. 	+o 40%e 

side 0 P 441e. 

0 - characteristic 

2 - neutral, total 

characteristic 

detectable but 
developed 

Reject - off-odour, sour, putttd, bilgy, 
ammonia, unnatural odour 

odour, fresh 

absence of odour; 
odour no longer 
off-odours haven't 

2. Assess odour of gills  

For all species,  grasp the bony coverings 
of the gills and pull them apart to 
expose and separate the gills. Examine 
the odour by placing the gills within 
1 cm of the nose. 

0 - characteristic of species, fresh 

1 - neutral - total absence of odout, 
characteristic odor no longer 
detectable but off-odours haven't 
developed 

2 - faint sour odour 

3 - slight to moderate sour odour 

Reject - very sour, strong, or putrid 

1 continued 
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4. Examine eyes  

For all species,  closely examine the eyes 
	

0 - clear, bright, convex eyes 

on both sides of the head. It is essen- 
tial to consider both eyes, so that a 
	

1 - slightly sunken or somewhat dull 

damaged eye (punctured by ice or fork; 
frozen; or flattened by other fish) is 
	

2 - dull and/or cloudy 
not mistaken for an eye which is sunken 
or cloudy from poor handling or aging. 	3 - very dull, sunken, and cloudy 

Assign the grade for the best eye. 

5. Note the appearance of the gills  

For all species,  pull the bony gill 
coverings apart and examine the gills 
closely for color and presence or absence 
of mucus. 

0 - bright red, little mucus 

1 - red, some mucus 

2 - pinkish red to brownish, some mucus 

3 - brown, may be covered with mucus 

Table 3 EXAMINATION OF CUT SURFACES  

After completing the examination of the round, gutted, or headed fish, one fillet is 
removed per fish, and used for examination of the cut surfaces as required by Table 3. When 
filleting redfish, a diagonal cut should be made from just above the gills to behind the gut 
cavity, to avoid cutting into the viscera. 

In Table 3, the scores are assigned as Grades A, B, C, or reject. The final grade for the 
section is the lowest letter grade assigned to any criterion in that section. 

PROCEDURE 	 GRADE 

1. Examine fillets for blood clots  

For all species,  closely check both sides 

of the fillets for blood clots. Clots 
are free blood on the surface or open to 
the surface (eg. blood around a fork 
hole) which are larger than a 1/2 cm 
diameter circle (as designated by the 
grading card developed by DFO). Measure 
blood clots on the square centimeter grid 

provided on the DUO grading card. 

Grade A - no blood clots greater than the 

1/2 cm circle 

Grade B - no combination of blood clots 
exceeding 4 square cm total 
area (4, lx1 squares on DFO 
measuring template) in sny one 

fillet 

Grade C - one or any combination of blood 
clots which exceed 4 square cm 
total area in any one 



2. Assess texture of fillets  

For all species, the texture grade is a 
combination of the firmness component of 

the fish along with the amount of gaping 
and raggedness in the fillets. Using the 
cut side of the fillets, press the flesh 

with thumb of forefinger to determine 
resiliency. For determination of ragged-
ness and gaping, use the picture guide on 
pages 23 and 24 of the DFO Grading 
Standard for Fresh and Frozen Atlantic 
Groundfish Products. Do not downgrade 
the fillets fur a separation of the major 
muscle along the back; this is a result 
of manipulation during filleting, and is 
not indicative of poor quality. 

Se- pa-MtPio 0.1 0 els 44+i 3 nn u.S de 
is no t ynpins 

Grade A - uniform, firm fillets with little 
or slight gaping. 

Grade B - reasonably firm, resilient flesh 
with moderate gaping. 

Grade C - moderately soft flesh with 
excessive gaping. Ragged or torn 
fillets permitted. 

Reject - excessively soft flesh with 
unacceptable amount of gaping 

3. Determine the amount of chalkiness and/  
or elliness 

For flounder, chalkiness and/or jelliness 

are sometimes encountered. Chalkiness is 
a conditiOn of the flounder involving 

opaque, white, and dried flesh (appear-

ance like freezer-burn). In jelliness, 
the flesh appears wet, shimmering, and 
jellylike, and is gelatinous to the 
touch. 

For cod, pollock, and redfish, chalkiness 
and jelliness are not seen. . 

Grade A - No jelly. None or slightly chalky 

Grade B - Slightly jellied or moderately 

chalky 

Grade C - Moderately jellied or heavy 
chalky 

Reject - Heavy jellied. Do not reject 
based on chalkiness 
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4. Examine the fillet for discoloration 	Grade 

Remove the skin and look at the both sides 
of the fillets for any abnormally  
discolored  areas, i.e. do not consider 
very slight green or yellow hues as 
	

Grade 
discoloration. Measure discoloration 
using the square centimeter grid on 
the DFO grading card (template). 

A - no single discoloration, nor any 
combination, exceeding 2 square cm 
(i.e. two, 1x1 cm squares on grid 
of DFO measuring template) in any 
one fillet 

B --no single discoloration, nor any 
combination, exceeding 5 square cm 
in any one fillet 

For cod and pollock,  pink or red 
discoloration is occasionally seen 
as a result of bruising. , 

Grade C - any single discoloration, or com-
bination the total surface area of 
which does not exceed 50% of the 
total surface area of any one 

fillet 
For flounder,  check for yellow or green 
(or pink) discoloration. 	 Reject - any single discoloration or combin- 

ation which exceeds 50% of the 
total surface of any one fillet 

5. Assess odour of fillets  

For all species,  using the skin side of 
the fillets, determine odour by 
placing the nose within 1 cm of the 
fillet surface. 

Grade A - odour characteristic of species 

Grade B - neutral, total absence of odour 

Grade C - slight off-odour, but not 
objectionable 

Reject - any objectionable odour 
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CALCULATION OF THE FINAL GRADE  

Tabulate the data on score sheet 	( page 131). 	For Table 2 add awarded defect points 
divide by 5 to determine the average score, and assign the grade for that section. The Final  
overall grade of each fish  is the lowest letter grade assigned to that fish  in Table 1, 2, or 
3. From final grades for all fish examined in the lot calculate percent (%) in each grade 
category. Grade for the lot. is assigned by examining the lowest category first (reject) and 
working progressively upwards. The first. grade in which 10% or more of the fish are classed 
becomes the grade of the lot. If jelliness or chalkiness are present at high levels, the cut-
off point becomes 15%. An entire lot of fish shall be rejected if more than 10% of the sampled 
fish are rejected. When a lot is rejected, the owner may cull the fish and request a re-
grading, the results of which are final. 
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Grading Guide for Iced Groundfish - key 

ROUND FISH Grade A Grade 3 Grade C Reject 

handling practise fish properly gutted and 
washed 

fish not properly gutted and 
washed 

temperature temperature of 4 .0 (40'1.1 or 
less 

temperature greater than 4'C 
(40 .17 ) 

texture of fish flesh is firm and resilient, 
and springs back immediately 
when released 

reasonably firm, some loss 
of resiliency, thumb 
indentations slowly fill out 

moderately soft thumb 
indentations may remain in 
flesh 

excessively soft flesh 

ROUND FISH 0 1 2 3 R 

neck odour characteristic odour, 
fresh 

neutral, total absence 
odour; characteristic 
odour no longer detect.. 
able but off-odours 
haven't developed 

off-odour, *our.  purr i 
bilgy, ammonia, 
unnatural odour 

gill odour 

• 

characteristic of 
species, fresh 

neutral, total absence 
of odour, characteris- 
tic odour no longer 
detectable but off-
odours haven't 
developed 

faint sour odour slight to moderate sour 
odour 

very sour, strong or 
putrid 

general appearance good overall appearance 
skin lustrous and shiny 
no fading 

good overall appearance 
very slight bleaching 
of skin 

some loss of metallic 
lustre, some bleaching 

bloom gone from skin, 
color faded and 
bleached 

eyes clear, bright, convex 
eyes 

slightly sunken, or 
somewhat dull 

dull and/or cloudy very dull, sunken, and 
cloudy 

gill appearance bright red, little 
mucus 

red, some mucus pinkish red to brownish 
some mucus 

brown, may be covered 
with mucus 

FILLETS Grade A Grade El Grade C Reject 

blood clots no blood clots greater than 
1/2 cm circle 

no combination of blood 
clots exceeding 4 sq cm 
total area (4, lx1 squares 
on OFD measuring template) 
in any one fillet 

one or any combinations of 
blood clots which exceed 4 
square cm total area in any 
one fillet 

texture of fillets uniform, firm fillets with 
little or slight gaping 

reasonably firm, resilient 
flesh with moderate gaping 

moderately soft flesh with 
excessive gaping. 	Ragged or 
torn fillets permitted 

excessively soft flesh wit= 
unacceptable amount of 
gaping 

chalkiness and/or jelliness no jelly. 	none or slightly 
chalky 

slightly jellied or 
moderately chalky 

moderately jellied or heavy 
chalky 

heavy jellied. 	Do not 
reject based on chalkiness 

discoloration no single discoloration, nor 
any combination, exceeding 
2 sq cm (i.e. two, 130 cm 
squares on grid of DFO 
measuring template) in any 
one fillet 

no single discoloration, nor 
any combination, exceeding 
5 sq cm in any one fillet 

any single discoloration, or 
combination the total 
surface area of which does 
not exceed 50% of the total 
surface area of any one 
fillet 

any single discoloration or 
combination which exceeds 
50% of the total surface or 
any one fillet 

fillet odour odour characteristic of 
species 

neutral, total absence of 
odour 

slight off-odour, but not 
objectionable 

any objectionable odour 

C.I.F.T. 1985 
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CN1 

[7.3 

as 

a 

Species: Date Landed: Date Inspected: 

Name of 
Vessel: 

Name of 
Fisherman: 

Name of Landing 
Site: 

Inspection 
Location: 

Type of 
Gear: 

CFV 
Number: 

Total Catch (ibs): 	 Sample Size (No): 

Fish 	(No.) 

Bled 

Gutted 

Washed 

Iced/Temp *F 

Texture 

Grade (Table 11 

Odour at Neck 

Odour of Gills 

General Appearance 

Eves 

Color of Gills 

TOTAL POINTS 

Average (Table 2) 

Grade A (Average <2) 

Grade B (2.0-2.4) 

Grade C 	(2.5-2.8) 

Grade (Table 2) 

Blood Clots 

Texture 

Discolourations 

Odour 	• 

Grade (Table 31 

FINAL GRADE 

Grade 
A 
B 
C 

Reject 

Number of Fish 

 

Percent (%)  

   

   

   

   

   

Comments: 
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SAMPLING SCHEDULE 

NUMBER AVERAGE WEIGHT OF FISH . 

OF FISH 
IN THE LOT 

LESS THAN 1 KG 
NO. OF SAMPLES 

1 KG OR MORE 
NO. OF SAMPLES 

100 FISH OR LESS 5 5 
101 	-130 5 6 
131 	-160 5 7 
161 	-190 5 8 
191 -220 5 9 
221 -250 5 10 
251 -300 6 11 
301 -350 7 12 
351 -400 8 13 
401 -450 9 14 
451 -500 10 15 
501 -600 11 16 

' 601 	-700 12 17 
701 -800 13 18 
801 -900 14 19 
901 -1000 15 20 
1001-1200 16 21 
1201-1400 17 22 
1400-1600 18 23 
1601-1800 19 24 
1801-2000 20 25 
2001-2200 21 26 
2201-2400 22 27 
2401-2600 23 28 
2601-2800 24 29 
2801-3000 25 30 
3001-3200 26 31 
3201-3400 27 32 
3401-3600 28 33 
3601-3800 29 34 
3801-4000 30 35 
4001-4200 31 36 
4201-4400 32 37 
4401-4600 33 38 
4601-4800 34 39 
4801-5000 35 40 
EACH 2000 FISH ADDITIONAL 5 ADDITIONAL 5 

Sampling and Sample Size  

The sample size, that is the number of fish to be graded, 
is determined by randomly sampling 10 fish from the lot to 
determine the average weight of each fish. Divide the average 
weight into the estimated or actual weight of the lot to be 
examined to determine the total number of fish in the lot. 
Based on the total number of fish, the above sampling schedule 
shall be applied. 
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1982 OUAL/TY IMPROVEMENT PILOT PROJECT GROUNDF/SH LANDED QUALITY GRADES  

Grades will be assigned using the combination of factors under Texture and Handling Practices (Table 11, Examination in the Round, Gutted or Headed 
Form (Table 2) and, Examination of Cut Surfaces (Table 31. NOTES A lot of fish shall be rejected if the percent of reject fish exceeds 10% of the 
number of fish in the sample, except that a 15% level will apply to fish rejected for reasons of jolliness or chalkiness. Where a lot is rejected, 
the owner may cull the fish and request a regrading, the results of which are final. 

TABLE 1 
TEXTURE AND HANDLING PRACTICES  
GRADE At 

The fish is firm, resilient and has been 
properly bled, gutted, washed and iced at sea. 
Flat fish, except grey sole, shall be bobtailed. 

GRADE Bs 
The fish is reasonably firm, resilient, and 

gutted, washed and iced at sea. OR 
The fish is firm, resilient, and has not 

been gutted but has been washed and iced at sea. 

GRADE C: 
The fish is slightly soft and has not been 

gutted, washed and iced at sea. OR 
The fish is moderately soft if gutted, washed 

and iced at sea. 

MEC,: - The fish is:- 
1) Tainted, decomposed or unwholesome, OR 
21 Rejected by criteria in Table 2 or 3, OR 
31 Mod ly soft and has not been gutted 

washed and iced at sea, OR 
•1 Soft and has been gutted, washed and iced 

at sea. 

NOTE: Fish shall be properly washed, in clean 
sea 	, to remove excess blood, viscera, slime, 
and all mud, sand, sea bottom debris and extraneous 
material. 

Fish shall be p 	ed by the use of finely 
divided ice sufficient to reduce and hold the 
temperature at • .0 140'71 or lower and the ice 
shall be evenly distributed throughout the catch. 

Fish shall be boxed or stored in pens such 
that the storage height of the fish does not exceed 
90 am (36•) and a storage record of the fish catch 
shall be maintained. 

All vessels shall be well maintained (construc-
tion, equipment and sanitation) as per FIR. 

TABLE 2 
EXAMINATION IN T112 ROUND, GUTTED OR BEAM FORM  

Fish will be graded into Oradea A, B, or C by 
rating all characteristics which are available. 

Fish will be rejected ifs 

a1 The flesh at the neck when cut has any sour 
or putrid odours, OR 

b1 The odour of the gills is strong, sour or 
putrid. 

GRADE At - Average Defect Points - Leas than 2 

GRADES B/C:  - Average Defect Points - 2 Of sore 

rbaraeteristics 	Defect 
	

Points 
Odour at neck 	Neutral 

	
2 

when cut 

Gills - Odour 	Neutral 
Paint-sour 
Slight to moderate 
	

3 
sour 

General 
	

Very light bleaching 
	

1 
Appearance 
	Some loss of metallic 

	
2 

lustre, some bleaching 
Bloom gone and colour 

	
3 

faded and bleached 

Eyes 
	 Slightly sunken or 	1 

somewhat dull 
Dull and or cloudy 	2 
More dull, sunken and 	3 

cloudy 

Gills 
	

Pinkish - Red to Brownish 1 
Red - some mucous present 2 
Brown, maybe covered with 3 

mucous 

TABLE 3 
EXAMINATION OF CUT SURFACES  
Texture - Prior to skinning of fillet 
A - Firm 
B - Reasonably firm 
C - Slight to moderate soft 
R - Soft or excessive 

Odour - Rejected by any objectionable 
odour 

Blood Clots  
A - Norm 
B - MO combination of blood clots ex-

ceeding 4 cm in total maximum 
dimension in any one fillet. 

C - One or any combination of blood 
clots which exceed • cm in total 
maximum dimension in any one 
fillet. 

Disoolouration  
A - No single discolouration, nor any 

combination, exceeding 2 am in to-
tal maximum dimension in any one 
fillet. 

B - No single discolouration, nor any 
combination, exceeding 5 cm in to-
tal maximum dimension in any one 
fillet. 

C - Any single discolouration as combina-
tion the total surface area of 
which does not exceed 50% of the 
total outface area of any one fil-
let. 

GRADE At- Jelly: None 
Chalky: None or slightly chalky 

GRADE B:- Jelly: Slightly jellied 
Chalky: Moderately chalky 

GRADE Cs- Jelly: Mode 	 jellied 
Chalky: Heavy chalky 

MEM - Any discoloration, the total 
surface area of which exceeds 
50% of the total surface area 
of any one fillet. 
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APPENDIX C  

AIDS TO PHYSICAL GRADING 

- INTRODUCTION - 

Grading tools to assist in the measuring of color quality and 

bloodspot size and odour characterization (artificial standard) in 

groundfish•were considered. Investigations were preliminary but did reveal 

a number of factors regarding grading tools. Many of these parameters are 

currently under review by Fisheries and Oceans inspection staff. 

A. GRADING OF DISCOLORATION IN GROUNDFISH 

The need for an improved method of grading for discoloration in 

groundfish has been identified. Present methods are very subjective and 

require a certain amount of experience on the part of the grader in order 

to reach a decision on the severity of the discoloration. Thus, a more 

objective method of grading would be beneficial. 

The consensus of fishery officers, laboratory and plant personnel, and 

other workers involved in the grading of groundfish was considered 

essential to the development of these tools and to their eventual 

acceptance into common use. The considerable practical experience of these 

people is a most valuable resource in development of these standards. 
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The recommendation which emerged from conversations with Nova Scotia 

processors and fishery officers was that a physical color guide, in the 

form of either color photographs or color chips, was not immediately 

feasible for the following reasons: 

1. natural variation in the flesh color would make it impossible to 

pinpoint a certain color or even a range of colors that could be 

classified as "normal" for a 'particular species; 

2. the translucent nature of the flesh makes comparisons with an 

opaque color chip difficult; 

3. discoloration occurs very rarely in cod. In flounder, the pink, 

yellow, and green discolorations which are occasionally seen are 

easily identified, and may not necessitate a physical color guide; 

4. matching of colors is extremely judgmental, and would become even 

more so when dealing with faint taints of off-color which would be 

encountered in fish flesh; 

5. a photographic color guide would not be feasible, as the 

differences which exist are often too slight to be depicted 

photographically (the only exception to this may be flounder 

fillets, which sometimes show strong color changes; and 

6. The range in quality of photographic reproduction between printers 

and even between different printing days with the same printer 

makes a photographic guide impractical. 
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Discussions were held with agricultural researchers involved with 

color grading of fruits and vegetables. They use color standards for 

grading of peas, broccoli, etc., but reported that little value was placed 

on data gathered in this way, because the decisions were too subjective, 

and because the color standards could not really match the foods. 

A color standard for fish must be: 

a. representative of fish flesh, even to the novice grader; 

b. easily obtained; 

c. relatively inexpensive; and 

d. highly reproducible (i.e. colors consistent from year to year). 

The standard color system used in food evaluation is the Munsell color 

system which includes a very extensive range of colors (classified by 

chroma and hue) on glossy color plates, posters, or chips. Each plate has 

an identification number. However, the expense and unavailability (on a 

local level at least) of the Munsell system renders it unsuitable for the 

proposed use. Similar drawbacks were encountered with other less common 

color systems. 
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Tool for Discoloration Area Measurement 

For blood spot measurement the transparent plastic pocket-sized 

grading aid introduced by Fisheries and Oceans and in current use seems 

adequate. Inspection personnel have come to rely on this tool and have 

confidence in it. 

The tool is shown in Figure 1 and includes a grid of squares (each 1 

cm per side) for measurement of briuses and blood spots, a square (2.5 cm 

per side) for fins, and a circle (0.5 cm diameter) for blood clots. 

Although more descriptors could be printed on its surface to identify the 

purpose of specific areas, the degree of training required of inspection 

personnel in all probability renders this extra information unnecessary and 

distracting. 

Figure 1. Grading tool utilized by Fisheries and Oceans. 
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B. AN ODOUR STANDARD FOR GRADING OF COD 

LITERATURE REVIEW 

Identification of components responsible for the odour of fresh and 

spoling fish has been the subject of many investigations (Konosu and 

Yamaguchi). Although ammonia, dimethylamine, and trimethylamine have long 

been implicated in this role, they may actually have only a modifying 

effect on the overall odour (Josephson et al., 1983). Recent 

investigations using various chromatographic techniques have identified 

volatile components of several fish species. Josephson et al. (1983) 

determined that the compounds responsible for the odour of whitefish 

(Coregonus clupeaformis) were (e)-2-nonenal, (E,Z)-2,6-nonadienal, and 

6-nonen-l-ol, which imparted the characteristic cucumber-like odour, and 

(octen-3-ol, 1-octen-3-one, 1,5-octadien-3-ol, 1,5-octadien-3-one, and 

2,5-octadien-1-ol, which were responsible for the heavy, plant-like aroma. 

No sensory tests were conducted to correlate the odours of these compounds 

with whitefish. 

Shiomi et al. (1982) analyzed the volatile compounds of the flat-head 

(Calliurichthys doryssus) by gas chromatography. They reported that methyl 

mercaptan and/or dimethyl disulphide were the sulfur compounds responsible 

for the off-odour of this species. 

Lerke and Huck (1977) used gas chromatography to analyze the volatiles 

from canned tuna. Ethanol was the only peak which increased in magnitude 

between good, questionable, and decomposed fish. 

Rayner et al. (1981) analyzed the volatile components of trout, crab, 

shrimp, and oysters by gas chromatography and mass spectrometry. Various 
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compounds were obtained, including, in trout: methanol, methanethiol, 

ethanol, dimethylsulphide, acetone, and trimethylamine. Similar components 

were reported for the other seafoods. For headless shrimp, trimethylamine 

was held responsible for the "strong odour" which characterizes these 

shellfish held without refrigeration for 24 hours. Indole characterizes 

the "putrid odour". "Methanol, ethanol, and trimethylamine were excellent 

indicators of the progressive deterioration that modifies the product odour 

from very slight to putrid". 

Japanese workers have identified the odours emitted from fish meal 

plants. Volatile fatty acids and volatile sulfur components are respons-

ible for off-odours of press liquid (Makamura et al., 1978). Miwa et al. 

(1976) reported that trimethylamine, ammonia, dimethylamine, sulfur 

dioxide, methyl merceptan, hydrosulfide, and volatile fatty acids contri-

buted to odours in fish meal plants. 

A study by Miler et al. (1983) noted that hexanal and trimethylamine 

contribute to the off-odours emitted during the spoilage of fish. They 

determined the different threshholds for hexanal solutions with and without 

trimethylamine, and reported that the addition of triemethylamine (at a 

concentration of 1x104  mM/mi) reduced the odour intensity of the hexanal. 

No sensory correlation with actual fish odours was made. 

McGill et al. (1977) investigated the contribution of hept-cis-4-enal to 

off-flavours developing during frozen storage of cod. Taste panel assess-

ment of the fish showed good correlation (r2=0.84) of the flavour with this 

compound. They identified 2,5-dimethylpyrazine as the "animal-like" odour 

of spoiling cod and various sulfur compounds as the "cabbage smells". 
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In an extensive study, Wong et al. (1967) identified the volatile com -

pounds found in cod after 0,7, and 14 days of iced storage. Compounds 

which were identified in cod only after 7 or 14 days were: trimethylamine, 

propionaldehyde, butyraldehyde, methyl ethyl ketone, methyl propyl ketone, 

diethyl ketone, and methyl vinyl ketone. Volatiles identified for the 

first time in spoiling cod were: carbon disulphide, methylene chloride, 

chloroform, benzene, toluene, methyl propyl ketone, diethyl ketone, and 

methyl vinyl ketone. No attempt was made to determine the significance of 

these compounds to decomposition. 

Herbert et al. (1975) attempted to isolate and identify "sulphidey" 

off-odours in spoiling cod. In 10-day old fish, they showed the presence 

of hydrogen sulfide, methyl mercaptan, and dimethyl sulphide. Subjective 

evaluation of dilute aqueous solutions of these compounds showed that they 

produced "sulphidey", "cabbage-like", and "sour sink" odours similar to 

those produced in spoiling cod. 

PREPARATION OF AN ODOR STANDARD 

Certain combination of trimethylamine hydrochloride, methyl disulfide, 

propional, hexanal, Crisco oil and sodium hydroxide solutions where found 

to somewhat resemble the odor of fresh cod. However from the limited 

trials a number of observations have arisen: 

- odors are not stable and solutions may need to be mixed immediately 

prior to use; 

- a range of odors for fish of various stages of spoilage is required; 

- Crisco oil tended to "blend" the odor notes; and 

- fish extracts may prove a good starting or base material. 
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Safety of the standard must also be considered since a liquid form of 

odor standard could contaminate product during processing. An ideal form 

of odor reference standard would be impregnated paper or alternately micro 

encapsulated material on a paper card which could be "activated" when 

required. 
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